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The National Research Council is a cooperative organization of the 
scientific men of America Its mcmbeis include, however, not only 
scientific and technical men but also business men interested in engi
neering and industiy I t was established in 1916 by the National 
Academy of Sciences 

The charter of the National Academy of Sciences passed by Congress 
and approved by President Lincoln in 1863 provides that "the Academy 
shall, whenever called upon by any Department of the Government, 
investigate, examine, cxpeiiment and report upon any subject of 
science or art " During the AVorld AVar the Academy offered its services 
to the Government and at the request of President Wilson created the 
National Research Council as its active agent to assist the Government 
in organizing the scientific resoui ces of the country in that time of need 

Later recognizing the potential usefulness of the Council in times of 
peace as well as those of war, President Wilson, on May 11, 1918, by 
Executive Order requested the Academy to perpetuate the National 
Research Council as a permanent organization 
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O R G A N I Z A T I O N AND M E M B E R S H I P 

The purpose of the Highway Research Board is to provide a national clearing 
house for highway research activities and information 

In its practical workings the functions of the Board have been to provide a 
forum for the discussion and publication of the results obtained by individual re
search workers, to organize committees of experts to plan and suggest research work 
and to study and correlate results, to publish and disseminate information, to 
provide a research information service, and to carry on fact-finding investigations 
when special funds are available 

The Board is organized as a project of the Division of Engineering and In
dustrial Research of the National Research Council The membership consists of 
the representatives of 35 technical and commercial associations and organizations 
of national scope 

Much of the technical work is done by committees of specialists and recognized 
authorities which are organized under seven departments, Administration and 
Finance, Highway Transportation Economics, Design, Materials and Construction, 
Maintenance, Traffic and Soils Investigations The members of these Departments 
are outstanding men in their fields Special committees aie appointed from time to 
time to carry on specific projects 

Regular contacts are maintained with all State highway departments, with the 
engineering colleges and with many city engineering departments, through regularly 
appointed contact men 
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W I T H S P E C I A L R E F E R E N C E T O L O C A L ROADS AND S T R E E T S * 

SYNOPSIS 
In 1936 approximately a quarter of a billion dollars, or one-fourth of total State 

motor vehicle collections, were distributed for local road and street purposes 
This was more than double the amount distributed in 1927 However the ' 
increase in the part of the total collections so distributed has only been 3 percent 

The amount of State funds spent on State loads has also increased in this 10-
year period, but by only 42 peicent as compared with the 115 percent increase in 
local road apportionments Moreover, there has been an actual decrease of 17 
percent in the share of total State taxes so used This discrepancy appears to 
result from a wholesale use of funds for other than highway purposes 

The amounts and methods of distributing user taxes going to local units of 
government vary widely from State to State Distribution among the local units 
was found to be based on a variety of criteria, including population, area, vehicle 
registrations, valuation, tax collections, road mileage, and combinations of these 
factors In some States these funds are distributed equally among the local 
governments 

It has been found that these methods of local road allocations often fail to 
1 eflect properly the needs of the highway system as a whole Economic allocation 
of funds requires that money be spent according to the needs of traffic, expressed 
in terms of the lowest possible total cost of tiansportation, which includes not only 
road costs but vehicle operating costs It is not merely total traffic which must 
be considered, but the concentration of this traffic In determimng priority for 
expenditure it should be remembered that because of the integration of traffic 
on several road systems, it is advisable to improve the primary system first 
since it carries the laigest amount of concentrated traffic and its improvement 
brings about increased travel and increased leceipts for the support of local roads 

It lias been found tliat the spending of State funds by local governments is 
not always to best advantage because it is not propeily controlled by the State 
Many local umts do not comprise sufficient taxable wealth and highway activities 
to qualify them as logical highway admmistiative agencies 

In the search for the proper scope for highway activities it is concluded that 
there may be a distinction between the highway administrative umt and the 
economic operating unit that the formei may comprise several of the latter 

Operating units which do not have sufficient taxable wealth and traffic may 
require consolidation before they aie able to perform their functions economically 
Among other things there must be sufficient road woik to allow efficient utilization 
of equipment, and sufficient appropriations to provide a competent engineering 
force 

Rural county highway units may compuse large areas for economic operations, 
while the urban county, because of its wealth, population, and traffic, may properly 
be confined to a small area Because the urban county is usually part of a larger 
metropolitan area containing other counties, piovision is needed for correlated 
action, in highway planning and in fixing priorities for improvement programs 

Correction of the weaknesses of local highway admmistiative finance has been 
attempted by transfer of local loads to State control In the past 6 years 21 
States have taken o\'ei 172,000 miles of local roads, constituting a 64 percent 

• Based on a Report prepared foi the Committee by Wilfied Owen, Research Assistant, High
way Research Board 
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increase in State mileage during that period Four States have eliminated all 
locally administered rural highways These have shifted the road burden from 
land to motor vehicles and from local government to the State 

Although the road consolidation movement was precipitated by the recent eco
nomic depression as a means of relieving pioperty of the road tax burden, it 
appears that the inherent failings of local governments have been underlying 
causes of the movement, for in 1936 ten States effected local road transfers to 
their State highway departments, a larger number than in any previous year 

I t is felt that the policy of Federal-aid appropriations for secondary roads, 
as well as the trend toward highway planning, will in many cases accentuate the 
movement for State admimstration of rural roads 

Consideration of present and past 
methods of highway financial adminis
tration reveals slow progress toward a 
rational spending program Demands for 
increased highway appropriations have 
m many cases diverted attention from 
the need for wiser spending of what we 
have and more efficient managing of what 
we spend Design, construction and 
maintenance standards have kept reason
able pace with modern transport tempo, 
but policies of administration and finance 
remain essentially horse-drawn 

Highway tax distribution and the ad
ministrative difficulties involved have 
been examined with particular reference 
to local application of State funds for 
highway purposes Last year more than 
a quarter of a billion dollars in State 
gasoline taxes and registration fees were 
set aside for roads and streets not on the 
State highway systems This money was 
25 percent of the total motor vehicle 
tax collections for 1936 The large part 
of highway user taxes so distributed is 
an index of the need for studying meth
ods of allocating such funds to local gov
ernments, for establishing an economic 
basis for shared taxes and State aid, and 
for inquiring into the uses to which these 
funds are now applied, the degree of 
financial control retained by the States, 
and the fiscal and managerial pitfalls 
into which both State and local govern
ments spend their way 

V E H I C L E T A X E S FOR LOCAL ROADS 

That highway users should be charged 
in accordance with their utilization of 

highway facilities is the generally ac
cepted theory upon which the gasoline 
tax and registration fee are established 
It appears to follow therefore that the 
distribution of such taxes to various parts 
of the highway system should reflect the 
relative traffic volumes which they carry 

In the period of rapid highway expan
sion which paralleled the growth of mo
tor vehicle travel, the theory that those 
who used the roads should pay for them 
was generally conceded, but financial 
pressure created by the need for a new 
system of main roads made it neither 
possible nor desirable to adopt the corol-
laiy that funds should be spent with ex
act regard to their origin With the prog
ress of a primary system of highways 
which such concentrated finance made 
possible, however, there originated in 
both counties and municipalities a de
mand that some part of State tax col
lections be returned for local roads and 
stieets Today the wide range in rela
tive pioportions of funds made available 
to local governments suggests no more 
scientific consideration than the loudness 
of these demands In 1936, 3 States re
turned more than half of their total high
way user imposts to local units of gov
ernment, 11 over one-third of such col
lections, and 5 States made no such 
allotments whatever Local roads in one 
State received 24 million dollars from 
State taxes, while in each of 10 other 
States less than a million dollars were 
distributed foi highways in local juris
dictions 
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TAX DISTRIBUTION LAWS ' 

State laws governing tlic amount and 
basis of gasoline tax and registration fee 
distribution comprise a legal labyrinth 
which vanes in complexity from State to 
State Two considerations are involved 
deteiraination of the total which shall be 
distributed by the State, and the division 
of this sum among the various local units 
The total share going to local roads is 
generally expressed as a percentage of 
collections, a specific part of each tax 
levied, or a predetermined flat sum The 
allocation to each local unit may then 
be made according to the population, 
area, assessed valuation, road mileage, or 
on the basis of vehicle registrations or 
tax collections In the case of the legis-
tration fee, however, shares are often re
tained by each separate local unit at the 
time of collection, either as a fixed 
amount per registration or a percentage 
of total receipts 

Although the total amount of motor 
vehicle taxes granted for local road pur
poses may have no relation to traffic 
needs originating on these systems, in a 
large number of States registration fees 
are allocated among the separate units 
with a regard for relative traffic poten
tialities Thus Arizona counties^ retain 
50 cents for each original registration, 
while in Alabama 20 percent of total re
ceipts from this source are used in the 
counties where the taxpayers reside In 
the case of the gasoline tax, however, not 
only does the original sum granted by 
the State have little bearing upon traffic 
volume and intensity, but also the alloca
tions among individual local units are 
generally based upon formulas which are 
untenable Alabama, for example, dis
tributes 3 cents of a 6-cent tax equally 
among its 67 counties, while New York 
counties receive 20 percent of collections 
according to the road mileage of each 
county In Tennessee one cent of the 

* Appendix Table A 

gas tax IS distiibutcd to the counties 
equally, ^ cent on county areas, and \ 
cent according to county populations 

AVhen money is distributed equally 
among local load units which vary in 
size and stage of development, or on the 
basis of land areas and road mileage 
which bear no relation to traffic condi
tions, there is little chance that distri
bution will be economically justifiable 
Only by chance will highway income 
be in reasonable balance with the de
mand for funds Even population and 
assessed valuation may be poor indices 
of the proper share of taxes required by 
local governments for transport facili
ties Questionable piactices of tax al
location accordingly help to make pos
sible such variations m road expenditures 
as found m North Carolina before the 
State assumed contiol of all rural roads 
The annual road expenditure in one 
county was $14 per mile, while in another 
it was $688 Similar conditions were 
found m Iowa in 1933 by a study of the 
Brookings Institution, which revealed 
that if State funds were distributed on the 
basis of some defensible index such as 
traffic or vehicle registrations (instead of 
area) allotments would have been re
duced considerably in 75 percent of the 
counties 

In general the conclusion may be 
drawn that present methods of State 
fund allocations to local roads and streets 
are no less hetei ogeneous and unscientific 
than are the rates and bases of the taxes 
through which these funds are raised 

ECONOMICS OF USER T A X DISTRIBUTION 

The question of what share of State 
motor vehicle taxes should rightly be al
located to roads and streets other than on 
the primary system involves fundamental 
concepts of highway economics The pur
pose of roadbuilding is to provide for 
adequate traffic facilities at the lowest 
possible cost, including both road costs 
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and vehicle opeiating co&ts In spend
ing foi the highway progiani, thcrefoic, 
funds must be allocated to those paits 
of the transportation system whcie im
provements will bung about tiic gieatest 
1 eduction in total cost and the greatest 
utility in adequate service 

Since limited funds do not peimit si
multaneous betterment of all loads, the 
element of time is of great moment in an 
economic distribution of vehicle taxes 
If funds were returned to local roads and 
streets m the amounts generated thereon, 
prior to adequate development of a sys
tem of main highways, the higher cost of 
transportation foi the many vehicles on 
congested primary routes would fai out
balance the 1 eduction in operating costs 
on the local roads Also, wheieas two 
load systems may carry equal amounts 
oi tiaffic, expressed in vehicle miles or 
gasoline tax leceipts, yet the needs of 
either depend largely on the type and dis
tribution of this travel whethei highway 
utilization has been intensive, as on 
heavily trafficked main loads, or exten
sive, as the dispersed use of a large net
work of local ruial loads It must also 
be know n in w hat ratio heavy trucks and 
buses or pleasure vehicles have accounted 
for traffic volumes Fuitheimore it is 
important to lecognize the integration of 
motor travel on the various load sys
tems, and the fact that it is the entire 
trip which must be made at lowest cost, 
as well as the entire motoung population 
which must be considered in the compu
tation of total costs for the entire high
way system 

The classification of the piincipal 
loutes as revenue producers is sound m 
'principle So large a percentage of the 
actual use of these is recreational in chai-
acter that the potential increase by rea
son of wholly adequate facilities should 
be self-evident The competitive nature 
of recreational offerings is also evident 
The highways must compete with other 

classes of iccicational inducements In 
the business of atti acting tourist traffic, 
loute becomes competitive with loute, 
region with legion, and even State with 
State The impact of the degiee of ade
quacy of major highways has laige cfJects 
upon both private and public income 
The financial support for local road im
provements depends to great extent upon 
the excess earning capacity of the main 
loads, which in turn is dependent upon 
the atti action of potential traffic result
ing fiom the offering of satisfactory 
facilities 

Broader undei standing of the purpose 
of a highway transportation system, 
viewed as an entity, will demonstrate 
the importance of such concepts as 
priority and intensity of use, rather 
than integrated vehicle mileage alone, 
as standards by which tax allocations 
must be measured and financial policies 
adopted 

TREND I N STATE TAX DISTRIBUTION 

Of the total collections of State motor 
\ ehicle taxes m 1927, 73 1 percent were 
used for State highway purposes and 
22 0 percent for local roads and streets 
By 1936 the percentage of user taxes 
spent on State roads had decreased to 
55 2 percent, while local road allocations 
increased slightly to 25 1 percent Dur
ing this 10-year peiiod, however, total 
vehicle taxes increased 90 percent, so 
that the reduced State highway share 
still lepresented a 42 percent dollar in
crease, and the 3 1 percent rise in the 
local road allotment was an actual 115 
pel cent dollai increase These figures 
are shown in Table 1 

In 1927 vehicle funds available for 
highway pui poses were 95 1 percent of 
the total, whereas last year only 80 3 per
cent of tax collections were used for 
highways This inci easing use of road 
funds for other purposes appears to have 
hit hardest the State highway systems. 
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though hidden and unreported diversions 
by local units of government make im
possible any definite statement on this 
subject 

There has been more widespread recog
nition in the past decade of the right of 
subordinate units of government to share 
in State taxes For whereas 20 States dis
tributed gasoline taxes to local roads and 
streets in 1927, in 1936 36 States made 
such allotments Registration fees were 
used for local roads by 27 States in 1927 
and by 32 States in 1936 

counties, towns and townships, incor
porated cities and villages, and miscel
laneous local divisions of government In 
each State the size, type and number of 
such agencies in operation and the rela
tion or lack of relation among them differ 
widely 

In 4 States all rural roads are admin
istered by the State highway depart
ments, while 26 States * have State and 
County organizations, 6 have State and 
township systems, and 12 have three sys
tems State, County, and Township In 

T A B L E 1 

D l b T R F B U T I O N OP M O T O R V E H I C L E T A X E S FOR H I G H W A Y S , 
1927-1936* 

\ ear Total vehicle 
taxes collected 

Amount for State 
highways Percent Amount for local 

roads and streets Percent 

1927 
1936 

$ 560,027,983 
1,057,995,000 

$409,596,885 
583,616,000 

73 1 
55 2 

$123,176,360 
265,496,000 

22 0 
25 1 

Change 1927-1936 +90% +42% -17 9 + 115% +3 1 

* Detailed tabulation appears in Appendix, Table B 

C I T Y S T R E E T S 

Because funds allotted to counties in 
many States may be used within munici
palities, and because such expenditures 
are not always reported separately, it 
has not been possible to determine ac
curately the amount of State money 
spent on city streets Accordingly these 
sums have been included with local road 
apportionments, and expenditures on ur
ban extensions of State systems have 
been included in State highway disburse
ments where it has been possible to 
segregate them from other local road and 
street funds The best figure obtainable 
for State money spent on city streets is 
$31,468,000, compiled by the U S Bu-
leau of Public Roads for 1936 Eleven 
States report sucli expenditures 

ADMINISTRATIVE S E T - U P S 

Highway administiative agencies in 
the United States include the States, 

addition to these rural systems, all States 
contain municipal organizations which 
have charge of urban streets, and half 
the States have further independent or 
semi-independent divisions withm the 
county, such as commissioners' districts 
and special assessment districts, both 
rural and urban 

In most States there is neither control 
by the State over the spending of funds 
allocated to lesser governmental units, 
nor IS there cooperation between the State 
and local highway organizations Where 
laws designate that the State shall ap
prove county construction programs fi
nanced with the assistance of State funds 
such approval is not uniformly followed 
by adequate supervision of the actual 
woik Wheic counties aic invited to seek 
the aid and advice of the State, in piac-
tice the lesults aic fai from rca&suiing 

• Including the State of Washington, although 
2 of its counties still contain township units 
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TREND TOWARD CENTRALIZED 
ADMINISTRATION 

At the close of 1930 there were 324,496 
miles of highways under State control 
By the end of 1936 State controlled mile
age had increased to 533,144 miles, a 
64 3 percent addition in 6 years Such 
has been the progress of a movement to
ward centralized highway administration 
which began in North Carolina in 1931 
By assuming control over the State's 
46,800 miles of county roads. North 
Caiolina was the first to consolidate its 

T A B L E 2* 
TRANSFERS OF L O C A L M I L E A G E TO T H E STATE 

HIGHWAY DEPARTMENTS 

Year Number of States Mileage involved 

1931 3 73,651 
1932 1 37,028 
1933 3 37,744 
1934 5 7,190 
1935 4 5,623 
1936 10 10,696 

Total 2lt 171,932 

* A detailed tabulation appears in the Appen
dix, Table C 

t Several States effected more than one con
solidation 

cntiic ruial highway system under the 
State highway department 

It was not long, however, before com
plete centralization was adopted in West 
Virginia, Virginia * and Delaware In 
Maryland 20 out of 23 counties have 
turned over their roads for maintenance 
by the State, while a program of con
solidation under way in Pennsylvania 
has lesulted in State participation m the 
maintenance of 46,000 miles of township 
secondary roads On January 1, 1938, a 
total of 2,574 miles of Pennsylvania 
roads in townships, boroughs and cities 
will be absorbed by the State Popularity 
of the road consolidation program since 

* Except 3 counties which have elected to 
letain contiol of local roads 

1931 may be judged by figures in Table 
2, which show highway transfers to the 
State highway departments 

Twenty-six separate transfers have 
been made in the six-year period 1931-
1936, involving 21 States and nearly 
172,000 miles Last year 10 States were 
involved in such transfers, or twice the 
number of any previous year 

Further consolidations have been ef
fected among the lesser units of govern
ment in the assumption of township road 
responsibilities by county highway or
ganizations It IS generally conceded 
that the township, which in most cases 
contains an area of 36 square miles oi 
less, has no place in efficient highway ad
ministration, and in the past 7 years 
4 States have done away with these in
effective highway administrative agen
cies and adopted a so-called county-unit 
form of highway organization With this 
type of administration all roads withm 
the county not a part of the State system 
are operated as a unit, with locally col
lected taxes in townships and districts 
being spent by the central county admin
istration without regard to township or 
district lines This county unit plan 
makes possible more economical use of 
road machinery, a broader tax basis, co
operation and planning, economy in 
maintenance operations, quantity pur
chasing, and necessitates the budgeting 
of funds and the keeping of cost records 
When Michigan recently completed the 
transfer of 60,000 miles of township 
roads to county-unit control, 1,376 small 
administrative units were eliminated 

CAl,'lbEfe OF CONSOLIDATIONS 

The immediate cause leading to cen
tralization of road administration in 
North Carolina appears to have been the 
public desire, accentuated by economic 
depression, to escape from county prop
erty tax levies It was proposed that the 
State assume all futuie highway financial 
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requirements, with the aid of a one-cent 
increase m the State gasoline tax, except 
that the counties should continue pay
ment for the servicing of highway obliga
tions previously incurred The shift of 
financial responsibility, then, was from 
property to motor vehicles and from local 
governments to the State 

This centralization plan, however, sug
gests something more than a temporary 
relief measure For it is doubtful tliat 
the counties would have acceded to such 
surrender of autonomy had the past 
record of county highway administration 
proved efficient and economical That 
such terms could not be applied to a ma
jority of North Carolina counties was 
evident from the conditions which the 
State found upon taking over local road 
affairs Instead of 67,000 miles of roads 
listed by the counties only 45,000 miles 
could be found, despite the fact that 
2,590 miles had not been accounted for 
in the original figure Maintenance 
varied from satisfactory standards to 
hopeless inadequacy, and maintenance 
records m many counties did not exist 
Some counties were found oversupplied 
with machinery, others practically desti
tute, and in nearly all cases machines 
were either obsolete or badly in need of 
repair Such causes as these, rather than 
temporary tax relief, are thought to have 
been fundamental in the trend toward 
State assumption of local roads That the 
trend has not slackened with return to 
more normal economic conditions may 
have a bearing upon this point 

PROPERTY TAXES FOR ROADS 

Whatevei is to be said for or against 
State centralization of highways, the con
comitant policy of relieving property of 
its share in supporting the highway does 
not conform with the generally accepted 
theory of highway economics that costs 
should be paid in accordance with ser
vice rendered Tlie shifting of road ad

ministration from local to State control 
involves no alteration in the principle 
that highways serve other functions than 
those directly relating to motor vehicles 
In an equitable allocation of highway 
costs, rational payments for land service 
are rightly chargeable to the land which 
IS served Property levies are an essen
tial part of highway income, and their 
elimination may not only discourage 
proper development of highway facili
ties, but may also constitute an unfaii 
burden upon the motorist 

A second criticism of policy in con
nection with highway centralization con
cerns the tendency of the State to neglect 
its first responsibility of preserving the 
integrity of the primary road investment 
and of providing necessary extensions A 
shift in administration does not relieve 
the State of obligations previously as
sumed, and the requirements of the main 
load system must be recognized piior to 
further tax allocations 

A laige element of overriding the rec
ommendations and warnings of the State 
highway departments has characterized 
the adoption of State policies throwing 
the cost burden of additional large mile
ages upon the incomes from user taxes 
available to the department and usually 
inadequate for the requirements of the 
existing major highway systems 

CRITICISM OF SMALL ADMINISTRATIVE 
UNITS 

It IS self-apparent that many small 
load building entities now m operation are 
outworn relics of the dependence, of trans
portation upon the horse that both the 
time and distance of travel upon which 
their limits were fashioned have been re
duced to negligible importance Adminis
trative scope has expanded, and this fact 
must be recognized by eliminating the 

• multiplicity of highway oiganizations of 
minor units of government which make 
impossible the opeiation of highways as 
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a coordinated system A small unit is 
generally unable to afford proper en
gineering personnel, its staff may be sub
ject to frequent changes because of elec
tions, and in general undue emphasis is 
likely to be placed upon political rather 
than technical considerations Short radii 
of operation make the use of modern 
road machinery uneconomical through 
excessive overhead and numerous dupli
cations, while small purchases of sup
plies and materials impose penalties of 
higher unit prices Variations among the 
jurisdictions m area, population, taxable 
valuation, road mileage, topography, cli
mate, vehicles registered and traflSc vol
umes may make possible the extension 
of road facilities beyond traffic require
ments in one county, while a neighboring 
unit may be financially unable to pro
vide the taxpayer with a lasting return 
for the money he pays for satisfactory 
highway services Budgeting, accounting, 
debt control and planning are generally 
beyond the pale of local road administra
tion, while lack of continuous mainte
nance, the use of force account methods, 
and incompetently controlled spending 
of funds collected outside the local juris
diction are weaknesses generally m evi
dence 

VARIATIONS AMONG COUNTIES AND STATES 

In most discussions relating to the 
merits or demerits of centralized govern
ment it is claimed on the one hand that 
the county is " too small " to effect a 
proper highway administration, and on 
the other that the State is " too large " 
Either statement implies that counties 
and States are essentially homogeneous, 
and that there exists a standard-size gov
ernment unit most applicable to pioper 
highway management Yet neither coun
ties noi States aie homogeneous units 
Counties may diffei m aiea fiom the 
25 squaic miles of Ailington County, 
Vuginia, to San Bernardino's 20,175 

square miles in California This latter 
county I S larger than the three States 
of New Jersey, Delaware and Maryland 
combined In population variations are 
even more pronounced. Loving County, 
California, for example, having but 195 
residents compared with 4 million per
sons living in Cook County, Illinois As 
regards the States, the largest is 250 times 
the area of the smallest, while popula
tions vary in the ratio of 138 to 1 Nine 
States have more than 100,000 miles of 
highways (Texas has over 200,000) while 
six have less than 15,000 The fact that 
a county may be larger than the State of 
Delaware, in which State centralization 
of highways is m effect, presents the 
possibility that the State may actually 
be "too small" and the county "too 
large " 

Consideration of the county as a high
way administrative unit must take into 
account the two different general types of 
county, the rural, and the urban The 
rural county is often unadapted to the 
performance of highway functions be
cause of the limitations of its resources 
and the lack of sufficient highway ac
tivity to permit large-scale operations, 
either intensive or extensive The urban 
county which contains a large city and 
considerable trafiic and population, how
ever, IS by reason of its wealth, responsi
bilities, and intensive road needs, a logi
cal highway administrative unit Such 
urban counties nevertheless are handi
capped in their function of improving 
highways by the fact that they aie usu
ally part of a larger metropolitan aica 
embracing more than one county, as well 
as lesser jurisdictions such as towns and 
villages Definite legislation is accord
ingly needed for effectuating correlated 
action throughout the metropolitan dis
trict, both in planning the transpoita-
tion system as a whole and in detail, and 
in fixing priorities for the improvement 
program It is necessaiy, therefoie, to 
distinguish between such counties, and 
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to lecognize that to speak meiely of the 
size of an admini&tiative unit may be in
consequential, if not misleading 

Since such special consiHerationfs must 
be taken into account, it seems obvious 
that no definite standard-size unit can 
be prescribed which will be universally 
absolute for highway administration 
The intensity of highway needs varies, 
as well as the degree to which a region 
has been developed and the type of its 
development Large agricultural regions 
might prove nearer the optimum unit for 
highway administration than large areas 
of concentrated industrial development 
Physical characteristics such as topog
raphy and climate are important factors 
for consideration as well as possible 
sources of highway funds and probable 
necessary expenditures 

T H E OPTIMUM S I Z E OF HIGHWAY UNITS 

Certain characteristics of local govern
ment mentioned are susceptible to cor
rection, such as lack of planning, budget
ing, and other administrative matters It 
I S claimed by the opponents of centrali
zation that county government may be 
revived by effecting reform along these 
lines But many criticisms against the 
local highway unit as an administrative 
body are functions of physical charac
teristics which are not susceptible to "re
form " No matter how efficient its system 
of accounting nor how expert its high
way commission, local government may 
still be limited to uneconomical opera
tions unless it is able to raise sufficient 
funds to pay the highway bill and unless 
the scope of construction and mainte
nance requirements will allow fullest util
ization of equipment, a proper distribu
tion of overhead and the economical 
operation of a competent engineering or
ganization 

The economist recognizes that a piofit-
able industrial plant is limited in its 
physical equipment to an optimum unit 

of opeiation that unwieldy production 
units cause economies of large-scale pio-
(luction to give way to dis-economies, and 
that paiticulai ciicumstances may alter 
the optimum plant even in the case of 
similar pioducts On the othci hand, 
horizontal combination of a number of 
optimum production units under central
ized administration is entirely in keeping 
with economical operation The so-
called American trust is an example of 
such horizontal combines In other words 
an industry may require technical decen
tralization and managerial centralization 

This principle of economics appears to 
be applicable to the provision of high
way facilities, in which optimum high
way operating units might be determined 
upon, and their management directed 
centrally Such is the general plan ad
hered to in the division of State highway 
systems into engineering districts, and 
suggested in the relation existing between 
the Federal and State governments 

It does not appear unworkable that all 
rural roads in a State might be operated 
on a similar basis Each State might con
tain several highway operating units 
varying as to optimum sizes in ac
cordance with particular considerations 
These districts might be a grouping of 
counties or other local jurisdictions into 
regional areas In small States or States 
essentially agricultural the entire aiea 
might be determined the optimum, in 
which case consolidation of all roads in 
the State would be economically m ordei 
Whatever the size and number of opei-
ating units, however, financial and plan
ning administration might still be cen
tered in the State 

The establishment of the State high
way departments was recognition of the 
need of centralized administration in cre
ating a primary system of roads, and in 
the spending of State vehicle taxes with 
wisdom and coordination for the best 
interests of the whole State -Local units 
of government on the other hand were 
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left to administci then individual high
way affaiis, which were truly local af
fairs financed by local money With the 
State-wide extension of motoi transpoit, 
however, all roads within a State devel
oped into a network which it was neces-
saiy to view as a whole Recognition of 
the wider influence of secondary roads 
was granted in the form of allocations of 
State money to local units of govern
ment which were not established to be ex
pending agencies for such funds Ac
cordingly, the principle came to be tol
erated that there should be centralization 
of certain highways in the State, financed 
by State funds, and decentralization of 
certain other roads, also financed with 
State taxes, in a multiplicity of lesser 
governmental units There is basic con
flict between these two policies On the 
one hand it is accepted that the highways 
constitute a closely-knit system, on the 
other hand uncorrelated policies of fi
nance develop them as a patchwork 

The chief objections to State control of 
all highways are for the most part politi
cal rather than economic That is, there 
is geneial recognition of the possibilities 
of economy and coordination with con
trol centered m the State highway depart
ment, but there is fear concerning the 
effect on local government which might 
result from eliminating local highway 
administration Such action, it is as
serted, would tend to discourage interest 
in other local governmental functions 
and eventually to bring about complete 
State centralization This would be the 
fiist step, according to stock arguments, 
toward the destruction of self-govern
ment, individual initiative, and democ
racy 

The "fine-woven rhetorical expres
sions" advanced m behalf of local gov
ernment, it IS pointed out, must be tem
pered with the common-sense observa
tion that highway transportation is not 
a function properly confined to imagi-
naiy and outmoded political boundaries 

To claim that the picseivation of dcinoc-
lacy depends upon the maintenance of 
such a system has been constiued by 
some as an aigument foi governmental 
waste and inefficiency, and to extol the 
small local unit as a "school for de
mocracy" has bc^n challenged on the 
giounds that accounting and engineer
ing are so often omitted from its course 
of study The statement has been made 
that if democracy can coexist with such 
philosophies of government there is little 
fear that it would perish from State fi
nancial administration of highways 

FACTORS SUPPORTING CENTRALIZATION 
TREND 

A considei atlon of importance with ic-
gard to the future possibilities of cen
tralized highway administration is the 
recently inaugurated Federal assistance 
for secondary road development Dur
ing the depression years secondary roads 
and urban streets were granted various 
emergency appropriations by the Fed
eral Government for the prime purpose 
of furthering employment In the pres
ent fiscal year, however, regular Fed
eral aid grants of $25,000,000 are avail
able for secondary road improvement, to 
be matched by equal amounts of State 
funds It I S of significance that the State 
highway departments may employ the 
services of competent county highway oi-
ganizations, acting under duection of the 
State, in the preparation of plans, sur
veys and specifications, and in the super
vision of construction Where laws limit 
the State highway department in the ex
tent of mileage it can maintain, the State 
may draw up agreements with lesser gov
ernmental units which will attend to the 
maintenance of these secondary roads 
No such agreement will be approved, 
however, if any road previously built 
with Federal funds and currently main
tained by a county or lesser political 
unit is not being kept in satisfactory 
condition 
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CENTRALIZATION AND PLANNING 

A further development toward closer 
cooperation between State and county, 
and greater control by the State over 
local roads is the promising possibility 
of State-wide highway planning Surveys 
now under way to provide the facts neces
sary for plans may be made the instru
ment for publicizing the inadequacies of 
small highway units, and for revealing 
to the taxpayer how much of his money 
supports obsolete governmental ma
chinery instead of better roads I t is 
also hoped that State legislation may fol
low the findings of such surveys when 
questions of highway administrative re
form arise 

Some of the immediate purposes of 
the State-wide planning surveys are 

1 To define the mileage of roads within 
each State to be supported by pub
lic funds 

2 To determine the use made of the 
parts of this system, hence the 
sources of necessary taxes and their 
proper distribution 

3 To determine future construction re
quirements for extensions, improve
ments and replacements 

4 To determine the priority of such 
construction projects 

5 To estimate necessary maintenance 
operations 

6 To estimate future highway income 
and to budget this sum according 
to estimated future financial re
quirements 

These several purposes emphasize the 
need for control by a central agency to 
supersede uncoordinated plans which re
sult from the operation of a large num
ber of highway jurisdictions acting in
dependently In order that planning may 
be effective throughout the State there 
must be an administrative control with 
greater power than any of the separate 
minor units Planning which is "State 
wide" cannot be attained by a number 

of individual plans within the State, but 
only by a central plan which applies to 
an integrated system 

In review of the foregoing status and 
tiends in State vehicle tax distribution 
for highways and in highway adminis
trative procedure, a summary of the data 
IS presented, followed by a list of con
clusions and recommendations suggested 
by them 

A SUMMARY OF FACTS 

1 Approximately one-fourth of all 
State motor vehicle taxes were distribu
ted for local road and street purposes m 
1936 

2 The share of State funds allocated 
to local roads and streets has increased 
only 3 1 percent in the last ten years, 
while the actual money so distributed 
shows a 115 percent dollar increase dur
ing the same period 

3 The State highway share of motor 
vehicle taxes has decreased more than 17 
percent in 10 years, while the dollar al
lotment has increased 42 percent 

4 State funds are distributed to local 
units of government in widely varying 
amounts and without regard to trafiSc 
geneiated, five States making no alloca
tions and one distributing more than 24 
million dollars 

5 Methods of distribution among each 
sepaiate local unit are generally unten
able, being made in equal amounts or on 
the basis of area, population, road mile
age, assessed valuation, vehicle registra
tions, tax collections, or a combination 
of two or three of these 

6 In most cases the States retain no 
control, or merely nominal control, over 
the spending of vehicle taxes used on local 
roads and streets 

7 Four States have consolidated all 
rural roads in the State highway depart
ments, while 26 States have State and 
county organizations, 6 have State and 
township units, and 12 have three sys
tems State, county and township 
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8 In the past 6 years 21 States have 
shjfted 171,932 miles of local roads to 
State control, constituting a 64 3 percent 
increase m State mileage during that 
period 

9 More States were involved in local 
road consolidations in 1936 than in any 
previous year 

10 In the past 7 years 4 States have 
eliminated all township road units 

11 The highway consolidation move
ment has shifted the highway tax fiom 
local to State government and from prop
erty to motor vehicles 

CONCLUSIONS AND RECOMMENDATIONS 

1 Allocation of State vehicle taxes to 
local roads and streets should be made 
with reference to both volume and in
tensity of traffic generated, but with con
sideration for the priority of primary 
road requirements so that transpoita-
tion facilities for the integrated system 
may be adequate and at lowest total 
cost 

2 The State should maintain adequate 
control over all projects on which State 
money is used 

3 Arbitrary political boundaries have 
no relation to functions of highway trans
port 

4 A highway operating unit may be 
limited in its ability to function eco
nomically by reason of certain charac
teristics inherent in small-scale opera
tions 

5 A highway administrative area is 
not necessarily limited to the optimum 
unit determined upon for construction 
and maintenance operations, and should 
embrace sufiScient area to permit quan
tity purchasing, specialized personnel, 
and a coordinated highway program 

6 With the transfer of local roads to 
State control, benefits to land remain a 
legitimate highway service which should 
be recognized by property contributions 
to the highway fund 

7 It IS important that the State should 
piovide first for all primary road obliga
tions before assuming added burdens in 
connection with local roads 

8 Fedeial aid for secondary roads is 
lecognition of the fact that such parts 
of the highway system give more than 
local service This new Federal policy 
piomises to create closer cooperation be
tween States and local units 

9 State-wide planning surveys con
stitute the first wholesale attempt to 
bung before the public and legislative 
bodies facts concerning the need for 
sane financial and administrative poli
cies 

10 State-wide plans cannot be suc
cessful without a central planning au
thority 

11 The failuie of any State to pro
vide a major system of highways not 
only adequate but attractive to the 
lapidly growing tourist and recreational 
traflSc results in large losses of potential 
income to the public from the user taxes 
and to private business relying upon the 
highway travel 

12 The failure to establish and to fol
low sound principles of financial adminis
tration IS a serious cause of lack of 
progress toward adequate major high
ways where this condition exists 

13. The waste of highway funds by 
duplicate local units and the uneconomi
cal operations they necessitate brands 
financial administration the least pro
gressive field of highway ti ansportation 



A P P E N D I X 
T A B L E A* 

L E G A L PROVISIONS R E G U L A T I N G T H E U S E OF S T A T E MOTOR V E H I C L E FUNDS FOR L O C A L 
ROADS AND S T R E E T S 

1̂ —Gasoline Taxes 

State Tax rate 
(Cents) Distribution to local roads and city streets 

Alabama 6 3 cents to counties, distributed equally 
Arizona 5 5{o to counties, accordmg to gasoline sales m each 
Arkansas 6 5 7 7 percent to counties, on basis of population, registration and area 
California 3 to counties $5,000 for each county and county-city, four times 

per year Balance distributed accordmg to registrations 
Colorado 4 27 percent to counties, 3 percent for extensions of State system m 

cities, towns and counties, on basis of State mileage in counties 
Connecticut 3 

cities, towns and counties, on basis of State mileage in counties 

Delaware 4 
Florida 7 3 cents to counties, distributed among thehi by particular statutes 
Georgia 6 1 cent to coimties on basis of State-aid mileage in each 
Idaho 5 
Illinois 5 }4 to counties, }i to mumcipabties, on basis of vehicles registered 
Indiana 4 40 percent to counties, 10 percent to cities, accordmg to population 
Iowa 3 % to counties, by area 
Kansas 3 
Kentucky 5 
Louisiana 5 
Maine 4 To general highway fund, with registration fees, from which $150,000 

goes to town roads, $700,000 to 3rd class roads, on mileage basis, 
and $1,000,000 to State-aid roads according to town valuation 

Maryland 4 1 05 cents to counties, by mileage of county roads, 1 15 cents to BalMaryland 
timore city 

Massachusetts 3 
Michigan 3 To State highway fund, with registration fees, from which $6,000,000 Michigan 

goes to counties, m proportion to fees collected, equally 
to counties, based on mileage and traffic needs Minnesota 3 

goes to counties, m proportion to fees collected, equally 
to counties, based on mileage and traffic needs 

Mississippi 6 2J^ cents to counties, on basis of population, registrations and area 
Missouri 2 
Montana 5 
Nebraska 4 ^ to counties 
Nevada 4 
New Hampshire 4 Small amount to some local roads (leas than 9 percent of total in New Hampshire 

1936) 
New Jersey 3 $5,000,000 to city streets 
New Mexico 5 
New York 3 5 percent to New York City, 20 percent to counties, by mileage 
North Carolina 6 
North Dakota 3 }4 to counties on basis of registration fees collected 
Ohio 4 3 cents, mmus about $285,000 to counties, villages and townships on 

basis of vehicles registered 
Oklahoma 4 }4 to counties, according to population and area 
Oregon 5 

}/i cent to counties, based on gas tax returns durmg preceding 3 
years 

Pennsylvama 4 }/i cent to counties, based on gas tax returns durmg preceding 3 
years 

Rhode Island 2 
South Carolina 6 1 cent to counties, based on registrations 
South Dakota 4 

* Data mcomplete 
27 
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T A B L E A—Continued 

State Tax rate 
(Cents) Distribution to local roads and city streets 

Tennessee 7 To counties 1 cent equally, cent by population, and cent by 
area 

Texas 4 
Utah 4 
Vennont 4 $500,000 to local roads, by mileage 
Virginia 5 8239,000 m 1936 for the 3 counties not under State control 
Washington 5 3 cents to counties and cities, according to gas sales 
West Virginia 4 

3 cents to counties and cities, according to gas sales 

Wisconsin 4 
Wyoming 4 25 percent to coxmties, based 30 percent on area, 30 percent on rural 

population, and 40 percent on assessed valuation 
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T A B L E k—Continued 
2—Registration Fees 

State 

Alabama 
Arizona 
Arkansas 
California 
Colorado 
Connecticut.... 
Delaware 
Florida 
Georgia 
Idaho. 
Illinois 
Indiana 

Iowa 
Kansas 
Kentucky 
Louisiana 
Maine 
Maryland 

Massachusetts. . 
Michigan 
Minnesota 
Mississippi 
Missouri 
Montana . . . . . . . 
Nebraska 
Nevada 
New Hampshire. 
New Jersey 
New Mexico. .. . 
New York 
North Carolina.. 
North Dakota. . 
Ohio 
Oklahoma 
Oregon 
Pennsylvania. . . 
Rhode Island.. . 
South Carolina.. 
South Dakota... 
Tennessee 
Texas 
Utah 
Vermont 
Virginia 
Washington 
West Virginia.. . 
Wisconsin 

Wyoming 

Distribution to local roads and city streets 

20 percent to incorporated municipality or county where owner resides. 
50 cents of original fee retained by county. 

Approximately 30 percent to counties in proportion to registrations. 
50 percent to counties in proportion to collections. 

90 percent retained by counties. 

yi to counties and cities; counties, % on mileage, on population; cities, on 
basis of population. 

10 cents of each registration to county. 

After debt service and operating expenses of motor vehicle department, traflSc 
court, etc., 30 percent to Baltimore. 

See gas tax data. 

All to counties where collected. 

All to counties where collected 
5 cents retained by counties for each original registration. 

Small sum for State-aid ($272,000 in 1936). 
Carrier taxes to municipaUties. 
15 percent to counties in proportion to registrations. 
25 percent to counties. 

47 percent to counties where car registered. 
9 percent to cities, 51 percent to counties. 

76.5 percent to counties where collected. 

100 percent to county where collected, up to $50,000; 50 percent up to $175,000. 

20 percent retained by town, village and city; also 83,000,000 to counties for 
State-aid roads, 40 percent on basis of registrations and 60 percent by 
mileage. 

County registration fees retained. 



30 FINANCE 

T A B L E B 

DISPOSITION OF S T A T E M O T O R - V E H I C L E R E C E I P T S 

To State Highways and Local Roads and Streets 1927-36 

1—Registration Fees 

Total funds 
distributed 

For State 
highway purposes Percent For local roads 

and streets Percent 
Total fund to State 
highways, local roads 

and streets 
Percent 

1927. . $ 301,061,132 8 220,645,359 73.3 $ 61,543,245 20.4 $ 282,188,604 93.7 
1928. . 322,630,025 235,142,906 72.9 66,569,311 20.6 301,712,217 93.5 
1929. . 347;843,543 250,704,624 72.1 73,226,339 21.1 323,930,963 93.2 
1930. . 355,704,860 253,013,603 71.1 • 74,639,463 21.7 327,653,066 92.8 
1931. . 344,337,654 234,593,379 68.1 79,388,101 23.1 313,981,480 91.2 
1932. . 324,273,510 188,539,140 58.1 83,298,207 25.7 271,837,347 83.8 
1933. . 301,315,447 157,754,844 52.4 75,943,682 25.2 233,698,526 77.6 
1934.. 318,576,965 175,382,722 55.1 84,356,966 26.5 259,739,688 81.6 
1935. . 324,855,135 173,477,594 53.4 87,587,250 27.0 261,064,844 80.4 
1936. . 374,921,000 194,491,000 51.9 98,241,000 26,2 292,732,000 78.1 

Total 83,315,519,271 $2,083,745,171 62.8 $ 784,793,564 23.7 $2,868,538,735 86.5 

2—Gasoline Taxes 

1927. . $ 258,966,851 $ 188,951,526 72.9 8 61,633,115 23.8 8 250,584,641 96.7 
1928. . 305,233,842 225,315,715 73.8 68,562,491 22.4 293,878,206 96.2 
1929. . 431,636,454 318,087,598 73.7 101,961,887 23.6 420,049,485 97.3 
1930. . 494,683,410 359,797,465 72.7 118,247,702 23.9 478,045,167 96.6 
1931. . 537,589,717 381,711,610 71.0 134,318,053 25.0 516,029,663 96.0 
1932. . 514,138,900 336,144,197 65.4 127,220,400 24.7 463,364,597 90.1 
1933. . 519,403,450 314,432,266 60.5 153,777,094 29.6 468,209,360 90.1 
1934.. 565,139,596 333,196,930 59.0 138,338,782 22.5 471,535,712 81.5 
1935.. 615,580,975 348,651,966 56.6 150,546,567 24.5 499,198,533 81.1 
1936.. 683,074,000 389,125,000 57.0 167,255,000 24.5 556,380,000 81.5 

Total $4,925,447,195 83,195,414,273 64.9 81,221,861,091 24.8 $4,417,275,364 89,7 

3—Total Motor Vehicle Taxes 

1927. , 8 560,027,983 8 409,596,885 73.1 $ 123,176,360 22.0 $ 542,773,245 95.1 
1928. . 627,863,867 460,458,621 73.3 135,131,802 21.5 595,590,423 94.8 
1929. . 779,479,997 568,792,222 73.0 175,188,226 22.5 743,980,448 95.5 
1930. . 850,388,270 612,811,068 72.1 192,887,165 22.7 805,698,233 94.8 
1931. . 881,927,371 616,304,989 69.9 213,706,154 24.2 830,011,143 94.1 
1932.. 838,412,410 524,683,337 62.6 210,518,607 25.1 735,201,944 87.7 
1933. . 820,718,897 472,187,110 57.5 229,720,776 28.0 701,907,886 85.5 
1934. . 883,716,561 508,579,652 57.5 222,695,748 25.2 731,275,400 82.7 
1935. . 940,436,110 522,129,560 55.5 238,133,817 25.3 760,263,377 80.8 
1936.. 1,057,995,000 583,616,000 55.2 265,496,000 25.1 849,112,000 80.3 

Total $8,240,966,466 85,279,159,444 64.1 $2,006,654,655 24.3 87,285,814,099 88.4 
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Year 

1931 

1932 

1933 

1934 

1935 

1936 

North Carolina. 
Pennsylvania... 
Louisiana 

Total. 

Virginia... 

Total. 

West Virginia. 
Oregon 
California.... 

Total. 

Minnesota. 
Missouri. . 
Georgia. . . 
Indiana. .. 
Kentucky. 

Total. 

Delaware. 
Nebraska. 
Missouri. , 
Nevada. .. 

Total. 

Arizona 
Georgia 
Kentucky 
New Mexico... 
Ohio 
Oklahoma 
South Carolina. 
Texas 
Missouri 
Pennsylvania.. 

Total. 

T A B L E C 
ROAD CONSOLIDATIONS 

State 

Total Transfers, 1927-36. 

Local road mileage 
transferred to State 

46,826 
20,167 
6,658 

73,651 

37,028 

37,028 

29,098 
2,046 
6,600 

37,744 

4,356 
937 
367 
871 
659 

7,190 

2,602 
1,391 

834 
796 

5,623 

428 
648 
340 

2,021 
2,391 

606 
419 
579 
914 

2,350 

10,696 

171,932 
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SYNOPSIS 
A previous piogress repoit to November 1936 will be found m the Proceedings, 

Highway Research Board, Vol 16, p 46 Since that date, the Committee on Uni
form Accounting of the American Association of State Highway Officials has 
proceeded verj' actively and successfully with its woik First, 8 regional con
ferences were held to contact the maintenance engineers and the chief accountants 
of the several States Then a special subcommittee was appointed, consisting of 
one member at large and 8 legional represontatn es each of whom proceeded to 
visit and confer with each State highway depaitment in his region Upon comple
tion of these visits, the subcommittee met at Ames, Iowa, June 22-25, 1937, agreed 
upon the general features of a system of uniform highway accounts, and assigned 
the prepaiation of tentative mamisciipt sections thereof to a writing committee 
of four This wilting committee met at Washington, D C , September 20-26, 
1937, and completed a report which was presented, discussed, and adopted Sep
tember 27-30, at the Boston meeting of the American Association of State High
way Officials by botli the Association's full Committee on Uniform Accounting 
and by its Committee on Administiation The Maintenance Committee con
curred Tlie Execute e Committee has submitted the lecommendations to the 
States for letter ballot 

Included in the repoit thus adopted is a system of highwaj' maintenance cost 
accounts, it is proposed that this shall constitute one of the sections in the final 
Umform Highway Accounting Manual 

Also included in the adopted lepoit is a plan for active further work during 
1937-1938 For this work, the United States has been divided into tea regions, in 
which ten legional conferences aic being held for the study of construction cost 
classifications, equipment costs idministiative expense, and fixed capital, income, 
balance sheet and general ledger accounts, including depreciation accounts for all 
fixed-capital property 

When finished, the manual will contain classifications and suggestions for 
setting up and operating a system of double entry uniform highway accounts, 
classified and numbeied, fully comparable with the uniform systems of accounts 
for steam railroads and other utilities prescribed by the U S Interstate Com
merce Commission, the Fedeial Power Commission, and other regulatory 
authorities 

The United States is now i apidly ac- utilities, and that the users thereof should 
cepting the concepts that the highways pay for the services rendered and bene-
are of the nature of public tiansportation fits leceived in proportion to their value, 

32 
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in consequence, it is becoming increas
ingly apparent that the State Highway 
Departments must have a uniform ac
counting system that will enable each 
State to determine quickly and accu
rately what it IS costing to produce and 
maintain its highway transportation ser
vices Further, motor vehicle transpor
tation IS becoming more and moie a na
tional industry, unlimited by State boun
daries, it IS destined to become still 
more national m character The records 
of the various States are being compared 
as to construction cost, maintenance cost, 
and highway user tariffs Comparisons 
of these figures are rendering individual 
States gross injustices because the lay
man, the legislator, and the news reporter 
do not know that the reports showing 
differences in costs m different States are 
not compiled upon the same basis, the 
operation costs in two States may appear 
to differ widely although actually in close 
agreement 

In view of these new concepts regard
ing the functions and responsibilities of 
highway depaitments, the States, through 
their Association of State Highway OflB-
cials, are actively developing a system of 
uniform classification of highway ac
counting, which it IS hoped will ulti
mately become the standard for all States 
in the same way that the railroads, the 
electric utilities, and many other organi
zations of similar charactei and purposes 
have reached common standards of ac
counting To further this work, a com
mittee of the Association has been given 
the responsibility of formulating the rec
ommendations A project committee of 
the Department of Highway Transporta
tion Economics of the Highway Research 
Board was appointed last year to work 
with the Committee of the American 
Association of State Highway Officials, 
and to give special attention to the ac
counting classifications which are needed 
in studies of the economics and costs of 
highway transportation The past and 

present woik of the Department of High
way Transportation Economics has been 
veiy much handicapped for lack of re
liable highway investment figures and 
maintenance costs 

The progress made during the past 
twelve months is highly gratifying 
Everyone is encouraged to expect the 
icalization of a difficult goal much sooner 
than was anticipated a year ago The 
following review of the work of the As
sociation committee during the past year 
and of its plans for the coming year will 
indicate the progress 

The Association's first committee on 
accounting was organized in 1926 Fun
damental piinciples of accounting and 
accounting oiganization in the several 
States were the topics of discussion of 
this committee until 1929, at which time 
its report on "Standardized Definitions 
of Highway Terms and Highway Cost 
Analyses" was submitted The commit
tee was not active again until 1936, when 
it was reorganized for the purpose of ex
tending the work of the early committee 
to include actual classification of ac
counts on a uniform basis, and the prepa
ration of a manual of instructions and 
suggestions The reorganization of the 
committee and revivification of the work 
were prompted partly by a resolution of 
the Mississippi Valley Highway Associa
tion in February 1936, petitioning the 
U S Bureau of Public Roads to devise 
and establish a uniform system of ac
counting, and partly by repeated sug
gestions from the Department of High
way Tiansportation Economics of the 
Highway Research Board that something 
be done to make available really com
parable cost reports from State highway 
departments which would furnish the 
figures necessary to the studies of trans
portation economics desired by the vari
ous department committees 

Under the auspices of the Association 
committee on accounting, eight regional 
meetings were held m November 1936 
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and Januaiy 1937, for the puiposc of dis
cussing with representatives of the State 
highway departments the classifications 
and procedures which the committee 
should considei These meetings were 
attended by 90 State accountants and 
engineers, representing 38 States The 
opinions offered at these meetings were 
unanimous m expressing the belief that 
there was immediate need for uniform 
accountmg practices, and that the States 
would cooperate to the extent permitted 
by State laws by modifymg present prac
tices to conform to a uniform basis once 
such a system was adopted by the 
association. 

To make such cooperation immedi
ately active and effective, a special sub
committee was appomted, consisting of 
one member at large and 8 regional rep
resentatives, each of whom proceeded to 
visit and confer with each State High
way Department m his region Upon 
completion of these visits, the subcom
mittee met at Ames, Iowa, June 22-25, 
1937, agreed upon the general features 
of a system of uniform highway ac
counts, and assigned preparation of 
tentative manuscript sections of a manual 
to a writing committee of four This 
writing committee met in Washington, 
D C , September 20-26, 1937, and pre
pared the committee's report to the An
nual Meeting of the American Associa
tion of State Highway Officials, Boston, 
September 26-30, 1937 A general clas
sification of uniform highway accounts 
was tentatively recommended, as shown 
in Appendix I to this paper Because 
maintenance cost accounting seemed to 
be the item on which interest most cen
tered at the regional meetings, the com
mittee undertook a special study of it 
and submitted at the Boston annual 
meeting a recommended uniform classi
fication of maintenance accounts, to
gether with suggestions for its use These 
recommendations were concurred in by 
the Maintenance Committee of the As

sociation, were adopted by the Commit
tee on Administration, by the Executive 
Committee and have been now submitted 
to the States foi a lettei ballot The 
lecommcnded definition of maintenance 
and the recommended classification of 
maintenance accounts are given in Ap
pendix I I to this paper ,̂ at present there 
IS much conflict of practice as to the 
dividing line between maintenance and 
construction 

Some preliminary consideration was 
given by the committee to fiscal accounts 
and to administration, construction, and 
equipment cost accounting Thorough 
discussion of these items is planned m 
a new series of ten regional meetings with 
State repiesentatives, similar to the eight 
that were held last year Foui of these 
meetings have been held, three aie 
scheduled during this month, and the 
other three will have been completed 
by March 4 

Following these meetings, the com
mittee expects to prepare definite lecom-
mendations to be submitted to the 1938 
annual meeting Thus, section by section, 
the committee is planning to cover the 
entire scope of highway department ac
counting Ultimately, the recommenda
tions, classifications, and suggestions will 
be coordinated in a complete manual on 
highway accounting ^ 

The general character of the proposed 
Uniform Highway Accounting Manual 
IS shown by the following quotation from 
material prepared by G H Lloyd, Chair
man of the American Association of 
State Highway Officials' Committee on 
Uniform Accounting, for discussion in the 
10 legional conferences now being held 

"The accounting system, to be understood 
and followed uniformly and to prevent disin-

iThe numbers attached to the several ac
counts will be changed m the final manual 

2 It should be emphasized that it is not the 
intention of the committee to recommend the 
details of procedure of organization, office prac
tice, accounting equipment, and other items 
which are felt to be State rights 
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tegration, should be placed in manual form A 
umform manual for all State highway depart
ments, providing for standardization of ac
counts and definitions, should be of great 
assistance to the managements of the depart
ments in supplying comparative costs on work 
accomplished This Umform Accounting Man
ual could follow along the same lines as the 
Uniform Accounting Manual used by railroads 
Basic accounts should be included and to some 
extent suggestions for methods of handling the 
detailed source preparation of the accounting 
information It is recognized that there must 
be some variance in each of the States due to 
statutoi-y limitations and to the highway de
partment oiganization, however, most of the 
highway department organizations are very 
similar and it is felt that the Uniform Account
ing Manual, by laying down general principles 
and outlining the source preparation of account
ing information, could be adapted to each type 
of State highway organization and fit each 
statutory limitation 

"The Uniform Accounting Manual should 
piovide for a chart of fiscal accounts with an 
explanation of the puipose and use of each 
It should also piovide for a uniform chait of 
operating cost accounts for Construction and 
Maintenance These charts of accounts should 
not be in such detail as to handicap any State, 
but should provide for more general classifica
tions, and each account should be properly ex
plained Enlargement of the accounts and pro
visions for more detail could be added by the 
States, depending upon their individual needs 
or requirements The arrangement of the ac
counts should be in such maimer as could 
be used by a department whether operating 
on a centralized or decentralized type of 
orgamzation 

"The Uniform Accounting Manual should 
not be designed to fit any type of accounting 
machine nor attempt to develop any detail 
forms, proceduie or accounts requiring the use 
of any special tjpe of office equipment or ac
counting machines Any accounting system 
would unquestionably be more efficient and give 
better satisfaction, however, if modern account
ing equipment weie used in connection with the 
system Modernized equipment is as necessary 
to the success of an accounting system as 
modernized equipment is to the successful and 
economical maintenance and construction of 
highways 

"It must be borne in mind that your highway 
costs will bo no better than your system pro
vides, and since the source material of highway 
costs I S supplied by foremen, superintendents, 
etc who aie usually not trained in the account
ing field, there should be an accounting manual 

in each individual State to fit its particular 
needs This manual should take up where the 
Umform Accounting Manual leaves off, and 
should provide for detailed instructions in 
permanent form These detailed instructions in 
the State manual should be stnctly comphed 
with in order that the system might function 
smoothly The manual should be concise and 
presented in a simple and plain fashion to be 
easily understood by any person, and should 
cover the following matenal 

1 List of all forms to be used and instruction 
for the use of each form 

2 Detailed explanation of pay rolls and their 
preparation 

3 Detailed explanation of routine, internal 
checks, responsibilities, etc 

4 Rules, regulations and methods of handling 
depreciation, equipment operation costs, 
stores and administration 

5 A complete detail chart of accounts showing 
the symbols, description and purpose 

6 Reports to be prepared, giving complete 
description as to what is included and for 
what purpose they serve 

"Where changes are made in the accounting 
system of a State highway department, it is 
usually advisable not to attempt to make a 
complete change at one time When there is 
a complete turnover of procedure and ac
counts, confusion usually exists among the 
employees handling accounting work which 
might cause discouragements, wrong impres
sions, and possibly ultimate inefficiency in the 
system Thorough study should be given to 
the old system and old records, as many such 
old records could be used very well under the 
new system and should serve a very valuable 
purpose for comparisons and assistance in main
taining continuity m records As sections of 
the new system are initiated by a State high
way department, the employees participating 
in the preparation of source material and 
routine handhng should be thoroughly schooled 
in the instructions and requirements before the 
new work or change is undertaken 

"In this connection it is pointed out that the 
installation of an accounting system does not 
consist m simply providing forms and proce
dure The personnel having connection with 
the details as provided in a State accounting 
manual should be thoroughly tramed and 
should clearly understand their functions to 
secure success of the system provided They 
should understand also the necessity for com
plying stnctly with the instructions m the 
manual 

"By way of summarization, a Uniform Ac
counting Manual for State highway depart-
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ments should incorporate definitions, stand
ardized account classifications for fiscal and cost 
accounts, with explanations, and only such 
general procedure for preparation of source 
material as necessary to secure uniformity of 
information under the standardized accounts, 
leaving all detail forms, procedure and accounts 
to the individual States which would be devel
oped under separate State accounting manuals " 

T H E E&SENTIAL F E A T U R E S OF SATISFACTORY 
UNIFORM HIGHWAY ACCOUNTING 

Tlie authors wish next to discuss tlic 
essential featuies of what they at pres
ent would consider a satisfactory sys
tem of uniform highway accounting 

In the same document quoted just 
above, G H Lloyd, Chairman of the 
Committee on Uniform Accounts, has 
said 

"The need for a well designed and compre
hensive accounting system is apparent to the 
executives of every State highway department 
It is essential that the system be designed to 
furnish complete information on all depart
mental operations and that it be sufficiently 
flexible to readily adjust itself to any change 
in orgamzation, pohcies or laws The system 
should embrace both Fiscal or Fund Accounting 
and Cost Accounting 

"Fiscal Accounting deals with the payment 
of bills, pay rolls, contractors' estimates, col
lection of income or receipts, and the handling 
of all necessary journal entries that affect the 
General Ledger and the various income and 
expenditure accounts of the department This 
work includes the recording and handling of 
all fund accounts; appropriation accounts, and 
classification of expenditures, and provides con
trol accounts to insure the accuracy of the 
cost accounting records Fiscal Accounting in
formation should be collected according to 
functions, classes of work, organization units, 
and the object or purpose of expenditures 

"Cost Accounting should include the collec
tion of costs and statistics which have to do 
with the measurements of results accomphshed 
against money spent, or the cost of the operating 
units of work The cost accounting work of the 
highway department should be separated from 
the fiscal accounting work, but it is highly 
important that the cost accounting records 
balance with the controls established in the 
fiscal accounting ledgers The classification of 
accounts to be kept under the cost accounting 

section are for the purposes of accumulatmg 
costs into operating accounts (Maintenance and 
Construction), so that the executives and re
sponsible department heads may review the 
efiiciency of performing the work of the depart
ment " 

Mr E E Hall, Secretary of the Ameri
can Association of State Highway Offi
cials' Committee on Uniform Accounting, 
has said' 

"The building, maintenance, and administra
tion of State highways is "big business " Even 
in the State having the smallest expenditures 
in 1936 it cannot be considered a small business, 
for it was well beyond the three million class, 
while tlie State having the largest expenditures 
made payments in excess of 80 million dollars 
The business of a number of highway depart
ments exceeded 25 million dollars last year 
(It may be added by the authors that in the 
entire United States over $1,100,000,000 was 
spent on State highway systems alone in 1936, 
and that the total expenditures on State systems 
since the World War has been about §13,000,-
000,000 

"It should be apparent that if commercial 
big businesses maintain complete fiscal and cost 
accounting records, then considered from mag
nitude only, the State highway departments 
should have equally adequate systems Actu
ally, the State highway departments, because 
of their public character, have more cause to 
maintain complete records of accounts, and be 
in a position to prepaie financial statements as 
comprehensive and complete as any big busi
ness " 

"Believing that our State highway depart
ments should be considered as the operating 
companies of a vast national system of high
ways, the fundamental principles of accounting 
should be predicated on needs of a transporta
tion system, and not merely on the basis of 
recording expenditures of appropriated funds 
Fiu-thei the basic accounting classifications 
should be essentially the same for all 48 oper
ating States " 

Mr Hall further outlined his views on 
highway account as follows 

"The following general classification of ac
counts IS suggested as a basis of discussion and 

3 In matenal prepared by the American Asso
ciation of State Highway OflScials' Committee 
on Uniform Accounting for discussion at the 10 
regional meetings now being held 
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as a foundation upon which the accounting 
system may be developed 

Current Assets 
Propnetary accounts 

Cash 
Accounts receivable 
Inventories 
Prepaid expense 

Budgetary accounts 
Estimated revenues 
Unappropriated authorization 

Fixed Assets 
Land, other than R / W 
Buildings 
Less reserve for depreciation 
Investment in highways 
Less reserve for depreciation 
Work under construction 
Equipment 
Less reserve for depreciation 

Expense 
By detailed classifications 

Current Liabilities 
Propnetary accounts 

Accounts payable 
Short term notss payable 
Accrued interest 

Budgetary accounts 
Encumbrances 
Appropriations 

CURRENT SURPLUS 
Deferred Liabiliiies 

Bonds outstanding 
Other long term obligations 

Reserves 
CAPITAL SURPLUS 
Income 

By detailed classifications 

"It IS suggested that commercial accounting 
practice be followed very closely in so far as 
a double entry set of books kept on an accrual 
basis IS concerned It is also desirable that the 
general ledger contain either in summary (or in 
detail the record of all financial transactions, 
supported by the necessary subsidiary ledgers 
and records However, the absence of accounts 
and procedures concerned in determining profit 
and loss and individual ownership, and the use 
of budgetary accounts are characteristic of State 
highway department accounting 

"It will be observed that the suggested classi
fication completely segregates current assets, 
current liabilities, and operations, including in
come and expenses, from fixed assets and 
deferred liabilities This actually results m a 
dual balance sheet, the difference between the 
current assets and current liabilities being repre
sented by a current surplus, while the difference 
between fixed assets and deferred liabilities is 

represented by capital surplus These are in 
lieu of the ordinary profit and loss, and mvest-
ment accounts of commercial concerns " 

Appendix I illustrates the general 
ledger accounts referred to by Mr Hall 
The general ledger would show the bal
ances from the-various subsidiary ledgers 
in all the accounts listed 

Appendix I I illustrates the primary 
classification of accounts which will be 
required for the maintenance cost section 
of a satisfactory system of uniform high
way accounts 

T H E AUTHOR'S VIEWS ON UNIFORM H I G H 
WAY ACCOUNTING 

The State highways of each State con
stitute a great public utility,* owned and 
maintained by the State for the purpose 
of supplying road services of various 
kinds to the public In return, those 
using these services are required to pay 
for them in various ways For road access 
services, the real estate owners served 
pay property highway tacxes, for road 
use services, travelers on the highways 
pay motor-vehicle licenses fees, motor 
fuel taxes and ton-mile taxes In reality, 
none of these payments are true taxes, 
they all are charges for road services 
supplied; just as payment of bills for 
electric light and power are payments 
for electricity furnished This public 
utility character of highway systems is 
one of the main facts which should be 
recognized and understood in developing 
a uniform highway accounting system 
Even more than in the case of privately 
owned utilities it is essential that high
way accounts supply true full detailed, 
clearly arranged and summarized infor
mation concerning 

First, all of the State's property now 
used for highway purposes, its cost new, 
its present accrued depreciation and its 
pres&iit value 

* See Anson Marston, "Valuation of High
ways," Highway Research Board Proceedmgs, 
Vol 13, 1933 
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Second, all capital expenditures for 
construction and/or purchase of fixed 
property, including, each year (a) high
ways, roads or streets, (b) buildings, 
(c) lands, (d) equipment, and (e) gen
eral administration and overheads ap
plicable to the acquisition of the fixed 
property 

Third, all expenditures for mainte
nance and operations, and depreciation 
and other operation costs, including, each 
year (a) direct maintenance expendi
tures, (b) general administration and 
overhead expenditures applicable to 
maintenance and operation, (c) depreci
ation on maintenance buildings and 
equipment, (d) depreciation on present 
fixed-capital roadway pioperty 

Fourth, all income from payments for 
road services, whether allocated by law 
directly (in full or m pait), or indirectly 
by State appropriations, including, each 
year, (a) property highway taxes, (b) 
motor-vehicle license fees, (c) motor fuel 
taxes, (d) ton-mile taxes, (e) etc 

Fifth, all income from other sources 
than payments for load seivices, includ
ing, each year (a) leceipts fiom sales 
of bonds or other evidences of indebted
ness, (b) receipts from appropriation of 
State funds other than payments for 
road services, (c) contributions from all 
sources including Federal aids and grants 

Sixth, all income and expenditures for 
non-highway services rendered by the 
State highway department 

Many public utility and other indus
trial enterprises have already developed 
standard uniform double entiy account
ing systems ^ In these, the double entry 
pnmaiy accounts aie usually arranged 
in 6 main groups, as follows 

1 Fixed-Capital Accounts 
2 Operating Expense Accounts 

5 Good examples are those prescribed by the 
Interstate Commerce Commission and by the 
Federal Power Commission for use by utihties 
subject to their regulatory authority 

3 Operating Revenue Accounts (an Operating 
Statement summarizes Groups 2 and 3) 

4 Income Accounts (and an Income State
ment) 

5 Profit and Loss Accounts (and a Profit and 
Loss Statement) 

6 Balance Sheet Accounts (and the Balance 
Sheet Statement) 

The more the authors study the sub
ject of uniform highway accountancy the 
more clearly they realize that the main 
fundamental requirements of a satisfac
tory system of uniform highway account
ing are essentially the same as those for 
other utilities However, the accounting 
problems for the thiee groups, highway 
income, operating revenue and projUt and 
loss ai e so different from those of the cor
responding accounts for other utilities 
that it may (or m the end may not) be 
piacticable to combine them in one group 

Mamly to assist in their thinking and 
study, the authors havfe prepared a ten
tative lineup of possible double entry 
highway primaiy accounts, arranged in 
four mam groups as shown in Appendix 
I I I , " which they now will proceed to 
discuss 

ACCOUNT 1000 F I X E D - C A P I T A L I N V E S T 
M E N T ACCOUNTS 

The fixed-capital investment accounts 
aie designed to show the investment of 
the department in all propeities devoted 
to the maintenance, opeiation, and ad-
ministiation of highways The accounts 
should show the original cost and the 
true depreciation to date To the ac
counts in this group should be charged 
the cost of original highway constiuction, 
additions and betteiments, and leplace-
ments, also values of right of way at 
time of acquisition, the cost of equip
ment, buildings, and other property per
taining theieto not consumed duiing the 
accounting year The accounts should be 
ci edited with depreciation 

' The authors wish to emphasize the purely 
tentative character of Appendix I I I 
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Suitable piopeity lecoid ledgeis will 
be required foi each item oi gioups of 
similar items of piopeity, on whicli the 
depreciations aic credited as tiicy acciuo 
For setting up these ledgcis, the high
ways must be divided into unchangeable 
route sections, each with fixed geographi
cal termini, these may be subdivided into 
subsections, of such length and charac
teristics that each may be accounted for 
as a unit 

Account 1100, Highways, Roads, and 
Streets This account should include the 
actual original costs of all highways, in
cluding surfacing and base, earthwork, 
structures, devices, appurtenances, en
gineering, and right of way For pur
poses of administration and reports, the 
account should first be subdivided into 
major accounts for each road system, 
such as primary roads, secondary roads, 
municipal streets, and other classifica
tions that aie appiopriate within the 
State Further, subdivision common to 
all of these major divisions by load sys
tems should show the items of construc
tion costs with particular reference to 
grouping by units according to deprecia
tion rates and probably maintenance re
quirements, as indicated m Accounts 
1111-1121 in Appendix I I I The corre
sponding credit accounts for accrued de
preciation are numbered 1111 1-1121 1 

Account 1200, Equipment This ac
count should include the cost of all 
equipment owned by the highway de
partment with such subclassifications by 
type of equipment, function, and organi
zation that are desirable from an ad
ministrative and cost control standpoint, 
as indicated m Accounts 1211-1215,1221-
1224, 1231-1233, 1241-1243 m Appendix 
I I I , with corresponding credit accounts 
for accrued depreciation 

Account 1300, Buildings This account 
should include the cost of all buildings 
divided by location and general purpose, 
as indicated by Accounts 1310, 1320, 
1330, 1340, Appendix I I I Individual ac

counts siiould be kept for each building 
All the building accounts should carry 
coi responding cicdit accounts for ac-
ciucd depreciation 

Account 1400, Land Other than Right 
of Way This account should include the 
cost of land which is owned, each parcel 
being kept by separate account, the par
cels being grouped by use as indicated by 
Accounts 1410, 1420, 1430, 1440, 1450, 
Appendix I I I Ordinarily land will be 
carried at purchase price without de-
pieciation or appreciation adjustments 
In the event, however, that the values 
change materially from the purchase 
price, the accounts should be adjusted 
Quarries and mineral deposits should be 
written down each year m accordance 
with the depletion of the deposits For 
these reasons, credit accounts for ac
crued depreciation or depletion are indi
cated for all the 1400 accounts in Ap
pendix I I I 

Account 1500, General Administration 
and Overhead Investment This account 
should include the cost of administra
tion and such overhead expense that is 
chargeable to the construction of high
ways and acquisition of fixed property, 
as indicated by Accounts 1510, 1520, 
1530, Appendix I I I The expense of ad
ministration for a year should be pro-
1 ated between fixed capital and operation 
expense The portion charged to fixed 
capital should be depreciated annually 
the same as physical property, as indi
cated by credit Accounts 1510 1, 1520 1, 
15301 

Account 1600, Suspense Accounts. 
This account should include the cost for 
properties which at the time may not be 
assigned to a final account Particularly, 
it will be found convenient to charge 
to this account the monthly contractor's 
payments, pending settlement of the final 
estimates, and allocation of the final cost 
to highways, roads, and streets See Ac
counts 1610, 1620, Appendix I I I 
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ACCOUNT 2000 OPERATING E X P E N S E 
ACCOUNTS 

The accounts devised under the title of 
operating expense are those to show the 
expenses of furnishing the public with a 
highway transportation facility, includ
ing maintaining roadways, administra
tion costs, and depreciation and mainte
nance of buildings and equipment The 
depreciation of fixed-capital highway, 
road and street property is also a high
way operating expense (See accrued 
depreciation credit Accounts 1111 1-
1121 1, and also Accounts 2411-2420, 
2451-2453) 

Account 2100, General Administration 
Expense This account should include 
the cost of administrating the depart
ment, including salaries of administrative 
officials, wages, office expenses, office 
building expense, office equipment ex
pense, and other items of expense which 
are general in nature and difficult to 
charge to a specific construction or oper
ation account at the time of payment 
A schedule of expense items to be in
cluded m this account will be developed 
after study of current practice and or
ganization of the departments The 
total cost of general administration is 
ultimately chargeable m part to fixed 
capital and in part to operation expense 
For the total general administration cost, 
see Accounts 2100, Appendix I I I 

Account 2200, Rental, Proration, and 
Suspense Accounts The group of ac
counts suggested under this major ac
count are those expenses of service bu
reaus which are usually absorbed by 
other accounts and activities At the 
close of the accounting period each ac
count would be closed out to operating 
expense or to fixed property accounts 
In most cases the expense would be 
closed out currently by use of purchase 
slip or service charges Each of the 
functions represented m the list of ac
counts IS primarily an organization serv

ing other functions of the department. 
See Accounts 2200, Appendix I I I 

Account 2300, Highway Operation Ex
pense This account should include the 
general operation expenses of the high
way department, exclusive of those ex
penditures for fixed properties, and for 
other functions which are not directly 
m connection with the furnishing of a 
complete highway facility A separation 
of these expenditures is necessary in 
setting up a classification for use by all 
States, for the reason that the duties and 
responsibilities imposed by State laws 
are not common to all States See Ac
counts 2300, Appendix I I I . 

Account 2400, Highway Depreciation 
This account should include the opera
tion expense on account of depreciation 
of the highways and retirement of them 
The classifications will follow those in
cluded under the corresponding fixed 
capital accounts The account should 
also include the depreciation of general 
administration, lesearch, and other gen
eral propertv accounts which are not 
classified with highways, equipment, 
buildings, and other tangible items. See 
Accounts 2411-2420 and 2451-2453, Ap
pendix I I I 

Account 2500, Other Highway Depart
ment Expense This account should in
clude separate subaccounts for those 
functions of the highway department 
which are not directly related to the fur
nishing and maintenance of the highway 
system and which are not common to 
all States It will be important to show 
the expense of collection of income when 
such duty is that of the highway depart
ment See Accounts 2500, Appendix I I I 

ACCOUNT 3000 OPERATING R E V E N U E AND 
INCOME ACCOUNTS 

As already stated, the factual situa
tion as to the operation revenues and 
other income receivable by the State 
highway departments differs m impor
tant particulars from the situation pre-
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valent in the administration of other pub
lic utilities State highway departments 
do not receive payments of charges for 
road services direct from those to whom 
such services are rendered Collections 
for road services rendered are made by 
various State, county and Federal agen
cies, and go first into various public 
funds, they finally get to the highway 
departments by acts of State legislatures 
and of Congress Besides income from 
payments for road services rendered, 
highway department may receive large 
sums obtained by the sale of bonds 
Since these bonds and bond interest are 
usually to be paid from future receipts 
fpr future road services, it often becomes 
necessary to forecast such receipts for 
15 to 20 years ahead Even merely for 
setting up construction programs and 
letting highway construction contracts, 
anticipated future highway revenues 
must be set up in some form of accounts 
against contractural obligations to show 
a clear picture of the true financial situa
tion from time to time In addition, good 
highway management calls for setting up 
regular budget accounts in advance of 
anticipated revenues and anticipated 
expenditures 

The authors are not including any an-
ticipated revenue accounts' in Accounts 
3000j in Appendix I I I , providing therein 
only for actual receipts These should be 
segregated into 
1 Highway operating revenue 
2 Income from sources other than highway 

operations 

Income Accounts 3110, 3120, 3130, 
3140, 3150, 3160, and 3170 include the 
receipts which constitute what might 
perhaps be fairly termed the highway 
operating revenue However, it is con
ceivable that legislative appropriation 
might be made of other State funds for 
highway construction as well as of funds 

'Provision is made, however, in Balance 
Sheet Accounts 4130 and 4220 for anticipated 
revenues and expenditures. 

received as payment for road services 
rendered 

Credit Income Accounts 3181-3183, 
and Debit Income Accounts 3281-3282 
together with Highway Operation E x 
pense Accounts 2351-2356 (bond inter
est, discount and administrative debt 
expense), provide the necessary accounts 
for all receipts and expenditures on ac
count of debt service 

ACCOUNT 4000 GENERAL BALANCE S H E E T 
ACCOUNTS 

In addition to a "Highway Operating 
and Income Statement," such as is shown 
in Appendix I V , highway accountants 
from time to time will need to prepare 
"General Balance Sheet" statements, 
each giving a clear picture of the status 
of the highway system at some particu
lar date The accounts needed for such 
balance sheets are listed in Appendix I I I , 
under Account 4000 

These balance sheet accounts are listed 
in two columns, corresponding to the 
Asset and the Liability sides of the cus
tomary balance sheet form 

Account 4100 includes the asset (debit) 
accounts 

Accounts 4111-4116, show the current 
assets 

Accounts 4121-4125 show the office, 
engineering, laboratory, stores and shop 
inventories assets 

Accounts 4131-4133 show the contin
gent current assets Note that it is here 
that estimated future incomes, sometimes 
not receivable for one or more years, 
come into the highway accounts 

Account 4140 shows sinking fund as
sets 

Accounts 4151-4159 show the fixed-
capital assets They may amount to sev
eral hundreds of millions of dollars in a 
single State Their main items are the 
actual highways (of which there may be 
many thousands of miles), the road 
equipment, the highway department 
shops and buildings of various kinds 
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It IS most customaiy to carry these at 
their actual costs new on the asset side 
of the balance sheet, with a correspond
ing liability account "Reserve for De
preciation" on the liability side The au
thors prefer the form shown in Appendix 
I I I , in which the physical assets are 
carried at their present depreciated val
ues, instead of their values new, the de
preciation reserve account disappearing 
from the liability side 

Considering next the balance sheet lia
bilities items, carried under Account 
4200 

Accounts 4211-4216 show the current 
liabilities 

Accounts 4221-4224 show the budge
tary liabilities Like the contingent cur
rent asset accounts, these deal with 
estimated future transactions (in this 
case estimated future expenditures ) 

Accounts 4231, 4232 show the deferred 
liabilities 

Accounts 4251, 4252 show the funded 
debts 

CUBRENT SURPLUS AND NET CAPITAL 
SURPLUS 

The form of balance sheet shown in 
Appendix I I I , is a dual balance sheet 

Subti acting the sum of cuirent liabili
ties, budgetaiy liabilities and deferred 
liabilities fiom the sum of cuircnt assets, 
inventoi les and contingent cui rent assets, 
we have a C U R R E N T S U R P L U S 

Subtiacting the funded debt liability 
from the sum of sinking fund and fixed-
capital assets we have a C A P I T A L 
SURPLUS 

HIGHWAY OPERATING AND INCOME 
STATEMENT 

In public utility accountancy it is cus
tomary to piovide for four "Periodic 
Statements," as follows 
1 The operating statement 
2 The income statement 
3 The profit and loss statement 
4 The balance sheet 

In Appendix I V , the authors are pre
senting a form of combined "Highway 
Operating and Income Statement," which 
(or some improved equivalent) they are 
inclined to believe can be used to ad
vantage in highway accountancy in place 
of the first three of the above customary 
four periodic statements With this 
probability in mind, the authors have 
not set up any highway "profit and loss" 
account in Appendix I I I 

A P P E N D I X I 

S U G G E S T E D C L A S S I F I C A T I O N OF G E N E R A L L E D G E R ACCOUNTS i 

ASSETS 

Current Assets 
Cash accounts—Separate accounts for each 

fund 
Accounts receivable—Miscellaneous items 
Reimbursements receivable 

Federal aid—By apportionments 
Counties, cities, etc 
Railroads and other organizations 

Inventories ' 
By appropriate subclassifications, such 

as materials and supplies, stores ac
counts, etc 

• From the report of the Committee on Urn-
form Accounting AASHO, Boston, Massachu
setts, September 28, 1937 

Deferred Items 
Prepaid expense 
Suspense accounts 

Fixed Assets 
Equipment 

Office equipment 
Shop equipment 
Laboratory equipment 
Engineering equipment 
Highway construction and maintenance 

equipment 
Major construction and mainte

nance equipment 
Mmor construction and mainte

nance equipment 
Less Reserves for depreciation for 

each class of eqmpment 
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Land—Building sites, material deposits, 
quarries, pits, etc (Not including right 
of way) 

Buildings 
Less Reserve for depreciation on buildings 
Work under construction 
Highways and structures—Completed con

struction, additions and betterments, in
cluding right of way 

Less Reserves for depreciation 
(To be eventually arrived at by in

ventory valuation of the Highway 
System based on present value) 

Expeiimental work, research and patents 

LIABILITIES 

Cunenl Lwhihttes 
Accounts payable 
Short term notes or interest bearing war

rants 
Accrued interest and principal payments on 

long term bonds 
Deferred Liabililies 

Bonds or long term warrants—Principal 
outstanding 

Advance deposits (By source) 
Reserves for employees compensation in

surance, retirement, etc 

CAPITAL OUTLAY 

Highways and structures 
Equipment 
Lands and buildings 

WORKING CAPITAL FUNDS 

Excess of current assets over current liabilities 

INCOME 

Hiyhway users revenue (By sources, gas tax, 
license fees, etc) 

Other revenue 
Appropriations—General fund 
Transfers from Other State Funds 
Other sources 

Federal government contributions and aid 
By funds and source 

All other contributions (By source, counties, 
cities, railroads, etc) 

Miscellaneous income 
Interest 
Sales and services 
Miscellaneous 

EXPENDITURES 

Administration 
Central office (By orgamzational units, 

functions, and objective classifications) 
Field office—same breakdown 
Other than highway functions 

Operating plants, shops, etc 
Separate set of accounts for each orgamza

tional unit and function, such as ware
houses, shops, testing laboratories, ce
ment plants, equipment operations, stores 

Maintenance of highways and structures 
To be analyzed m subsidiary ledgers as 

outlined in the Maintenance section of 
the Manual 

Construction of highways and structures (in
cluding acquisition of right of way) 

To be analyzed in subsidiary ledgers as 
outlined in the Construction section of 
the Manual 

Equipment purchases, construction and acquisi
tion (By classes of equipment 

Construction and acquisition of land and 
buildings, exclsive of nght of way 

Debt service—By subaccounts for each class of 
indebtedness or expense 

Other departmental functions 
Separate set of accounts by objective clas

sification for each function such as high
way patrol, revenue collection expense. 
State parks, toll bridges, toll ferries, etc 

A P P E N D I X I I 

M A I N T E N A N C E COST A C C O U N T I N G 

From the Section on Maintenance Accounting as Proposed by the A A S H 0 Committee 
for the Manual on Uniform Highway Accountmg 

Definition of Maintenance Highway main
tenance is the preserving and keeping of each 
type of roadway, roadside, structure and facility 
as nearly as possible in its original condition as 
constructed or as subsequently improved, and 
the operation of highway facilities and services 

to piovide satisfactory and safe highway trans-
poitdtion 

Classification of Accounts The account 
numbeis and symbols which are used in this 
manual to identify the various classes of main
tenance expenditures are not recommended for 
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adoption but are employed solely for conven
ience and by way of illustration 

Maintenance expenditures shall be accounted 
under the following main headings i 
Account 100-A Routine roadway surface oper

ations—by surface types 
Account 100-B Special roadway surface oper

ations—^by surface types 
Account 100-C Shoulders and side approaches 

—by surface types 
Account 100-D Roadside and drainage 
Account 100-E TraflBc services 
Account 100-F Snow, ice and sand control 
Account 100-G Structures 
Account 100-H Extraordinary repair and main

tenance due to flood, storm, 
fire, earthquake, and major 
landslides 

Account lOO-I Maintenance general expense 
The total of the expenditures under these 

headings shall be accumulated in Account 100 
Highway Maintenance 

At the option of the State the above accounts 
may be further sub-divided by operations as 
indicated in the descriptions below It should 
be clearly understood that any subdivisions by 
operations in addition to the mne listed above 
are entirely eptional with the State highway 
department 

Account 100-A Routine Roadway Surface 
Operations To this account shall be charged 
all routine work performed on the roadway 
surface, base and subgrade, including 
1 Patching holes, rough spots, ruts, blow-ups 

and raveled edges, sanding bleeding spots 
and spot sealing, providing temporary 
traffic ways during such operations 

2 Dragging, blading, reshaping, scarifying, 
cleaning and raking, picking up oversize 
rock 

3 Filling and trimming expansion joints and 
cracks 

Account 100-B Special Roadway Surface 
Operations To this account shall be charged 
periodic work performed on the roadway sur-

1 Note by the authors The general mamte-
nance organization and plan for maintenance 
operations described in report (but not quoted 
herein) from which Appendix I I is quoted 
Contemplates taking into account depreciation 
of maintenance buddings and equipment by a 
rental plan (or some eqmvalent system) 

In the opimon of the authors, depreciation 
on all other highway property (such as road 
surfaces, culverts, bridges, construction build
ings and equipment, admmistration buildings 
and equipment) should likewise be debited to 
the proper accounts 

face, base and subgrade, usually by special 
crews, including 

1 Application of dust palliatives when done 
annually or when the application does not 
result in a permanent improvement 

2 Replacement of sand, sand-gravel, gravel, 
crushed stone, chat, etc , on the same or a 
similar type of surface 

3 Reprocessmg or reconditiomng bituminous 
surfaces or shoulders when but little or no 
new oil or gravel material is added 

4 Bituminous surface treating, seal coating, 
light road mixing operations, and major 
patching by special crews 

5 Mud-jacking 
6 Protection and handling of traffic during 

the above operations 

When the surface type is changed by any of 
the above operations, or when the road is com
pletely regraded, the operation shall be classed 
as construction 

Reconditioning operations, additions of bi
tuminous seal coats, surface treatments, mats 
or retreads which add m one operation 3 inch 
or more to the thickness of the surface shall be 
classed as construction, the original surface 
being retired 

The first seal coat shall be considered as 
construction if applied as within the following 
construction season, otherwise it will be classed 
as maintenance 

Account 100-C Shoulders and Side Ap
proaches To this account shall be charged 
expenditures for the repair and maintenance of 
shoulders and side approaches, including 

1 Patching, dragging, blading, filling ruts and 
replacing washouts 

2 Reseeding or resodding including original 
seeding on old work 

3 Ribbon bituminous treatments (without ex
cavation) 

4 Second or subsequent bituminous treatment 
of shoulders and replacement of gravel or 
stone 

Account 100-D Roadside and Drainage To 
this account shall be charged expenditures for 
the repair and maintenance of that portion of 
the right of way outside the hmits of the 
traveled roadway surface and improved shoul
ders, including 

1 The repairing of cuts, filb, slopes, washouts, 
and the removal of minor shdes 

2 Cleaning or retrenching drains, channels, 
culverts, and maintainmg drainage struc
tures of 20 feet in length or less 

3 The removal and burning of weeds, removal 
of debris, planting or removal and tnm-



MARSTON AND WINFREY—HIGHWAY ACCOUNTING 45 

ming of trees, brush and shrubs, and seed
ing and sodding to prevent erosion 

4 Care and replacement of special roadside 
development projects 

5 Repair and maintenance of sidewalks, dikes, 
retaining walls, riprap, pumping stations, 
slope pavements, right of way fences, and 
other similar structures and facilities 

Account 100-E Traffic Services To this 
function shall be charged the repair and main
tenance of those facilities wihch relate directly 
to the convemence and safety of the travehng 
public, including 

1 Repairing, repainting and resetting of direc
tion markers, route markers, signals, gates 
and other safety devices, and magnetic , 
dragging to remove iron 

2 Traffic lane and guide line painting 
3 Repair and repainting of guard rails 
4 Highway lighting and electncity for the 

operation of signals 
5 Operation of comfort stations and picnic 

grounds 
6 Detours not chargeable to construction or 

other maintenance operations 

Account 100-F Snow, Ice and Sand Control 
To this account shall be charged all expendi
tures in connection with the removal of ice and 
drift material from the roadway, and preventive 
work in connection with such operations, in
cluding 

1 
2 
3 
4 
5 

Erection and removal of snow fences 
Removal of snow and ice 
Sanding ice surfaces 
Snow and ice removal to open waterways 
Removal of sand dnfts 

Account 100-G Structures To this account 
shall be charged expenditures incidental to the 
repair and maintenance and operation of 
bridges, subways, tunnels, overhead grade sepa
rations and other structures having a length 
of more than 20 feet 

Each such structure may at the time of con
struction be assigned a number, which number 

will be used in reportmg expenditures on any 
of these structures The subsidiary ledger under 
the account "Structures" will consist of an ac
count for each structure and from this detail 
summaries of expenditures for each class of 
structure can be compiled if desired 

Charges to this account shall include oper
ating expenses of bridges, drawbridges and fer
ries 

Account 100-H Extraordinary Maintenance 
To this account shall be charged special repairs 
and maintenance of the roadway surface, road
bed, shoulders, roadside, drainage facilities, 
safety devices or structures due to flood, storm, 
fire, earthquake, major landslide, or other catas
trophe Expenses in connection with the hand
ling and protection of traffic during such 
emergency shall also be charged to this function 

Account lOO-I Maintenance General Ex
pense To this account shall be charged main
tenance expenditures of a general nature which 
cannot at the time be charged direct to road
way sections, including 

1 Prorata of distnct office and/or headquarters 
office expense chargeable to maintenance 

2 Field maintenance supervision 
3 Purchase and repair of small tools, rental 

charges on inactive equipment, and similar 
items The account will serve as a sus
pense account during the accounting pe
riod, at the end of which the entire bal
ance will be prorated to roadway sections 
in the manner provided m a later section 
of the manual 

For administrative purposes it will probably 
be found desirable to have an analysis of the 
charges going into this account, and it is there
fore suggested that the following information 
be available from the records 

DO District and headquarters office changes 
MS Field maintenance supervision 
ST Small tools 
R T Repair of small tools 
S E Sundry expense 

A P P E N D I X I I I 

A S U G G E S T E D L I S T OF P R I M A R Y ACCOUNTS F O R H I G H W A Y D E P A R T M E N T S 

1000 FIXED CAPITAL I N V E S T M E N T ACCOUNTS 

Each capital mvestment debit account should 
carry an accrued depreciation credit account 
These are shown below For example, Account 
11111, Surfacmg and base—Depreciation 

1100 Highways, Roads and Streets 

1110 Rural mileage, State primary system 
1111 Surfacing and base 

11111 Surfacing and base—re
serve for depreciation 
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1112 Improved shoulders 
11121 Improved shoulders—le-

serve for depreciation 
1113 Earthwork 

1113 1 Earthwork—reserve for de
preciation 

1114 Earthwork protective structures 
1114 1 Earthwork protective struc

tures—reserve for depre
ciation 

1115 Culverts and drainage structures 
1115 1 Culverts and drainage struc

tures—reserve for depre
ciation 

1116 Traffic services 
11161 TraflSc services—i eserve for 

depreciation 
1117 Bridges and tunnels 

11171 Bridges and tunnels—re-
for depreciation 

1118 Grade separation structures 
1118 1 Grade separation structures 

—reserve for deprecia
tion 

1119 Engineering 
11191 Engineering—reserve for 

depreciation 
1120 Right-of-way land purchased 

11201 Right-of-way land pur
chased—reserve for de
preciation 

1121 Right-of-way land-easements 
11211 Right-of-way land-ease

ments—reserve for de
preciation 

ISOO Equipment 

1210 Road equipment 
1211 Roadway motor equipment 

12111 Roadway motor equipment 
—reserve for deprecia
tion 

1212 Roadway non-motor equipment 
1212 1 Roadway non-motor equip

ment—reserve for depre
ciation 

1213 Motor trucks 
12131 Motor trucks-reserve for 

depreciation 
1214 Automobiles 

12141 Automobiles—reserve for 
depreciation 

1215 Road tools 
1215 1 Road tools—reserve for de

preciation 
1220 Shop and service equipment 

1221 Shop equipment 
1221 1 Shop equipment—reserve 

for depreciation 

1222 Shop machmes 
1222 1 Shop machines—reserve for 

depreciation 
1223 Shop tools 

1223 1 Shop tools—reserve for de
preciation 

1224 Warehouse equipment 
1224 1 Warehouse equipment—re

serve for depreciation 
1230 Office and admimstrative equipment 

1231 Office furmture, files and equip
ment 

12311 Office furmture, files, and 
equipment—reserve for 
depreciation 

1232 Typewriters, calculators, and office 
machines 

12321 Typewriters, calculators, 
and office machines—re
serve for depreciation 

1233 Communication systems 
1233 1 Communication systems— 

reserve foi depreciation 
1240 Engineering and laboratory equipment 

1241 Field engineering instruments and 
tools 

1241 1 Field engineering instru
ments and tools—reserve 
for depreciation 

1242 Office engineering instruments 
1242 1 Office engineerings instru

ments—reserve for de-
pieciation 

1243 Laboratory equipment and appara
tus 

1243 1 Laboratory equipment and 
apparatus—reserve for 
depreciation 

7300 Buildings 

1310 Central office buildings 
13101 Central office buildings—reseive 

for depreciation 
1320 Central shop and warehouse buildings 

13201 Central shop and warehouse 
buildings—leserve for depre
ciation 

1330 Field office buildings 
1330 1 Field office buildings—reserve for 

depreciation 
1340 Field shop and warehouse buildings 

13401 Field shop and warehouse build
ings—reserve for depreciation 

1400 Land Other than R/W 

1401 Cential office building land 
14101 Central office building land—re

serve for depreciation 
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1420 Field building land 
14201 Field building—reset\ e for de-

picciation 
1430 Other land 

1430 1 Othei land—reserve foi deprecia
tion 

1440 Gravel deposits 
14401 Gravel deposits—reserve for de

preciation 
1450 Rock qua iT ie s 

1450 1 Rock quarries—reseive for depre
ciation 

1500 General Administration and Overhead 
Investment 

1510 Geneial administiation investment 
1510 1 General administration—reserve 

for depreciation 
1520 Research and planning 

1520 1 Research and planning—reserve 
for depreciation 

1530 General engineering not prorated 
1530 1 Undistributed engineering— 

icserve foi depreciation 

1600 Suspense Accounts 

1610 Earnings on work under construction 
(suspense until final costs are spread to 
the propel asset account) 

1620 Loss of construction due to catastrophe 
(suspense during reconstruction) 

2000 OPERATING E X P E N S E ACCOUNTS 

2100 General Administration Expenie 

2110 Commission and State expense 
2111 Salaries 
2112 Traveling expense 
2113 Other 

2120 General office expense 
2121 Salaries and wages 
2122 Traveling expense 
2123 Communication 
2124 Supplies and expense 
2125 Printing and binding 
2126 Repair of office furniture, files, and 

equipment 
2127 Depreciation of office furniture, 

files, and equipment 
2128 Repair and rental of office ma

chines 
2129 Depreciation of office machines 

2130 General accountmg expense 
2131 Salaries and wages 
2132 Travehng expense 
2133 Communication 
2134 Supplies and expense 

2135 Punting and binding 
2136 Repair of office furniture and 

equipment 
2137 Depreciation of office furniture and 

equipment 
2138 Repair and rental of office ma

chines 
2139 Depreciation of office machines 

2140 Legal expense 
2141 Salaries and services 
2142 Traveling expense 
2143 Supphes and expense 

2150 Office building expense 
2151 Salaries and wages 
2152 Operation supplies 
2153 Utility serMces 
2154 Repair and maintenance 
2155 Bmlding depreciation 
2156 Heating or heating plant expense 

2160 Other administrative expense 
2161 Injunes and damages 
2162 Other 

3200 Rental, Proration and Suspense Accouult 

(This group of service accounts will be ulti
mately closed out to other accounts) 
2210 Stores and stocks 

2211 Salaries and wages 
2212 Traveling expenses 
2213 Supplies and expense 
2214 Utility services 
2215 Building operation 
2216 Building repairs 
2217 Buildmg depreciation 
2218 Equipment repairs 
2219 Equipment depreciation 

2220 Material deposits 
2221 Salaries and wages 
2222 Traveling expense 
2223 Equipment operation and repair 
2224 Equipment depreciation 
2225 Depletion of deposits 

2230 Blue printing and duplicating 
2231 Salaries and wages 
2232 Supplies and expense 
2233 Equipment repair 
2234 Equipment depreciation 

2240 Shop overhead expense (to be prorated 
to operation of each equipment unit) 

2241 Salaries and wages 
2242 Office supplies and expense 
2243 Traveling expense 
2244 Machine and equipment repairs 
2245 Machine and equipment deprecia

tion 
2246 Tools and supphes 
2247 Building operation and utihties 
2248 Building repairs and maintenance 
2249 Building depreciation 
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2250. Equipment operating expense (by equip
ment operating unit) 

2251. Wages, repair work 
2252. Parts, repair 
2253. Grease and service 
2254. Fuel 
2255. Oil 
2256. Tires 
2257. Depreciation 
2258. Shop overhead 

2260. Engineering expenses (field and office) 
2261. Salaries and wages ' 
2262. Traveling expense 
2263. Office supplies and expense 
2264. Tools and engineering supplies 
2265. Office files and equipment repair 
2266. Office files and equipment depre

ciation 
2267. Instrument and machine repairs 
2268. Instrument and machine deprecia

tion 
2270. Testing laboratory 

2271. Salaries and wages 
2272. Travebng expense 
2273. Office supplies and expense 
2274. Laboratory tools and supplies 
2275. Instrument and equipment repairs 
2276. Instrument and equipment depre

ciation 
2277. Building operation and utilities 
2278. Building repairs and maintenance 
2279. Building depreciation 

2280. Research and planning 
2281. Salaries., and wages 
2282. Traveling expense 
2283. Office supplies and expense 
2284. Research tools and supplies 
2285. Equipment repairs 
2286. Equipment depreciation 
2287. Patent expense 

2290. Radio operation 
2291. Salaries and wages 
2292. Traveling expense 
2293. Supplies and expense 
2294. Repair and maintenance of equip

ment 
2295. Depreciation of equipment 

2300. Highway Operation Expense 

2310. General administration proration 
2320. Highway maintenance (show labor, ma

terials, equipment) 
2321. Routine roadway surface operation 
2322. Special roadway surface operations 
2323. Shoulders and side approaches 
2324. Roadside and drainage 
2325. Traffic services 
2326. Snow, ice and sand control 

2327. Bridges, viaducts and tunnels 
2328. Extraordinary repair and mainte

nance due to catastrophe 
2329. Maintenance general expense 

2330. Operation of drawbridge, toll and ferry 
facilities (by each facility) (structure 
maintenance under highway mainte
nance account 2320) ' 

2331. Salaries and wages 
2332. Traveling expense 
2333. Supplies and expense 
2334. Building operation and repair 
2335. Building depreciation 

2340. Tourist bureau expense 
2341. Salaries and wages 
2342. Traveling expense 
2343. Supplies and expense 
2344. Printing and advertising 

2350. Debt service general expense 
2351. Salaries and wages 
2352. Office expense and printing 
2353. Legal expense 
2354. Bond interest 
2355. Bond discount 
2356. Short term interest 

2.̂ 00. Highway Depreciation 

2410. Depreciation of highway investment 
2411. Surfacing and base 
2412. Improved shoulders 
2413. Earthwork 
2414. Earthwork protective structures 
2415. Culverts and draingage structures 
2416. Traffic services 
2417. Bridges and tunnels 
2418. Grade separation structures 
2419. Engineering 
2420. Right-of-way 

2430. Transfer of highways to other jurisdic
tions 

2431. Surfacing and base 
2432. Improved shoulders 
2433. Earthwork 
2434. Earthwork protective structures 
2435. Culverts and drainage structures 
2436. Traffic services 
2437. Bridges and tunnels 
2438. Grade separation structures 
2439. Engineering 

: 2440. Right-of-way 
2450. Other depreciation expense 

2451. Depreciation of general adminis
tration 

2452. Depreciation of research and plan
ning 

2453. Depreciation of undistributed en
gineering 



MARSTON AND WINFREY—HIGHWAY ACCOUNTING 49 

mo. Other Highway Department Expense 3123. Bridge and ferry tolls 
3124. Special permits 

2510. Revenue collection expense (for each 3125. Fines and penalties 
revenue or income source) 3130 u. S. Government aid 

2511. Salaries and wages 313I Federal aid 
2512. Travehng expense 3132. Flood relief 
2513. Communication 3133 Emergency 

• 2514. Office supplies and expense 314Q gther government aid and joint opera-
2515. Printing and binding tions 
2516. Repair of office furniture, files and 314I Other States 

equipment 3142̂  Counties 
2517. Depreciation of office furniture, 3143 Towns and cities 

files and equipment 3150 Legislative appropriations from general 
2518. Repair and rental of office machine funds property taxation 
2519. Depreciation of office machine 315I Legislative appropriations 
2520. Refunds due to errors 3152 Special assessments 

.2521. Exemption refunds 3153. Benefit districts 
2530. Highway patrol 3154. Property road taxes 

2531. Salaries and wages 3I60. Miscellaneous income 
2532. Traveling expense 3I61 . Donations and grants 
2533. Office supplies and expense 3162. Railways 
2534. Automobile operation (patrol) 3163̂  Oil and land royalties 
2535. Uniforms , 3I64. Interest on deposits 
2536. Tools and supplies 3I65. Sales, service and incidentals 
2537. Legal expense 3I66. Rentals (buildings and equipment) 
2538. Building operation 3I67 . Other income 
2539. Building repairs and maintenance 3170 Recepits other than cash 
2540. Building depreciation 317I Receipts other than cash 
2541. Training school and personnel 3I8O income from borrowing 

2550. Other expense 3 I 8 I , Bond sales 
2551. Testing and engineering expense 3182. Bond premiums 

• for others 3183. Short term loans 
2552. County road supervision 
2553. Maintenance of State institution 

roads 3200. Debits 
2554. Outdoor advertising regulation „ , ^ 
2555. Operation of State parks and park ^<^°- F'^^d Capital Investment expenditures 

roads llO'̂ - Highways, roads, and streets 
1200. Equipment 
1300. Buildings 

3000. OPERATING R E V E N U E A N D INCOME ACCOUNTS 1400. Land Other than R / W 
3100. Credits 2000. Operating expense accounts 

2100. General administration expense 
3110. Highway user—general 2300. Highway operation expense 

3111. Vehicle license fee 2400. Highway depreciation expense 
3112. Motor fuel tax 2500. Other highway department expense 
3113. Driver license 3280. Extinguishment of debt principal 

3120. Highway user—specific 3281. Bond payments (principal) 
3121. Ton-mile tax 3282. Short time loan payments (prin-
3122. Port of entry cipal) 

4000. GENERAL BALANCE S H E E T ACCOUNTS 

4200. Liabilities and other Credits 4214. Short term debts 
4215. Unearned construction and mainte-

4210. Current liabilities nance contracts 
4211. Oeneral accounts payable 4216. Interest due on funded debt 
4212. Wages payable 4220. Budgetary liabilities 
4213. Current notes payable 4221. Administrative budget balance 
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4222. Construction budget balance not 4124. Stores and stocks 
obligated by contracts or work • 4125. Shop parts and supplies 
orders 4130. Contingent current assets 

4223. Maintenance budget balance 4131. Appropriations not received 
4224. Other budget balance riot obligated 4132. Anticipated income 

4230. Deferred liabilities 4133. Federal allotments not received 
4231. Advance deposits 4140. Sinking funds 
4232. Reserve for employees insurance 4150. Fixed capital assets 

and retirement 4151. Office and administrative equip-
4240. CURRENT SURPLUS ment 
4250. Funded debt Less reserve for depreciation 

4251. Highway bonds 4152. Engineering and laboratory equip-
4252. Long term warrants ment 

4260. N E T CAPITAL SURPLUS Less reserve for depreciation 
4153. Shop and service equipment 

4100. Assets and other Debits . Less reserve for depreciation 
4154. Road equipment 

4110. Current assets Less reserve for depreciation 
4111. Cash (by funds) 4155. Land other than R / W 
4112. General accounts receivable Less reserve for depreciation 
4113. Federal and other reimbursements 4156. Buildings 

receivable (by accounts) Less reserve for depreciation 
4114. Interest receivable 4157. General administration and over-
4115. Notes receivable heads 
4116. Prepaid expense Less reserve for depreciation 

4120. Inventories 4158. Highways, roads, and streets 
4121. Office supplies Less reserve for depreciation 
4122. Engineering tools and supplies 4159. Earnings on work under construc-
4123. Laboratory supphes tion 

A P P E N D I X I V 

F O R M OF H I G H W A Y I N C O M E AND O P E R A T I N G S T A T E M E N T 
The following suggested classified form of income and operating statement is intended to 

show a classified summary of the significant financial results of the operations (including con
struction) of a State highway system during a given accounting period (usually one year). 

I . HIGHWAY O P E R . A T I N G R E C E I P T S AND R E V E N U E 
Appropriation Total 

Cash income, or earned 
received accounts due revenue 

3111. Vehicle license fee 
3112. Motor-fuel tax ; 
3113. Driver. license 
3121. Ton-mile tax 
3122. Port of entry 
3123. Bridge and ferry tolls 
3124. Special permits 
3125. Fines and penalties 
3131. Federal aid 
3132. Federal flood relief 
3133. Federal emergency 
3140. Other government aid 
3151. Legislative appropriation from general fund 
3152. Special assessments 
3153. Benefit districts 
3154. Property road tax 
3160. Miscellaneous income 
3170. Revenue, other than cash 

Total revenue 



MARSTON AND WINFREY—HIGHWAY ACCOUNTING 51 

I I . H I G H W A Y OPERATING BXPENDITUHES 
2310. General administia(,iou pioiation ^ 
2320. Highway maintenance i 
2330. Operation of toll facilities' 
2340. Tourist Bureau expense 
2500. Other highway department expense ' 

Total highway operating expenditures 

ni. H I G H W A Y OPERATING RETURN ^ 

IV. HIGHWAY DEPRECIATION 

1100.1. Depreciation of highways 
1200.1. Depreciation of equipment 
1300.1. Depreciation of buildings 
1400.1. Depreciation of land, gravel and rock deposits 
1500.1. Depreciation of general administration and overheads 

Total depreciation expense appropriation for depreciation reserve 
highway construction, and purchase of equipment and buildings 

V. H I G H W A Y NET OPERATING RETURN ^ 
Operating return 
Less interest cost charge* : 
Highway operating income compared with cost, surplus or deficit 

V I . DISPOSITION OF H I G H W A Y NET OPERATING RETURN 
1. Debt service payments and expense 

2351-2353. Debt service general expense • 
2354. Bond interest 
2356. Short term interest 
3281. Bond payments (principal) 
3282. Short time loans payments (principal) ' 

Total debt service payments 
2. Fixed-Capital Investment purchases ' 

1100. Investment in highway, road, and street construction 
1200. Investments in equipment 
1300: Investments in buildings 
1400. Investments in land (other than R / W ) , gravel deposits, rock 

quarries 
1500. Investment in general administration and overheads « 
1600. Earnings on work under construction 

Total fixed-capital investment during year 
Total expenditures of highway net operating return 
Balance • 

V I I . CONSTRUCTION W I T H BORROWED FUNDS 
1. Receipts 

Balance January 1 (or other beginning date) 
3181, 3182. Bonds and bond premiums (by issues) 
3182. Short term loans (by loans) i 

Total receipts 

1 Excluding depreciation. 
2 Highway operating return = operating income — operating expenditures. 
3 Highway net operating return = operation return — highway depreciation accruing during 

the accounting period. 
* Interest cost charge — interest on fixed capital assets and working capital. 

Less investments from borrowed funds and from depreciation expense appropriation. 
"Proration of general administration expense (Account 2100) and of suspense accounts 

(Account 2200). 
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2. Investments paid for by borrowed funds 
1100. Highways, roads, and streets 
1200. Equipment 
1300. Buildings 
1400. Land, other than R / W 
1500. Administration and overhead 
1600. Earnings on work under construction : 

Total investments 
Balance December 31 (or other closing date) 

V I I I . TOTAL FIXED-CAPITAL I N V E S T M E N T S DtJRINO TEAR 
1100. Highway construction paid for from borrowed funds 
1100. Depreciation reserve highway construction 
1100. Net operation return highway construction 

Total investments in highway construction 
1200. Investments in equipment ! 
1300. Investments in buildings 
14.00 Investments in land (other than R / W ) , gravel deposits, rock 

quarries 
1500. Administration and overheads 
.1600. Earnings on work under construction 

Total investment other than highways 
Total Fixed-Capital Investments During Year 
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R U R A L M A I L C A R R I E R M O T O R V E H I C L E O P E R A T I N G COSTS ON 
V A R I O U S T Y P E S O F R O A D S U R F A C E S 

B Y R A MoYER 
Associate Professor of Highway Engineering, Iowa State College, Ames, Iowa 

SYNOPSIS 

Operating cost records for 160 cars operated by rural mail carriers in Iowa and 
in Indiana have been assembled, summarized, and analyzed for the purpose of 
determimng the operating cost differentials for various types of road surfaces 
The data show that the average umt operating cost differentials are from 5 to 10 
times greater than the average umt motor vehicle tax contribution for the 
construction and maintenance of roads, and therefore should be considered as the 
most important factor in selecting the type of surface to be used for given 
traffic conditions 

From the detailed daily record of these cars covering every phase of operation 
such as imles of travel on each surface, rate of travel, weather, number of stops, 
load, gasoline and oil consumption, tire expense, maintenance costs, garage rental, 
license fees, taxes, insurance, depreciation, interest, and extra help The umt 
operating costs were determined for each type of surface 

From the plotted data the average cost of operation for the year-round condi
tion was found to be about 8 cents per mile for earth or natural soil roads, 5 cents 
per mile for untreated gravel surface, and 3i cents per mile for portland cement 
concrete or bituminous macadam surfaces The operating cost was 2i cents pef 
mile less in summer than m winter for earth roads, I j cents per mile for un
treated gravel, and 1 cent per mile for pavement The average annual travel for 
all cars was 10,919 miles, for cars operating entirely on earth roads, it was 1,500 
miles, for cars operating on gravel roads, 11,000 miles per year, and on paved 
roads it was 14,000 miles per year The average miles of route covered per hour, 
including stops, was about 14 on gravel and pavement and 8 per hour on earth 
roads for the year-round condition During the summer it was 16 miles per hour 
on paving and gravel as compared to 10 miles per hour on earth roads In the 
winter it was 12 miles per hour on paving and gravel as compared to &i miles 
per hour on earth roads If it is assumed that the value of the mail earners' time 
IS 50 cents per hour, the paved or gravel road would then provide a time saving 
2J cents per mile over the earth road for the year round condition 

In the statistical analysis, the average cost of gasoline, oil, tires and mam-
tenance for the year-round condition was 3 17 cents per mile for earth roads, 2 46 
cents per mile for gravel roads, and 1 73 cents per mile for paving The cost of 
gasoline, oil and maintenance for the winter months was 3 44 cents per mile for 
earth, 2.56 cents per mile for gravel, and 2 06 cents per mile for paving For the 
summer months these costs were 1 97 cents per mile for earth, 1 71 cents per mile 
for gravel and 1 49 cents per mile for paving 

Applying these data to determine the traffic volume necessary to justify chang
ing from an imimproved earth road to an improved gravel surfaced road for a 
surfaced road for a typical Iowa county, it was found that 20 vehicles a day are 
required if operating costs only are considered and 3 vehicles a day if a time value 
of 2J cents per mile is added 

Cost records for 160 cars operated by Engineering Experiment Station, will 
rural mail carriers in Iowa and in Indiana serve as a pilot study for a more compre-
have been assembled, summarized, and hensive program now being planned as 
analyzed for the purpose of determining a cooperative project with the Bureau 
the operating cost differentials for van- of Public Roads to determine as nearly 
ous types of road surfaces This study, as possible the true operating cost differ-
which is being conducted by the Iowa entials for various types of road surfaces 
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Although the Iowa Engineenng Experi
ment Station has conducted studies along 
these lines over a period of more than 
fifteen years under the direction of Dean 
T( R Agg, these studies have provided 
only partial information in regard to 
operation costs, generally covering only 
such items as tractive resistance, fuel 
consumption, and tire wear, for various 
surfaces, or covering all items related to 
operating costs for cars and trucks but 
without reference to surface types In 
many cases road tests were conducted 
only under favorable weather conditions 
and over short test courses Or in the 
case of projects where studies were made 
of cost records turned over to the Station 
by car or truck owners, practically no 
information was available to indicate the 
mileage traveled on various types of 
surfaces Accordingly, this study is the 
first comprehensive car cost study which 
has come to the writer's attention in 
which the mileage traveled on each type 
of surface is known and in which the 
cars operated practically every day of 
the year in all kinds of weather 

While it I S true that the operation of 
a car on a rural mail route is a highly 
specialized operation and should not be 
considered as typical of the operation 
of cars on all rural highways, certainly 
not on main state highways, it seems 
fair to state that this type of operation 
IS quite common on a large mileage of 
local county roads, land service roads, 
or farm-to-market roads which are in 
great need of improvement Rural mail 
service, school bus service, the collection 
and delivery of farm products such as 
milk, eggs, butter, poultry, meat, etc, 
and the country nurse or doctor service, 
all have much in common as far as the 
nature of their motor vehicle operation 
IS concerned and furthermore, they con
stitute a large portion of the traflSc on 
these roads Stops in all of these services 
are frequent, and speeds are generally 
low, rarely exceeding 30 or 40 miles per 

hour The nature of the service in prac
tically all cases icquiics operation eveiy 
day of the year in all kinds of weather 
Therefore, a study of operating costs for 
cars operated by mail carriers may be 
considered as fairly repiesentative of 
operation on the purely local or farm-
to-market roads That such a study is 
important becomes apparent when one 
realizes that approximately two million 
of the three million miles of road in this 
country may be included in this class 

During the past 20 years of intensive 
road building the highway engineer has 
been concerned mainly with the improve
ment of the important state and county 
routes which carry the large bulk of 
traflBc Now that the main highways are 
practically all improved with all-weather 
surfacing, considerable attention is being 
given to extending the surfacing program 
to farm-to-market roads In certain 
eastern states, notably in Pennsylvania, 
this work has gone forward at a rapid 
pace However, in many of the midwest, 
far west, and southern states, much re
mains to be done Funds for road im
provement m these more sparsely popu
lated areas are not as easily obtained as 
in the eastern states The value of road 
improvement and improved road surface 
construction is still not fully realized m 
these states Renewed emphasis might 
profitably be given to that well known 
roadbuilder's slogan "car owners pay for 
good roads whether they have them or 
not" This implies that the car costs 
on unimproved roads are considerably 
higher than on improved roads due to 
additional fuel required, extra tire wear, 
maintenance expense and other costs 
which in many cases far exceed the cost 
to the car owner in the form of extra 
taxes for improving the road 

In the case of main highways where 
the traffic volume was large, even 10 or 
15 years ago, it was easy to show that 
the savings in operating cost justified 
the improvement Refined and carefully 



MOYER—OPERATING COSTS 55 

controlled studies of operating costs were 
not necessary. Today the highway engi
neer is called on to make decisions in 
regard to the selection of surfacing im
provements for secondary roads on which 
the traffic is much lighter and for which 
a more careful analysis of all the cost 
factors is necessary than on the main 
state highways, if a wise economic selec
tion of the type of surface improvement 
is to be made. 

The differences in operation cost on 
stabilized surfaces, such as soil, cement, 
or oil stabilized roads, and on the higher 
types of surfaces, such as the various 
bituminous surfaces, portland cement 
concrete, brick, etc., are small and are 
difficult to measure. No attempt was 
made in this study to measure these dif
ferences. The cars in this study operated 
largely on portland cement concrete, un
treated gravel and on unimproved earth 
or natural soil surfaces. The differences 
in operating costs on these surfaces were 
very marked. In fact, the differences in 
the operation costs for the year round 
conditon on earth as compared to gravel 
or paved surfacing far exceed previous 
estimates. If the low annual mileage of 
cars traveling on earth roads is taken 
into account and if the time factor is 
evaluated those particular data indicate 
that a traffic volume as low as three 
vehicles per day justifies an investment 
of $1,000 per mile for road surfacing im
provements for road conditions similar 
to those in Iowa on its local farm-to-
market roads. 

" T H E MAILS MUST GO THROUGH!" 

Road improvements on our main high
ways are so general that many road 
users and, indeed, many highway engi
neers too, have forgotten what mud roads 
are like. They are not aware of the many 
inconveniences, of the extra equipment 
required, and extra costs incurred on 
mud roads such as are shown in Figures 
1 to 4. Uncle Sam says, "The mails must 

go through!" and the rural mail carrier 
must take the roads as he finds them. 
The reports from a large number of 
carriers showed that special equipment 
was being used by these carriers to oper
ate on mud roads and snow-covered 
roads which are practically impassable 
if standard equipment is used. 

In Figure 1 a special mud car is shown 
using large diameter rear wheels to per
mit operating in the deep ruts formed 
on mud roads. The extra clearance be
tween the wheels and the fenders pre
vents the mud from accumulating under 
the fender to the point where it will 
interfere with the free action of the 

Figure 1. Special "Mud" Car Used in 
Jefferson County 

wheel. Tliis open type fender makes it 
easy to clean out the mud on a gumbo 
road where the mud has a tendency to 
stick to the tires and roll up in thick 
layers which must be removed with 
a spade at frequent intervals. The 
mud condition and deep ruts shown in 
Figure 2 are quite common on unim
proved local roads throughout the mid-
dlewest today. One ingenious mail 
carrier recognized that there should be 
a close relation between mud roads and 
corrugated metal pipe. He decided that 
if the county engineer failed to use it 
effectively, then he would use it to pre
vent being bogged down in the mud by 
clamping about a 12-inch section of the 
pipe to each rear wheel forming an ex
tension to the wheel which would provide 
the necessary support after the tire pene-
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trated the mud to the depth of the corru
gated metal pipe as shown in Figure 3. 
Several mail carriers reported the use 
of the special Snowmobile equipment 
shown in Figure 4. The Snowmobile 
equipment is effective both on snow-
covered and muddy roads. But it is quite 

Figure 2. High Clearance Axles in Use on 
Jackson County Roads 

Figure 3. Corrugated Metal Culvert Pipe 
Used as Wheel Extension for Deep Mud on 
Buchanan County Roads. 

evident that the operating costs for 
equipment of this type or under these 
conditions are appreciably higher than 
on improved roads with all-weather sur
faces. Also the average speeds are very 
much lower for this equipment and on 
these roads than for standard car equip
ment on hard road surfaces. How much 
greater these costs and the accompany
ing delays are on earth roads than on 

all-weather surfaces is a question which 
has not been fully answered up to this 
time. The analysis of complete daily 
records of operating costs extending over 
a full year, as were obtained in the mail 
carrier reports, provides some valuable 
factual evidence in regard to those costs 
and delays. 

CAR COST STUDY REPORT FORMS 

Route and Car Descriptions 

The first step was to send out Form 1 
which was filled out by the carrier who 
agreed to furnish us with a daily record 
of all car operation items and costs both 
on and off the route for at least 12 

Figure 4. Snowmobile with Ski Runners in 
Front and Traction Belt Drive on Rear, Used 
to Combat Mud and Snow. 

months. This Form provides a com
plete description of the route and of the 
car. 

Separate forms were made for each car 
used or for a new car if a change was 
made during the year. 

Daily Record Book 

A daily record book was sent out to 
each carrier. This book provided a daily 
record of the type shown in Form 2 for 
one full month. On the front cover of 
each book the month and the year were 
filled out by the owner, together with his 
name and address, the make, year model, 
number of cylinders and the license 
number of the car. A new book was 
started the first day of each month and 
the book for the previous month was sent 
in to the Experiment Station at Ames. 
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I t should be noted that the daily record 
was fairly easy to keep yet i t provided 
all the necessary information to conduct 
the study Thus for each day the speed
ometer reading was given, followed by 
the temperature and weather conditions 
which were checked, the pounds of mail 
carried, the travel time including stops, 
the miles driven on route, the itemized 
expenditures such as gasoline, oil, tires, 
repairs, chains, greasing and other items 
of expense The hours of personal labor 
on the car each day were listed Re
marks covering such items as road con
dition, delays, detours, accidents,'extra 
help, chains used, etc, were also noted 
At the bottom of the page the miles of 
road driven off the route were classified 
according to the four road surface types 
previously defined 

On the mside of the back cover Form 
3 was provided to keep a record of tire 
mileage, the make, cost and a record of 
tire changes during the month 

Monthly Summary Sheets 
After the daily record book was sent 

in, a preliminary monthly summary was 
made and entered upon Form 4 On this 
form a careful record of the route and 
off route mileage was entered and classi
fied as to surface type for the total 
mileage operated each month A monthly 
summary of all operation items was 
listed on Form 5 This provides for a 
summary of route and off route mileage, 
the amount of cost of gasoline used, oil, 
tire cost, maintenance costs which in
cluded tire chains, anti freeze, washing, 
greasing, repairs, and personal labor at 
40 cents per hour, the cost of extra help, 
the miles of travel per hour (including 
stops) and miscellaneous items which 
were listed under remarks 

Final Quarterly and Annual Summary 
Sheet 

After a full year's record was com
pleted, a final quarterly and yearly sum-

3 

mary was made for each car and entered 
upon Form 6 The quarterly summary 
covered the same items listed on the 
monthly summary Extra Help A dis
tinction was made between extra help 
with and without the car Extra help 
with the car may generally be inter
preted to mean that the roads were pass
able but travel was so slow and so 
difiicult that the earner needed assist
ance to cover the route in a reasonable 
length of time Extra help without the 
car may be interpreted to mean that the 
roads were impassable either because of 
snow or mud and that the car had to be 
replaced with some other form of trans
portation as the use of a horse or a team 
and wagon, or of several men on foot 
from points on the route which were 
accessible 

Recorded Costs In the summary for 
the year both recorded and adjusted 
costs are tabulated The recorded costs 
are merely the sum of the costs set down 
m the daily record books Since the 
record was kept for only one year, the 
recorded cost did not provide a complete 
and accurate record from which a true 
unit cost of operation could be computed 
In many cases no records were entered 
covering such items as tire replacement, 
garage rental, insurance, depreciation, 
and interest or if such items were entered 
they were not representative of the ac
tual cost for the 12 months during which 
this study was made In many cases 
considerable tire data were given which 
were helpful in determining the average 
tire life for'operation on various surface 
types, but this information rarely, if 
ever, was given in such a way that the 
recorded cost indicated accurately the 
cost for the year for the definite mileage 
over which the car was operated The 
records also provide information in re
gard to depreciation since the trade-in 
value for a number of cars was given 
Unfortunately the depreciation based on 
these trade-in values generally covered 
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periods greater than that over which the 
cost records were kept In order to arrive 
at a uniform basis for comparing unit 
operating costs, adjusted costs were com
puted for such items as tires, garage, 
insurance, depreciation and interest The 
explanation of how these adjusted costs 
were computed is given below 

Adjusted Costs The adjusted costs 
for gasoline, oil, and maintenance were 
the same as the recorded costs This was 
also true for the license fee except where 
penalties were paid, no penalties being 
included in the adjusted cost 

Tire costs were computed on the basis 
of the miles of travel on the types of 
surface over which the tires were used 
The percentage of total miles traveled 
on hard surfaced roads was calculated 
and the average life of the tires taken 
from Table 1 The average tire life 
shown in this table was determined from 
a study of the tire mileage data reported 
on Form 3 and from tire wear tests con
ducted by the Station as reported at the 
last annual meeting^ 

The tire cost m cents per mile was 
computed on the basis of the average 
mileage per tire given m the table and 
an average tire replacement cost of $15 
per tire To obtain the adjusted tire cost 
it was only necessary to select the correct 
value for unit cost in Table 1, multiply 
it by the total miles driven, and add to 
this the tire repairs as recorded m the 
Final Monthly Summary on Form 5 

Many earners made no charge for 
garage rental To arrive at a uniform 
adjusted cost, the rental values which 
were recorded were averaged I t was 
found that $2 50 per month was close to 
the average and this figure was selected 
as a fair rental charge for rural mail 
carrier cars 

1 "Gasoline, tire wear, and coefficients of fric
tion on various road surfaces" by R A Moyer 
andH W Tillapaugh Proc Highway Roseaich 
Board, Vol 16 (1936) 

Insurance charges were figured on the 
basis of rates at Ames, Iowa, during 
1936 The coverage included $5,000 
property damage, and $10,000 and 
$20,000 public liability The standard 
rates for fire, theft, and tornado were 
applied for cars less than 7 years old 
For cars older than 7 years, the depreci
ated value of the cars is so low that the 
cost of insurance for fire, theft, and 
tornado is not justified 

To arrive at a fair method of deter
mining depreciation a study was made 
of used car values for various standard 
makes of cars As a result of this study. 
Table 2 was made up showing depreci
ated values of Iowa and Indiana cars for 
various ages from a new car to a car 7^ 
years old I t should be noted in this 
table that the depreciated value is given 
in percent of the value new for each half 
year up to 7-̂  years Beyond this age 
the depreciated value was assumed to be 
equal to the salvage value and, therefore, 
the depreciation was zero for all such 
cases When no delivered price was 
given, it was obtained by multiplying 
the list price by 1 24 for Iowa and 1 22 
for Indiana To compute the deprecia
tion over any period, it was necessary to 
know the age of the car at the beginning 
and end of the period Thus if the car 
in question was 1 5 years old at the be
ginning of the year and, of course, 2 5 
years at the end of the year, i t can be 
seen from the table that the depreciated 
value for such a car m Iowa would be 
51 9 percent at the beginning of the year 
and 40 5 percent at the end of the year 
The depreciation for the year is the 
difference between the two or 11 4 per
cent of the value new I f the delivered 
price was $700, the depreciation for the 
year would be 11 4 percent of $700 or 
$79 80 

The interest charges foi all cars were 
computed using a late of 6 percent per 
annum on the depreciated value of the 
cai at the beginning of the year or frac-
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tion of the year ovei which the summary 
was made 

In the summary foi the year tlie total 
cost for each item was obtained and 
this was then reduced to a unit cost, 
that is to the cost in cents per mile, by 
dividing the total cost by the total miles 
traveled during the year The total cost 
of operation for the car was then ob
tained by adding all of the individual 
costs A separate total was obtained for 
operation of the car not including extra 
help and also including extra help A 
third item reported was the cost of extra 
help without the car This covers the 
cost of extra help using a separate form 
of transportation required when the 
roads were impassable, and is referred 
to as car transportation replacement cost 
in this report 

ANALYSIS OF COST RECOHDS AND DISCUSSION 

OF RESULTS 

Since only a small percentage of cars 
were reported as operating exclusively 
on one type of surface, it was necessary 
to devise methods of analyzing the cost 
records which would permit isolating the 
unit costs of operation on each surface 
as accurately as possible To accomplish 
this purpose two methods of analysis were 
used, one involved plotting the cost data 
on graph paper indicating the variations 
or trends in costs as the percentage of 
travel on earth, gravel, or on paved roads 
varied, the other involved the use of the 
statistical method of least squares to 
determine the unit costs on each type 
of surface There was substantial agree
ment in the results obtained by both of 
these methods in all cases in which the 
same basic data were used The graphi
cal method, although lacking in accuracy, 
has the advantage of bringing to the 

. reader a fairly complete picture of all 
of the facts related to cost and this is 
the method most frequently referred to 
in the following discussion 

Comparison of Unit Costs for 160 Cms 
Using the Graphical Method 

In Figuic 5 the unit cost of operation 
foi each of the 160 cars is shown for 
varying percentages of total mileage 
traveled on earth roads as compared to 

T A B L E 1 
A V E R A G E T I R E L I F E AND U N I T T I R E COSTS FOR 
VARYING AMOUNTS OF T R A V E L ON HARD 

SURFACED ROADS 

Per cent hard 
surfaced roads 

0- 40 
40- 60 
60-100 

Average life per 
tire, miles 

18,000 
20,000 
22,000 

our tires 

0 333333 
0 300000 
0 272727 

the mileage on pavement and untreated 
gravel for the year 1936 These costs 
represent the adjusted total operating 
costs and do not include the cost of extra 
help or a charge for the driver's time 

T A B L E 2 
D E P R E C I A T E D V A L U E S OF IOWA 

AND i N D i A N i C C A R S 

Age, 
years 

Percent of value new* 
Age, 
years 

Percent of value new* 
Age, 
years 

Iowa Indiana 

Age, 
years 

Iowa Indiana 

0 0 100 0 100 0 4 0 27 3 27 8 
0 5 73 2 74 0 4 5 23 6 24 0 
1 0 59 8 60 7 5 0 20 0 20 3 
1 5 51 9 52 7 5 5 17 0 17 3 
2 0 45 8 46 5 6 0 14 0 14 2 
2 5 40 5 41 2 6 5 11 3 11 5 
3 0 35 7 36 3 7 0 8 9 9 0 
3 5 31 5 32 0 7 5 7 0 7 1 

* Value new is the total delivered price paid 
by owner — 100% 

I t should be noted that the average cost 
for cars traveling exclusively on gravel 
and paving is about 4 cents per mile 
as compared to 8 cents per mile when 
the travel is exclusively on earth roads 
The minimum cost on gravel and paving 
IS about 2^ cents per mile as compared 
to 6 cents per mile on earth and the 
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(1) Gamer. 

(2) Stioet_ 

F O R M 1 

RURAL M A I L ROUTE CAR COST STUDY 

ROUTE AND CAR DESCRIPTIONS 

Nov 1, 1935 

David R Allred R R 5 Town. 

County £2!^ State-

Des Moines 

1705 12 Iowa 

(3 ) Number of boxes on route 

(4) Miles traveled each day that route is carried 3955 

Road surface type Koute miles 
Mites bet\^een 
home and P 0 
(both \iayB) 

Total 
daily 
miles 

1 (Rigid pavements) Concrete, brick, sheet asphalt, wood 
block, gramte block, etc 17 3 20 

2 (Sem-rigid treated) Bituminous macadam, oil treated 
gravel, tarvia, etc 

3 (Surfaced but imtreated) Gravel, crushed rock, sand-
clay, shale, cmders, etc 17 17 

4 (Natural earth) Clay, loam, gumbo, sandy soil, etc 2 25 2 25 

Total 36 25 3 39 25 

(5 ) Make of car- Studebaker Sedan 

No of cylinders §_ 
List weight ?M List price ! M 

_ Year model 1525 Body style— 

Date p u r c h a s e d — ^ New or used 
(see license receipt) 

$986 50 Delivered price, new including equipment-

Actual weight with driver and average mail load §125 

Monthly rental value of garage ?L22 

(6) If you operate 2 cars, note similar information for the second car on the reverse side 

Return to 

Engineering Experiment Station 
Iowa State College 
Ames, Iowa 
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F O R M 2 
P A G E FROM D A I L Y RECORD BOOK 

RECORD FOR_ Feb 17 

Speedometer readmg, morning. 
Approx air, temperature, mommg_ 

Month and Day 
19_J2_ 

18836 
27° 

Dry, wet, ramy, quiet, wmdy, icy, snowy 
(check ones appLcable) 

Approx pounds of mail carried — 
Hours reqmred to cover route — 
Miles driven on route 

75 

45 

Itemized expenditures on this day 
Total Cost 

Gasoline, gallons. 
Oil, quarts 
Tire repair 

0 26 
0 36 

Chains 6 00 

Extra help 1 00 

Hours personal labor on car , I 
Remarks, road condition (impassable, sUppery,Vsoft, etc), delays, detours, accidents, 

extra help, V chams used, V etc 
Road icy, one mile detour on earth 

Miles driven off route by road surface types 

Concrete, brick, 
asphalt, etc 

Oiled gravel, asphalt 
or tarmacadam, etc 

Plain gravel, shale, 
crushed rock, etc 

Natural 
earth Total 

10 3 1 14 

F O R M 3 
T I R E M I L E A G E AND COST RECORD 

Senal 
No 

Mfr or 
Make Pbes Cost Wheel 

Put on Taken oS 
Total 

mileage Senal 
No 

Mfr or 
Make Pbes Cost Wheel 

Date Speedometer Date Speedometer 

Total 
mileage 

730-K Atlas 4 13 25 R F 8-14 ' 29102 
960-K ft (t L F It 



62 

Name_ 
R R _ 

HIGHWAY TRANSPORTATION ECONOMICS 

F O R M 4 
David R Allred No. 

J. No boxes Town Pes Momea County 
Make atudebaker Yi^ar model 3S Body Sedan 

Polk State r°wa 

Date purchased 12-20^4 
Road weight 317S 

New New or used, 
.List price 785 jjp] c o s t _ i « 6 5 0 _ _ G a r a g e rental 83oo 

No cyls ?_ 
.List weight 2880 

Surface 
tjrpo Route Home 

PO 
Total 
daily 

1 Pavement 17 00 3 00 20 00 

2 Treated 

3 Gravel 17 00 17 00 

4 Earth 2 25 2 25 

Total 36 25 3 00 39 25 

Cost Summary For Year 

Item Cost, 
t 

i per 
mi 

1 Gasolme 

2 Oil 

3 Tires 

4 Maintenance 

5 Depreciation 

6 License 20 00 

7 Garage 

8 Interest 

9 Insurance 30 00 

Total 

10 Extra help 

Total 

Total 

10 Extra help 

Total 

Total 

10 Extra help 

Total 

Miles per gallon, gas 

Miles per quart, oil 

Average speed on route 

Month 
Speedometer reading 

Correct 
mileage 

Surface mileage 
(Upper fig off route) 

Month 
Begin-
mng End Dif

ference 

Correct 
mileage 

1 2 3 4 

Nov 
'35 16230 17627 1397 

350 
1047 

342 
534 450 

8 
63 

Dec 
'35 17627 18gS3 1206 

153 
1053 

153 
537 453 63 

Jan 
'36 18835 20004 1169 

114 
1055 

114 
538 454 63 

Feb 20004 21203 1199 
141 

1058 
141 
540 455 63 

Mar 
'36 21203 22664 1461 

374 
1087 

374 
554 467 66 

Apr 
'36 22664 24097 1433 

393 
1040 

393 
530 447 63 

May 24097 25580 1483 
523 
960 

523 
490 413 57 

June 25580 26886 1306 
423 
883 

423 
450 380 53 

July 26886 28396 1510 
470 

1040 
470 
530 447 63 

Aug 28396 29850 1454 
534 
920 

534 
469 396 55 

Sept 29850 31299 1449 
449 

1000 
449 
510 430 60 

Oct 31299 32658 1359 
285 

1074 
285 
548 463 63 

Nov 32658 34466 1808 
1054 
754 

1054 
385 324 45 

Total 
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maximum is about 6;̂  cents per mile On 
gravel and paving as compared to H i 
cents per mile on earth One reason for 
this large spread in costs between the 
minimum and maximum values is due 
to the wide variations m annual mileage 
and the age or depreciation charges 
against the car To reduce the effect of 
the wide variations m mileage and age, 
the unit costs of 98 cars operated more 
than 5,000 miles per year and with ages 
of 3 years or less (1933 to 1936 year 

The minimum cost remained the same 
but the maximum cost was raised about 
1 to 1^ cents per mile The cost of extra 
help on gravel and paving is no doubt 
due almost entirely to blizzards and the 
presence of snow on these roads while 
on earth roads the cost of extra help was 
due not only to snow but also to the mud 
condition which interfered seriously with 
travel on these roads 

The unit transportation replacement 
costs given in Figure 8 are quite variable 

A7i/eage on£:arfh f?oac/s in Percentage ofTofa/Z^iles 

Figure 5 Unit Cost of Operation (Excluding Extra Help) for Varying Percentages of 
Total Mileage Traveled on Earth Roads as Compared to Mileage on Pavement and Untreated 
Gravel for the Year 1936 

models) were plotted (Figure 6) and i t 
I S interesting to note that the average 
curve IS almost identical to that obtained 
in Figure 5 I t is to be expected that the 
differences between the maximum and 
minimum costs are less under these con
ditions than when the cost data for all 
cars are used This is borne out by the 
data in Figure 6 

The item of extra help is shown in 
Figure 7 to have a marked effect on the 
cost for all cars for the year round con
dition although the effect is greater on 
earth roads than on gravel and paving 
On the former i t raised the average cost 
only i cent per mile as compared to a 
V2 cents per mile increase on the latter. 

as might be expected The data are 
scattered so widely that an average curve 
probably should not be shown for these 
data C»f course, since travel by horse 
or on foot is much slower than by car, 
the costs should normally be higher as 
indicated on the graph than under con
ditions when a car can be used Also, 
the small change in the average cost on 
gravel and paving as compared to earth 
indicated heie should be expected be
cause with roads impassible in either case 
the type and cost of transportation re
placement would be very nearly the same 
on the average for both types of surface 

The extreme seasonal effect is shown 
in Figure 9 in which the unit costs for 
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Figure 6 Unit Cost of Operation (Excluding Extra Help) for Varying Percentages of 
Total Mileage Traveled on Earth Roads as Compared to Mileage on Pavement and Untreated 
Gravel for the Year 1936. 
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line, oil, and maintenance are given 
for all of the cars for the winter and 
summer seasons These curves show that 
the spread in unit costs is much greater 
in winter than in the summer season and 
on earth roads than on gravel and con
crete In fact, on paved roads during 
the summer months the difference in the 
unit costs for these items of operation is 

roads The cost of gasoline, oil, main
tenance and extra help on earth roads is 
just about double that on gravel or paved 
roads The curves in Figure 11 show 
that extra help is a factor only in winter 
and spring months on paved roads, 
whereas there is a definite extra cost 
indicated due to extra help during all 
seasons for cars operating on earth roads 

JO 40 So s o TO BO 9o lOO 

Mi/eaqe on farfhRoads in fercen/age of 7bfa/ M/leage 
Figure 10. Unit Cost of Gas, Oil, Maintenance, and Extra Help for Varying Percentages 

of Total Mileage Traveled on Earth Roads as Compared to Mileage on Pavement and Untreated 
Gravel for (a) Winter of 1935-36, (b) Summer of 1936 

less than one cent per mile while on earth 
roads, this spread is about five cents per 
mile The effect of snow and cold 
weather is evident m the unit costs for 
the winter months, the average cost on 
paving being about one cent higher in 
winter than in summer This represents 
an increase of about 70 percent due to 
the extreme seasonal effect These fig
ures give some indication of the extent 
to which traffic profits by snow removal 

When extra help is included in the 
items of cost to bring out the seasonal 
effect as shown in Figure 10, there is 
practically no change noted in the costs 
for the summer months but there is an 
average increase of about one cent per 
mile on gravel and paving and slightly 
more than three cents per mile on earth 

Comparison of Unit Costs on Earth, 
Gravel, and Paved Roads 

Graphically 

In all of the analyses of data discussed 
up to this point, the comparisons were 
made between the costs on earth roads 
as compared with the costs on gravel 
and concrete combined This comparison 
seemed fair because the data indicated 
that the greatest differences in cost were 
those due to travel on mud roads, the 
diffeiences between gravel and paved 
roads being very much smaller The 
number of samples available to make a 
study of the direct comparison between 
the costs on earth and gravel, earth and 
paving, and gravel and paving seem 
rather small to establish definite trends. 
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Figure 11 Unit Cost of Gas, Oil, and Maintenance for Varying Percentages of Total Mileage 
Traveled on Earth Roads as Compared to Mileage on Pavement and Untreated Gravel for 
Seasons of 1936 (a) With Extra Help, and (b) Without Extra Help 

nevertheless, these data are shown in 
Figuie 12 and seem to be fairly con
sistent with the data previously dis
cussed The greatest difference m the 
unit cost of opeiation, according to these 
data, is that between gravel and earth 
which amounts to about 4^ cents per 
mile In the comparison between earth 
and paving this difference is reduced to 
3^ cents per mile But if the unit cost 
on earth of 8 | cents per mile, shown m 
the compaiison between earth and gravel, 
I S used as the correct cost, the difference 
between the cost on paving and earth is 
about five cents per mile The average 
difference m cost on gravel and paving 
IS shown to be about 1^ cents per mile, 
the average cost on paving being about 
3^ cents per mile as compared to 4^ cents 
per mile on gravel for the year round 
condition and not including extra help 

Using the data for these same cars 
to study the seasonal effect, i t is inter
esting to note that the greatest spread 
in unit costs for gas, oil, and maintenance 
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Figure 12 Unit Cost of Operation (Exclud
ing Extra Help) on (a) earth as compared to 
Gravel, (b) on Earth as Compared to Pavement, 
and (c) on Gravel as Compared to Pavement 
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IS obtained in the comparison between 
earth and gravel and the smallest differ-
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Figure 13 A Comparison of the Unit Costs 
of Gas, Oil, and Maintenance for the Four Sea
sons on (a) Earth vs Gravel, (b) Earth vs. 
Pavement, and (c) Gravel vs Pavement. 

ence is shown in the comparison between 
gravel and paving I t is significant that 
the cost of gasoline, oil, and maintenance 
IS the same for all the percentages of 
gravel during the summer months when 
comparing costs on gravel versus costs 
on paving In other words these data 
indicate that the difference in cost on 
gravel and on paving is very slight dur
ing the summer months 

Annual Mileage of Cars 

In the operation of any car, there aie 
certain total annual charges such as 
garage rental, license fee, taxes, insur
ance, interest and depreciation which are 
the same or veiy nearly so, no matter 
what mileage the car is driven during 
the year Variations m annual mileage 
will, therefore, bring about correspond
ing variations in the total unit costs of 
operation of the car A car which is 
driven a relatively low mileage during 
the year will show a correspondingly 
large increase in the unit cost of opera
tion, whereas for a large annual mileage 
the unit costs will show a corresponding 
decrease The data in Figure 14 indicate 
a wide variation in the annual mileage 
The greatest annual mileage is shown to 

/60OO* 

^ /lOOO 

20 SO SO 60 fO ao 90 100 
Mi/eaqe on E^arfh Roads in Percentage of Tofa/ f^i/es 

Figure 14 Annual Mileages for 160 Cars for Varying Percentages of Total Mileage 
Traveled on Earth Roads as Compared to Mileage on Pavement and Untreated Gravel 
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be driven on gravel and paving and the 
lowest when the operation is exclusively 
on earth roads By taking the actual 
mileage records i t was found that the 
total mileage driven by the 160 cars was 
1,747,040 miles or an average of 10,919 
miles per car Of this average 3,516 
miles were on paving, 3,789 on gravel, and 
3,614 on earth roads However, taking 
the trendŝ  as indicated by the average 
curve in Figure 14, the average annual 
mileage of a car operated exclusively on 
earth roads was only about 1,500 miles, 
on paving 14,000 miles, and on gravel a 
separate study indicated the mileage to 
be about 11,000 miles annually 

The differences in the annual mileages 
on earth, paving, and gravel account in 
part for the large differences in the unit 
cost of operation The graphical data 
show that the difference m the total unit 
cost on gravel or pavmg and on earth is 
about 4;J: cents per mile whereas the dif
ference in the cost of fuel, oil, and main
tenance IS only about 2^ cents per mile 
This 1^-cent increase shown by the aver
age curve is due to the low annual mile
age on earth as compared to the mileage 
on gravel or paving, and to the higher 
average age of cars traveling on earth as 
compared to giavel and paving 

Age of Cars 

The ages of the cars driven over the 
various types of roads had a variable 
effect on the unit cost of transportation 
because a higher rate of depreciation is 
charged against new cars than against 
older cars From the records m Form 1, 
the average age of all cars was found to 
be 2 years and 3 months The average 
age of cars operated on pavmg and 
gravel was founS^ to be 1 year and 1 
month and for cars operated on earth 
roads 4 years and 3 months Since the 
rate of depreciation is much lower for 
cars operated on earth, i t will be seen 

that the highci unit cost on eaitli load 
due to the low annual mileage on earth 
will be offset in part by the lower unit 
cost for the item of depreciation While 
it IS quite logical to expect that older 
cars should be driven on earth roads and 
that the annual mileages on earth should 
be lower than on gravel or paving, i t 
seems fair to state that in comparing 
unit costs greater weight should probably 
be given to the fact that the annual 
mileage may be low on earth roads than 
that the average age may be high be
cause under certain weather conditions 
it IS very diflScult to travel large mileages 
whereas the age of the car is not so 
affected 

Average Rate of Travel on the Route 

While the rate of travel did not enter 
directly into the unit cost computations, 
it IS an important factor which should 
not be overlooked The rate of travel on 
the route is shown in Figure 15 The 
average rate of travel should not be con
fused with the average speed because 
the former is based on the entire time 
required to cover the route including 
stops and does not give a direct indica
tion of the average road speed The 
average curve for the rate of travel shows 
a definite rate of decrease as the mileage 
on earth is increased The average rate 
is about 4 miles an hour slower m winter 
than during the summer months The 
average rate of travel on earth is about 
8 miles per hour as compared to 14 miles 
per hour on gravel and paving 

The most significant use which can be 
made of these data is that these differen
ces in the rates of travel represent a real 
time saving value to the mail carriers 
Thus, if the low value of 50 cents per 
hour were to be used to represent the 
value of the average mail carrier's time, 
then for these particular data the car
riers opeiating on gravel or paving would 
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have a time saving advantage equal to 
2 | cents per mile A 60 mile route on 
earth would require 7^ hours on an aver
age day as compared to about ^ hours 
to cover the same distance on gravel or 
paving For differences as large as this 
there can be little doubt but that the time 
saving factor provides a real economic 
advantage for the gravel or paved road 
over the earth road for operations of the 
mail carrier type 

which were used in obtaining adjusted 
costs in the graphical solution 

Using the average annual mileage of 
10,919 miles and the standard fixed 
charges or overhead costs previously es
tablished, the total unit cost of opera
tion for the year round condition will 
then be 4 82 cents per mile on earth, 4 11 
cents per mile on gravel, and 3 38 cents 
per mile on paving I f the average age 
of the cars on earth is increased to 4 
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Figure 15 Average Miles of Route Covered Per Hour, Including Stops, for Varying Per
centages of Total Mileage Traveled on Earth Roads as Compared to Mileage on Pavement 
and Untreated Gravel Surfaces 

Statistical Analysis by Method of Least 
Squares 

The comparative costs of gasoline, oil, 
and maintenance for earth, gravel, and 
concrete were computed by the statisti
cal method of least squares to be 3 17 
cents per mile, 2 46 cents per mile, and 
173 cents respectively for the entire 
year, 3 44 cents per mile, 2 56 cents per 
mile, and 2 06 cents per mile for the 
winter months, and 1 97 cents per mile, 
1 71 cents per mile, and 1 49 cents per 
mile respectively, for the summer months 
These results are based on the actual 
recorded costs and are not adjusted for 
mileage, age, or any of the other factors 

years and 3 months and the annual mile
age reduced to 1,500 miles per year, the 
total unit costs on earth will then be 9 23 
cents per mile, which is slightly higher 
than the cost obtained in the graphical 
solution The unit cost of operation on 
earth might quite properly be further 
inci eased by about f cents per mile for 
extra help and 2§ cents per mile as a 
time factor representing the money value 
of time saved on gravel or paving over 
travel on earth for this particular group 
of drivers The extrei6e average differ
ence in the cost of operation on earth as 
compared to paving is therefore about 
9^ cents per mile for the year round con
ditions, while a conservative difference 
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IS 1̂  cents per mile if only the savings in 
gasoline, oil, tires and maintenance are 
considered 

APPLICATION OF U N I T OPERATING COST 
DATA TO A STUDY OF ECONOMIC COM

PARISONS OF E A R T H AND GRAVEL 
ROAD SXniFACES 

The purpose of determining the unit 
operating costs for various road surfaces 
IS mainly to make it possible for the en-
gineei to select the types of surface con
struction which will furnish transporta
tion at the lowest cost The amount of 
money which the engineer is justified in 
spending for load surface construction 
depends quite laigely on the volume and 
type of tiafiBc opeiating on the road If 
the ti affic is light, the road will of neces
sity be a low cost type but if the trafi5c ex
ceeds 100 01 200 vehicles a day a more 
costly or higher type of constiuction will 
geneially be necessaiy to piovide the 
most satisfactory tiansportation service 
at the lowest cost The solution of the 
problem of determining the traffic vol
umes required before the change from 
one suiface type to a higher surface type 
is justified IS not an easy one because 
reliable and accurate cost data have not 
been available Since the data in this 
report have provided for the first time 
some definite information concerning the 
detailed costs of operation on unim
proved earth roads as compared to gravel 
loads, a general solution of this problem 
to indicate when the engineer is justified 
to improve an earth road with a gravel 
surface seems to be an appropriate part 
of this report The following solution 
applies particularly to roads m the 
middlewcst on which the rural mail, the 
school bus, and similar types of service 
lequiiing daily operation in all kinds of 
weather, constitute the bulk of the traffic 

In making the economic comparison of 
earth and giavel roads, the total annual 
tiansportation cost per mile of road for 

varying volumes of traffic was computed 
using the following formula 

Total annual transportation cost per 
mile of road = Annual maintenance 
cost per mile+annual depreciation per 
mile + annual interest per mile -|- annual 
motor vehicle operating cost per mile 

Although the maintenance and depreci-
ati9n costs for various surface types vary 
depending on the volume of traffic, the 
traffic in this case will be assumed to be 
so light (from 0 to 50 vehicles a day) 
that the differences in maintenance and 
depreciation can be neglected Recent 
annual reports of county engineers in 
Iowa have indicated that $75 00 per mile 
is a fair average maintenance cost for 
local county earth roads and $100 00 per 
mile for gravel roads This latter charge 
may be assumed to include an allowance 
for gravel replacement to keep the sur
face perpetually as good as or better than 
new In Iowa it is generally true that 
county gravel roads require less bladmg 
or similar maintenance than do earth 
roads to keep them in a smooth service
able condition 

For the natural earth surface no charge 
for depreciation or interest is necessary 
In the case of the gravel road the de
preciation charge is included in the main
tenance charge An interest rate of 4 
percent was charged on the investment 
which for this solution was assumed to be 
$1,000 00 per mile Many Iowa local 
county roads have been gravel surfaced 
for considerably less than $1,000 00 per 
mile, but this seems to be a fair and 
convenient figure to use m solving this 
problem While a lower interest charge, 
or m fact no interest charge, might be 
recommended by some engineers, the re
sult would be changed only slightly The 
higher interest charge for the larger in
vestment requires more traffic to justify 
the investment and thus is on the con
servative side in reaching a decision 
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In raakiii}; the economic compaiisons 
shown in Figure 16, thice diffcient values 
of unit operating cost weie used In 
Figure 16a the same avciagc annual 
mileage and the same aveiage age was 
used for cais operating on gravel as foi 
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Figure 16 Economic Companson of Cost of 

Transportation on Earth and Untreated Gravel 
Surfaces for Traffic Volume up to 50 Vehicles 
Per Day when (A) Cost Is Based on the Aver
age Annual Mileage and Car Depreciation for 
Cars Operating on All Surfaces, (B) Cost Is 
Based on Actual Annual Mileage and Car 
Depreciation Determined from Car Data on 
Each Surface, and (C) Cost Is Based on 
Actual Annual Mileage and Car Depreciation 
and Including also a Time Factor for Slower 
Rates of Travel on Earth 

the cars operating on earth The unit 
cost on earth in this case was 4 82 cents 
per mile and on gravel 411 cents per 
mile, the higher cost being due to in
creased gasoline, oil, tire and mainte
nance costs on earth than on gravel 
In Figure 16b the cost on earth was in-

cieabcd to 9 23 cents pci iiiilc which 
lepresents an adjusted cost based on the 
lower annual mileage, the greater aveiage 
age, and the higher cost of extra help on 
earth than on giavel as determined from 
the mail carrier cost records In Figure 
16c the cost on earth was further in
creased to 11 90 cents per mile, the addi
tional increase being the 2f cents per 
mile time factor which it was shown is 
the value of time saved by traveling on 
gravel instead of earth if the driver's 
time IS assumed to be worth 50 cents 
per hour 

The curves in Figure 16c show that a 
traffic volume of 25 cars per day will 
piovide sufficient savings in gasoline, oil, 
tires, and maintenance when operating 
on gravel instead of earth roads, to jus
tify the $1,000 investment and the $25 00 
per year extra maintenance required to 
build and maintain the gravel road It 
should be noted that the small differ
ence of 0 7 cents per mile in operating 
costs on gravel and earth is sufficient to 
justify this improvement with only 25 
vehicles per day If the total costs of 
operation on earth and gravel as deter
mined in this study are used, the curves 
in Figure 16b indicate that a traffic vol
ume of 4 vehicles per day justify the 
change from earth to gravel And if the 
value of time saving is added, a traffic 
volume of 3 vehicles per day will justify 
the change 

Now, of course, anyone familiar with 
studies m economic comparisons will 
know that while savings of one cent per 
mile and of 5^ or 8 cents a mile will 
justify the changes indicated above, there 
is no actual saving unless the traffic vol
umes are greater than those indicated or 
unless additional benefits, which cannot 
be evaluated, result from the changes 
That the latter is generally accepted to be 
true IS conceded by persons familiar with 
this situation 

There is another very real and very 
practical question which must be met, if 
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the findings of such studies as this are to 
be put into effect That is, although the 
engineer can show that savings in op
eration cost of 1 cent per mile or 5^ or 8 
cents per mile are possible, he still is 
confronted with the problem of collect
ing the 1 cent per mile or the 5^ oi 8 
cents per mile tax to pay for the improve
ments which make these savings possible 
The uninformed car owner m the rural 
areas in many cases will prefer to pay a 
"mud tax" in small amounts daily or 
weekly than to pay the large road tax, 
gas tax, or license fee needed for road im
provements which will bring returns far 
exceeding the tax charged against the 
car owner The average motor vehicle 
tax in Iowa and in the United States as 
a whole is easily less than ^ cent per mile 
and yet the savings or benefits derived 
from this tax, or service charge as it more 
properly should be called, far exceeds 
the ^ cent tax per mile It is doubtful if 
a satisfactory tax plan can be devised 
which will make it possible to collect a 
use tax or vehicle tax as large as 1 cent 
per mile and certainly not as large as 
5^ cents or 8 cents per mile The fact 
still remains that unless a satisfactory 
plan can be found for financing road im
provements of this type, car owners will 
continue to pay a "mud tax" on earth 
roads They will pay for road improve
ments which were never built Nor will 
car owners living along side of earth 
roads enjoy the fire protection, the health 
protection, and the social, educational, 
marketing and other advantages which 
follow in the train of road improvements 
in which the rural-home is made acces
sible m all kinds of weather 

In the mid west states, the secondary 
load improvement situation has not yet 
reached the stage where the engineer is 
concerned with improvements justified 
by a tiaffic of 5 vehicles per day, but 
there are thousands of miles of roads in 
Iowa alone on which the traffic ranges 
from 20 to 50 or more vehicles per day 

for which basic information of the type 
sought in this kind of study will be very 
useful m selecting surface improvements 
and maintenance methods providing sat
isfactory transportation service at the 
lowest cost 

SUMMARY AND CONCLUSIONS 

While this report is intended as a 
progress report and the work is to be con
tinued, it has progressed far enough to 
warrant the presentation of the follow
ing summary and conclusions 

1 The average annual mileage for the 
160 mail earner cars was 10,919 miles, 
thereby providing 1,747,040 miles of 
travel for which complete cost records 
weie available for study 

2 From the plotted data, the average 
cost of operation for the year round con
dition was 8 cents per mile on earth, 5 
cents per mile on gravel, and 3-̂  cents per 
mile on pavmg 

3 The average operating cost was 2^ 
cents per mile less m summer than in 
winter for earth roads, 1̂  cents per mile 
less for gravel, and 1 cent per mile less 
for paving 

4 Expenditures for mud elimination 
and snow lemoval are amply justified if 
the traffic volume exceeds 25 vehicles 
per day 

5 The plotted data indicated an aver
age annual mileage of 14,000 miles pei 
year on paving, 11,000 miles per year on 
gravel, and 1,500 miles per year on earth 

6 The average miles of route covered 
per hour, including stops, was 14 on 
gravel and paving and 8 on earth roads 
foi the year round condition During the 
summer it was 16 miles per hour on pav
ing and gravel and 10 miles per hour on 
earth During the winter months, it was 
12 miles per hour on paving and gravel 
as compared to 6-̂  miles per hour on 
earth 

7 The time value of paved or gravel 
roads over earth roads for these data is 
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2§ cents per mile if the carrier's time is 
worth 50 cents ,per hour 

8 Extra help increased the average 
cost of operation on gravel and paving 
^ cent per mile and on earth 1^ cents per 
mile 

9 The average transportation replace
ment cost (for horses, teams, or men on 
foot) was from 50 to 100 percent higher 
when the roads were impassable than the 
average car operating cost when the roads 
were passable 

10 The average age of the 160 cars was 
2 years and 3 months The average age 
of cars operated predominantly on earth 
was 4 years and 3 months and on gravel 
and paving 1 year and 1 month. 

11 In the statistical analysis using the 
method of least squares, the average cost 
of gasoline, oil, tires, and maintenance 
for the year was 3 17 cents per mile on 
earth, 2 46 cents per mile on gravel, and 
1 73 cents per mile on paving 

12 The cost of gasoline, oil, and main
tenance for the winter months was 3 44 
cents per mile on earth, 2 56 cents per 
mile on gravel and 2 06 cents per mile 
on pavmg, while for the summer months 
it was 1 97 cents per mile, 1 71 cents per 
mile, and 149 cents per mile, respec
tively 

13 A traffic volume of 25 vehicles 
per day will justify an investment of 
$1,000 00 per mile and an extia annual 
maintenance expenditure of $25 00 per 
mile m improving an earth road Mith a 
gravel surface based on the saving of 

0 7 cents per mile m opeiating cost on 
gravel as compared to earth indicated in 
the cost records of the 160 cars studied 
m this report 

14 A trafiBc volume of 3 vehicles per 
day will justify the improvement from 
a natural earth to a gravel surface if the 
annual mileage factor, the average age 
of car, extra help and the time factor are 
evaluated according to the cost data of 
these particular cars 

15 The cost data indicate that a radi
cal change in our highway taxation and 
financial policies for secondary road im
provement IS needed if it is desired to 
eliminate the "mud tax" which persists 
on our local county and faim-to-market 
roads 
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D I S C U S S I O N ON O P E R A T I N G COSTS 

P R O F R L MORRISON, University of 
Michigan I believe that the widest pos
sible publicity should be given to direct 
savings to motorists because of highway 
improvement The motor vehicle owner 
IS continually being told what large taxes 
he IS paying but very little is said of the 
savings resulting from the road improve
ments which the taxes make possible 

If it costs 1-̂ - cents pei mile more to 
travel on gravel than on a pavement, 
then the gravel road collects a tax equiva
lent to about 22 cents per gallon of gaso
line, or more than thiee times as much 
as any state collects In other words, as
suming that he gets 15 miles per gallon 
of gas, for every 15 miles he travels on a 
pavement the motorist pays from 2 to 7 
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cents gas tax to the state, depending upon 
what state he is m, but for 15 miles on a 
gravel road he also pays an additional 
22 cents, or more, for added gasoline con
sumption, tire wear, etc 

M R F R E D L A V I S , Consulting Engineer: 
I can only emphasize what Professor 
Morrison has said about the difficulties 
of getting people generally, and even 
some so-called experts, to appreciate the 
importance of these cost studies It is 
probably not necessary to preach this 
doctrine to this audience as I expect you 
all appreciate it I do think, however, 
that it IS desirable not only that we our
selves realize the economic importance of 
this matter but that we should also dis
seminate the knowledge and preach its 
importance to laymen in such a way 
that it will be appreciated by them also 

One of the first studies of this kind was 
made in connection with the layout and 
design of what is now Route 25 New 
Jersey, between the Holland Tunnel and 
Elizabeth—one of the earlier so-called 
super-highways There we attempted to 
evaluate the effect of the location, of rise 
and fall, rates of gradient, curvature, loss 
of time, etc , on the operating costs of 
vehicles The general publi6, however, 
was not interested m this The talk about 
saving a cent a vehicle mile, or that the 
loss of a minute in time was valued at 
a tenth of a cent, or what ever the values 
may have been, did not appeal to them 
Even when multiplied by 10,000,000 or 
15,000,000 vehicles a year it was thought 
to be a purely theoretical engineering 
calculation which did not affect any in
dividual They could not visualize the 
losses of these small sums of money 

In speaking at various public meet
ings, however, I recall two illustrations 
which seemed to be appreciated This 
was before the construction of the Hol
land Tunnel and the femes between New 
Jersey and New York were always con
gested at week-ends and holidays There 

were often long queues of vehicles waiting 
to get on the ferries and I suggested that 
if a man in a car were waiting at the rear 
end of one of these long lines, and some
one offered for, say, half a dollar, to let 
him go forward to the front of the line, 
he would gladly have paid the amount 
H I S time or his convenience, or his plea
sure was, therefore, worth something—it 
had some money value 

At another meeting i n the City of 
Newark we were explaining that the con
struction of this by-pass highway would 
relieve the congestion m the streets of 
that city and, among other things, per
mit easier access to the stores for shop
ping, etc The meeting had been ad
dressed by representatives of various 
social societies, the Elks, Lions Clubs, 
etc, when a farmer from out of town 
arose and said, while I don't belong to 
none of these yere animal clubs, I want 
to say it would be a fine thing if some of 
us could get here in town without its 
taking a whole day to buy a shirt 

Not long ago a Professor m one of our 
universities, who has a good deal to do 
with teaching transportation, expressed 
some skepticism over these "fine spim 
theories" but if they are applied with 
reason, they may be a very valuable 
guide in the economic design of some of 
our more important highways, costing 
$500,000 a mile and more, which affects 
foi many years the operating costs of 
many millions of vehicles. 

M R T W NoRCROSS- U S Forest Ser
vice The importance of reductions i n 
the cost of vehicle operation should n o t 
be minimized But there are other values 
and savings which are infrequently men
tioned and which are of real importance 
For instance the value of the savings in 
ti avel time resulting from traveling over 
a better and higher standard road This 
saving, especially on a business road, 
frequently greatly exceeds the savings 
in operation cost of vehicles In fact for 
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many classes of road use, the travel time 
IS a good measure of the service value of 
the road But there are other savings re
sulting from better transportation and 
these cannot be adequately evaluated by 
the amount or speed of traffic These 
arise through the service rendered to the 
protection, development and utilization 
of resources—agriculture, mining, power, 
timber, etc I will give one illustration 
Up until the past few years the regular 
established practice of stockmen at the 
end of the grazing period was to drive 
the sheep over a road or stock driveway 
to the market or railway shipping point 
Not only were the services of several 
herders required but the time required 
was great, the sheep lost much weight 
during their arduous and slow journey 

of several days, feed along the route 
was seriously reduced, road banks were 
broken down, ditches and culverts 
clogged and finally when the journey was 
finished, it frequently developed that the 
market price was not as favorable as a 
few days earlier Now, to a greater and 
greater extent, trucks are being used 
The stockman determines the market 
price by radio, phone or newspaper 
When he is satisfied that it is the right 
time for him to sell, the sheep are loaded 
into trucks and within a few hours are 
delivered in prime condition at the mar
ket or shipping point Measured by vol
ume of traffic, the service value of the 
road is of little consequence But mea
sured by the money savings of each truck 
load, the road is of high value 
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S A F E T Y A N D S P E E D S AS A F F E C T I N G H I G H W A Y D E S I G N 

B Y FBBD LAVIS 

Consulting Engineer 

SYNOPSIS 

There has been considerable agitation in recent years for highways designed to 
permit "safe driving" at high speeds It is claimed by some that much of our 
main road system is obsolete, and that we need to build safety into the highways 
to provide adequate accommodations for modem high speed traffic Speeds of 90 
to 100 m pJi today and even higher speeds m the future are advocated by cer
tain engmeers as proper bases for such design In discussing these proposals it 
IS pointed out by the author that there are other road requirements than those 
of the superhighway, and that available funds must be distributed equitably 
among all classes of highways Moreover there may be a net loss in excessive 
vehicle operatmg costs resulting from high-speed travel, and traffic accidents 
are known to be numerous on the so-called "safe" straightaway stretches where 
higher speeds are possible It is felt that none but a few very experienced dnvers 
are really capable of driving safely at speeds over 50 to 60 m p h , and that the 
education and selection of drivers is of far greater importance than the provi
sion of speedways One of the greatest problems now confronting highway 
officials IS the relief of traffic congestion, and maximum capacity on highways of 
heavy traffic is attained at speeds less than 50 m p h Although the laying out 
of highways should include all the improvements of design economically 
feasible, there appears to be no justification for designing high-speed roads when 
such design will entail additional expenditures for construction It is inconceivable 
that any considerable volume of traffic will move over a highway at speeds in 
excess of 50 to 60 m p h 

Many engineers and some laymen have 
advocated, particularly during the past 
year or two, the need for designing high
ways to permit driving motor vehicles 
at higher speeds, or, as it is frequently 
expressed, "to drive safely" at these 
higher speeds Speeds of 90 to 100 m p h 
today, and even higher speeds in the 
not distant future, are advocated as 
proper bases of such design At the same 
time there have also been increasingly 
frequent notices and discussions of the 
excessively large numbers of highway 
accidents and fatalities, and it has been 
stated by many writers, in the technical 
press, periodicals and daily newspapers, 
that blame for such accidents may be 
laid in no small part to the highway 
structure 

The (highway) Accident Commission 
of the Department of Commerce of the 
United States, however, in a report to 
Secretary Roper, says (New York Times, 
Feb 18, 1937), "The outstanding cause 

IS high speed Road surface conditions 
play only a minor part " 

At the meeting of the Highway Re
search Board in November, 1936, the 
very pertinent question was asked by 
Prof R A Moyer,^ "What are the speed 
standards which should be adopted in 
the design of the various classes of high
ways of the future?" Upon the answer 
to this question, he said, centers much 
of the safety of our highways and the 
extent to which funds for highway con
struction may be used most effectively 

It IS not infrequently stated that (be
cause of speed limitations) highway en
gineering practice is not keeping abreast 
of motor vehicle design and present traffic 
requirements, that highways are in many 
cases obsolete even before their paved 
surfaces have begun to show signs of 
wear It is doubtful, however, if in the 
present state of the art m this country, 

1 Proceedings, Highway Research Board, Vol 
16, p 80 (1936 ) 
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with its vast network of all kinds of 
roads, all clamoring for improvement, 
where the construction and maintenance 
problem is so large and only m the ear
liest stages, and where all parts have to 
be kept going while improvements are 
being carried on, that any highway can 
properly be called obsolete 

The alleged obsolescence is said to be 
due to 

Inadequate widths of roadway or rights 
of way 

Insufficient number or widths of traffic 
lanes 

Need of firm, wide shoulders. 
Obstruction of paved roadways by 

parked, stopped or slow moving ve
hicles (trucks on heavy gradients) 

Crossings of other highways or railways 
at grade, crossings of lines of travel 

Inadequate (obstructed) sight distances 
and other factors which would, if im
proved, facilitate driving at the high 
speeds of which modern cars are ca
pable 

Inadequate recognition of the speed pos
sibilities of the modern automobile 

Insufficient super-elevation of curves. 
Inadequate lighting at night 

All this boils down to the idea, in the 
minds of those who talk about obsoles
cence, that every highway which does not 
afford clear uninterrupted smooth sur
faces permitting automobiles to be driven 
at 100 m p h is obsolete, and the ques
tion IS thus presented as to whether or 
not engineers are lacking in adequate ap
preciation of all the factors which should 
govern design 

DIMENSIONS OF T H E PROBLEM 

Prof R A Moyer has pointed out^ 
that the speed factor affects or may 
affect such details of design as curvature, 
super-elevation, road widths, and sight 

= Proceedmgs Am Soc C E , May, 1937, 
p 941 

distances, and so practically the whole 
design of first class highways 

The question is important because of 
its effect on the expenditure of large sums 
of money Highway expenditures m the 
United States now amount to a billion 
and a quarter dollars annually on State 
highways and one billion on county and 
urban highways 

It therefore seems desirable to review 
these questions and the arguments pre
sented by recent writers and commenta
tors The mam questions which arise 
are 

Is engineering design abreast of modern 
highway traffic demands? 

To what extent is inadequate and im
proper design responsible for highway 
accidents? 

Are many of our recently constructed 
highways obsolete, and what consti
tutes obsolescence? 

To what extent should highway revenues 
be used for special facilities and for 
the few rather than for the extension of 
the net of reasonably good roads for 
general use? 

What economic or other justification is 
there for considering speeds in excess 
of, say, 50 or 60 m p h as a factor in 
design? 

NEED OF C A R E F U L AND COMPETENT STUDY 

There can be no question, of course, as 
to the necessity and desirability of the 
most careful study of tiaffic requirements, 
both present and future, as well as of the 
effect of the design on ease and facility 
of traffic movement, and on the operation 
of vehicles, but there must also be recog
nition of the fact that it is not always 
possible to provide funds for expensive 
types of construction The designer, 
therefore, while remembering that he is 
building today a structure to meet traffic 
requirements and necessities for some 
years to come, not only has to recognize 
the limitations of available funds but 
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also the economic relation governing the 
cost, original cost plus interest and the 
deterioration due to time, of constructing 
some facilities today which may not 
actually be needed for several years 
Competent engineers and designers also 
will not fail to take account of the de
sirability of providing for certain basic 
requirements, at the moment, while per
haps leaving the actual construction of 
certain parts of the structure to the fu
ture, and they will also recognize and 
properly balance the requirements of all 
users of the highways Some of the recent 
criticisms are 

CRITICISMS OF MODERN HIGHWAY DESIGN 
AND CONSTRUCTION 

The New York Times of December 6, 
1936 carried an article based on a press 
lelease of the Regional Plan Association 
(of New York) with head lines stating 
"German highways held up as model" 
and "Regional Plan group reports Reich 
progiess surpasses this Country " The 
press release read in part 

"Germany is building 5,000 miles of super
highways designed to permit safe automobile 
driving at a speed of 112 miles per hour 
This provision for fast motor traffic . is 
contrasted with modern road building in the 
United States where theie are ' no high
ways over which half the speed contemplated 
by the German engineers can be maintamed in 
safety Germany has found a way to 
adapt her highways to the exigencies of na
tional defense while in this country we have 
not yet served the purposes of peace " 

The statement does not explain that 
Germany finds it necessary to provide for 
the exigencies of contemplated war even 
at the expense of the amenities of peace, 
or what is meant by "maintaining" this 
speed (112 m p h ) "m safety" but it may 
be assumed to mean that the physical 
structuie and condition of the highway 
permit this No mention is made of the 
effect of density of traffic on this speed 
and the "Regional Plan" in its statement 

disclaims the advocacy of such high 
speeds as desirable m the United States 
It seemed, however, to be the intention 
to convey through this article the idea 
that American engineers or highway au
thorities are behindhand m their concep
tions of such structures The form of the 
structure, as now being built in Germany 
(Reichautobahnen), however, is not 
ahead of our ideas in this country As a 
matter of fact the basic principle was de
veloped here 25 years ago It must be 
remembered, however, that this is a 
purely military undertaking by the Ger
mans and has, so far as can now be 
judged, little if any economic justifica
tion, unless provision for war is such 
justification The construction of these 
highways is understood to be part of 
the German unemployment relief pro
gram 

H A Phillips, writing of these high
ways m "Travel" of June 1937 says, "By
passing of towns and villages is es
sential because Germany's smaller and' 
older towns have narrow and windmg 
streets . Curves are widened and 
well saucered so that they may be 
lounded at a speed of 60 m p h " There 
IS here some discrepancy with the state
ment that these roads are designed for 
speeds of 112 m p h 

In a paper entitled "The Modern E x 
press Highway" recently presented to 
the American Society of Civil Engineers 
(Proceedings, September, 1936), Mr 
Charles M Noble, the Author, says m 
part 

"The purpose of this paper is to . . em
phasize that design should provide positive 
safety at the speeds of which vehicles are now 
capable or may be capable in the near future " 
Reference is made "to the enormous loss of 
life and propeity (by reason of accidents) on 
American streets and highways" and the need 
for studying improvements to meet "the m-
creased speed of the present and future motor 
car" 

"No other engineermg structure has such a 
death record as the highway The motor 
car designer has set a pace which the highway 
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designer has not anticipated properly New 
automobile models appear each year but new 
highways cannot be produced so quickly This 
imposes on the designer the task of produc
ing a highway suitable for the car of ten or 
fifteen years in the future Today (1936) 
there is a large road mileage less than ten years 
old which IS hopelessly obsolete so far as the 
safe and efficient operation of the present motor 
car IS concerned The injuries and loss of 
life and property on American highways are 
issues squarely facing the highway engineer 
It is his duty to design the highways so that 
the traveling public is safeguarded " 

The general assumption that, because 
passenger cars are built capable of at
taining speeds of 90 to 100 m p h , that 
highways should be designed to meet 
these speeds, hardly accords with the 
statements of conservative manufactur
ers General Motors Corporation points 
out that the most important reason for 
having power what it is in modern cars, is 
the avoidance of strain on the mechanism 
by not using the full capacity By build
ing in the ability to run at high speed, 
engineers make it practical to run at rea
sonable speed and get better perform
ance, dependability and lower cost of 
maintenance 

This, of course, does not prevent cer
tain drivers from attempting to utilize 
the full power provided but it is cer
tainly open to question whether public 
monies should be spent to encourage this 
recklessness The statement that the 
highway structure is responsible for a 
large toll of accidents is also not borne 
out by any known facts 

John S Worley, Professor of Trans
portation Engineering of the University 
of Michigan, states in Engineering News-
Record of December 10,1936 

"There is a crying demand for highways 
which will permit safe and rapid movement of 
motor vehicles over long distances" 

Whether it is economically sound to 
meet this demand through the expendi
ture of public money at the general ex
pense of the taxpayers, and so endanger 

existing investments in already estab
lished means of safe and rapid trans
portation over long distances, he does 
not say He does, however, echo a similar 
statement made by the Honorable Mur
ray D Van Wagoner, State Highway 
Commissioner of Michigan, who, at the 
21st Michigan Highway Conference in 
February, 1936, said 

"The State Highway Department is faced 
with the almost unanimous desire on the part 
of motorists for greater speed We find this 
expression of speed in every phase of modem 
times, in business, industrial' and social ac
tivities " 

The State Highway Engineer of Ore
gon, in an article in Engineering News-
Record of May 23, 1935, said 

"Improvement in the design of automobiles 
has a tendency to make highways obsolete 

the practice (in Oregon) now is to design 
all trunk highways, except through mountains, 
for vehicular speeds of 75 to 100 miles 
There is satisfaction that these standards of 
design have been justified by steadily 
increasing average speeds at which traffic is 
moving over major highways" 

No mention is made, in this article, 
of traffic density or highway capacity as 
affected by speed, or speed as affected 
by traffic density There is also prob
ably some economic relation between the 
original cost and annual cost of such 
highways and the costs of moving traffic, 
values of time saved, etc , to which no 
reference is made 

In examining the standards of the 
Oregon State Highway Commission, 
courteously furnished by the State High
way Engineer, it is noted that the roads 
of that State are divided into seven 
classes, A to G, and that it is only for 
Class A roads that design standards have 
been established of 100 m p h in flat 
country, 75 m p h in rolling country, and 
60 m p h in heavier topography and that 
the "recommended safe speeds" for roads 
so designed are, respectively, 65, 65 and 
50 m p h The maximum curves are also 
given at 2°, 6° and 10°, respectively, for 
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the three classes and it is noted that these 
Class A roads are all designed with road
bed widths of 46 ft I t IS further noted 
that on Class A roads the super-elevation 
of curves only gives "full compensation" 
at 70 m p h as a maximum, and where 
the critical (designed) speed is 70 m p h 
the super-elevation only gives full com
pensation at about 36 m p h 

There is evidently here a real recogni
tion of economic limitations which modi
fies the statement, taken alone, that these 
highways are designed for speeds of 100 
m p h 

In Proceedings of the American So
ciety of Civil Engineers of December 
1936, m a discussion of "The Modern E x -
Press Highway," Mr T T Wiley states 
that 

"The highways being built today are scarcely 
abreast of the car of today not to mention the 
car of the future The highway engineer must 
exercise his imagination to visualize the con
ditions that will exist in the years to come, 
and base his work upon the conviction that the 
best design is scarcely good enough " 

The context indicates that "best de
sign" means "design of the highest type 
of roads which the present state of the 
art makes possible " Here again there is 
no discussion or mention of the fact that 
the designer, or at least the highest 
road authority, has many varied needs to 
meet and must do the best he can with 
the money available, which in fairness 
to all interests may or may not permit 
such "best design" to be translated into 
actual construction of all new or im
proved roads 

Rowland Rogers, writing in the New 
York Times of April 2, 1937, advocates 
that highway builders take a lesson from 
American railroad practice He says 

' Our American railroads have a low-accident 
record, both day and night When they in
creased the volume of traffic and the speed of 
trains, they did not illuminate their rights-of-
way but they did 

"1 Build adequate roadbeds 
"2 Piovide adequate sight distance for the 

engineer 

"3 Separate (divide) tiavel lanes (space be
tween tiacks) 

"4 Eliminate sharp cuivcs 
"5 Reduce steep grades 

"In principle and in safety practice, both the 
rail locomotive and the highway locomotive 
(automobile) moving from 30 to 60 miles an 
hour, deserve adequate roadbeds and safe 
rights-of-way both day and night" 

Like many others he seems to ignore 
the very varied ability, intelligence (or 
lack thereof) and responsibility of the 
human element in the case of the auto
mobile. One may wonder, especially in 
the case of single track lines what would 
happen if a hundred or two minds of very 
varying qualities were directing the op
erations of trains, deciding when to stop 
and start, at what speeds to travel, etc , 
or when they might violate the rules 
and get away with it The physical con
dition of the roadbed, track, signals and 
cars would in that case have little to do 
with safety 

Mr Arnold H Vey, Traffic Engineer 
of the New Jersey State Highway De
partment, while recognizing the value of 
certain types of improvements as acci
dent preventatives, notes the fallibility 
of the human element In a paper pre
sented to the Highway Division of the 
Am Soc C E in January, 1937, he said 

"By applymg known highway improvements 
such as controlled nghts-of-way, physical sepa
ration or segregation of convicting flows of 
traffic, adequate shoulders for stopping, pedes
trian pathways, and modem lighting, it would 
be possible to reduce accidents by 75 per cent 

Such changes make it less possible for 
highway users to perform improper practices 
causing accidents Even these improvements, 
however, are not cure-alls it is necessary 

to cause drivers and pedestrians alike to 
acquire safe highway h.abits " 

In this he does not discuss the in
creased risks due to higher speeds, and 
it seems dangerous to hold out the hope 
that accidents can be decreased by any
where near 75 per cent by construction 
methods In a very able discussion of this 
general subject, however, in a paper en-
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titled "Highway safety exemplified by 
properly designed and constructed high
ways," presented at the meeting of the 
American Association of State Highway 
Officials at San Francisco, C a l , in De
cember, 1936. Mr R E Toms, Chief 
of the Division of Design of the United 
State Bureau of Roads, says 

"On the face of the record it would seem 
absurd to use the wealth of the nation in 
building so-called fool proof highways A much 
more logical approach to the problem would be 
to expend the proper amount of effort to keep 
the fools off the highways" 

Dr Miller McClintock is reported by 
the New York Herald Tribune as saying, 
at the national planning conference at 
Detroit on June 1st, 1937, that "the 
American street and highway system 
must be scrapped and rebuilt unless the 
automobile is to become a malignant 
growth " This, he says, "will cost $57,-
000,000,000 but will pay for itself in 43 
years " ' 

There can be little valid argument 
against the exercise of foresight or rea
sonable planning for the future but the 
observation of the present writer is that 
little has been accomplished in the United 
States by long range planning or plan
ning on a large scale True, if our fore
sight were as good as our hindsight we 
might have avoided some of our present 
difficulties but the engineer has to be 
continually on guard to avoid fantastic 
gestures and limit himself to that degree 
of future planning which is withm the 
range of reasonable possibilities of the 
then state of the art, and the dimensions 
of financial support 

These examples and quotations of only 
a few of the statements made within the 
past two years are sufficient to indicate 
the general types of criticisms which have 
been made, and ideas which have been 
advanced either to indicate that we do not 
know how to design proper highways or 

= See also Engineering News-Record, June 18, 
1937,p 909 

do not do so. Let us look first at our 
demonstrated ability in design where the 
necessity exists and the funds are avail
able 

SOME E X A M P L E S OF CONSTRUCTION TO 
M E E T MODERN REQUIREMENTS 

That American engineers, given the op
portunity and money are quite capable of 
meeting the demands of modern highway 
traffic, IS evidenced by the work they 
have done Much of this work also shows 
an appreciation of future requirements 

The Westchester Parkway System was 
started nearly a quarter of a century 
ago, developing a 40-ft 4-lane highway 
with no (or very few) grade crossings 
with other highways and none with rail
roads, and protected from side encroach
ments or entrances Of course the later 
sections built have refiected improve
ments in design (location) of the road
way but the general scheme developed * 
a quarter of a centry ago was a broad 
gauge vision of the future and antici
pated the present so-called "freeways," 
the Italian autostradi and the German 
super-highways (autobahen) 

The New Jersey State Highway, Route 
25 ° from the Holland Tunnel to El iza
beth, a modern express highway 13 miles 
in length with a 50-ft roadway designed 
for and carrying very heavy traffic, 
through the congested areas of Jersey 
City, Newark and Elizabeth had no real 
precedents for its design, its avoidance 
of crossings at grade and developments 
of proper access roads without traffic 
crossings ° Of course there was the prece
dent of the Westchester County Park
ways in the matter of grade separations 
at other highway crossings, and the de
velopment of means of access and depar-

*Jay Downer, Chief Engineer 
»Maj Wm G Sloan, State Highway E n 

gineer (Originally Route No 1 Extension) 
8 Highways as Elements in Transportation, 

F Lavis, Trans Am Soc C E . Vol 95 (1931), 
p 1020 
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ture at these points, but this particular 
New Jeisey highway, because of the na
ture of the traffic and the highly de
veloped urban and manufacturing sec
tions through which it passed, had to and 
did follow railway piecedents, duly modi
fied, rather than highway or parkway 
precedents both in its design and con
stiuction 

Othei examples of accomplished facts 
are the West Side elevated highway in 
New Yoik City and its extension north-
cily to connect with the Westchester 
County Parkways The George Wash
ington Budge and its elaborate system 
of approach and connecting roadways as 
well as its gcncial purpose as a by-pass 
loutc foi traffic which formerly passed 
thiough New York City The compli-
cated-Triboio Bridge which is not merely 
a bridge but a connecting traffic link be
tween New Yoik City and the Westches
ter and Long Island Parkways and 
thiough highway loutes to the north and 
east The 38th Street Tunnels in New 
Yoik City and their carefully designed 
systems of approach highways between 
New Jci sey and Long Island 

There are also the Long Island Park-
ways, the Wacker Drive and Lake 
Shoie or Outer Drive in Chicago, the East 
Boston Tunnel and its approach roads, 
the Worcester-Boston highway with its 
dividing strip between opposing lines of 
travel, built several years ago, and others 

All these are examples of the highest 
types of the highway designer's art which 
will compare favorably with anything of 
the kind anywhere in the world It theie-
fore cannot be said with fairness and 
leasonableness that American engineers 
aie not fully capable of meeting the 
situation or that they fail to realize not 
only what the piesent requiiements are 
but also what futuie requirements are 
likely to be in leasonably providing both 
for traffic capacity and its safe conduct 

Engineers in this country also have 
been among the first to recognize the eco

nomic aspects of the problems of high
way transportation, relation of construc
tion costs and design to costs of delays, 
values of rise and fall, limitations of 
gradients and effect of these on oper
ating costs of vehicles, effects of curva
ture, etc , as well as the effect of con
struction methods and types on mamte-
nance and subsequent annual costs 

Much, perhaps most, of this work, 
however, represents attempts to over
come traffic difficulties in congested traffic 
areas in the vicinity of large cities or 
metropolitan areas and each case has 
piesented a special problem in itself 
These cases almost inevitably involve ex
tremely heavy expenditures as, for ex
ample, the $40,000,000 which was the cost 
of the 13 miles of Route 25 New Jersey, 
from the Holland Tunnel to Elizabeth, 
which did not include the expensive con
nections of Routes 29 and 22 

A cost of from $500,000 to $1,000,000 
per traffic lane per mile, comparable to 
the cost per track mile of metropolitan 
rapid transit subway and elevated lines, 
may be thought of as a round figure for 
the cost of such construction This, again, 
may be compared with a cost of from 
$50,000 to $100,000 per mile as the cost 
of ordinary first class high type two-lane 
highways in not too difficult terrain in the 
open country and of course without the 
elimination of grade crossings 

In refeience to speed, however, it 
should be noted that because of the den
sity and volume of traffic on these high- -
ways speeds of 35 to 40 m p h are about 
the maximum obtainable 

OTHER G E N E R A L H I G H W A Y REQUIREMENTS 

While the need for these expensive con
structions in congested areas of many of 
the large cities of the country is being 
acutely realized, there is also a demand 
for through express highway routes in the 
open coimtry It is proposed that many 
of these routes should be four-lane high-
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ways with a scpaiating stup between 
tiaffic in opposite directions, highways 
with giade crossings eliminated oi pei-
mitted at only long intcivals, and with a 
strip of land on either side which would 
guard against encioachments and prevent 
the erection of buildings abutting directly 
on the highway These are the so-called 
"freeways" to which reference has been 
made frequently during the past year 
or so 

Such roads, designed and laid out to 
meet these requirements, need not, of 
course, be entirely completed at the be
ginning but it IS advocated, and with a 
good deal of reason, that where the neces
sity IS apparent, complete designs should 
be made in the first instance, and the 
necessary rights-of-way obtained 

It has been suggested that there be a 
system of trunk lines of this character 
laid out on three or four routes crossing 
the United States from east to west and 
otiier routes from noith to south 

In New York the Superintendent of 
Public Woiks has proposed to the Legis
lature of that State the construction of 
a system of 927 miles of four-lane trunk 
highways (without the elimination of 
grade crossings with other highways), 
ciossmg the State in both directions, 
noi th and south and east and west, to be 
built at a cost of some $300,000,000 and 
the Merritt Parkway is actually under 
constiuction in Connecticut from the end 
of tlTe AVestchester County paikways m 
New York to Bridgepoit, Conn 

It IS evident, therefore, that American 
engineers aie also fully cognizant of the 
needs of this phase of the situation and 
the requirements of highways for through 
routes in the open country when money 
is made available 

Incidentally, it may be noted that one 
short section of such a four-lane highway 
now proposed by the State of New York, 
with exceptionally heavy grading but 
having no bridges or stiuctures of any 

impoitance, is estimated to cost around 
$300,000 per mile 

Befois leaving tins pliasc of the sub
ject it may perhaps be worth while to re-
fei to what is probably the outstanding 
development of recent years in the con
stiuction of multiple lane highways, 
namely, the actual physical separation 
of lines of traffic moving m opposite 
directions 

This, of course, has come about through 
the increase in travel on such highways 
and the fact that smooth pavements, 
good alignment and favorable gradients 
make faster driving possible It was not 
foreseen by highway builders of only a 
few years ago but was adopted wherever 
possible as soon as its need was apparent 
It IS, however, hardly fair to the road 
builders of a few years ago to accuse 
them of negligence or lack of vision for 
not having foreseen this need Neither 
IS it coriect to say that highways which 
do not have the dividing strip are obso
lete On these roads there must be more 
caie in driving and it is not unreasonable 
to ask that there should be 

DISTRIBUTION OF HIGHWAY FUNDS 

Criticism IS made of the design of these 
mam line highways, both urban and in-
terurban, and it is claimed that due con
sideration IS not being given to the speed 
capacities of modern automobiles, that 
IS, in providing long sight distances, and 
freedom from obstruction Roads of high 
chaiacter, however, have become neces
sary because of the need of accomodating 
large volumes of traffic, and maximum 
traffic capacity is not attained with ve
hicles moving at extremely high speeds 

No doubt many of the proposals for 
super-highways, parkways, freeways, and 
express highways have merit and may be 
economically justified by savings in the 
ccsts of operation of the vehicles using 
them, but highway officials are com
pelled to have constantly in mind the 
requirements of all the people in the ter-
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ntories over which they have jurisdic
tion, and the need of making a fair dis
tribution of such funds as may be avail
able They must consider the farmer 
going to market as well as the pleasure 
seeker and fast driver 

A notable example of adequate ap
preciation of this part of the problem is 
the recent report of the New York State 
Highway Survey Committee which first 
made a most comprehensive survey of 
the highway needs of the State and the 
present and probable future use of the 
highways, and then proposed the follow
ing progiam of constructing, reconstruct
ing and rehabilitating the highway net-

(a) State Highway Reconstruc
tion Program (5 yrs ) 

(b) Construction to Complete 
the State System and in
cluding parkway construc
tion outside cities (8 yrs ) 

(c) Arterial streets and by-passes 
outside New York City 
(5 yrs) 

•(d) Construction to complete 
County Road System and 
reconstruction 

*(e) Construction to complete 
Town Highway System 

*(f) Arterial Highway System in 
New York City 

$138,000,000 

80,000,000 

35,000,000 

124,000,000 

66,500,000 

60,000,000 

* Time within which system will be com
pleted not shown 

A S i m i l a r study was made and pro
gram proposed for a coordinated high
way net by the State Highway Engineer 
of New Jersey in a most comprehensive 
report made to the State Highway Com
mission of that State m 1926 There are, 
of course, many other similarly compre
hensive studies so that this phase of the 
problem has also received attention 

GENERAL HIGHWAY REVENUES 

It IS not necessary in the present dis
cussion to go into much detail in the 
mattei of highway levenues and expen
ditures but a few general figures will in
dicate the dimensions of the problem 

The total highway revenues for the 
whole of the United States for 1935 are 
stated by H Tucker in the New York 
Times, December 6, 1936, to be 
For State Highway Systems 

Federal appropriations 8277,788,551 
Traffic taxes* 950,456,000 

For County Roads and City 
Streets 

Propel ty Taxes (estimated) 1,000,000,000 
82,228,244,551 

* S135,710;214 diverted to other than highway 
purposes 

In the whole of the United States the 
amount of taxes diverted to other than 
highway purposes is approximately 15 
per cent 

The sources of revenue for State, 
County and urban streets and highways 
vary but some general idea of what this 
variation is, is shown by the following 
figures presented by Thos H MacDon-
ald. Chief of the United States Bureau of 
Public Roads, at the December, 1936, 
meeting of the Highway Research Board 
These figures are for nine States and are 
for the years 1930-1933 
State Highways 

Motor vehicle taxes $139,000,000 
Federal aid 33,000,000 
Property taxes 10,000,000 

County Roads 
Motor vehicle taxes $28,000,000 
Property taxes 69,000,000 

Urban Streets 
Motor vehicle taxes 16,000,000 
Property taxes * 156,000,000 
Miscellaneous 14,000,000 

* 8111,000,000 special assessments 

It IS estimated that there are 3,000,000 
miles of roads in the United States of 
which only 14 per cent or 422,582 miles 
are included in State highway systems 
These latter are classified (New York 
Times, December 6, 1936) as follows 

Miles Per Cent 
High type 114,144 27 
Intermedi.ite 87 677 21 
Low type 114513 27 
Unsurfaccd ' 106,548 25 

422,582 
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The problem of bringing all these roads 
up to a reasonable standard of usableness 
IS a large one and would seem to require 
more attention than the building of 
speedways 

T H E GENERAL PROBLEM OF 
TRANSPORTATION 

In considering the appropriation and 
application of highway funds, that is, 
public monies, to special needs, to en
courage speed or even to facilitate move
ment, some consideration should be given 
to the transportation problem of the 
country The efficient maintenance and 
operation of our railway net is today, and 
so far as we can see into the future, an 
essential, even a vital need of our indus
trial and economic well being We should 
then give due consideration to the place 
of the highway, at any rate to that of 
trunk line highways and mam travel 
routes as part of the general transporta
tion system of our country So long as 
we have transportation needs of all kinds 
to be met, it is at least questionable how 
far we should go in duplicating facilities 
This may be increasingly important when 
we consider the ever increasing contiol of 
the railways by Federal authorities and 
the not improbable eventuality of gov
ernmental operation of the railways 

John S Worley, Professor of Trans
portation Engineering of the University 
of Michigan, states in Engineering News-
Recoid of December 10, 1936 

"Motor vehicles ^have been impioved 
mechanically so as to make them capable 
of traveling over long distances at high rates 
of speed with a high factor of safety and eco
nomical cost of opeiation They are re-
lequired (however) to be operated over high
ways which do not provide complete safety of 
operation and do not permit the full benefit 
of the very efficient vehicles we now have at 
our disposal" 

In evaluating this statement there 
should be some thought of national econ

omy as well as that of the motor vehicle 
and its users 

Dr Haiold G Moulton, President of 
Brookings Institute, quotes^ Joseph B 
Eastman as stating "The time has surely 
come to deal with these matters with an 
eye to the general welfare of the com
munity which, in the end, foots the 
bills " Reasonableness would seem to re
quire that we consider the country as a 
whole (and the same arguments apply 
geneially to almost any State as a whole) 
giving due consideration to at least two 
ciiteiia to be applied to the expenditure 
of public funds for these main and tiunk 
line highways. 

A The relation of the highway net to 
other forms of transportation, and 
an equitable distribution of public 
funds based on this relation 

B The relation of the trunk line high
way net to secondary or other 
highways, and the equitable dis
tribution of available funds to all 
the roads 

It should be kept in mind that this 
present discussion refeis to main routes 
and trunk line highways and does not 
take into consideration land access or 
propel ty development roads which are 
mostly paid for by property assessment 
or local community taxes It must be re
membered, however, that while these 
third and fourth class roads permit ac
cess to property they also permit owners 
of the properties to receive supplies, often 
previously hauled over main transporta
tion routes, and to ship away from such 
properties goods or commodities produced 
there Such roads, therefore, evidently 
deserve economic consideration 

COSTS OF H I G H SPEEDS 

Prof R A Moyer calls attention m 
Pioceedmgs Am Soc C E , May, 1937, 
p 940, to the veiy gieatly increased costs 

^ Railway Age, November 14, 1936 
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of vehicle operation due to high speeds 
He says 

"Fuel costs at 70 mpJi are almost double 
the costs at 40 m pJi and there are indications 
that at 100 in p i the cost is three times as 
much as at 40 m p h for the same car " 

Costs of oil, tires, and repairs follow 
a similar trend and he calls attention to 
the fact that m automobile races, where 
speeds of 100 m p h or more are main
tained for only 500 miles, engine break
downs are frequent 

As confirming this, it may be noted 
that in the Vanderbilt cup race held on 
July 5, 1937, on a special course at West-
bury, L . I , only 12 out of 30 cars finished 
the 300 mile race, that the average speed 
of the winning car was 82 6 m p h and 
that of the slowest car which finished, 
68 6 m p h 

It has already been pointed out that 
conservative manufacturers consider that 
car design for speeds of 100 m p h is 
necessary, not that cars be driven at that 
speed but to provide the necessary factor 
of safety, for long service, at moderate 
speeds, without breakdowns, for eco
nomic operation and to keep the strain 
and tension on the driver within ordi
nary physical/limits 

The German Government recently 
(1937) made a test to try to determine 
the economic difference m operation over 
the ordinary highway between two cities 
about 100 miles apart and the new super
highways They found, among other 
things, that while an average speed of 
74 4 m p h could be and was maintained 
on the super-highway as compared with 
an average speed of 44 4 m p h (maxi
mum speed m both cases 80 m p h ) on 
the ordinary highway, the gasoline con
sumption on the super-highway which 
had better surface, better alignment and 
required no stops was 5 5 gal as com
pared with 5 95 gal on the ordinary 
road 

ACCIDENT RECORDS 

That accidents on highways, due to the 
operation of motor vehicles, is a most 
serious problem has obtained general rec
ognition and publicity in recent years 
Figures from different sources vary some
what but those given below may be con
sidered nearly enough correct to indicate 
the dimensions and characteristics of 
the problem 

The National Safety Council reports 
that m 1935 there were 825,000 accidents 
to motor vehicles on highways, resulting 
m 37,000 fatalities, 105,000 permanently 
disabling injuries, and 1,180,000 tem
porary disabilities 

The fatal accidents were classified 
(partly estimated) as follows 

Due to collisions with 
Pedestrians 16,150 
Other motor vehicles . 9,650 
Railroad trains 1,600 
Street cars 250 
Fixed objects 4,300 
All other vehicles 650 

32,500 
Non-collisions 4,500 

37,000 

In the first quarter of 1937 there was 
a very decided increase, of about 25 per 
cent, in the motor vehicle accidents as 
compared with the first quarter of 1936 

The classification as between types of 
vehicles, of fatal accidents, in 1936 is 
given as: 

Passenger cars 
Commercial cars (trucks) 
Taxis, buses, motorcycles 

Per cent 
77 
18 

. . 51 

This is some, very slight, indication of 
the effect of the skill of the driver on 
freedom from accident Comparing driv
ing by day and night, the New York 
Time's on November 22, 1936, said, "last 
year 21,480 people were killed in acci
dents between 6 00 P M and 6 00 A M , 
that IS, at night, and 14,620 between 



90 HIGHWAY TRANSPORTATION ECONOMICS 

6 00 A M , and 6 00 P M , or during the 
day " 

The National Safety Council in its 
1936 report (p 30) states that "the open 
road should now be recognized as the lo
cation of today's most serious trafiBc 
safety problems Between 1924 and 1935 
deaths from motor vehicle accidents m 
cities increased 27 per cent, whereas rural 
fatalities increased 150 per cent " 

As long ago as March of 1924 the 
Engineering Neivs-Recoid, commenting 
on the agitation at that time for the elimi
nation of grade crossings of highways 
with railways, said m an editorial "the 
really dangerous place is straightaway 
pavement in an excellent condition of 
service " This is equally true today, over 
13 years latei, and is an interesting com
ment on the fact that improvements m 
alignment, gradients, surface, etc , do not 
necessarily insuie safety 

The effect of speed on fatalities is 
shown by the following tabulation of 
fatalities due to vehicular accidents at 
various speeds 

0 to 20 
20 to 29 
30 to 39 
40 to 49 
50 and over 

m p h 1 accident in 61 is fatal 
II I II II 42 " " 
II 2 ti II 2g II 

II 2 II II 25 " 
1 11 

It is stated that 9 out of 10 vehicles 
involved in latal accidents were going 
"straight ahead" and in non-fatal acci
dents 8 out of 10 contemplated no turn
ing movement 

The report "Motor Vehicle Speeds on 
Connecticut Highways," Yale University, 
1936 by Charles J Tilden, also points out 
the fact that not only is the seventy of 
accidents increased with the increase in 
speed but the chances for such acci
dents also increase It was concluded 
from the observations made that high 
speed drivers have 45 per cent more ac
cidents than do low speed drivers 

To what extent is the highway struc-
tuie itself responsible for these accidents? 

Mr E C Lawson, Assistant Commis
sioner of Highways of the State of New 
York, in Civil Engineering of March, 
1935, referred to the fairly well known 
fact that only about 5 per cent of all 
accidents are attributed to highway de
sign, and that more accidents occur on 
straight roads than on curves 

In the Proceedings of the Highway Re
search Board for 1935 Vol 15, p 430, 
it IS stated by Arnold Vey, Traffic E n 
gineer of the New Jersey State Highway 
Commission, that probably 85 per cent 
or more of all accidents on highways are 
chargeable to some improper action on 
the part of the driver or drivers involved 

Mr Charles M Noble, however, states 
(Proceedings Am Soc C E September 
1936) "many more accidents are charge
able to the highway itself than statistics 
indicate The failure to attribute acci
dents to faulty road design is due to 
several causes the principal of which is 
the subtlety of the pioblem—officials are 
not always trained to analyze the basic 
cause of accidents " 

In Proceedings of the Am Soc C E 
for February, 1937, Mr J C Carpenter 
of the United States Bureau of Public 
Roads, compares the accident records 
on three roads in Texas, two old and one 
new, each of about the same length, the 
new road having excellent alignment, 
low degree curves, better sight distances, 
pavement 22 ft wide in excellent con
dition, fairly comparable traflBc During 
the fiscal year ending August 1936 the 
accident records on those three roads 

were: 
Old Roads New Road 

Date constructed 1924 

Total accidents 15 
Total killed 2 
Total injured 26 

1922-1927 1934 

45 64 
10 10 
48 49 

Mr Carpenter points out also that 
good alignment and smooth pavement 
are likely to induce sleep and that 25 per 
cent of the accidents are caused by over-
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taking othei automobiles, a diflBculty 
which will not be remedied by dual 
roadways or other devices for "building 
safety into highways" On all roads 
speed IS responsible for a large percen
tage of the accidents 

Park Commissioner Robert Moses of 
New York, commenting in December, 
1936, on accidents on the New York City 
and Long Island Parkways, is reported 
to have said, "Considering their traflSc 
load the parkways are the safest arteries 
in the Metropolitan area" but he an
nounced that "speed limits would have 
to be reduced and that police action is 
needed to cut down speeding " Such ac
cidents as do occur, he said, "are the re
sult of speed rather than bad lighting 
or improper construction " 

The present writer pointed out (Pro
ceedings Am Soc C E November 1936), 
"There should be taken into considera
tion from the standpoint of safety the 
effect on the driver of a monotonously 
even surface There is some evidence 
that this may tend to dull the senses and 
produce a state of at least semi-somno-
lence which does not develop in driving 
over roads where vigilance is obviously 
necessary " 

This, of course, does not mean that we 
should go out of our way to build roads 
with crooked alignment and rough pave
ments but it does indicate that the re
verse IS not entuely warranted because 
of probable decrease in accidents on this 
account 

The experience in England corresponds 
very closely to that of the United States 
In England and Wales, in the 5 years 
1926 to 1932, inc , the "Failure of the 
Human Element" is stated to have 
caused about 84 per cent of all the acci
dents These were divided 

The lest of the accidents were divided 

Vehicle defects 
Road defects 
Weather and misc 

Per Cent 
52 
56 
51 

Drivers 
Pedal cyclists 
Pedestrians 

Per Cent 
32 
12 
39 

In a paper entitled "Road Design and 
Road Safety", presented to The Institu
tion of Civil Engineers m December, 
1936, F C Cook states that in Great 
Britain the total casualties on the road 
m the year 1935 were 6,502 killed and 
221,726 injured. 

This very interesting paper not only 
analyses the accidents and their causes 
but also the effect on accidents of reme
dial measures of design and construc
tion, but the author concludes, among 
other things, that "The overwhelming 
majority of road accidents are due to 
the personal element and occur in cir
cumstances for which the road mer is 
primarily responsible " He further states 
that "out of this total of 6,289 accidents, 
4,094 (two-thirds of the whole) occurred 
on the open road under conditions m 
which theie was apparently ample visi
bility, whilst 1,883 were at junctions and 
253 on bends and hills described as hav
ing 'bad sight lines'" 

Mr Gilmore D Clarke, Landscape 
Architect to the Westchester County 
Park Commission and to the New York 
City Department of Parks, writing m 
Civil Engineering of April 1937 says 

"It need hardly be stated that motorists are 
not capable of driving safely at that high rate 
of speed (100 m p h ) , and it is safe to predict 
that ordinary driving speeds probably never will 
exceed 50 m pJi At present we cannot afford 
to design roads for speeds much greater than 
this In the first place curves superelevated 
for even this speed are exceedingly dangerous 
in the winter months and, in the second, the 
capacity of a road upon which high speeds are 
peimitted is mateiially reduced" 

A very interesting report on certain 
aspects of accidents at grade crossings 
of highways with railways was made by 
Warren Henry, Assistant Chief Engineer 
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of the Illinois Commerce Commission, 
at the Annual Highway Conference at 
the University of Michigan on February 
17. 1937. 

A detailed investigation in Illinois of 
crossings, crossing protection and the 
actions of drivers, showed that there, 
also, the human element was the most 
important factor 

This analysis, which is lengthy and de
tailed, IS particularly interesting as show
ing the general diffusion of accidents at 
all types of crossings Then taking one 
particular crossing, protected by me
chanically operated lights, it was found 
that the warning was practically disre
garded by some 49 per cent, or nearly 
half, of all the cars which reached the 
crossing after the warning signal first 
flashed Even up to 10 sec before the 
train arrived, about 15 per cent of the 
cars which reached the crossing pro
ceeded to cross All this in spite of the 
fact that cars are required by Illinois 
State law to stop for red lights at rail
road crossings as they are elsewhere 

While automobile drivers persist in 
taking such chances with their own lives, 
with the lives of passengers in their 
cars, and with the lives of crew and pas
sengers on the train, it is utterly futile 
to talk about "building safety into high
ways " 

DESIGN TO AVOID ACCIDENTS 

It seems to the writer, therefore, rea
sonable to conclude. 

a That fatal accidents on highways are 
to a large extent due to the opera
tion of private passenger cars 

b That high speed of operation is an 
important factor in the causation 
of accidents, this especially, in view 
of the fact that collisions with pe
destrians and other motor vehicles 
are the cause of about 70 per cent 
of all fatalities 

It IS, therefore, at least doubtful if the 
design of highways to permit or facili
tate the driving of cars at high speed, or 
at least design which increases cost to 
obtain these purposes, is sound practice 
It IS also doubtful if highways as they 
exist today are in themselves greatly 
responsible for accidents 

It is true perhaps that with our pres
ent methods of reporting, all the causes 
of accidents are not made evident, and it 
IS quite possible that defects in the road 
itself may have been contributory causes 
in some cases It is diflScult for the pres
ent writer, however, to believe that de
fects, or lack of perfection of structure 
of the existing highways, are major or 
even important causes of highway ac
cidents 

Here reference should be made to the 
elimination of grade crossings of high
ways with railways Each of these cross
ings IS a problem in itself, having as mam 
factors to be considered, volumes of 
traffic on both routes, as well as sight 
distances, etc The elimination of many 
of these crossings is desirable but this, 
it seems to the writer, is an entirely dif
ferent problem from that herein gen
erally referred to which has to do with 
the layout, alignment, gradients, etc, of 
highways to permit or encourage high 
speed driving 

It IS also at least interesting to specu
late whether or not nearer approach to 
perfection in the highway structure and 
its design to permit or facilitate the driv
ing of cars at high speeds is desirable 
either from the standpoint of safety or 
that of sound practice, or warranted by 
any economic consideration 

The writer considers it a fallacy to 
think, as some writers have stated, that 
highways designed for speeds of 100 
m p h offer a factor of safety to drivers 
at moderate speeds (See previous note 
on Oregon Highways) 

There is little doubt, where traflBc de
mands make it necessary, highways of 
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high class types have to be built The 
tiaffic requiiements in these cases make 
it inevitable that on long sections of such 
routes the highest speeds of which modern 
cars are capable can be attained but it 
certainly is a matter for grave considera
tion as to how far we should go in pro
jecting good alignment, low rates of 
gradient, and other improvements re
quiring large expenditures of public 
monies for heavy excavations, embank
ments and drainage structures, solely or 
largely to permit high speeds for a limi
ted numbei of highway users and, so far 
as can now be judged, increasing the 
piobability of accident The necessary 
curve elevations for the high speeds may 
also be a danger factor to cars driven at 
lower or normal speeds 

As a matter of fact, where traffic de
mands are such that these expensive high
ways are required, the traffic density at 
limes of maximum demand is such that 
speeds of 35 to 40 m p h are probably 
the most that can be attained Why then 
should such highways be designed so 
that at time of light traffic demand, which 
includes the night and early morning 
hours, speeds of 90 or 100 m p h can be 
attained with "safety " 

What then are the conditions, if any, 
where design should take cognizance of 
speeds of 90 or 100 m p h or of speeds 
in excess of, say, 50 to 60 m p h which 
can probably be assumed to be the usual 
maximum, certainly the safe maximum 
today, for a large majority of drivers' 

In considering this problem those who 
advocate designs based on higher speeds 
seem to have developed two main rea
sons 

a That the difference in cost may be 
negligible and that the added fac
tor of safety is worth this added 
cost 

b That there is an ever increasing ten
dency to build automobiles cap
able of attaining the higher speeds. 

thcicfoio, the highway engineer is 
neglecting his duty in not building 
to meet the demands which may 
be made by the drivers of such 
cars 

D I F F E R E N C E I N COST AS A F F E C T E D BY 
SPEED 

As to difference in cost, this probably 
will be affected by two major items 

1 Grading and Drainage That is, the 
formation of the roadbed to permit 
longer sight distances due to easier 
horizontal curvature, longer, flatter 
vertical curves, and low rates of 
gradient 

2 Obstructions Primarily, the elimina
tion of crossings at grade with other 
highways or railways, providing 
wider shoulders, taking of addi
tional rights-of-way to prevent en
croachment, etc 

SPEED CAPACITY OF V E H I C L E S 

As to the second reason, the considera
tion of high speeds because automobiles 
are built which permit these speeds, and 
that the tendency of car design and con
struction is toward even greater speed 
possibilities and flexibility and ease of 
operation This gives no consideration to 
the fact that there are two factors which 
have to do with the speed at which auto
mobiles are driven, namely, the driver 
and the car 

It is the belief of the writer, although 
he has no definite proof of the fact, that 
a very large proportion (probably over 
80 per cent) of the drivers of passenger 
automobiles (private cars) are incapable 
of driving with any degree of safety at 
speeds in excess of 40-50 m p h , very 
likely a good deal less than this Fur
thermore, it seems doubtful if ordinary 
drivers of private cars, who do not make 
driving their business, will, as a class, at 
any time in the near future, be capable 
of driving safely at speeds above 40-50 
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m p h , no matter what the road condi
tions may be or what improvements there 
may be in cars 

It IS claimed by Mr C M Noble, Pro
ceedings Am Soc C E May, 1937, p 
945, that the improvements in design of 
cars, steering, brakes, reduction in vi
bration, etc, have eradicated all sense of 
speed value, with complete lack of nerve 
tension and fatigue for the operator 
That this is to some extent true cannot 
be successfully contradicted, and yet it 
IS the writer's observation, both as a 
driver himself (for nearly 30 years) and 
as an observer of professional drivers 
(chauffeurs) of private cars that it is 
only rarely that speeds of 60 m p h are 
exceeded even with modern cars 

I t may be admitted as true that acci
dents due to failure of the car mechanism, 
including tires, have been greatly re
duced but they are far from being elimi
nated and it must, or at least should be, 
assumed that some element of failure 
may be present m any car It is of course 
also true that elements of failure are al
ways present in even the best of drivers 
and to a greater degree in others less 
skillful 

Taking these elements together, there
fore, it seems inadvisable to permit or en
courage driving at speeds over 50 or 60 
m p h . 

E F F E C T OF SPEED ON H I G H W A Y CAPACITY 

Mr Chandler Davis has pointed out in 
Proceedings Am Soc C E March, 1937, 
p 592, that at speeds of 100 m p h 836 
ft IS required for an emergency stop of a 
car in first class condition with modern 
4-wheel brakes (Longer distances for 
cars less well equipped or with drivers 
not fully alert mentally) This prescribes 
the spacing of cars and works out about 
7 cars per mile if a speed of 100 m p h is 
to be maintained, an obviously absurd 
condition when applied to the expensive 
roads which may permit such speeds 

He calls attention to the fact that the 
United States Army, after careful study, 
has established a spacing of 30 yards be
tween trucks, moving in companies, at 
40 m p h , that is, 54 trucks per mile of 
highways 

In view of the fact, therefore, that 
money is not now available, and ap
parently for many years will not be 
available, to anywhere meet the general 
requirements for all highway users, it ap
pears to be most unsound to build un
necessarily expensive highways of very 
limited traffic capacity to meet the de
mands of only a small proportion of all 
drivers 

I t IS probably true that many drivers 
do not preserve the theoretically safe 
stopping distance between cars going at 
given (high) speeds, expecting to utilize 
some of the stopping distance of the car 
ahead This, however, is not safe prac; 
tice and if we are considering design for 
safety it may well be considered sound 
practice to stay withm the limits of the 
ordinary capacity of drivers which prob
ably IS below 50-60 m p h 

In discussing "Design Principles and 
Traffic Speeds" Mr E C Lawton, in 
Civil Engineering for March, 1935, gives 
the following example of distances re
quired for the safe passing of vehicles 
proceeding at speeds of 40 to 50 m p h 

"If a vehicle (No 1) is proceeding at a speed 
of 48 miles per h behind another vehicle (No 
2), proceeding in the same direction at a speed 
of 40 miles per h while a third (No 3) is 
approaching in the opposite direction at a 
speed of 40 miles per h , a time interval of 40 
sec and a sight distance of 2006 ft will be re-
quiied for No 1 to pass No 2 " 

He further points out that 

"With the present trend toward high speed 
for both private automobiles and trucks, the 
eight-mile difference m the rate of speed is a 
common occurrence on highways outside of 
cities and villages Under the conditions noted, 
it is evident that only 2i operations of passing, 
theoretically involving 7-i vehicles, could oc-
cupv a given mile of highway at any one time 
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Of course, from a practical point of view it sel
dom happens that three identical operations are 
under way at the same moment on any one 
mile of public highway On the other hand, 
it will be clearly evident that where there are 
many operations involving the passing of ve
hicles on any given mile of two-lane pavement, 
the safe capacity of the roadway is indeed 
limited " 

In the Proceedings of the Highway Re
search Board for 1935, Vol 15, pp 472-4, 
it IS pionted out that the free moving 
speed of vehicles on a first class high
way, with from 0 to 10 per cent of trucks, 
is nearly constant and equal to about 
43 m p h 

A report of tests made by the Trans
portation Committee of Yale University 
cooperating with the Connecticut State 
Highway Commission states that obser
vations in Connecticut in 1933-34 showed 
average speeds in winter of about 43 5 
m p h and in summer 39 to 40 m p h 
Ml M A Conner, Commissioner of 
Motor Vehicles, states that about two-
thirds of the motorists, of their own vo
lition, travel at a rate of less than 45 
m p h 

NEED OF HIGHWAY CAPACITY 

As a matter of fact the great highway 
need of today is capacity to meet traffic 
demands Apparently also, and so far 
as can be judged by even the most far-
sighted engineers and highway authori
ties, this is going to be the most impor
tant need for some years to come Fur
thermore, it is an accepted fact that 
maximum capacity is only achieved at 
comparatively low speeds, probably at 
speeds less than 30 m p h 

The Superintendent of Public Works 
of the State of New York, m his annual 
report for the year 1936 (published May 
1937), after enumerating the benefits of 
good roads says (p 5) "In spite of 
these indisputable assets which follow 
good loads, highway construction m 
piactically every State in the Union has 

lagged behind the trafiBc demands 
The New York State Highway System 

is trailing present day require
ments (of traffic capacity) the fall
ing behind in highway construction has 
been especially noticeable during the past 
three years " (See note elsewhere in re
gard to gas tax diversion in New York ) 

S U P E R - E L E V A T I O N OF CURVES 

There seem to be very decided differ
ences of opinion in regard to the proper 
degree of super-elevation for curves, one 
theory being that it should permit the 
operation of cars with safety, i e, with
out side slip, in ordinary weather at the 
same rate of speed as is possible, or us
ually attained, on tangents on the same 
road 

In easy country where flat long radius 
curves are the rule, this is probably prac
tical but it IS generally impractical in 
rolling or hilly country, and entirely so in 
even fairly rough country, to elevate the 
outer rim of sharp curves for the higher 
speeds 

Curve elevation on railways is a com
promise between that necessary for high 
speed passenger trains and that which 
will not unduly increase the resistance of 
slower and heavier freight trains This 
may mean a slow order or slow signal 
for some passenger trains I t does not 
seem unreasonable to expect automobiles 
to obey proper signals or signs and slow 
down for sharp curves which may not 
permit speeds of even 50-60 m p h 

There is a certain body of opinion 
which objects to variation in alignment, 
gradients and sight distances which re
quire slowing down from whatever may 
be considered normal speeds on the 
greater part of the highway length The 
writer is, however, of the personal opinion 
that such objections are not valid 

Transition Curves: There is some dif-
feience of opinion as to the value, if any, 
of tiansition curves, or spiralized curves 
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on highways Inasmuch, however, as the 
modem passenger car is a very flexible 
easily controlled machine which occupies 
only 6 ft or so of width on a 10 or 11 ft 
lane, it seems to the writer to be an ex
cess of refinement to introduce the transi
tion curve in designs of highway align
ment Even as a means of better fitting 
the alignment to topography it seems 
doubtful if spirals are likely to have 
much, if any, justification 

The conditions which prevail on a rail
way where extremely heavy masses, with 
practically rigid connection between the 
wheel flange and rail, have to be changed 
in direction, do not prevail where the 
direction of the ordinary motor car 
weighing only a ton or two, moving on 
flexible lubber tires has to be changed 
Even with heavy trucks there is little 
comparison with the requirements for 
changing the direction of a heavy loco
motive and train on a railway track 

UNIFORMITY OF STHUCTUHE TO P E R M I T 
UNIFORM SPEED 

Several writers have expressed the 
opinion thai highways should be de
signed so that uniformity of speed may 
be maintained, that curves be so de
veloped that drivers reaching them after 
having driven for some distance over 
straight or nearly straight stretches of 
road shall not have to materially de
crease their speed 

Mr E C Lawton, in Civil Engineer
ing, March, 1935, after calling attention 
to the requirement of the New York State 
Highway Department for "sight graphs" 
to accompany maps of proposed new 
construction, makes the following com
ment 

"When the motorist comes to a place where 
the sight distance is suddenly restricted, m a 
section of road where vision previously has 
been ample, the travel hazard has been in
creased Such unfavorable combmations are 
immediately disclosed by the use of the sight-
distance giaph Whenevei special conditions 
unexpectedly reduce the vision at isolated lo

cations, considerable time and money are 
expended to ehminate or improve them, par
ticularly on mam routes On the other hand, 
where a number of unfavorable situations 
rather close together are encountered in moun
tainous territory, the motorist is prepared by 
the gradual reduction m vision to operate his 
car in a safe and rational manner This feature 
of gradual reduction in vision is very impor
tant m highway design, particularly in rolling 
and mountainous country where the vision may 
be restricted for considerable distances " 

Given all the conditions to which ref
erence has previously been made, there 
seems to be no adequate reason for the 
assumption that road conditions should 
permit uniform speeds If curves are to 
be super-elevated such super-elevation 
should be gauged to meet the needs of 
the moderate or average driver, and 
proper signs should give drivers adequate 
notice of any change 

Reference has been made to railroad 
safety as compared with highway safety 
but every locomotive driver has been 
trained from his first days on the rail
road to watch for signs and signals He 
never knows when he may have to ap
ply his emergency brakes, or at least to 
slow down Locomotive drivers are not 
only traditionally keen and alert, but 
are picked men whose physical condition 
IS continuously checked It is little to ask 
of any driver of a high powered car, or 
for that matter of any car on the high
way, to be ever on the alert for signs or 
signals requiring him to slow down oi 
stop 

Signs and warnings on highways 
should, of course, be conspicuously and 
clearly displayed, and there should be 
every endeavor made to have them uni-
foim, but it seems to the writer that there 
is every reason for asking and expecting 
the drivers of motor vehicles to look out 
for, see and obey signs 

The National Safety Council in its 
1936 Report (p 26) says "The careful, 
skillful diiver, however, rarely has an 
accident, even on a defective highway " 



LAVIS-SPEED AND HIGHWAY DESIGN 97 

Here again it should be repeated that 
the fact that drivers can be warned and 
that warnings should be obeyed, is no 
reason for introducing unnecessary haz
ards or for not attempting, withm reason, 
to remove hazards, but fair and reason
able judgment has to be exercised here 
as everywhere else 

E F F E C T OF SPEED ON DESIGN OF VABIOUS 
T Y P E S OF ROADS 

Super-Highways or Arterial High
ways This class of highways may be 
considered to include those built to re
lieve congestion in and in the vicinity of 
large cities It is doubtful if, from the 
very nature of such highways, speeds m 
excess of 40-45 m p h can be considered 
Such highways are designed for large 
volumes of traffic the general speed of 
which cannot properly exceed 40-45 
m p h 

There has been some criticism of the 
slow signs on the West Side elevated 
highway in New York where on good 
alignment normal speeds of 35-45 m p h 
are permitted but where at certain points 
where sharp reversed curves have been 
built signs require slowing down to 20-
25 m p h So far as the writer knows, 
and has observed, these slow signs offer 
little difficulty and it seems doubtful if 
they decrease traffic capacity 

Paikways and Freeways Highways 
of this class are also designed to accomo
date large volumes of traffic and are only 
justified where such traffic exists They 
are located in more open country, gen
erally m the vicinity of large cities, form
ing arteries of approach through more or 
less built up areas They are character
ized by freedom from interruption of 
the flow of traffic by reason of the elimi
nation of all or nearly all obstructions 
such as crossings of railways or other 
highways at grade, exits and entrances 
being only permitted in the direction of 
the traffic flow and at fairly long 
intervals 

On these roads good alignment, mod
el ate lates of giadient and consequently 
long or fairly long sight distances are 
desirable Being located in open or less 
densely built up country, costs of rights-
of-way are usually not unduly increased 
by providing for reasonably good align
ment Both alignment and gradients, 
however, have to be a compromise be
tween topographical restrictions, costs of 
rights-of-way and costs of construction 

They, therefore, in themselves may 
permit the attainment of high speeds It 
IS doubtful, however, on account of the 
large volumes of traffic which they carry, 
and which justify the expenditures neces
sary to provide them, that speeds of 
over 40 to 45 m p h need be considered 
in their design, inasmuch as this is about 
the highest speed at which large volumes 
of traffic move 

On account of the cost of these so-
called "Freeways," the necessary acqui
sition of expensive rights-of-way, and the 
destruction of taxable values of lands so 
apjjropriated, it is doubtful if such high
ways will, for a good many years to come, 
form an appreciable part of the mileage 
of our highway system 

The development of encroachments, 
however, especially gas stations, eating 
places, etc, with their attendant risks 
and reduction of highway capacity is one 
which IS receiving considerable attention 
and in order to provide for such places, 
which are an accommodation to motor
ists, it has been suggested that definite 
setbacks be provided along important 
highways so that cars need not be parked 
or stopped on the pavement 

Even with this provision, however, care 
will always be necessary to avoid col
lisions with stopping or starting cars and 
this IS a precaution which drivers may 
well be expected to exercise 

Traffic conditions and the number of 
accidents on the Long Island Motor 
Parkways have made it necessary not 



98 HIGHWAY TRANSPORTATION ECONOMICS 

only to lestiict speeds but to use a suffi
ciently large police force to enforce the 
restrictions As the result of several seri
ous accidents in which speed had been a 
factor, these restrictive regulations were 
recently put into effect and in explaining 
them Commissioner Moses (New York 
Times, December 20, 1936) is reported 
as stating, "The parkways are the safest 
arteries m the Metropolitan area and 
such accidents as do occur are the result 
of speed rather than bad lighting or im
proper construction " 

Main Trunk Highways These may 
be considered, for the purpose of this dis
cussion, as either four-lane or two-lane 
highways m the open country 

Modern design of such highways calls 
for high class pavements, lanes at least 
10 ft wide (with some tendency to widths 
of 11 or 12 f t ) , separation of traffic 
moving in opposite directions, (at least 
on 4-lane roads), fairly good alignment 
and reasonable rates of gradient Most 
of such roads will probably avoid cross
ings of railways at grade, but will not 
usually avoid grade crossings with other 
highways, though the most important of 
these will be protected' by signal lights 

It must be borne in mind that the 
elimination of grade crossings with other 
highways not only involves very costly 
construction but lack of convenient ac
cess to main highways which may be a 
hardship to rural communities The de
sirability of eliminating crossings with 
railways has already been referred to 

It is probable that in ordinary fairly 
easy country such roads might be ex
pected to have curves with at least 1,000 
ft radius, maximum gradients of 3 5 per 
cent to 5 0 per cent (the maximum to 
avoid slowing up of trucks with conse
quent reduction of traffic capacity) and 
sight distances of not less than 1,000 f t , 
sufficient under normal traction condi
tions to permit stoppage of a car with 
good brake equipment travelling at 100 

m p h after the diivcr perceives the need 
of stopping 

It IS not, however, reasonable to expect 
the establishment of such conditions as 
this in many parts of the United States 
except in the prairie regions of the Mis
sissippi valley As an example may be 
cited a 4-lane highway of the highest 
class, for which contracts were let by the 
State of New York early in 1937 The 
section referred to is a part of the main 
trunk highway on the west side of the 
Hudson River, and located near West 
Point about 70 miles north of New York 
City It IS a 4-lane highway with divi
sion between opposing lines of travel, 
heavy concrete pavement, and is located 
in hilly to almost mountainous country, 
has fairly long sustained gradients of 7 
per cent in which are short stretches of 
7 6 per cent and 8 0 per cent, there is one 
curve of 410 feet radius on 5 48 per cent 
gradient, and minimum sight distances at 
the summit vertical curve of 425 ft 

It IS very evident of course that this 
highway will not permit, even if there 
were no other traffic, safe driving at 100 
m p h and yet, so far as the details of 
location are concerned, and assuming 
that it IS necessary to build the highway 
through this territory, there can be little 
criticism of the standards adopted, when 
the topographical conditions are taken 
into account According, however, to 
some of the citations made at the be
ginning of this paper this highway is 
obsolete before it is built 

AVhere then, in view of all the state
ments previously cited that 100 m p h 
should be a normal standard of design, 
should this be applied? 

As a matter of fact, the proposed net
work of 4-lane highways which it is pro
posed to build m the State of New York 
IS said to be necessary to take care of a 
large volume of traffic 

It IS a pretty well established fact that 
fairly large volumes of traffic on good 
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roads do not, and probably cannot, move 
at speeds over 40 to 45 m p h If traffic 
IS very dense it tends to move at some
what lesser speed, if not very crowded, 
speeds up to perhaps 55 m p h may be 
attained 

It IS evident that in easy country per
mitting long tangents, long radius curves 
and easy gradients, such roads in them
selves permit the driving of cars at high 
speeds, but there is always the danger 
of the entry onto the road of vehicles 
from driveways to private property and 
from cross roads Omitting from con
sideration other traffic it would appear 
that speeds of over 90 to 100 m p h are 
inherently extremely dangerous and even 
50 to 60 m p h involves the taking of 
chances on such highways As a matter 
of fact the Oregon State Highway Com
mission recommend 65 m p h as the 
"safe" driving speed on such roads, (de
signed for 100 m p h ) presumably for 
drivers capable of "safe" driving at 
that speed 

It would then appear that in more diffi
cult country there can be no valid reason 
for adopting standards applicable to high 
speed for roads of any type, and even in 
easy country it is doubtful in any ex
penditure, certainly no very large ex
penditures, are warranted solely to per
mit high speeds 

Secondary Roads In view of the fore
going it hardly seems necessary to dis
cuss the design of secondary roads for 
high speeds The writer, however, hap
pened recently to travel over a road in 
Virginia which may be considered typi
cal of the so-called obsolete road The 
car was a heavy passenger car of the 
latest model of one of the more expen
sive makes driven by a very skillful pro
fessional driver 

The section diiven ovei, about 40 miles 
in length, runs through farming coun
try of diversified topography There are 
some quite long stretches of tangent 
thiough gently rolling country, other 

stretches with a fair amount of curva
ture in heavier rolling country, and cer
tain sections in fairly stiff hilly country 

The pavement is of a light type of 
bituminous macadam about 18 to 20 
ft wide, shoulders about 3 ft wide, built 
10 to 20 years ago, and with a surface to
day which can be classified as only rea
sonably good It IS laid practically on 
the surface of the ground with the mini
mum amount of grading so that the pro
file in places is quite irregular with short 
vertical curves and m places quite short 
sight distances It carries an average 
traffic of about 1,000 cars per day of 
which 20 per cent are trucks 

It IS possible for a reasonably good 
driver to attain speeds of 50 to 55 or 
even 60 m p h over about 60 per cent of 
the distance On the balance, it is neces
sary, for reasonably safe driving, and not 
considering other traffic, to slow down to 
say, 40 m p h and m a few places to 
30-35 m p h 

OBSOLESCENCE 

According to some of the citations 
made at the beginning of this paper this 
road IS evidently, in the opinion of the 
writers quoted, now obsolete and would 
be considered dangerous, but in the 
opinion of the present writer it is neither, 
and presents today a reasonably good 
highway for reasonable drivers for rea
sonable public use Unless the traffic 
should greatly increase it needs only rea
sonable maintenance of the pavement for 
some years and then perhaps gradual at
tention in improving certain sections over 
a period of years 

We shall have in the United States for 
many years to come, for many more 
years than we can now look forward to, 
roads of all classes and of infinite de
grees of usability Until the whole net
work is complete, therefore, the use of 
the term obsolete does not seem to be 
applicable 



100 HIGHWAY TRANSPORTATION ECONOMICS 

Obsolescence is generally considered by 
engineers as referring to that stage of de
velopment where an old structure or ma
chine can be economically replaced by 
a new one by reason of the increased ca
pacity or more efficient operation of the 
latter in producing sufficiently lower 
costs to warrant the replacement 

In this sense, therefore, a highway can 
only be considered obsolete when the cost 
of its replacement is warranted by de
mands for additional traffic capacity or 
by such increase in operating efficiency 
or safety of the vehicles expected to use 
it as will warrant the expenditure In 
view of the fact that traffic m any con-
sideiable volume cannot move on any 
highway at speeds m excess of 40 to 50 
m p h , its unsuitability for speeds in ex
cess of this cannot properly be considered 
a factor of obsolescence 

S A F E T Y 

It seems entirely correct to state that 
all roads which are passable are "safe" 
for private cars in reasonably good con
dition, which are carefully driven by 
competent drivers Trucks on construc
tion jobs move, even when loaded, over 
the roughest surfaces 

What then is meant by "building 
safety into highways"? 

For the purpose of this present dis
cussion, this will be considered as re
ferring to the design and construction 
of new roads or complete reconstruction 
of old ones It does not consider at this 
time incompetent or careless work or im
proper maintenance, either or both of 
which might be contributory causes of 
accidents on highways as elsewhere 

On new work the writer understands 
"building safety into highways" means 
making such roads safe for such types 
of motor vehicles as may use them, 
driven at moderate lates of speed, by 
competent drivers Such drivers may 
expect to find on ordinary highways at 

certain places sharp bends or curves, may 
expect to find other cars entering or 
leaving the highway, or possibly cars 
parked or stopped, obstructing the main 
travelled way 

All of these obstructions, or any of 
them, however, tend to reduce the traffic 
capacity of the highway and when or if 
greater capacity is needed some or all 
may need removal as an economic neces
sity Even in the original design the 
competent engineer will, of course, pro
vide for such capacity as may be ex
pected to be needed at some reasonable 
future date, not merely that existing at 
the moment These are matters of eco
nomics, however, rather than of safety 

Consideration must be given also to the 
fact that under modern conditions, where 
the motor vehicle has come to be used 
almost universally as a means of trans
portation, and pays a fair proportion of 
taxes for road upkeep, motorists have 
come to expect better conditions than 
this, at least on main through routes 
They expect on such routes smooth pave
ments, fairly long sight distances and 
reasonable freedom from the obstruc
tion of stopped vehicles, conditions which 
permit driving much of the distance on 
highways of the first class at a maximum 
speed of 50-55 m p h and sustained 
average speeds of, say, 30-40 m p h 
where there are not too many towns to 
be passed through 

It seems reasonable to expect also that 
on important main through highways 
at crossing with other important high
ways, there will be a separation of 
grades, at others traffic lights, and at less 
important crossings warning signs Two 
factors may govern the decision as to 
which of these may be feasible and/or 
desirable, namely, availability of funds 
and economic justification (See High
ways as Elements of Transportation 
Tians Am Soc C E Vol 95 (1931) p 
1020) Here also safety is a further im
portant consideration inasmuch as acci-
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dent records show a faiily large propor
tion of accidents at intersections The 
cost of accidents and the economic value 
of prevention may be evaluated There 
should be also, of course, on all roads 
warning sign of sharp curves, steep gradi
ents, changes in general character of the 
road or pavement, and any other features 
which require slowing up, watchfulness 
or more careful driving 

GENERAL OBSERVATIONS 

The writer wishes to repeat and per
haps emphasize the fact that he does not 
minimize in the slightest degree the need 
for continued and continuous study and 
adequate consideration of all the factors 
governing highway design, and nothing 
in this paper should be construed as 
absolving those responsible for the plan
ning of new highways or the maintenance 
of old ones from making and keeping 
them safe for reasonably careful driving 

He pointed out several years ago the 
need of coordinating design and construc
tion with operation and that may be con
sidered to include safety and ease of 
operation as well as costs of operation 

Highway design can be divided into 
two main elements, (a) the location and 
(b) design of structures and pavement 
Location is used m the old railroad sense 
of the adaptation of alignment and gradi
ents to topography Alignment and 
gradients affect safety of operation only 
in limited degree They may affect 
economy of operation 

The densest passenger traffic on any 
railroad m the world, the New York sub
ways and elevated lines, has been and is 
carried safely for years at fairly high 
speeds over curves of 135 ft, radius (90 
ft on the old elevated lines) 

Curvatuie and gradients do, however, 
cause increased expense of operation of 
railioad trains It is probable that they 
do also to motor vehicles on highways 
They certainly tend, in some cases of 

sharp curves and heavy gradients, to de
crease highway capacity, that is, they 
decrease the maximum number of motor 
vehicles which can pass over the highway 
in a given time 

Much may be done by the careful lo
cating engineer to increase safety by 
careful adjustments of curvature and 
gradients, especially combinations of the 
two Here, as Wellington remarked m 
Economic Theory of Railroad Location, 
skill with the transit or at the drafting 
table may lessen the use of the steam 
shovel 

Other factors of highway location and 
design, which may affect safety, are 
changes in characteristics from good 
alignment and easy gradients to heavy 
curvature and steep gradients, and per
haps more particularly abrupt changes 
of gradient without adequate vertical 
curves There should not only be ade
quate warnings of such changes m the 
character m the alignment but possibly 
also a transition section may be worked 
out by the use of the transit and a few 
brains to permit the motorist to accus
tom himself to the change 

Abrupt changes in the character of the 
pavement should also be avoided in the 
interest of safety, either changes in the 
type of the pavement, transition from 
pavements with good traction to others 
which may be "slippery when wet", 
changes to narrow widths and so on 
Such changes in character must be in
evitable on many roads for many years 
to come and, of course, here also appro
priate signs should be erected and the 
motorist should be expected to watch for 
them The somewhat common custom of 
leaving narrow bridges at intervals along 
otherwise improved highways seems in
excusable except in the case of some long 
and very expensive structures. 

It IS, of course, to be expected that 
there will be improvements in design, 
since the science or art of highway build
ing must progress as do almost all other 
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matters with which we have to deal 
Those responsible for the building of 
new highways, especially roads with ex
pensive pavements, should have an ade
quate realization of the fact that they are 
building structures for which a long life 
is to be expected and which are to be used 
by vehicles which are constantly and 
rapidly being improved Every reason
able provision should, therefore, be made 
for the continued usefulness of the struc
ture for some time in the future 

I t is also fairly evident that having m 
mind the vast amounts being spent an
nually on our highways, the great need 
for additional traffic capacity which is 
pressing, and the needs of many kinds of 
users, that the highest type of engineer
ing judgment, coupled with business sense 
and ability should be brought to bear in 
the laying out and design of the highway 
net as a whole 

Giving all due consideration to the fu
ture, however, it hardly seems to the 
writer that there is any reason for as
suming highei rates of speed than 50-60 
m p h in the design of any road, and even 
lower speeds than this m difficult terrain 
It seems doubtful if the time is here, or 
likely to be here soon, where too much 
money should be spent in the removal 
of obstacles to fast driving unless in 
badly congested areas this can be shown 
to be economically justified An ade
quate uniform system of signs and mark
ers should be sufficient to warn careful 
drivers of changes in character or of sur
face alignment, or other reasons for 
watchfulness. 

I t IS doubtful if provision for higher 
speeds provides a factor of safety m the 
highway structure but, on the contrary, 
may tend to encourage unsafe driving, 
and increase the accident risk Both the 
National Safety Council in the United 
States and authorities in England note 
the increasing prevalence of accidents on 
the open straight stretches of highway 
where visibility is good 

While it goes without the saying that 
continuous improvement may and very 
likely will be made in the design and con
struction of future highways of all classes, 
this does not mean in the true sense of 
the word that any highways are obsolete 

The fact that it is possible to drive 
modern cars at 100 m p h does not mean 
that it is normally safe to drive them at 
this speed even on the best of highways, 
especially when the road is occupied by 
othei vehicles Additional power over 
ordmaiy requirements peimits flexibility 
and ease of driving but is a reserve force 
rather than one to be commonly used 

Admitting that the condition of the 
highway structure may be a greater con
tributing cause to accidents than present 
foims of reports or the matter of their 
making indicate, there is still overwhelm
ing evidence that the human element is 
the great and predominating factor in 
highway accidents 

While it IS undoubtedly the duty of the 
engineer to build and maintain highways 
so that they are safe for the normal 
traffic, normally conducted, which they 
are expected to carry, he cannot "build 
safety into highways" or "build accident 
proof highways" which will overcome the 
differences in diivers, their limited ca
pacity and the general unreliability of 
many of them 

Even if it might be admitted that de
sign for speeds of 100 m p h is desirable 
on some highways, the additional cost of 
this (over design for 50-60 m p h ) must 
be weighed against the needs of the whole 
highway net and the present urgent need 
for greater traffic capacity Provision for 
any special traffic requirement must be 
weighed and adjusted with the require
ments of the whole highway net In this 
connection due consideration should be 
given to the added cost of operation of 
motor vehicles at high speeds and the 
small piopoition of operators who may be 
properly allowed to drive at such speeds 
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One of the most impoitant elements in 
highway construction is consideration of 
low annual cost per vehicle mile or per 
ton mile rather than provision for unduly 
high speed 

AVhile no one can deny the need of 
studying future requirements, it is prob
ably not desirable to anticipate unduly 
future traffic needs m present day ex
penditures, first, because of the difficulty 
in obtaining money to meet even today's 
known traffic demands, second, because 
of the difficulty of forecasting future 
trends in highway traffic and, third, be
cause of the added cost of interest charges 
for facilities or types of construction 
earned out now which may not be uti
lized for some time 

It is in this last named phase of the 
situation in which mature judgment 
based on experience must be brought into 
play, evaluating the design of today in 
the light of the experience of the past 
and reasonable provision for the future 

CONCLUSIONS 

The prevalence of accidents on high
ways IS a matter of grave concern not 
only to engineers and highway authori-
tie but also to the general public I t may 
be admitted that defects in the highway 
structure, faults of design or construc
tion or maintenance may be contribu
tory to the heavy toll of lives, personal 
injuries, and damage causing heavy loss 

but thcie IS overwhelming evidence to 
show that most of this is probably due to 
the human clement, to improper or in
competent diiving of the vehicles E x 
cessive speed IS one important contribu
tory cause It seems probable that the 
large majority of drivers are not ordi
narily capable of driving at speeds in ex
cess of 3 0 to 5 0 m p h 

The writer is of the opinion that where 
the location or design of highways for 
speeds of over 50 to 60 m p h involves 
added expenditure for the requirements 
of this additional speed such expendi
tures are not justified 

The great need of today and very 
likely the great need for several years to 
come IS increased traffic capacity Maxi
mum capacity is only achieved at speeds 
considerably less than 50 m p h There 
should be recognition of the fact, how
ever, that on uncongested highways 
speeds of 50-60 m p h may be permissible 
for competent dnvers 

It IS possible that if and as funds be
come available, sufficient highway traffic 
capacity may be provided so that a freer 
movement of vehicles may be realized 
The expenditure of funds for this pur
pose, after reasonable provision has been 
made for highway users of all classes, 
may be economically justified by sav
ings in time and possibly also in costs of 
operation if the speed at which cars can 
be most economically operated is more 
closely attained 

D I S C U S S I O N ON S P E E D A N D H I G H W A Y D E S I G N 

PHOF N W D O U G H E R T Y , University of 
Tennessee There has been so much loose 
talk within the last few years regard
ing 100 m p h speeds and super-high
ways with suggestions that our present 
investment should be junked and that we 
start all over again, that I think it is 
high time for more thoughtful people to 
point out the inherent difficulty m such 
high speeds and the super-highway 

I do not doubt the ability of the motor 
vehicle manufacturers to produce a ve
hicle which can travel from 80 to 100 
miles an hour, and at a reasonable fuel 
cost I do not see much prospect, how
ever, of making drivers over and chang
ing their reaction time to fit with these 
high speeds With a reaction time of one-
half second, a vehicle can leave the high
way and be far into the adjacent field be-
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fore the driver can make a move When 
Professor Moyer points to the fact that 
on a speedway built for the purpose, no 
more than 50 per cent of the selected rac
ing drivers finish more than 500 miles, 
the fatality is too great 

Improvements m alignment and grades 
are needed for the modest speeds of the 
average driver, but to suggest that all we 
have done should be junked is very mis
leading 

Mr. Lavis has reviewed this attitude 
and I am in general agreement with his 
conclusions 

P R O F A D I E F E N D O R F , University of 
Pittsburgh A wise highway program is 
one which spends its income in such a 
manner that its construction and mainte
nance will serve the greatest number of 
citizens It does not consider political 
expediency or patronage as paramount to 
actual service Its operation should be 
similar to that of any well organized 
corporation, the stockholders, the motor
ing public, receiving dividends in service 

The so-called super-highway (an un-
definable term) which will permit motor
ists to travel thousands of miles at 
maximum motor car speeds of say 100 
m p h can be built, but at prohibitive 
costs, and with use limited to ideal 
weather conditions and to high speed 
vehicles Can the motorist today safely 
travel at these speeds, even though the 
highway conditions are suited to high 
speeds' He can not Should the motor
ists be lulled mto any let up m his men
tal alertness while driving at this speed 
say for one second, he has travelled 146 
ft and if his car has left the highway in 
any of this distance the result is not 
hard to imagine I believe that a safe 
speed has been reached at 50 m p h and 
that our physical and mental limita
tions will keep it there 

Pennsylvania is now facing a prob
lem of this type in the new proposed 

South Penn Tunnel Highway This pro
posed lughway runs from Irwin, Penna 
on Route Numbei thirty to Middlesex, 
Penna on Route eleven I t is a new 
short route low gradient highway, a 
direct east-west road from Pittsburgh to 
Harrisburg It will have four 11-ft lanes 
separated by a 6-ft planting strip be
tween th^ center lanes Maximum grades 
are to be 3 per cent, curves will be lim
ited to one per mile with 6 deg maximum 
curvature There are to be no railroad 
or highway grade crossings No mention 
has been made concerning vehicular 
speeds but Mr Marhall, the chief engi
neer has been quoted as saying that there 
will be no speed limit, and the route will 
be privately policed 

The tunnel highway will be located on 
the southern and western slopes of the 
hills reducing adverse conditions of snow, 
ice, and fog 

The estimated cost of the highway is 
$50,000,000 It will be privately financed 
with no burden on the State road funds 
Through tolls collected at each of the nine 
tunnels en route the highways are to be 
self supporting and when paid for are to 
be turned back to the state as a free 
road 

This project may in time answer some 
of the questions brought up in Mr Lavis's 
paper A high speed so called super
highway will be built without any un
usual disturbance of a normal program 
and should the demand warrant other 
similar projects, a super-highway plan 
may be paid for by the people who de
mand it In our case Routes 2 2 and 30 
will be open and free for those who care 
to use them 

M R 0 L Kipp, Minnesota Highway 
Department In connection with this 
paper it would be interesting to be able 
to obtain information concerning drivers 
which IS not being obtained at phe pres
ent time Many do not drive sufficient 
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mileage dining the couisc of a year so 
that reaction is automatic or sub-con
scious and consequently, to a ceitain ex
tent at least, such occasional drivers must 
think out every action necessary I t ap
pears that the thinking time, added to 
the reaction time of the driver, might be a 

factor in determining safe speeds or safe 
speed limits As a result of reading this 
paper there appears to me to be one way 
in which'we can help the future possi
bilities and that is by having ample right 
of way and keeping encroaching indus
tries as far away as possible 
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A V E R A G E S P E E D A N D T R A F F I C D E N S I T Y AS A M E A S U R E O F R O A D 
C A P A C I T Y 

B D GREENSHIELDS 

Associate Piojessor, Civil Engineering, The College of the City of New York 

SYNOPSIS 

Measurement of the utility of a highway is its ability to facihtate traffic The 
comparative utihty of various road types may therefore be determined from an 
accurate measurement of tlie usual speeds of motor vehicles and the density of 
traffic on the roadways considered 

The average speeds recorded in the investigation were 47S miles an hour for 
passenger cars on pavement, 433 miles an hour on treated-type A, 37 1 miles an 
hour on treated-type B , and 326 miles an hour on untreated loose gravel 

For each of these values the corresponding average speeds for trucks or heavy 
commercial vehicles were 37 9 miles per hour on pavement, 325 on type A, 30 9 
on type B , and 2&2 for loose gravel 

From these average speeds the relative capacities were deduced to be for 
cars, gravel 1, Treated Surface A 133, Treated Surface B 115, pavement 147, 
for trucks, gravel 1, Surface A 1 30, Surface B 123, pavement 1 51 

The relative values of time on the various surfaces are also discussed 

This report grew out of a study of the 
speeds and spacmgs of vehicles on sev
eral types of road surfaces and the re
sultant traflSc capacity of the roadways 
The surfaces included one high type 
pavement, two treated gravel roads and 
one of loose gravel 

The investigation was conducted in 
1933 as a project of the Engineering Re
search Department of Michigan Univer
sity R S Swmton, Associate Profes
sor of Engineering Mechanics at the 
University, was co-worker on the inves
tigation 

It is not the purpose of this paper to 
point to a definite conclusion, but rather 
to present a question worthy of review 
and discussion 

The measure of the utility of a high
way is its ability to facilitate traffic The 
comparative utility of various roadways 
may be determined from measurements 
of the usual speeds of motor vehicles and 
the density of traffic on the roadways 
considered 

The results obtained from sufficient 
data to insure reliability gave an aver
age speed on the pavement of 47 85 miles 
per hour as compared with 43 27 miles 
per hour for the same cars on one 

treated road, 37 10 for another gi oup of 
cars on the other treated surface road, 
and 32 56 miles per hour on the loose 
untreated gravel 

For each of these values there was a 
similar analysis for trucks or heavy com
mercial cars which gave corresponding 
speeds of 37 94, 32 50, 30 90, and 28 2 
miles per hour respectively 

The photographic method ^ was used 
in securing these data A summary of 
the results obtained on each of the sev
eral types of highways, together with a 
brief statement of the cost of construc
tion and annual maintenance, is taken 
up in order This is followed by a cor
relation with principles derived in earlier 
studies and a more critical study of the 
reasonableness and limitations of the 
study 

T R A F F I C S T U D Y O N P A V E M E N T 

The pavement studied is located about 
19 miles west of Midland It carried the 
same traffic as the treated gravel section 
with which it I S compared There are no 
intermediate cross roads carrying ap-

' Proceedings Highway Research Board, Vol 
13, p 382 
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preciable traflBc The average daily traflSc 
in 1932 was 1384 cars and trucks 

A roughometer constructed according 
to the specifications of the U S- Bureau 
of Pubhc Roads ^ and operated on a 
1933 Plymouth car at a speed of 35 miles 
per hour gave an average roughness in
dex of 1 25 to the mile on three round 
trips over the section 

On August 30, from 11 A M to 5 30 
P M , 341 cars passed over this road at 
an average speed of 47 85 miles per 
hour, while 64 trucks maintained an 
average speed of 37 94 miles per hour 
This should be compared with the rate 
of travel on the treated gravel section 
carrying the same traffic These are be
lieved to be reliable averages because on 
a duplicate run made on the 26th of Au
gust, 146 cais passed the same observa
tion station averaging 47 67 miles per 
hour 

Traffic Study of the Treated Gravel 
Section of the Above Road (A) This 
section carried the same traffic as the 
pavement On August 30, 1933, from 
10 30 A M until 5 30 P M , 361 cars 
travelled over the section observed at an 
average speed of 43 27 miles per hour. 
During the same time 49 trucks passed 
at an average of 32 50 miles per hour 
The reliability of these figures may be 
checked with the average speed of 41 5 
miles per hour maintained by 94 cars 
at the station on August 22 The aver
age speed of 20 trucks was 30 8 miles per 
hour on that date 

The section chosen for each road
way surface was the best unhampered 
straight-away available The weather 
had been dry for several weeks A read
ing of 3 06 was obtained from 6 trials 
of the roughometer 

Study of Traffic on Another Treated 
Surface (B) • The average daily traffic 
on this road was 411 vehicles per day 
The comparative roughness of this sur
face was 10 1 per mile One hundred and 

2 Public Roads, Vol 7, No 7, Sept 1926 

twenty-five cars were observed on Au
gust 24 to pass at an average speed of 
37 10 miles per hour The vehicles com
posing the traffic were on the average 
older models than on the first two sta
tions observed While the surface was 
smooth, its texture lacked firmness The 
slow speed indicates that the texture of 
the surface may be a more important 
factor in determining speed than rough
ness 

T R A F F I C B E H A V I O R O N L O O S E - G R A V E L ROAD 

Two sections on loose-gravel were 
studied The roughometer recording on 
the first section was 12 3 The average 
daily traffic was about 402 vehicles On 
September 1,-1933, between 9 A M and 
5 P M , 105 cars passed at an average 
speed of 28 95 miles per hour Twenty 
trucks averaged 29 7 miles per hour 

On the other section on August 26, 
1933,186 cars passed at an average speed 
of 33 65 miles per hour, while 16 trucks 
had an average speed of 27 01 miles per 
hour On August 27, 125 cars passed at 
an average speed of 33 99 miles per hour 
and 3 trucks at 21 3 miles per hour The 
average for 416 cars on the two locations 
was 32 56 miles per hour and for the 39 
trucks 28 2 miles per hour 

T R A F F I C C A P A C I T I E S O F T H E V A R I O U S R O A D 

S U R F A C E S 

The maximum number of vehicles that 
may pass over a section of road m a given 
time 18 a function of both the speed and 
the average spacing maintained between 
vehicles Previous studies show that the 
average spacing is 21 feet plus 1.1 times 
the velocity m miles per hour. At such 
a spacing, the number of vehicles per 
hour that will pass a given point equals 

5280 V 
l l V + 2 1 

This formula, however, shows only the 
capacity when the road is completely 
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congested Under such a condition, the 
speed for all vehicles is the same and 
there is no minimum or maximum speed, 
but only the average speed which is 
maintained by all and determined by 
the slowest vehicle There is na particu
lar speed which gives a maximum ca
pacity, as was once believed, but speed 
and capacity increase together Hence 
the logical tendency to permit higher 
velocities 

Highway capacity has been defined 
(page 218 Vol 10 Proceedings Highway 
Research Board) as the ability of a road 
to permit traflSc to move at its normal 
rate of speed Congestion occurs when 
vehicles are retarded by those ahead 
Until such congestion occurs, the ca
pacity of the roadway is a function of 
the speed of the vehicles The average 
speed of the traffic is then a measure of 
the relative capacity The relative ca
pacities of the road surfaces studied are 
as m Table 1 

T A B L E 1 
R E L A T I V E CAPACITIES OP ROAD S U R F A C E S 

Type of surface 

Relative capacity 

Type of surface 
Care Trucks 

Gravel 
Treated surface (B) 
Treated surface (A) 
Pavement 

1 
1 15 
1 33 
1 47 

1 
1 23 
1 30 
1 51 

T H E C O S T O F T R A F F I C D E L A Y S 

The slow speeds caused by a poor road 
surface result in a time loss to the vehicle 
and passengers By making a reasonable 
assumption of the value of time, the cost 
to traffic may be estimated In one case 
the value of a vehicle minute was esti
mated to be five cents (Report of a 
"Study of Highway Traffic and the High
way System of Cook County, Illinois, 
page 16, Bureau of Public Roads, 1925 ) 
Mr Fred Lavis estimates the value of 
time loss as 2 3 cents per minute, and 
for non-commercial vehicles as one cent 

per minute (Proceedings of the Ameri
can Society of Civil Engineers, 1930, 
page 1369 ) S Johannesson, m Civil 
Engineering, March, 1933, page 149, esti
mates that the average value of a pri
vate passenger car minute is 78 cents, 
and of a truck, 1 49 cents 

Mr Johannesson, m arriving at a value 
of vehicle time, makes use of the eco
nomic theoiy that the value of a thing 
I S what people are able and willing to 
pay for it 

Given the choice of two routes of 
travel, one shorter but more expensive, 
a certain peicentage of drivers will take 
the shorter route and pay a toll Studies 
of toll bridges have verified this fact 
There is an annoyance factor that should 
be taken into account Of two alterna
tive routes, the one offering unobstructed 
travel will attract the most traffic The 
annoyance factor can probably be mea
sured by the variation in speed over the 
route In the one case, high average 
speed would be achieved by excessive 
speeds over part of the route 

Nathan Cherniack, Special Traffic Con
sultant, Port of New York Authority, in 
a "Report of Traffic and Revenue Po
tentialities and Probable Traffic Char
acteristics of the Proposed Battery-Ham
ilton Avenue Vehicular Tunnel", March 
15, 1937, gives the following monetary 
values as appearing to be those placed 
by motorists upon running time and 
avoidance of waiting 

Passenger cars Trucks 
a Savings m 

running time ll(fpermin 
b Avoidance of 

waiting time 
at ferries 5 3^ per mm 8 0# per nun 

If the most conservative of these val
ues for time be applied to the various 
average speeds observed on the surfaces 
studied, the relative costs of time lost 
pel 100 vehicles are as shown in Table 2 
No time loss is assumed for the pave
ment as it shows the highest average 
speed 
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E C O N O M I C S 

Example 1 
Let it be required to estimate the value 

of the time that might be saved by 

T A B L E 2 

V A L U E OP T I M E L O S T 

Type of Burface 
Value of time 

lost per mile per 
100 passenger 

cars 

Value of time 
lost per mile per 

100 trucks 

Cents Cents 

Pavement 0 00 0 00 
Treated surface (A) 9 4 29 5 
Treated surface (B) 27 6 54 2 
Loose gravel 45 0 82 0 

per cent or 342 are passenger cars and 
60 are trucks 

For the existing traflBc therefore the 
estimated daily saving in time value by 
changing from Loose Gravel to Treated 
Surface (A) would=3 42 x 35 6(i-f0 6x 
52 5$! = 153(!i = $l 53 per mile The esti
mated annual saving would be $558 per 
mile 

Example 2 
Let it be required to set up a traffic 

load, based upon maintenance, capital, 
and time loss costs, at which a change 
fiom a treated gravel surface to pave
ment becomes desiiable (see Tabic 4) 

T A B L E 3 

A STUDY OP T R A F P I C S P E E D ON D I F F E R E N T ROAD SURFACES 

Treatment B Ordinary Gravel Treatment A Pavement 

Roughness*, units per mile 
Number of cars 

10 1 12 3 3 06 1 25 Roughness*, units per mile 
Number of cars 125 416 361 341 
Average speed of cars, miles per hour 37 1 29 43 48 
Number of trucks 48 39 49 64 
Average speed of trucks, nules per hour 30 9 28 33 38 
Comparative car capacity 1 15 1 1 33 1 47 
Comparative truck capacity 1 23 1 1 30 1 51 
Estimated value of time savings f per mile 

over ordinary gravel for 500 cars per day 
for 4 good-weather months $106 14 0 $217 16 $274 50 

For 70 trucks per day for 4 months 23 74 0 44 84 70 03 

•Measured by a roughometer constructed according to specifications of the U S Bureau of Public 
Roads (Public Roads, Volume 7, September, 1926) 

tBased on the estimates of S Johannesson, Ciinl Engineering, March, 1933, Page 149 

changing the loose gravel to Surface 
Treatment (A) 

Taking average traflSc of 402 vehicles 
per day of which 15 per cent are trucks 
the daily difference in time cost between 
the two roads may be computed as fol
lows 

45 cents—9 4 cents=35 6 cents=the 
excess cost for 100 passenger car miles 
on Loose Gravel over Treated Surface 
(A) 

82 cents—29 5 cents=52 5 cents=the 
excess cost for 100 truck miles on Loose 
Gravel or Treated Surface (A) 

Of the daily traffic of 402 vehicles 85 

T A B L E 4 

Pavement Treated 
Surface A 

Item 
Annual cost 

per mile 
Daily cost 
per vehicle 

mile per day 

Amortization of 
cost in 25 years 
at 5 per cent 

Mam tarn 
Operation loss 

$1,420 
150 $1 00 

0 46 

$1,570 $1 46 

T—daily traffic at which a change becomes 

desirable = = 1,075 vehicles per day 
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These costs are not offered as authentic 
and each solution should be made from 
data furnished by parties concerned 
Only the method is of interest The cost 
of the change is estimated at $20,000 per 
mile 

SUMMABY 

The ability of a road to facilitate traffic 
IS increased by improving the surface or 

removing other physical hazards, such 
as sharp curves, to permit increased 
speeds The monetary value of the time 
saved becomes a factor in the justifica
tion of the improvement The number 
of vehicles that can pass over a roadway 
at a rate of speed determined by the ex
cellence of the vehicle and the skill or 
desire of the driver unhindered by the 
road hazards is the true measure of high
way utility 
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SYNOPSIS 
Two and three-lane highways should be designed with two minimum sight 

distances m mind, one to accommodate the passing of motor vehicles with safety 
and one to be considered a non-passing minimum It is desirable that the sight 
distance at every point on a highway should exceed the passing mimmum This 
generally is not possible, but if drivers are to be encouraged to remain behind 
slower moving vehicles until it is safe to pass, safe passing sections must be 
encountered frequently 

Sight distance adequate for passing with safety is the sum of three distances 
that traversed during perception time, that traversed while passing, and that 
traversed by an opposing vehicle Research is required to determine perception 
time, or the time elapsed from the instant the road opens up to the view of the 
driver to the time he begins the operation of passing, when the opposing lane is 
free of traffic, spacing of vehicles before and after passing, the acceleration of 
the vehicle, and the time of passing Research also is needed to determine many 
factors which influence most drivers in arriving at a decision regarding the passing 
of slower moving vehicles and to gauge the ability of most drivers to properly 
utilize long sight distances 

At intersections research is required foi many factors similar to those related 
to sight distances on the road, and for other factors such as acceleration of 
vehicles from a stopped position, which are related only to sight distances at 
intersections 

All factors must be related to the assumed design speed of the highway and 
all research should be undertaken with this end in mind 

The ability to see is of the utmost and to control the speed of the vehicle 
importance in the safe and efficient to avoid encountering unexpected ob-
operation of a highway transportation stacles in its path 
system Rolling stock on a railroad is This paper lists and discusses briefly 
confined to a known path by fixed track, the factors which enter into the calcula-
yet block signal systems and well trained tions for sight distances required for safe 
locomotive drivers are necessary for safe operation on the highway with the ob-
operation The path and speed of motor Ject m view of determining wherein re-
vehicles on the other hand are subject to search and investigation are required to 
the control of drivers whose training is arrive at proper valuation of the factors 
elementary If safety is to be built into evolved 
our highways, it is vitally necessary that 
the road be opened up to view for a suffi
cient distance to enable the driver to The assumed design speed of a high-
pass overtaken vehicles without hazard way is considered to be the maximum 
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appioximately unifoim speed which prob
ably will be adopted by the fastei gioup 
of drivers but not, necessarily, by the 
small percentage of leckless ones 

If a highway is designed and con
structed with reasonable margins of 
safety for operation at the speed thus 
defined, a safe highway will be provided 
foi all users except a very few who may 
be teimed reckless and whose unreason
able demands we are not justified m 
satisfying 

The scope of this paper does not per
mit entering into a detailed discussion of 
assumed design speed I t is mentioned 
because it is an important fundamental 
of highway design and factors for the 
determination of sight distance must be 
related to it 

N O N - P A S S I N G S I G H T D I S T A N C E 

The length of highway visible to a 
drivei at eveiy point on it should be in 
excess of the distance required to bring 
the vehicle to a stop before reaching a 
stationary object in the same lane when 
traveling at the assumed design speed of 
the highway This distance may be 
termed the safe stopping distance The 
values for the factors entering into its 
determination should be chosen con
servatively in order that drivers who 
normally drive faster than the assumed 
design speed and drivers who do so oc
casionally also may avoid encountering 
obstacles in the road 

The safe stopping distance of a ve
hicle may be considered as the sum of 
the following three distances 

Distance traversed during perception 
time 

Distance traversed during brake reaction 
time 

Braking distance 

Perception Time Perception time is 
considered to be the time elapsed from 
the instant a stationary object in the 

same lane is visible to the instant the 
driver comes to the realization that the 
object I S stationary and the brakes must 
be applied 

Perception time-probably varies con
siderably and is dependent upon the 
speed of the vehicle, the optical ability 
and natural reaction of the driver, the 
distance to the stationary object the 
instant it is visible, the character and 
visibility of the stationary object, the 
portion of the stationary object which 
first comes into view, the relative posi
tion and visibility of roadside objects, the 
condition of the atmosphere, the time of 
day, the interference and distraction of 
other vehicles, and the effects of oppos
ing headlights 

Perception time generally is discrimi
native in character, that is the realiza
tion that the object is stationary comes 
to the senses of the driver only by as
sociation with other objects For ex
ample it may take a few seconds for 
most drivers to come to the realization 
that another motor vehicle in the same 
lane is stationary I t is only by sub
conscious association with fences, trees, 
or other stationary objects along the 
road that one realizes that the vehicle is 
stationary An apparent increase in the 
size of the vehicle tells the driver that he 
I S approaching it but does not tell him 
that it IS stationary Increase in size of 
vehicle is apparent only when a large 
portion of it I S visible, by which time the 
observer will have advanced a consider
able distance beyond the point where the 
vehicle first was visible Sometimes per
ception time I S very short Persons along
side a stationary motor vehicle convey 
to the driver almost instantly that the 
vehicle is stationary, but the top of a 
vehicle is visible some time before a per
son changing a tire, fdr example, comes 
into view Perception time for objects 
other than motor vehicles may be ap
preciably different than that for a motor 
vehicle 
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Perception time may be different for 
the two general cases of an object becom
ing visible around a bend or over a crest 

Perception time, which may be a few 
seconds, has an appreciable effect on 
non-passing sight distance, each second 
requiring a distance m feet equal to 
nearly one and one-half times the as
sumed design speed in miles per hour 
Research on which to base values for 
use m design is needed 

Sometimes objects moving slowly in 
the same direction as the vehicle pre
sent considerable hazard If the vehicle 
can be stopped before reaching a station
ary object it can be stopped more easily 
before reaching a moving object, but the 
moving object may deceive the driver 
into a false sense of security so that he 
does not apply his brakes as quickly 
Perception time for moving objects may 
be different than that for stationary 
objects 

Brake Reaction Time Brake reaction 
time I S considered to be the time elapsed 
from the instant the driver realizes that 
an object in the same lane is stationary 
and the brakes must be applied, to the 
instant the brakes are effectively applied 

Considerable research has been done 
on brake reaction time The average gen
erally I S found to be between ^ and -J of 
a second Many drivers react in less 
than half a second, many require more 
than a second, and many whose average 
brake reaction time is sec occasionally 
require a full second or more 

The variation in values found is too 
small to affect non-passing minimum 
sight distance appreciably The differ
ence between ^ of a sec , which is greater 
than most drivers require, and 1 sec , 
which will cover nearly all drivers, is but 
22 ft for an assumed speed of 60 miles 
per hour No additional research ap
pears to be justified 

Braking Distance Braking distance 
is considered to be the distance traversed 
by a motor vehicle from the point where 

the brakes are effectively applied to the 
point where it is brought to a stop 

There has been considerable research 
on braking distance The results indi
cate that the conditions under which the 
tests are made have an important bear
ing on the braking distance Important 
factors affecting braking distance are 
effectiveness of brakes, condition of tires, 
and character and condition of road sur
face Climatic conditions and the pres
ence of moisture, mud, and ice also affect 
the results appreciably 

The braking distance of a vehicle on 
a level highway may be determined by 
the use of the formula 

d = 
2fg 

in which d is the braking distance in feet, 
V the velocity of the vehicle m-feet per 
second when the brakes are applied, f 
the coefficient of friction between tires 
and roadway, and g the acceleration of 
gravity The friction force is assumed 
uniform throughout the period of decel
eration The friction force may not be 
uniform but the adoption of a uniform 
coefficient of friction leads to little error 
m view of the fact that most tests are 
made by measuring the distance required 
to brake a vehicle and then using the 
formula assuming uniform friction to de
termine the coefficient of friction 

Tests on clean wet pavements result 
in friction coefficients at impending skid 
varying between 0 4 and 0 8 The Na
tional Buieau of Standards made some 
tests to determine the comfortable rate 
of deceleration and arrived at 16 1 ft 
per sec per sec , which is equivalent to 
a coefficient of 0 5 The Motor Vehicle 
Department of the State of New Jersey 
assumes a comfortable rate of decelera
tion of 17 4 ft per sec per sec equivalent 
to a coefficient of 0 54 

For the puipose of dctei mining non-
passing minimum sight distance a value 
for the coefficient of friction which is 
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some fraction of the average friction at 
impending skid and which is lower than 
that likely to be used by most vehicle 
operators should be chosen For an as
sumed speed of 60 miles per hour a varia
tion in the value of f between 0 4 and 0 5 
means 60 ft and between 0 5 and 0 6 
means 40 ft in required sight distance 
There appears to be sufficient data on 
which to base a value for the coefficient 
of friction precise enough for all practi
cal purposes Additional research there
fore does not appear to be justified unless 
a change in highway and motor vehicle 
construction practice appears to have a 
radical effect on braking distance 

When a highway is on a grade the 
braking distance may be determined by 
the use of the formula 

•.r2 
d = 2 g ( F ± grade) 

in which "grade" is the percent of grade 
divided by 100 Light grades affect the 
result very little For an assumed design 
speed of 60 miles per hour and an assumed 
coefficient of friction of 04 a 3 percent 
grade, for example, affects the braking 
distance about 20 ft There is little jus
tification therefore for extensive research 
for stopping distances on grades except 
that the determination of the effect, if 
any, of grade on the coefficient of friction 
may be desirable 

S E C T I O N S S A F E F O R P A S S I N G 

Passing on highways in which two or 
more lanes are provided for traffic in 
each direction presents no unusual prob
lem Crossing the centerlme of a high
way of this type, except to avoid impend
ing collision, I S highly reckless driving 
resorted to by so small a percentage of 
drivers that no provision need be made 
for passing with safety by utilizing op
posing lanes I t may be assumed there
fore that passing will be done in a lane 
in which other vehicles will be traveling 
in the same direction and sight distance 

in excess of the non-passing minimum is 
sufficient for safe operation 

Passing on two- and three-lane high
ways which constitute the bulk of our 
highway system must be accomplished 
on a lane which may be occupied by op
posing traffic If passing is to be accom
plished with safety the driver of the pass
ing vehicle must see enough of the high
way clear of opposing traffic so that if 
opposing traffic appears after he has 
started to pass he will have sufficient 
time to pass and return to the right lane 
withput cutting off the passed vehicle 
and before meeting opposing traffic 

The ideal two- or three-lane highway 
from the standpoint of sight distance is 
one m which the sight distance at every 
point I S in excess of the minimum sight 
distance required for passing with safety 
Passing slower-moving vehicles on a 
highway of this character is retarded 
only by the presence of traffic on the 
passing lane, that is the opposing lane 
on a two-lane highway or the middle lane 
of a three-lane highway, within a dis
tance required for safe passing 

It i s rarely possible or economically 
advisable, however, to construct two- and 
thiee-lane highways with sight distance 
at every point in excess of the minimum 
requiied for passing with safety, nor is 
it necessary to do so Drivers for the 
most part are careful and remain behind 
slower-moving vehicles at sections where 
sight distance is insufficient for passing 
with safety, provided their patience is 
not overtaxed Sections with sight dis
tance sufficient for passing must be pro
vided at fiequent intervals if safe driv
ing I S to be encouraged 

On the basis of the foregoing it is evi
dent that two- and three-lane highways 
should be designed with two minimum 
sight distances in mind, one to accom
modate the passing of motor vehicles 
with safety and one to be considered a 
non-passing minimum Wheie highways 
are designed with one minimum sight 
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di-stance in mind sections with sight 
distances considerably greater than the 
minimum generally aie constructed 
These sections, however, are the acciden
tal result of topographic conditions 
They may or may not be long enough to 
permit passing with safety and the dis
tance between them may or may not be 
short enough to encourage drivers to 
confine attempts to pass to these sections 

Sight distance in excess of the non-
passmg minimum should be found at all 
points on a highway The research re
quired for an accurate determination of 
non-passing minimum sight distance has 
been discussed 

Sight distance required for passing is 
considered to be the sum of the follow
ing three distances 

Distance traversed during perception 
time 

Distance traversed while passing 
Distance traversed by opposing vehicle 

Perception Time Perception time m 
connection with sight distance required 
for passing is considered to be the time 
elapsed from the instant the road opens 
up to the view of the driver of the over
taking vehicle to the time he begins the 
operation of passing when the opposing 
lane is free of traffic Research is needed 
for an accurate determination of the 
perception time which will be sufficient 
for most drivers Each second represents 
in feet about 1̂  times the assumed de
sign speed in miles per hour 

The Operation of Passing: Passing 
generally is accomplished by one of two 
methods, though combinations of both 
methods often are used 

In one method the driver of the over
taking vehicle remains some distance be
hind the slow moving vehicle and when 
the road opens up to view he edges over 
towards the passing lane and accelerates 
at the same time When he reaches a 
point close to the slow moving vehicle 
he decides to pass if the road is clear 

By this time he is traveling at a higher-
speed at which speed he continues (or he 
may continue to accelerate) until he 
passes the slower moving vehicle and 
returns to the right lane I f opposing 
traffic appears when he is about to pass 
he can brake and return to the right 
lane behind the slow moving vehicle 

In the second method the driver of the 
overtaking vehicle slows down and re
mains behind the slow moving vehicle 
until the road opens up to view when he 
sizes up the situation (perception time) 
and if the opposing lane is clear of traffic 
decides to pass He passes the slower 
moving vehicle and returns to the right 
lane by accelerating 

For purposes of design, minimum sight 
distance should be based upon conditions 
which require the longest sight distance 
for safe operation provided such condi
tions are encountered on the road fre
quently The method of passing there
fore which results in the longer required 
sight distance should be assumed if it is 
used frequently Many drivers naturally 
use the second method of passing and 
the necessity for waiting until opposing 
traffic clears the passing lane often makes 
the second the only possible method of 
passing 

Research is required for accurate de
termination of the spacing of vehicles im
mediately preceding and after completing 
the operation of passing and of the maxi
mum acceleration, which will be less than 
that used by most vehicle operators 
These data may be supplemented or re
placed by research leading to an accurate 
determination of the total time of passing 

The time of passing may be developed 
as follows 
t—time of passing in seconds 
V—speed of passed vehicle in ft per sec. 
a—acceleration of passing vehicle in ft 

per sec per sec 
S—average spacing of vehicles immedi

ately preceding and after complet
ing the operation of passing 
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Distance tiavcised by passing vehicle 
= vt+2S 

Average speed of passing vehicle = ^(v 
-l-v+at) 

Distance traversed by passing vehicle 
=Mv+v + at)t 

Equating 

from which 

It may be noted that for constant ve
hicle spacing and acceleration the time 
of passing I S independent of the speed 

In 1934 Dr H C Dickinson^ made 
some tests in which the method of pass
ing employed was the same as the sec
ond method described herein The time 
of passing was found to be very nearly 
six seconds and independent of the speed, 
which varied fiom 5 to 45 miles per hour 
The rear car, traveling at the same speed 
as the car ahead, started to accelerate 
from a position about 1̂  sec in time be
hind the car ahead If this period of time 
was the time it took the rear vehicle to 
overhaul the slower vehicle, the spacing 
of vehicles was constant and explains the 
constant time of passing 

The spacing of vehicles may not be the 
same for different speeds In 1933 Dr 
Bi uce D Greenshields ^ used a photo-
gi aphic method for studying behavior of 
tiaffic from which he developed the fol
lowing formula for the spacing of ve
hicles in a train when the speed is con-
ti oiled by the first vehicle 

S = 21 + l I V 
in which S I S the spacing in feet and V 
the speed of traffic in miles per hour 
The spacing of vehicles immediately pre
ceding and upon completing the opera-

I H C Dickinson, "Distance Required to 
Overtake and Pass Cars," Highway Research 
Abiiracls No 14^0ctober 1934 

2 The Photographic Method of Studying 
TraflSc Behavior, by Bruce D Greenshields, 
Proceedings, Highway Research Board Vol 13 
(1933) 

tion of passing may be found to be differ
ent fiom the above and different from 
each othei but theie is reason to suspect 
that they will vaiy with the speed 

Dr Greenshields' later used the pho-
togiaphic data in an attempt to deter
mine the time of passing and found it to 
be 10 or 11 sec for most drivers The 
laige variation in results found by these 
and other investigators indicates the 
need for further research on this impor
tant factor in minimum sight distance 
for passing 

Distance Traversed by Opposing Ve
hicle The distance traversed by an op
posing vehicle which comes into view at 
the beginning of the operation of passing 
IS the product of the total time of pass
ing and the speed of the opposing vehicle 
This distance must be included in the 
minimum sight distance required for 
passing with safety The speed of op
posing traffic must be assumed and gen
erally is considered to be equal to the 
assumed design speed of the highway 
No research in connection with this fac
tor appears to be necessary 

ADDITIONAL FACTORS 

The factors which enter into the de
termination of the minimum sight dis
tance required to pass a single slower 
moving vehicle with safety are not the 
only ones which enter into the design of 
sections with sight distance adequate for 
passing on two- and three-lane high
ways ol various assumed design speeds 

A driver traveling at the assumed de
sign speed of a highway naturally desires 
to pass slower moving vehicles This de
sire IS reasonable and should be satisfied 
To what extent, however, should design 
be adjusted to satisfy this desire? If 
conditions are such that an appreciable 
peicentage of drivers are tempted to 

8 Bruce D Greenshields, "Distance and Time 
Required to Overtake and Pass Vehicles," Pro-
ceedmgs, Highway Research Board, Vol 15 
(1935) 
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pass, good design, from the standpoint 
of safety, calls for lecognizmg these con
ditions and providing adequate facili
ties for passing Research is needed for 
accurate determination of these condi
tions which may be described by the fol
lowing questions 

"What I S the maximum distance be
tween the end of a safe passing section 
and the beginning of the next one which 
will not cause impatience and not tempt 
an appreciable percentage of drivers to 
pass at points unsafe for passing? This 
must be related to the probable speed of 
overtaken vehicles because the time of 
traversing this distance varies inversely 
as the speed at which the vehicles will 
be required to travel It also should be 
related to traffic density because of the 
possibility of the passing lane being oc
cupied by opposing traffic when a safe 
passing section is reached 

What I S the minimum difference in 
speed which will tempt an appreciable 
percentage of drivers to pass? The 
greater the difference in speed the shorter 
is the sight distance required for safe 
passing 

What minimum number of vehicles in 
a train will discourage passing? The 
sight distance required for passing with 
safety increases appreciably with each 
increase in the number of vehicles in the 
train This factor should be related to 
assumed design speed and to the prob
able speed of the train of vehicles 

What is the probable spacing of ve
hicles in a tram? This factor also should 
be related to the probable speed of the 
tram of vehicles 

S I G H T D I S T A N C E A T I N T E R S E C T I O N S 

Some of the factors used in the deter
mination of sight distance at intersec
tions are not appreciably different from 
those used for sight distance along high
ways Others apply only to sight dis
tance at intersections Research is 
needed for accurate determination of 

some of these factors The development 
of the theory of sight distance at intei-
sections is worthy of a separate paper, 
but some of the factors which appear to 
require research are listed 

Perception time at intersections is dif
ferent in some respects from perception 
time along a highway The driver ap
proaching an intersection must glance 
diagonally across two triangular areas, 
one to the left and the other to the right, 
to observe traffic m both directions on the 
intersecting highway and arrive at a de
cision regarding his own actions If he is 
on a non-preference road signed for stop
ping no problem presents itself until after 
he has stopped If it is not desirable to 
subordinate traffic on one road to that 
on the other the driver approaching an 
intersection must decide whether to slow 
down and at what rate or whether to 
come to a stop His decision must be 
based on the traffic he observes on the 
intersecting highway Research on the 
period of time required by most drivers 
to reach this decision is needed Angles 
of intersection other than right angles 
may affect the results 

When a driver is stopped at an inter
section he should see enough of the in
tersecting highway to be able to cross 
without being endangered by a vehicle 
that appears after he has started The 
visible length of intersecting road in each 
direction should exceed the product of the 
assumed design speed of the intersecting 
road and the time it takes the stopped 
vehicle to cross To determine the time 
which should be assumed for a vehicle to 
cross a load research is needed on per
ception time of the driver stopped at an 
intersection, the time it takes to start 
the vehicle, and the rate of vehicle ac
celeration from a stopped position, due 
recognition being given to the fact that 
gears must be shifted These factors 
probably would have to be evaluated 
separately for passenger vehicles and 
for trucks 
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O P T I C A L A B I L I T Y O F T H E D R I V E R 

The research listed tiius far is needed 
to evaluate factors which enter into the 
determination of sight distances required 
for safe and efficient highway operation 
In some cases the resulting sight dis
tances are of little practical value be
cause of the inability of many drivers 
to take advantage of them If, for ex
ample, it I S found that on a two-lane 
highway on which the assumed design 
speed is very high the sight distance re
quired for passing is very great it may be 
inadvisable to expend extra sums for pro
viding such sections Some drivers may 
not be able to see that far and many 
may not be capable of correct judgment 
where such distances are involved It 
may indicate that the assumed design 
speed for a two-lane highway is limited 

Research is needed to determine the 
maximum distances which most drivers 
can see and react for various purposes 
and under varying conditions both day 
and night Research of this character 
may not be needed as urgently as that 
which may be used as a basis for de
termining minimum sight distances 
There is no danger in providing unneces
sarily long sections of highway open to 
the view of the driver 

I M M E D I A T E A P P L I C A T I O N 

The adoption of correct principles re
garding sight distance in the design of 
highways need not be delayed because 
of the lack of data outlined herein Val
ues for the various factors considered 
reasonable or on the safe side may be 
assumed and used until such time as re
search develops more accurate values. 

For non-passing minimum sight dis

tance two seconds for perception time, 
one second for brake reaction time, and 
0 4 for the uniform coefficient of friction 
may be considered reasonable values 
They result in non-passing minimum 
sight distances equal m feet to about 
ten times the assumed design speed in 
miles per hour The variation is not 
uniform being greater at higher speeds 
and less at lower speeds For four-lane 
and divided highways a greater margin 
of safety may be advisable This may 
be secured by assuming a speed 10 miles 
per hour greater than the assumed de
sign speed of the highway for sight dis
tance purposes 

In the design of two- and three-lane 
highways, sections safe for passing should 
be given conscious thought and not come 
about only as accidental results of fitting 
the highway to the topography A dis
tance of one to two miles between the end 
of one and the beginning of another safe 
passing section may be assumed as a 
desirable maximum for two-lane high
ways, shorter distances should be as
sumed for three-lane highways, and ad
vantage should be taken of every fav
orable location to effect the construction 
of frequent safe passing sections 

For passing minimum sight distance it 
may be assumed that vehicles traveling 
at an assumed number of miles per horn
less than the assumed design speed will 
be passed in the face of opposing traffic 
traveling at the assumed design speed 
If this speed difference is assumed to be 
10 miles per hoiu-, perception time is as
sumed to be 3 sec, and time of passmg 
I S assumed to be 9 sec the required sight 
distance for an assumed speed of 40 miles 
per hour is about 1,000 ft and for 60 
miles per hour about 1,700 ft 
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D I S C U S S I O N ON S I G H T D I S T A N C E 

D R B D G R B E N S H I E L D S , College of 
the City of New York- Mr Barnett 
pointed out that the safe distance re
quired for passing was made up of three 
items, the distance traveled during the 
perception time, that traveled while pass
ing, and that traveled by the opposing 
vehicle I think that there should be an 
added distance for a safety factor 

Perception time and reaction time 
might be combined Usually m taking 
brake reaction time we flash a light and 
then note the lapse of time from the 
flashing of the light until the operator 
puts his foot on the brake This I believe 
is the common conception of reaction 
time and includes the time of perception 
This combining would not change the 
character of the formula 

In regard to the spacmgs between ve
hicles on the opposite lane, I think it 
has been found that the distribution of 
the time intervals between the appear
ances of vehicles on an unobstructed 
highway, follows the normal probability 
curve These intervals, varying from a 
few seconds to a maximum depending 
upon the density of traffic, are the oppor
tunities one has for passing As Mr Bar
nett stated, if one assumes an average 
difference of speed the time for passing 
becomes a constant Passing is possible 
only when this much time is available 
from traffic on the opposing lane The 
average or minimum spacing has little 
significance in the study It is rather 
the variation from the average which 
offers sufficient time for passing 

I agree with the finding that about 
1,000 ft IS the distance required for pass
ing for average speeds This is the same 
result which I obtained from observa
tions made in Ohio and reported at a 
previous meeting of the Highway Re
search Board The assumption was made 
in the analysis that all slowei cais were 
passed by the faster tiaveling ones and 
that the passings were made only as suffi
cient time became available on the op

posite lane. I t was assumed that the 
drivers selected their own safety factors 
The results would be safe passing dis
tances rather than minimum 

D R A R LAUBR, Iowa State College 
I agree with the general presentation by 
Mr Barnett and also the comments made 
by Dr. Greenshields However, for the 
sake of clearness, I would like to point 
out the difference between "sense" and 
"judgment" Ordinarily in thinking of 
the term "sense", we mean m the case of 
vision, "Do you see a thing or not?" 
Perception or interpretation of markings, 
etc , on the roadway is somewhat another 
area It is merely an interpretation and 
does not take three seconds for realiza
tion There is the third category of which 
we still have to take account and which 
IS most important of all That is judg
ment When you see an object in a store 
window, or on the road and after you de
cide what it IS , then, "Do you want it or 
don't you want it? "Can you pass it or 
can you not pass it'" These decisions 
are matters of judgment It is a process 
more complex than "sensation" or "per
ception " The amount of time requu-ed 
for accurate judgment may run into 
minutes instead of seconds 

The lack of good judgment partly ac
counts for the fact that younger drivers 
have more than their share of accidents 
It accounts for the fact that one of low 
intelligence is likely to have more acci
dents m passing It partly accounts for 
the fact that alcohol seems to cause 
many accidents It is often not a ques
tion of, "Do they see it?" but a question 
of, "Do they see it and know what to 
do?" I fully believe the time has come 
when high speed on roadways, such as 
the proposed Pennsylvania super-high
way or the high-speed roadways in Ger
many, should be limited Who can pei-
form safely at those high rates of speed? 
The fact seems obvious that we need to 
keep the public out of the air so far as 
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piloting I S concerned We don't allow 
any one to fly a plane until he is well 
qualified I think the application of 
scientific principles to the situation at 
hand should be, first, define our terras 
carefully, and second, determine the 
safety factor required to satisfy the needs 
of any emergency and, as Dr Green-
shields said, make it sufficiently ade
quate I do not see any reason for limited 
non-passmg areas The minimum passmg 
distance, as Dr Greenshields has sug
gested, should be established and main
tained Otherwise someone may try to 
pass at any point and there are short 
places where you cannot see far enough 
ahead on existing highways, which is the 
reason for many accidents Why not plan 
the highways so the poorest driver will 
have no excuse for his accident on 
giounds of inadequate sight distance? 
Give them enough room to stage a self-
debate on the advisability of passing and 
have plenty of time to actually do it 
The maximum passing distance will be 
short enough at high speeds 

M R B A R N E T T It appears to be desir
able to separate perception time and 
brake reaction time As Dr Greenshields 
pointed out, brake reaction time is direct 
On the road considerable time may 
elapse from the instant certain condi
tions develop to the beginning of brake 
reaction time 

The report of the Massachusetts High
way Accident Survey, made in 1934 under 
the direction of the Massachusetts In
stitute of Technology, records the results 
of testing some drivers under varying 
conditions with both laboratory and road 
tests Among the latter were tests in 
which the slop light was covered and 
the rear driver was instructed to brake 
as soon as he noticed the forward vehicle 
slowing down I believe the contact be
tween cais was made by radio The 
conclusion drawn was that "a driver 
who showed a reaction time of 0 2 to 0 3 
sec under laboratory conditions might 

require 1 5 sec to apply his brakes under 
normal road conditions, if the stop light 
of the car ahead was out of order, after 
the driver ahead had actually applied his 
brakes " In other words their reaction 
time on the road, despite the fact that 
distraction was eliminated from the tests, 
was about seven times what it was in the 
laboratory 

Reference has been made to a factor of 
safety A factor of safety may be ap
plied in many ways It can be applied by 
assuming critical values for all factors 
and increasing the resulting sight dis
tances It may be applied by assuming 
values below the critical for all factors 
such as a friction factor of 0 4 when tests 
on clean wet pavements indicate impend
ing skid factors of 0 7 or 0 8 

The concept of two minimum sight 
distances for an assumed design speed 
should be given consideration particu
larly when improving conditions on ex
isting roads There seems to be little 
advantage in the practice of increasing 
minimum sight distances on existing two-
or three-lane highways or increasing 
standards for minimum sight distances 
for new highways unless such increases 
piovide the minimum sight distances 
sufficient for passing with safety This 
is particularly true on high speed high
ways on which minimum safe passing 
sight distances are much greater than the 
non-passing minimum sight distances 
Increasing sight distances by small 
amounts in excess of the non-passmg 
minimums generally does not provide 
sight distances adequate for passing with 
safety and may make the highways more 
hazardous by encouraging vehicle op
erators to attempt to pass Few vehicle 
operators know or sense the distance re
quired to pass a vehicle It seems to be 
more advisable to concentrate expendi
tures on limited sections of the highway 
wheie topographic conditions make such 
changes feasible and improve these sec
tions to secure sight distances adequate 
foi passing with safety 
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APPARATUS FOR DETERMINING SKID RESISTANCE OF PAVEMENTS 

SYNOPSIS 
Two general types of apparatus have been used in the measurement of the 

shpperiness of pavements—tiailers and single wheels attached at an angle to the 
propelling vehicle Description of types of apparatus includes that used by 
Moyer at Iowa, Stinson and Roberts in Ohio, the Ministry of Transport in 
England, and Boutteville, Bouly and the Syndicat S J E R B in France 
Danger spots in a road system can be readily detected by routine testing of 
highways for the determination of the coefficient of friction between the tires 
and road The trailer type of testing apparatus possesses several advantages for 
this work Either the longitudinal coefficient or the sideways force coefficient is 
a satisfactory determinant It is pointed out that tires used should be smooth 
and kept inflated to a uniform pressure, that tests should be run at the highest 
practical speed—certainly not less than 30 m p h and that the pavement should 
be wet Tests of surface types are not sufficient, each individual section of road 
requires investigation Although no tests have been run over the same piece of 
road by the various kinds of testing apparatus, a compaiison of results indicates 
a fairly close check 

Slippery pavements still continue to 
take their toll of the motorist Present 
practice on the part of highway officials 
IS to wait until several accidents occur 
on a stretch of road and then do some
thing about it Routine regular testing 
of the road surfaces for their skid-
resistant properties would make it possi
ble to correct dangerous conditions before 
life and limb are sacrificed in determin
ing that they are dangerous The City 
of St Louis has taken the lead m work 
of this sort The St Louis officials are 
using an apparatus similar to that de
veloped by Professor Moyer Other re
sponsible highway officials could profit
ably follow the St Louis procedure and 
test their road surfaces for skid re
sistance 

Two general methods of measurement 
of skid-resistancc have been used One 
a laboratory, and the other a field 
method The laboratoiy method has the 
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advantage that the various factors can 
be controlled, but it cannot be applied 
to existing road surfaces New road 
surfaces tested under laboratory condi
tions do not always give the same results 
as when tested in the field Laboratory 
tests of a pavement type may be quite 
accurate, but tests of various examples 
of a type as built may give greater vari
ation m results than tests of different 
pavement types The real question is 
whether a particular stretch of road is 
dangerously slippery or not Laboratory 
tests of types are of value but do not 
necessarily give this information The 
laboratoiy method of investigation is 
valuable as a research tool, but cannot 
be depended upon as a source of infor
mation for locating dangerous road con
ditions 

In operating a motor car on the road, 
three forms of skidding may be en
countered They are—(1) skidding 
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straight ahead with the wheels locked 
with the brakes, (2) skidding straight 
ahead as the brakes are applied and the 
wheels are at the point of locking and 
sliding, and (3) skidding sideways on a 
curve without the use of brakes In prac
tice, most skidding accidents are a com
bination of (1) or (2) with (3) This 
sideways skid will often occur on a 
straightaway as well as a curve 

Machines have been devised which 
will measure the coeflBcient of friction 
between the tires and the road surface 
under these three conditions However, 
(2) is very hard to control, and most 
investigators have confined their efforts 
to the measurement of (1) or (3) or 
both 

Two investigations have been earned 
on in the United States, one by Moyer 
in Iowa, and one by Stinson and Roberts 
in Ohio Both were reported at the 1933 
and 1934 meetings of the Highway Re
search Board Trailers were used in 
both investigations 

Two general types of apparatus have 
been used for measuiement of the slip-
periness of pavements—trailers and 
single wheels attached at an angle to 
the propelling vehicle The trailer type 
of testing apparatus seems to have some 
advantages in that its action is similar 
to that of automobiles and automobile 
tires may be used on it The apparatus 
can be used to measure the direct longi
tudinal coeflScient or the sideways force 
coefficient The towing vehicle may 
carry a water tank so that the road can 
be sprinkled at the time of the test 

The single wheel attached to the pro
pelling vehicle is generally used only for 
measuiing the sideways force coefficient 
This apparatus has a longer record of 
use than any of the others since it was 
developed for the INIinistry of Transport 
in England, wheie more work of this 
kind has been done than in any other 
part of the world 

The sideways force coefficient would 
seem to be the most simple form of com
parison for routine testing of road sur
faces The difficulties of braking action 
are eliminated, and only three factors 
need to be recorded, namely speed, wheel 
load, and sideways force The coefficient 
IS the direct relation between the wheel 
load and the sideways force 

A brief description of the commonly 
used types of apparatus will now be 
given 

APPARATUS USED BY MOVER, IOWA STATE 
C O L L E G E 

This apparatus has been fully de
scribed in Vol 13, Proceedings, Highway 
Research Board and in Bulletin No 120 
of Iowa State College from which the 
following has been abstracted 

"The trailer was so constructed that it could 
be used interchangeably for the three forms 
of skidding Provision was made to vary the 
total load on the trailer from 630 to 1,630 
pounds However, as a result of a study of the 
effect of variations in the weight of the trailer 
on the coefficient of friction and because of the 
ease of operation of the trailer using a hght 
load, a standard gross load of 830 pounds was 
adopted With this load, it was possible to run 
tests satisfactorily and safely at speeds from 
3 to 40 miles per hour 

"For sprinkhng the surfaces and to provide 
the power necessary to nm tests at high speeds, 
a Graham truck, 2i ton capacity, was equipped 
to tow the trailer The surface was sprinkled 
directly in front of the test trailer during each 
test Whenever the occasion presented itself, 
tests were run durmg and following rains 

"To measure the skidding forces in the line 
of travel, the trailer was connected directly 
behind the towing truck (Figs 1 and 3) The 
tongue of the trailer was supported in a rocker 
arm maintained m a vertical position during 
the tests to eliminate the possibility of trans
mitting the horizontal pulling foice from the 
truck to the trailer in any way except through 
the dynamometer The trailer was equipped 
with self-energizing mechanical brakes which 
were operated manually by means of a long 
brake lever convemently located near the ob
server's seat on the truck Provision was made 
for a quick and easy method of adjusting the 
brakes and no difficulty was experienced m 
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locking the wheels Howevei, when fiist nin-
ning tests foi impending skidding, it was found 
that uniform braking distribution could not be 
maintained between the two wheels because 
of the inequality in the braking force on each 
wheel and partly because of the difference in 

the line of motion of the towing tiuck The 
15-degree angle was selected on the basis of 
angle vaiiation tests in which it was found that 
the coefficient reached a maximum value at an 
angle of about 12 degrees and remained constant 
foi angles of inclination up to 30 degrees, the 
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Figure 1 Arrangement of Test Equipment for Determining the CoeflScient of Friction of 
Tires on Road Surfaces when Skidding Straight Ahead 

the tire treads and road surface conditions To 
obviate this difficulty, the gears in the differ
ential housing were cut square and a locking 
device inserted forming, in effect, a single axle 

"In measuring the side skid forces, the trailer 
was connected to the towing truck in a position 
(Fig 2) such that the longitudinal axis of the 
tiailer made an angle of about 15 degrees with 

maximum angle at which tests were run The 
integrating dynamometer was connected m line 
with the axle of the trailer and measured the 
force which caused the wheels to skid sideways 
As the towing truck moved forward, the trailer 
tended to swing into the direction of travel 
of the tow truck, thus simulating the action of 
a car skidding on a curve 
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Figure 3. Equipment for Straight Skid Tests with Sprinkler in Operation 
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"The most important piece of equipment de
veloped in this investigation was the integrat
ing dynamometer (Fig. 4). Considerations gov
erning its design were that: (1) The dynamo
meter should be simple and rugged in construc
tion, capable of withstanding considerable 
abuse, and easy to attach to the trailer and tow 
car; (2) the human equation in reading or mea
suring the forces should be eliminated; (3) i t 
should measure accurately to within 10 pounds 
forces ranging from 100 to 2,000 pounds; (4) the 
forces should be measured directly to eliminate 
the possibility of lag or the setting up of 

dynamometer developed by the Agricultural 
Engineering Department of Iowa State College 
indicated that there was considerable lag in the 
spiral spring and the levers of the recording 
;ind integrating mechanism. However, i t was 
recognized that a dynamometer meeting all the 
requirements set forth could be made by 
mounting on the Kohlbusch dynamometer 
spring an integrating device of the same general 
type used in the traction dynamometer. 

"The integrating device (Fig. 4) designed for 
this purpose consisted of a rotating fiber disk 
and two revolution counters. The fiber disk 

Figure 4. Integrating Dynamometer and Dynamometer with Motor Drive 

inertia forces in any part of the dynamometer; 
(5) i t should be possible to cahbrate the dyna
mometer under conditions of loading similar to 
that obtained during field tests; and (6) fre
quent field checks of the calibration should be 
easily made. 

" I n the search for a dynamometer meeting 
these requirements, preliminary testing was 
carried out with several dynamometers. The 
Kohlbusch dynamometer with maximum indi
cating hand measured only the maximum skid
ding force and this accurately only to the near
est 25 pounds. Calibrations of the Kohlbusch 
dynamometer spring with a Federal dial 
mounted in the frame indicated that an ac
curacy within 5 pounds could be obtained. 
Tests with a heavy duty integrating traction 

was mounted at a fixed distance from one side 
of the dynamometer spring. The inside revolu
tion counters were geared to the disk and re
corded its revolutions to the nearest tenth of a 
revolution. The disk was rotated at a constant 
speed by a motor drive. Another revolution 
counter, which served as the force-distance in
tegrator, was fastened to the other side of the 
dynamometer spring and recorded the revolu
tions of a small steel wheel driven by friction 
on the fiber disk. When pull was applied to the 
dynamometer, the steel wheel moved toward 
the center of the disk, and turned with fewer 
revolutions in proportion to the number of 
revolutions made by the fiber disk. The quo
tient obtained by dividing the number of revo
lutions of the disk by the number of revolutions 
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of the steel wheel was a measure of the pull 
transmitted by the dynamometer. 

"A useful field check on the calibration of the 
dynamometer was obtained by checking the 
quotient for zero pull after each series of tests 
and as frequently as six times a day. Slightly 
roughening the edges of the steel wheel kept 
i t from slipping on the disk. The field calibra
tion for zero load served as a means for detect
ing slippage at this point. Laboratory calibra
tions were made at least once every two weeks 
during the period when tests were run. The 
remarkable consistency of calibration and field 
results indicate the ruggednoss and dependabil
ity of the dynamometer. 

the following has been abstracted and 
brought up to date by Professor Stinson: 

"The apparatus consisted of: a trailer (Figs. 
5 and 6), a hydraulic dynamometer (Fig. 7), a 
recording and controlling mechanism (Fig. 8), 
and a towing car. 

"The trailer was made from the rear end of 
an automobile chassis and carries a conven
tional load for the tires used. Only the left 
wheel of the trailer is equipped with a brake. 
This eliminates the need of equalization and 
permits the determination of both rolling and 
sliding coefficients of friction in the line of 
travel. The draw bar is attached in line with 

Figure 5. Test Car and Trailer 

"Although i t is desirable to know the majci-
mum and minimum skidding forces, the most 
satisfactory basis for comparing the skidding 
characteristics of road surfaces is on the basis 
of the average coefficients of friction. In tests 
by Agg the vibrations set up in the trailer 
during the tests were generally responsible for 
fairly large variations in the magnitude of the 
skidding forces. The average pull measured by 
the integrating dynamometer eliminated, for all 
practical purposes, the effect of these vibra
tions." 

APPARATUS USED BY STINSON AND EGBERTS, 
OHIO STATE U N I V E R S I T Y 

This apparatus has been fully de
scribed in Vol. 13, Proceedings of the 
Highway Research Board from which 

the left wheel so as to obtain a direct pull on 
the test wheel. When the trailer is coupled to 
the towing car, the trailer wheels are offset 
about eight inches from those of the towing car, 
so that the test wheel does not follow the track 
of the towing car. A hydraulic brake was used 
on the wheel and was operated by a constant 
oil pressure maintained in a tank on the trailer. 
The brake was applied and released by electri
cal control from the towing car. 

"The test wheel operates a centrifugal slide 
indicator which gives a record, through a 
solenoid, of the instant the wheel is locked. 

"The hydraulic dynamometer is mounted on 
the trailer draw bar and connects with the rear 
of the towing car. The dynamometer con
sists of two units—the dynamometer diaphragm 
and plunger, and the roller-bearing support. 
The rubber diaphragm has an active area of 
approximately ten square inches. The dyna-
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mometer liquid is a 50 per cent mixture of 
glycerine and alcohol. The roller bearing sup
port for the dynamometer cylinder fits around 
the trailer draw bar shaft. 

"The diaphragm type dynamometer has been 
installed recently in place of a two-inch cylin-

electrically operated recording drum over which 
sensitized paper is pa.ssed at approximately two 
inches per second and is rerolled after leaving 
the drum. Two records are made on this paper, 
the unit pressure in the hydraulic dynamome
ter, which is recorded by a conventional engine 

Figure 6. Trailer 

Figure 7. Hydraulic Dynamometer 

der and lapped piston. This has eliminated the 
possibility of any sticking or leakage, and the 
performance is much more consistent. 

"The recording and controlling mechanism 
is mounted in the rear of the towing car. The 
brake is controlled through electric switches and 
a solenoid which operates the adjustable brake 
valve. The recording mechanism consists of an 

indicator unit, and the instant of sliding, which 
is recorded by a separate stylus operated by 
the slide indicator on the test wheel shaft. A 
base line is drawn by a third stylus for use in 
analyzing the record." 

Side Skid Apparatus: A description 
of ajiparatiis for measuring side skid 
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friction is given by Professor Stinson as 
follows: 

"During the gast winter, we have constructed 
a new trailer with which we are able to measure 
the side skid coefficient of friction. I am en
closing some photographs (Figs. 9, 10, and 11) 

Figure 8. Recording Mechanism 

Figure 9. Trailer 

of the equipment which were taken before the 
load was mounted. A normal tire load is placed 
on the frame while testing. The trailer is con
nected to the towing car through the hydraulic 
dynamometer used in our previous testing 
work. Both wheels are swivelled to the axle 
and can be turned to point toward each other 
in order to create a side skid action. These 
wheels are turned while in motion by a conven
tional starting motor to the desired angle. With 

the same recording mechanism that we have 
used in our other work, we can first record the 
tare force of drawing the trailer with the wheels 
parallel, and then can turn the wheels to the 
desired angle and take a record of the force 
required to overcome the skidding of the 
wheels. 

"This apparatus has been used for compara
tive tests of several tires and road surfaces 
using normal tire loads and inflation pressures, 
although none of the results have as yet been 
published. The results are much more consis-

Figure 10. Hydraulic Dynamometer 

Figure 11. Device for Turning Wheels 

tent than those obtained with the straight skid 
apparatus and can be made much quicker. 
Tests can be made with any angle of tow-in 
up to 15 degrees. The critical angle of modem 
tires carrying normal load is between 7 and 8 
degrees. Any angle greater than this is satis
factory for test, and angles from 9 to 12 degrees 
have been used. Angles of 12 degrees or more 
have been found unsatisfactory due to (a) the 
abnormal scuffing of the tires even under short 
tests on wet surfaces, and (b) the great amount 
of power required to maintain uniform speed, 
particularly at high speed. 

" A l l testing, either straight or side skid, is 
done with practically new stock tires. Consis-
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tent lesults can be obtained for 1,000 tests in 
straight skid with most tires, while in side skid 
they are used until the edges arc well rounded 
over "The rolling or impending coefficient of 
a smooth tire is from 10 to 40 per cent less 
than a corresponding stock tire, and the varia
tion on two roads will be much less, making 
comparative tests more difficult Smooth tires, 
unless free of all non-skid on the edges, will 
give variable results depending upon the 
amount of non skid present, and are going to 
be critical to small variations of tire pressure 
We feel that it is inadvisable to attempt to 
make comparisons of road surfaces with any-
thmg other than a comparatively new stand
ard tire 

"The side skid coefficients have been found 
to be about 30 per cent higher than the stiaight 
rolling coefficients on the same surface at speeds 
of 20 m p h and over This is thought to be 
due to the slow rate of relative sliding, and 
makes the values approach those of slow speed 
sliding " 

APPARATUS USED BY T H E MINISTRY OF 
TRANSPORT I N ENGLAND 

This apparatus is fully described in 
Road Research Bulletin No 1 of the 
Department of Scientific and Industrial 
Research and Ministry of Transport, 
from which the following is abstracted 

The apparatus at present in use consists of a 
motorcycle and sidecar, of which the sidecar 
wheel IS mounted in a separate fr̂ ime pivoted 
from the mam chassis about a vertical axis, 
thus forming a castor arrangement as shown 
diagrammatically in Figure 12 

"When testing a road surface, the motorcycle 
is driven along the road with the wheel fixed 
at an angle to the direction of motion, and 
both the normal force tending to restore it, 
and the load on the wheel, are measured The 
more slippery the road surface, the less is the 
force tending to push the wheel back into line 
The method of comparing the fnctional proper
ties of road surfaces therefore resolves itself 
into a comparison of the sideway restoring 
forces It is not this force alone, however, but 
the ratio of sideway force to the load on the 
wheel which has been selected as being the most 
suitable quantity for the comparison The re
sistance to slipping in a direction at right 
angles to the plane of the wheel is measured 
by this ratio, which is analogous to that gener
ally known as the 'coefficient of friction,' but 
IS called the 'sideway force coefficient' to de
note its special nature 

"Although the piesent design of machme is 
not perfect' in all details, and while perhaps a 
motorcycle and sidecai will not necessarily 
remain the best foim of instrument, the de
scription of the machine now in use provides 
information regarding a satisfactory testing 
machine, with five yeans of practical experience 
behind it 

Choice of Sidecar Wheel Angle "The side-
way force coefficient is independent of the angle 
at which the sidecar wheel is set, provided the 
latter exceeds a certain critical value which 
depends upon tire characteristics 

•̂0 

Figure 12 Diagrammatic Plan of Motor-
Cycle and Sidecar Used by Ministry of Trans
port, England 

"It was found from preliminary experiments 
that for comparative measurements on road 
surfaces, this angle should be 20° or more 
Actually an angle of 18° has been adopted 
throughout, as it was found that any increase 
in this value made the machme somewhat 
difficult to liandle, and it was not considered 
expedient on the grounds of general safety to 
exceed it This compromise, however, only 
affects the highest values of the coefficient, and 
as these are the least interesting from the 
point of view of skidding, the small reduction 
from their true values is of no significance 

Tyres "Since the machine is used to com
pare road surfaces, the tyre tread on the test 
wheel has to be of standard form It has been 
found that the usual tread patterns affect the 
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results according to the amount of wear, and 
tyres with smooth treads are therefore used. 
These could not be obtained commcroially, and 
a compromise was eventually found possible 
in the use of tyres of standard manufacture 
with the tread ground smooth. The form of 
tread is best shown on the left-hand wheel seen 
in Figure 14. Such tyres have been used for 
all routine skidding tests with satisfactory re-
.sults; their only disadvantage being their short 
life due to the small amount of nibber on the 
tread. A sidecar tyre lasts, on the average, for 
about 30 miles of testing on wet surfaces, or 

Figure 13. Motor-Cycle and Sidecar, Ministry 
of Transport, England 

Figure 14. Motor-Cycle and Sidecar, Ministry 
of Transport, England 

12 to 15 miles on dry surfaces. Wear when 
running normally as an ordinary motorcycle 
and sidecar is negligible by comparison. The 
inflation pressure adopted as standard was 50 
pounds per square inch. The tyres used have 
so far been of the beaded-edge type, size 26 
inches by 3 inches, fitted with security bolts. 
Arrangements have now been made with a 
tyre manufacturer for the production and sup
ply of special wired tyres of the above size with 
a completely smooth tread of normal thickness 
to give increased life. A tyre with a smooth 
tread gives coefficients which are lower than 
would be obtained with tyres having treads in 

good condition. Since, however, tyres are often 
used until they are smooth, the results indicate 
the coefficients which are effective under the 
most disadvantageous conditions as regards tyre 
equipment in use on roads. 

Disposition of Wheels: "The relation be
tween wheel track, wheel base, and forward 
position of the sidecar wheel should be substan
tially as shown in Fig. 12. 

Wheel Load: "When testing, the wheel loads 
of the machine now in use are approximately 
as follows: Front, 440 pounds; rear, 700 
pounds; sidecar, 360 pounds. (These loads are 
for sidecar wheel in its testing position and with 
the driver in the saddle and the observer on the 
jiillion.) 

" I t is apparent that the method of use de
scribed imposes a severe and complex loading 
upon the chassis of the machine. A chassis of 
usual design is insufficiently rigid to withstand 
this loading, and unless attention is paid to this 
point, severe oscillation of the machine is apt 
to arise, and chassis members are liable to 
break. 

Sidecar Wheel Mounling: "The construction 
of the wheel mounting is best shown in Figures 
13 and 14. I t is free to pivot about the vertical 
.spindle A, carried on the main chassis; at the 
top and bottom of the vertical spindle are hori
zontal lugs B and C, to which are pivoted links 
D and E supporting the sidecar framework. 
The load on the wheel is supported by the 
dynamometer F, consisting of a plunger i inches 
in diameter working in a cylinder and trans
mitting the load by oil pressure to the record
ing apparatus. Similarly, the sideway force 
acting on the wheel when the machine is 
travelling forward with the wheel swung out, 
as shown in Figure 12, is measured by a second 
dynamometer of the same size, G (Fig. 14). 
The sideway force dynamometer G is carried 
on a plate H attached to the sidecar wheel 
pivot, the plate being supported by a second 
plate J bracketed to the main chassis. The 
sideway thrust on the sidecar wheel is trans
mitted to the dynamometer by a strut bar K , 
and the reaction on the dynamometer is taken 
by a Bowden cable L attached at its other end 
to a lever mounted between the motorcycle 
and sidecar which allows the angle of inclina
tion of the wheel to be adjusted. The lever is 
provided with a trip which can be released 
from the handlebars of the machine in case of 
emergency. I t has never been found necessary 
to use this safety device, but i t is thought ad
visable to have i t available. 

Dynamometers and Recording Apparatus: 
"The variations in oil pressure, due to varia
tions in load and sideway force while the ma
chine is in operation, are transmitted through 
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flexible metallic pres.sure tubing from the dyna
mometers to recording plungers, \ inches in 
diameter, controlled by springs which have a 
rate of about 45 pounds per inch. They ex
tend as the oil pressure is increased, and this 
extension is recorded by mechani.sm described 
later. The complete apparatus is shown at N , 
Figure 15. The sideway force coefficient ob
tained from these spring extensions is continu
ously recorded on a paper roll, 8 i inches wide, 
driven by clockwork. Synchronously, (a) time 
in i .seconds, (b) revolutions of the front wheel, 
and (c) signals as required by the observer, 
such as when passing from one type of svirface 
to another, are recorded on the same roll by 
electromagnets supplied with current from the 
6-volt lighting battery. 

"Since, in order to obtain the least possible 
frictional lag, no parking of any sort is per
missible between the dynamometer and record
ing plungers and their cylinders, great care is 
required in their manufacture in order to ensure 
free movement without loss of oil. The plungers 
are of mild steel, case-hardened, carefully an
nealed to remove internal strains before final 
hardening, grinding, and polishing to make their 
bearing surfaces parallel, and tndy circidar to 
give a maximum clearance of 0.001 inches and 
a minimum clearance of 0.0005 inches. Three 
shallow oil grooves are provided on the plung
ers. The cylinders are of phasphor bronze ma
chined to the above limits. 

"Since a small amount of oil leakage is neces
sary, the losses are made good by means of an 
oil gun having a screwed connection to lubri
cating nipples; these are isolated from the 
flexible pipe by means of a cock, which is 
opened only when charging the system with oil. 
A small, screw-down needle-valve is connected 
in each pipe to the recording plungers for the 
purpose of adjusting the damping according 
to the viscosity of the oil. By this means, large 
and sudden variations in the recorded pressure 
are smoothed out, while the comparatively slow 
changes due to variations in the surface are 
recorded. 

"As already stated, i t is the ratio of sideway 
'force/load, called the sideway force coefficient, 
which is taken as the quantity by means of 
which the frictional properties of the road sur
face are compared. For convenience in evaluat
ing records, the recording mechanism is de
signed to combine the two mea.surements of 
sideway force and load, .so as to record the 
sideway force coefficient direct on the chart. 

"The construction of this mechani.sm is shown 
in Figure 16. The oil pipe from the load dyna
mometer is connected at A, and the load mea
sured by the extension of spring C; similarly 

the sideway force dynamometer is connected 
at B, and the force mea.sured by spring D. The 
end of the load-measuring .spring is connected 
Ihrough a link to E, which slides in guides F : 
similarly the end of the spring for measuring 
the sideway force is connected to part G. Part 
E is forked and G slides within i t , being guided 
by slots in the same guides F. Parts E and G 
are arranged to slide in directions at right-
angles to each other, and each is provided with 
a slot cut at right-angles to its direction of 
travel. Pin H pas.srs through both slots where 

Figure 15. Motor-Cycle and Sidecar, Ministry 
of Transport, England 

Figure 16. Coefficient Recorder, Ministry of 
Transport, England 

their centre-lines intersect, and through a third 
slot in forked link J, pivoted at K . 

"Link J is attached to the pen arm L carry
ing the pen M , by means of a straight-line 
linkage. A light spring 0 serves to take up the 
slack, while N is the fixed datum pen, and P 
is the drum over which the recording paper 
passes. 

" I t will therefore be seen that the displace
ment of M follows the angular movement of 
link J, which is in turn determined by the dis
placements of H in two directions at right 
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angles, one proportional to the load, and the 
other to the sideway force Provided K co
incides with the position of H for zero load and 
zero sideway force, a simple geometrical analy
sis shows that the displacement of the end of 
link J (and therefore also of the pen M) de-

u \a feonstanLj yTracteur 

Bulee dyminomttrique 
(Dynamomehr support 

. D/namometrt e/tregiilrtur 
(Oynamomfer recorder) 

Figure 17 Diagram of the BoutteviUe 
Apparatus 

Figure 18 Diagram of the Bouly Apparatus 

pends upon the ratio sideway force load or side-
way force coefficient 

"For a value of coefficient of 1, pen M moves 
to the extreme left, and, provided the loads 
per unit extension of the spiings C and D 
are approximately the same, as they should be, 
link J takes up a position at 45° to the axes 
through K parallel to those of E and G " 

APPARATUS USED BY B O U T T E V I L L E I N 
FRANCE 

This and the succeeding two types of 
apparatus are fully described in La 
Glissance Des Routes Et Sa Mesure 
published by the Syndicat Des Fabri-
cants D'Emulsions Routieres De Bitume 
in Pans, France, from which the brief 
descriptions have been adapted 

This apparatus is of the single wheel 
trailer type set at an angle to the line 
of travel The illustration. Figure 17, 
shows its construction 

APPARATUS USED BY BOULY I N F R A N C E 

This apparatus is of the trailer type 
with two wheels set at an angle to the 
direction of travel Figure 18 shows 
an outline of the ariangement of the 
apparatus 

STRADOGRAPHE DE\ ELOPED BY T H E 
SYNDICAT S F E R B I N FRANCE 

This apparatus is of the trailer type 
with two wheels set at an angle to the 
Ime of travel Figure 19 shows the ar
rangement of the apparatus 

OPERATION OP S K I D T E S T I N G APPARATUS 

Tires Tread design of tires has a 
definite effect on the test results Tires 
with non-skid treads wear down during 
the testing period and give varying re
sults Some investigators correct this 
difficulty by using new tires and discard
ing them as soon as they become worn, 
while others use a special type of smooth 
tread tire 

Condition of Surface Tests of dry 
surfaces are of little value Almost any 
pavement which has no loose material 
on its suiface is skidsafe when dry 

During a rain is the best time for 
testing 

English results as leported in Road 
Research Technical Paper No 1 for tests 
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on a concrete surface at 20 miles per 
hour are as follows: 

Coefficient 
Road dry 0.85 
Rain just starting 0.71 
Surface first wet 0.49 
Raining heavily 0.55-0.61 
Road drying 0.51-0.61-0.76-0.85 

The road may be sprinkled at the time 
of testing and a wet surface artificially 
produced. The coefficient obtained on a 
surface of this sort will be somewhat less 
than that for the same surface during 
a hard rain. This is not objectionable, 
since the worst conditions are being 
looked for. 

English investigations indicate that 
about two and one-half Imperial gallons 
of water per square yard is needed prop
erly to wet the road surface. This is 
three U. S. gallons. Professor Stinson 
comments as follows: 

"When tests are made on wet surfaces with 
either trailer, i t is always during a hard rain 
or with the test road continuously flushed and 
.sprinkled by a street flusher. A strip of road 
surface approximately ^ mile in length, where 
possible, is selected for test. I t has been found 
that the condition of the surface is variable 
during the initial wetting. As a result, i t has 
been found necessary to wash the surface 
several times in the spring and sometimes in 
the autumn, even half a day in order to get 
uniform conditions. This requires from 10,000 
to 20,000 gallons of water per day. Our experi
ence has led us to believe that i t is practically 
impossible to obtain results of value by simply 
wetting the road ahead of the test tire." 

Seasonal Effect: Road Research Tech
nical Paper No. 1 states that there is a 
distinct drop in the value of the coeffi
cients recorded during the summer 
months over those obtained during the 
winter months in England. Professor 
Stinson reports: 

"For four years we have tested one section 
of a Portland cement concrete road each April 
and September. Two conclusions have been 
that the coefficient of friction (a) decreases 
from year to year, and (b) is less in the autumn 
than in the spring. The later agrees with tests 
made in England, but we find that if the road 

is flushed for several hours, a large part of 
this decrease is eliminated." 

Speed: Results obtained at low speeds 
are of little value. All investigators agree 
that the coefficients decrease as the speed 
increases. I t would seem, therefore, that 
the testing apparatus should be operated 

Figure 19. The Stradographe of the S.F.R.B. 
Syndicate Ready for Use (the Transverse Shock 
Absorber Has Been Placed in the Rear). 

at as high a rate of speed as possible. 
This will probably be from 30 to 40 miles 
per hour. 

CONCLUSIONS 

Danger spots in a road system can be 
readily detected by the routine testing 
of highways for the determination of the 
coefficient of friction between the tires 
and the road. 

The trailer type of testing apparatus 
possesses several advantages for this 
work. 
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Several satisfactory pieces of appa
ratus have been designed and tested 
sufficiently to insure satisfactory results 

Either the longitudinal coefficient or 
the sideways force coefficient is satisfac
tory for the determination of the rela
tive slipperiness of road surfaces 

No check tests have ever been run over 
the same piece of road by the various 
kinds of testing apparatus However, a 
comparison of published results seems 
to show a fairly close check 

Tests of types are not sufficient Each 
individual section of road must be tested 

Tires used should be of uniform tread 
design and composition, and should be 
kept inflated to a uniform pressure 

Tests should be run at the highest 
practicable speed, certainly not less than 
thirty miles per hour 

Pavements should be tested when wet 
Bird and Scott, m Road Research 

Bulletin No 1, speaking of conditions m 
England, say the following concerning 
the sideways force coefficient 

"Values of 0 5 or more at 30 m pJi may be 
regarded as safe, whilst a value of 02 or less 
indicates a surface needing alteration Accord
ing to conditions'Of traffic and location, values 
between these limits may be safe or dangerous " 
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DISCUSSION ON MEASUREMENT OF SKID RESISTANCE 

M R J H SwANBERG, Minnesota High
way Department It is apparent that 
skid resistance cannot be definitely cor
related with type of surface The tests 
seem to confirm the conclusion that the 
surface types can be grouped only m a 
general way with respect to skiddmg 
coefficients Apparently any given sec
tion of road is dependent more upon the 
job control of the proportions and the 
ingredients than on the general type 

Assuming the validity of the above 
conclusion, one can appreciate the need 
for established methods and apparatus 
for the making of friction tests on road 
surfaces If sideway skidding can be 

used for the basis of comparison, the 
problem of apparatus will be simplified, 
since it requires lighter and less compli
cated equipment and therefore greater 
mileage can be covered at less cost 

Some argument has been presented 
that a driven wheel would give a differ
ent brake action than a non-powered 
wheel Would it be possible to have a 
driven wheel arrangement in addition to 
sideway adjustment, and would such an 
arrangement be practicable' 

From the statements made concerning 
the lesults of wetting the road surface 
in the English investigation and in the 
comments of Professor Stinson, there 
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would appear to be some question con-
ceining the effect of sprinkling the sui
face immediately ahead of the test tiailer 
as was done in the Iowa experiments 
We all know that a road surface at the 
beginning of a light ram is usually more 
slippery than after it has been rained 
upon foi some time This is probably 
due to the presence of dust, which upon 
being wetted becomes slippery but is 
subsequently washed off 

Has any work been done to show the 
probable errors of test results in order 
to arrive at the number of tests which 

•should be made to yield a reliable aver
age? Because of the small range of 
vaiiation in skid coefficients, it would 
appear that a large number of test de
terminations should be made 

It was shown by Moyer in his report 
"Skidding Characteristics of Road Sur
faces" at the 13th Annual Meeting of 
the Highway Research Board that the 
majority of cars are not able to take 
advantage of available braking resistance 
when the coefficient is above a certain 
value, therefore it would appear that 
there should be an optimum skidding 
coefficient beyond which it would not be 
desirable to go because of the greatly 
increased tractive resistance and high 
tire wear 

If a simple apparatus can be designed 
so that a laige number of Highway De

partments could avail themselves of the 
equipment, a comprehensive cooperative 
research project could be undertaken 
Such a research project would appear to 
be very desirable Any skid resistance 
policy will certainly have an effect on 
many industries in the highway field 
and highway engineers should have com
prehensive data to justify any changes 
in highway surfacing types from the 
standpoint of skid resistance 

M R GEORGE E MARTIN, The Barrett 
Company The Committee did not feel 
that it was in position to design a specific 
piece of apparatus as suggested by Mr 
Swanberg but did"feel that several types 
of apparatus were available and that 
there was no reason why individual 
organizations should not go ahead with 
the routine testing of existing pavements 

It would, of course, be desirable from 
a research standpoint to have all of the 
pieces of apparatus the same, but it is 
not necessary to wait for that before 
starting to collect test data From our 
experience with engineering organizations 
in the past, we doubt that it would be 
possible to get any great number to adopt 
one specific type or piece of apparatus 

I agree with Mr Swanberg that a skid
ding coefficient which is too high may 
increase tire wear and be objectionable 
from that standpoint, but I do not believe 
that it would increase tractive resistance 
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L A B O R A T O R Y A P P A R A T U S F O R F R I C T I O N T E S T S B E T W E E N T I R E S 
AND P A V E M E N T S 

By E L M O E . HANSON 

Techtiirnl I'hyxicisl, Mines Experimenl Station, 
University of Minnesota 

SYNOPSIS 
A machine has been built to measure in the laboratory the following charac

teristics of iron paving blocks: (1) the coefficient of friction between the paving 
blocks and rubber tires for straight skidding and for sideways skidding. (2) the 
stopping distance of a car on such a pavement, and (3) the tire noise. The 
machine consists of two six-foot flywheels, on the i)eriphery of which are bolted 
the paving plates to be tested. An automobile is movmted such that its front 
wheels rest on these flywheels. The flywheels are rotated by a 15 horsepower 
motor to top peripheral speeds of 60 miles per hour. Hydraulic traction dynamo
meters are connected to the center of gravity of the car and serve to measure 
the braking force and the sideways force when the brakes are applied or when 
the front car wheels are turned through an angle. A high-speed motion picture 
camera is used to record the dynamometer readings, the time, and the motion of 
the flywheels and of the front car wheels. Examples of the curves so obtained 
are given. I t has been found that by changing the design of the surface pavement 
comigations, the coefficient of friction may be changed by more than 100 per cent. 

If cast iron is to be used as a surfac
ing material for pavements, it is impera
tive that it have a corrugated or studded 
surface. While rubber tires on wet, pol
ished, smooth iron have a coefficient of 

Figure 1 

friction of only about 0.2, it has been 
found possible to increase this value 
greatly by using a roughened surface. 
Since iron can be cast into a large va
riety of designs, there is the possibility of 
developing a surface having very large 
coefficients of friction. In attempting to 
devise such a surface it was necessary to 

have a rapid and cheap method of testing 
pavement surfaces. 

A laboratory testing machine was built 
to measure the following functions of the 
relative speeds of the pavement surface 
and automobile: (1) the coefficient of 
friction both for skidding and skidding 
impending; (2) the stopping distance of 
a car; (3) the coefiicient of side friction 
(steering response); and (4) the noise 
generated by the interaction of the pave
ment surface with the automobile tires. 
While the absolute magnitudes of these 
quantities as measured in the laboratory 
may differ from those which would have 
been obtained if the tests had been made 
on a highway of the same material, the 
measurements serve as a basis for com
parison of the experimental surfaces. It 
is planned to correlate our laboratory 
measurements with highway measure
ments later. 

APPARATUS 

Figure 1 is a photograph of the testing 
machine. It is essentially a device for 
moving the pavement surface while the 
test car is at rest. The cast steel paving 
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surface is bolted to the periphery of two 
6-ft. flywheels which are keyed to a 5-in. 
axle mounted in roller bearings supported 
by a heavy steel frame. The method of 
mounting the pavement plates is shown 
in Figure 2. By means of a 15 hp. slip-
ring motor and a belt drive the flywheels 
can be given peripheral speeds up to 60 
m.p.h. A 1931 Plymouth car is mounted 
so that its front wheels rest on the pav
ing surface, while its rear wheels are sup
ported by a platform. The car is held in 
place by two cables at right angles fas
tened to its center of gravity. The cables 
are about 3 f t . long and, therefore, per
mit the car to bounce up and down as i t 
would under actual driving conditions. 
The master cylinder of the hydraulic 
brake system of the car is mounted near 
the bottom of the machine frame with a 
lever to operate i t . Copper tubing and 
a short section of reinforced rubber tub
ing connect the master cylirder to the 
front brakes. The car wheels are made 
to track straight on the pavement by 
means of a lever attached to the tie-rod, 
pivoted at the axle, and held between two 
clip angles. 

An attempt was made to simulate as 
nearly as possible the actual driving con
ditions on a highway. When an automo
bile is driven around a curve or when i t 
is decelerated by the application of its 
brakes, the inertial force acts as though 
i t were all concentrated at the center of 
gravity. For this reason, the restraining 
forces in the laboratory set-up are ap
plied and measured at the center of 
gravity of the car. 

The second condition of similarity to 
driving conditions to be fulf i l led is that 
the kinetic energy of the flywheels at a 
peripheral speed v shall be equal to the 
energy normally dissipated at the front 
wheels of a car M'hen i t is stopped on the 
highway from a speed v. I f we assume 
a car (with all four wheels locked) skid
ding to a stop from a speed v, the energy 
dissipated at each wheel is proportional 

to the weight on that wheel provided that 
the coefficient of friction is the same at 
all four tires. Kinetic energy is also pro
portional to weight. Therefore, i t can 
be shown that in such a case the energy 
dissipated at each car wheel is equal to 
the init ial kinetic energy of the weight 
supported by that wheel. Therefore, the 
second condition to be fulf i l led by the 
test machine can be exjiressed by the 
equation: 

1 T v ' , , i l ^ = i m , v , 

Wherein I is the moment of inertia of the 
flywheels, v is the peripheral speed of fly
wheels, R is the flywheel radius, and m. 

Figure 2 

is the total mass supported by the front 
car wheels. Solving the equation for I , 
we have: 

I = mtR^ 

However, in order to make the flywheels 
strong enough to stand the top operat
ing speeds safely, i t was found necessary 
to build the flywheels a li t t le heavier 
than the weight obtained from the above 
e(|uation. The only calculation in which 
I enters is that of stopping distance, and 
here the proper corrections for the dis
crepancy in I are made. 

The iron pavement which has been in 
use on the University of Minnesota 
campus for the past four years has ac
quired a high degree of polish, and the 
edges of its surface lugs have been only 
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slightly r()uii(k'(l. To make the tost sur
face in the laboratory set-up correspond 
to a pavement which has been in use for 
several years, the following " aging' ' 
process is used: 

After the pavement plates have been 
bolted to the flywheels, a light cut is 
taken across their surface with a lathe 
tool which is carried in a portable lathe 
carriage bolted to the testing machine 
(the flywheels being rotated by a motor 
through a speed reducer) (see Fig. 3) . 
Next a No. 80 grit emery wheel is 
mounted in the lathe carriage, and the 
tlywlieel surface is ground to eliminate 
the scratches made by the cutting tool. 

Figure 3 

The sharp corners left by the cutting and 
grinding operations are next slightly 
rounded by the application of a rotary, 
stiff wire brush driven at a high speed by 
the grinder. A final polish is given the 
surface by the manual application of a 
fine emery cloth while the flywheels are 
rotated at a high speed. 

A l l of the tests are run on a wet surface. 
Other investigators^ have found that i f 
a surface has satisfactorily high coeffi
cients of friction when i t is wet, i t also 
wi l l be satisfactory when i t is dry. The 
water is sprayed on the surface at the 
rate of about 1-̂  gal. per minute. 

1 Moyer, Proceedings, Higliway Research 
Board, Vol. 13, p. 123 (1933) and Stinson & 
Roberts, p. 169. 

Both new and old tires are used for all 
of the tests. The ]irocedure is generally 
to use a new nonskid tread tire unt i l i t is 
sligiitly worn, and then to cut off its 
tread to make i t correspond to an old 
tire. The tire tread is cut off on a lathe 
by the use of a sharp, flat knife which is 
constrained to move in a special templet 
to give the correct curvature to the cut. 
This curvature was determined from 
measurements on several old tires. The 
tire size is 4.75 by 19 in., and the tire 
pressure used is 35 lb. per sq. in . 

MEASURING INSTRUMENTS 

For the computation of the coefficients 
of friction, the braking force and the side 
force acting on the car are measured 
through the anchoring cables by hydrau
lic dynamometers, which were designed 
and constructed in this laboratory. The 
side cable-lever-dynamometer set-up can 
be seen in Figure 1. Each dynamometer 
consists of a bourdon tube pressure gauge 
connected through a | in. copper tube 
to a water-tight steel drum, one side of 
which is thin, flexible steel sheet. When 
the dynamometer is filled with water, i t 
wi l l accurately measure forces applied to 
the flexible face of the drum. The effec
tive area of the dynamometer drum is 
about 100 sq. in., and since the displace
ment of the bourdon tube gage is less 
than ^ cu. in. for the maximum force re
corded, the motion of the drum face is 
less than 0.005 in. Therefore, the mea
surement of the brake force and of the 
side force requires only a negligible mo
tion of the center of gravity of the car. 
This is, of course, necessary in order to 
have as small a time lag as possible in 
the force measurements. 

The rotation of the flywheels and of 
the front automobile wheels is indicated 
on special "clocks" made in this labora
tory. These revolution indicators con
sist of an 8-in. dial wi th pointers driven 
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through a gear box The flywheel indi
cator IS coupled to the flywheel axle 
through a chain drive and can be read 
directly to 0 025 revolution Each of the 
automobile wheel indicators is coupled 
to the automobile wheel through a flex
ible shaft, and can be read to 0 1 revo
lution 

Time is measured by a revolution in
dicator of the above type, driven by a 
60 cycle synchronous motor Time can 
be read directly to 0 025 sec and esti
mated to 0 010 sec 

A standard automobile speedometer is 
coujiled through a belt drive to the fly
wheel revolution indicator It gives the 
operator the approximate speed of the 
flywheels when tests are being made 
Moie exact determinations of the speed 
are made from the data on flywheel mo
tion and time 

A pressure gauge indicates the oil 
pressure in the hydraulic brake line 

Two recording vibrographs were built 
to show the vertical and horizontal mo
tion of the automobile axle The record
ing mechanism is driven by the same 
synchronous motor that marks the pas
sage of time, so that the vibrograph read
ings can be correlated with the other data 

All of the instruments are mounted on 
a 3 by 4-ft panel set in the front of the 
machine, as shown in Figure 1 This 
permits a motion picture record to be 
made of the instruments during a test 

A 16 mm Eastman Cine-Special mo
tion picture camera is used to record the 
readings on the instrument board For 
most of the work the camera is opeiated 
at 16 frames per sec and | shutter open
ing to give an exposure of 1/128 sec 
This "stops" the motion of the pointers 
quite well In some of the work, camera 
speeds as high as 64 frames per second 
are used The negative panchromatic 
film IS viewed m an Eastman "Recoi-
dak," and the instrument readings are 
transcribed to data sheets 

T E S T PROCEDXIRE AND CALCULATION 

Coefficients of Friction- The two 
brakes are first equalized so that when 
the hydraulic brake pressure is gradu
ally increased the two wheels lock at as 
nearly the same instant as possible This 
adjustment is always made before the 
coefficient of friction tests are made 

The test routine is as follows* The fly
wheels are brought up to the desired 
speed by the motor, the power is shut 
off, and one operator applies the brakes 
while the other operates the movie cam
era The brakes are left on until the 
wheels have been locked for about 1-̂  
sec The tires are then washed with cold 
water (for cooling and for carrying off 
the small rubber particles that have 
been rubbed off), and the same pro
cedure IS repeated for another speed 
Usually tests are made at the lower 
speeds first, because the greatest tire 
wear occurs at the high speeds Tests 
aie run from 5 to 60 m p h at 5 to 10 
m p h intervals 

Next the brake force dynamometer is 
calibrated under the same conditions as 
those undei which the tests were made 
A rod IS attached to each end of the 
front axle, and it is connected at the 
other end to the vertical arm of a right 
angle lever which is pivoted at its apex 
on the machine frame To the horizon
tal end of the lever are hung the cali
brating weights The levers have a me
chanical advantage of 5, so that the hori
zontal force applied to the car is equal 
to the total calibrating weight multiplied 
by five Turnbuckles in the connecting 
lods serve to take up the "give" in the 
front springs when the force is applied 
The leadings of the dynamometei 
plotted against the corresponding known 
forces give the calibration curve This 
calibration cuivc has been found to be a 
stiaight line 

Aftei the film has been developed and 
the data transcribed, the dynamometei 
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readings are plotted against the time 
A typical curve is shown in Figure 4 The 
peak in the curve is the value of the 
frictional force for skidding impending, 
while the average force over a ^ sec in
terval, beginning ^ sec after the peak 
position, IS taken as the value of the 
frictional force for the wheels locked 
From the calibration curve, the frictional 
force in pounds is calculated The cor
responding speed of the pavement sur
face with respect to the car is calculated 
from the flywheel-time data 

I 
I 

' / \ r \ 

the brakes are applied, the effective 
H F 

weight on the front wheels is WH—=— 
L 

where H is the height of the center of 
gravity, and L is the wheelbase 

It was found that when a braking 
force was applied, the car wheels would 
be forced back a little due to the elas
ticity of the springs This displacement 
was never more than ^ m It can be 
shown that if the car wheels are dis
placed by this amount, the increase m 
the observed coefficient of friction is to 
the Older of 0 005 or less than 1 per cent 

MOOTH T f i 
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Figure 4 

Jfieed- m/fes per hour 

Figure S 

The coefficient of friction is calculated 
from the following formula 

F 
^ ~ W+0198F 

Wherein F = frictional force 
W = static load on the front 

wheels of the car 

The factor 0 198F in the denominator is 
the increase m the weight on the front 
wheels of the car when the foice F is ap
plied It has been shown by Moyer ^ that 
due to the couple acting on a car when 

1 Moyer, BulleUn No' 120, page 76, Iowa E n 
gineering Experiment Station 

of most measurements The effect was 
compensated for, however, by initially 
setting the car so that the front wheel 
centers were in ahead of the ver
tical through the flywheel centers 

The resulting coefl5cients of friction 
were plotted as a function of the flywheel 
peripheral speed in the usual manner 
Such curves are shown m Figure 5 

Stopping Distance The test procedure 
for determining the stopping distance is 
as follows The flywheels are brought 
up to the desucd speed, the power is cut 
off, the brakes aic applied to lock the car 
wheels, and the flywheels are thereby 
brought to a complete stop A motion 
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picture record over the same range of 
speeds as before is made of the instru
ment board. 

From the motion picture record, the 
initial speed v and the distance d 
travelled by the periphery of the fly
wheel are determined. The equivalent 
stopping distance of a car is calculated 
from the formula: 

d o = d + 
0.198v' 

I ' 2g 
Where g is acceleration of gravity, v is 
the init ial speed in feet per second, W is 
the static mass supported by the front 

J 60 too 1^0 
^topping DIS fane e - / / 

Figure 6 

car wheels, R is the radius of the fly
wheels, and I is the moment of inertia of 
the flywheels. This serves to reduce all 
stopping distances to the same moment 
of inertia, and also to approximate the 
stopping distance of a car on a highway 
of the same surface as that tested. 

The stopping distance is plotted 
against the init ial flywheel speed. This 
curve is, then, a characteristic of the 
pavement surface. Figure 6 is an ex
ample of such a curve. 

Coefficient of Side Friction {Steering 
Response): For the tests on side f r ic 
tion, the clip angles are removed from 
the automatic steering device in order 
that the car wheels may be turned 
through some steering angle <!>. The steer
ing apparatus is equipped wi th a stop 

that can be clamped at any desired steer
ing angle within the range of the steering 
gear of the car. A picture of this set-up 
is shown in Figure 7. 

The following procedure is used for 
making the tests: The clamp on the 
steering mechanism is set at the desired 
steering angle the flywheels are 
brought up to the desired speed v, and 
the power is cut off. One operator turns 
the steering wheel unt i l the stop is hit, 
while the other operator gets the motion 
picture record of the instruments. After 
about a second, the wheels are straight
ened and the procedure is repeated for 

Figure 7 

some other speed. Generally for each 
angle <l> tests are made at 10 m.p.h. in
tervals up to 60 m.p.h. This is done for 
steering angles over the range available 
(about 22 deg.) at about 4 deg. intervals. 

This side force dynamometer is cali
brated for the conditions under which 
i t is used. The known calibrating force 
is applied in line with the front axle by 
a lever-weight system, similar to that 
used for the brake-force calibration. I n 
this case each front wheel is made to rest 
on two horizontal plates with rollers be
tween in order that they may be free to 
move. The tires are deflated enough to 
bring the axle down to its normal level. 
The readings of the dynamometer plotted 
against the known force gives the cali
bration curve and serves as a basis for 
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the calculations of the side force of fric
tion It, too, IS a straight line 

From the motion picture record of the 
side force dynamometer, the average 
force acting is calculated for the angle <t>, 
and the speed v which is determined as 
before The coefficient of side friction, or 
the steering response, is then 

foice of side friction 
u = W 

A small correction is applied to this value 
to compensate for the effect of the dis-
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Figure 8 
placement of the car wheels when they 
are turned through an angle Figure 8 
shows the type of curve obtained for 
side coefficient as a function of speed 

There were some experimental diffi
culties in making these measurements 
due to the flexibility of the car and its 
tendency to tilt under a side force The 
tilting was largely eliminated by intro
ducing a torsional stabilizer at the rear 
springs The difficulties due to the flexi
bility of the car were reduced by tight
ening the side dynamometer cable to in
troduce an initial side force on the car 
somewhat less than that to be measured, 
the car being pulled up against a stop 
When the front wheels were turned 
through an angle, the car would pull 
away from this stop, so that the force 

registered was the one actually acting at 
the front wheels In this way it was 
possible to cause the car wheels to track 
near the center of the rotating pavement 
even under very high side forces The 
dynamometer was always calibrated 
under the same conditions as it was used 

Noise Measurements A General Radio 
Type 559B noise meter was used to mea
sure the noise generated by the tires on 

r^CT TIRe NOISE 

/o zo 30 40 
Speed-mi/eiper hour 

Figure 9 

the pavement surfaces The noise meter 
IS set about 20 in from the tire and point
ing toward the point of contact between 
tire and pavement Readings are then 
taken as a function of the flywheel speed 
The background noise is next measured 
as a function of speed with the car 
jacked up so that the tires are not in con
tact with the pavement The noise in
tensity in decibels is plotted against 
velocity, both for the background and 
for the tne noise The difference between 
the two curves gives the noise due to the 
interaction of tires with the pavement 
Figure 9 is an example of such a noise 
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cuive Similar procedure is used to ob
tain the noise mside of the car Since 
the background noise is substantially the 
same for all of the test surfaces, the 
method indicates the relative "noisiness" 
of the pavements tested 

CONCLUSION 

Very marked changes can be produced 
in the coefficients of friction of tires 
against a wet, cast steel pavement by 
simply altering the design of the pave
ment surface Seven designs of a rough
ened surface have so far been tested, and 
the range in value of the coefficients foi 
these surfaces is given in Table I 

It should be emphasized again that 
these values may not be the same when 
they are measured on a flat surface The 
correlation of the values as measured on 
a flat surface (a highway), and the values 
as measured on the curved surface in the 
experimental set-up, is to be earned out 
this summer (1938) An iron pavement 
one-half block long is at present being 
laid on a campus street, and the identical 

design of surface used on this street is 
also being tested in the laboratory It is 
hoped that by comparing the values of 
the coefficients of friction and the stop
ping distances as measured on the street 

T A B L E I 
(All values given for 30 m p h peripheral speed 

of fljrwheels, and for a wet surface) 

Nonskid tires 
High 
Low-

Smooth tires 
High 
Low 

Coefficients of 
friction 

Skidding 
impending 

83 
46 

86 
32 

Wheels 
locked 

70 
34 

66 
24 

Coeffi
cient of 

side 
fnction 

91 
49 

75 
48 

stopping 
distance, 

feet 

90 
44 

104 
40 

to those measured on the laboratory test 
machine, some conclusion may be reached 
as to the relation existing between the two 
methods of measurement More can be 
said about the absolute magnitudes of 
these values after the correlation tests 
have been carried out 
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R E P O R T O F C O M M I T T E E ON F L E X I B L E T Y P E S U R F A C E S 

W H A T AVE KNOAV A B O U T T H E D E S I G N O F P A V E M E N T S OF T H E 
F L E X I B L E T Y P E 

B Y A C B E N K E L M A N 

Associate Reseaich Specialist, U S Bureau of Pubhc Roads 

(In Abstract)! 

The report presents a digest and dis
cussion of published material pertinent 
to the problem of design of flexible 
pavements 

I t points out to begin with that while 
our knowledge has progressed to the 
point where subgrades can be prepared 
more or less according to scientific prin
ciples, adequate information is lacking 
concerning their quantitative bearing 
capacity, at least that type of mforma-
tion suitable for use in design formulas 
The reason for this is that most of the 
investigations of bearing power have 
dealt only with the reaction of soils to 
sustained pressures beneath bodies, es
sentially rigid in character, such as 
foundation structures 

The forces to which subgrade soils 
are subjected are radically different in 
character First, the imposed pressures 
are seldom purely static and second, 
road surfaces through which the pres
sures are transmitted possess more or 
less flexibility resulting in nonuniform 
pressure distribution 

Evidence is presented in the report to 
show that pressure distribution may not 
only depend upon the character of the 
subgrade soil but to a very marked extent 
upon the degree of flexibility of the 
road surface through which the pressure 
is transmitted, and in view of this evi
dence the statement is made that it does 
not appear that we should attempt to 
apply our knowledge or conceptions of 
rigid footing stress distribution in soils 

! The complete report has been published in 
Public Roads Vol 18, No 11, January 1938 

directly to the problem of flexible pave
ment design 

It is generally recognized that most 
soils deform less under a dynamic than 
under a static load of the same intensity 
However, definite information is lacking 
as to the extent of the difference m soil 
supportability under these two types of 
load As far as flexible pavements are 
concerned this is an exceedingly import
ant question because here the subgrade 
soil constitutes practically the direct 
medium of load support inasmuch as the 
areas of subgrade pressure are relatively 
small and the unit intensities of pressure 
high In other words the more the factor 
of subgrade support enters into the per
formance of a road surface, the more 
necessary it becomes to take into account 
the dynamic properties of the subgrade 
soil 

This question is discussed in consider
able detail m the report and some space 
IS devoted to a description of the German 
oscillator method of test^ that appears 
to have promising possibilities for study
ing the dynamic properties of soils and 
road surfaces This method of test in
volves the application of periodic forces, 
the intensity of which varies according to 
a sine law, to a material and the study 
of its physical reaction by measurements 
of displacement and speed of propagation 
A machine, consisting essentially of two 
parallel shafts that rotate in opposite 
directions and to each of which is at
tached an eccentric weight is used to 

2 See R K Bemhard, Discussion on "Stresses 
in Concrete Pavement Slabs," page 230 
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apply the forces The displacement of 
the soil medium or road surface is mea
sured at different points with electrically 
operated instruments 

According to a number of German 
Engineers the method of test can be used 
for developing quantitative information 
regarding the ability of road surfaces 
laid upon different types of subgrade 
soil to support loads of a dynamic nature, 
as well as for studying their vibratory 
properties 

The fact that it is possible to apply 
repeated dynamic forces of known mag
nitude and characteristics to a road 
structure with an oscillating machine, is 
cited as one of the advantages of the 
method of testing It should be possible 
with such a machine to apply forces 
that are similar in character to those 
which are imposed upon pavements by 
moving vehicles inasmuch as the revolv
ing eccentric weights are analogous to 
the unsprung mass of a vehicle and the 
weight of the machine is analogous to 
that of the sprung load 

Another section of the report describes 
and discusses the methods of design of 
flexible pavements that have been sug
gested to date It is pointed out that 
these methods are premised more upon 
theoretical conceptions of soil resistance 
and pressure distribution than upon per
tinent or comprehensive test data 

The fact is mentioned also that before 
the required thickness of flexible pave
ments can be determined for a given set 
of conditions by any formula, the ques
tion as to what is the critical wheel load 
must be answered In other words, if, 
at the present time, a formula is used to 
calculate the thickness of surface, one 
must make some sort of an arbitrary 
allowance to compensate for the possible 
dynamic or impact effects that moving 
vehicles may have upon the pavement 
This IS evident from the fact that in 

some instances an allowance of 50 per
cent over and above the permissible 
static wheel load is advocated In others 
no allowance is specified because it is 
contended that the dynamic resistance 
of flexible pavements, i e , the resistance 
that materials composing such pave
ments offer to deformation under quickly 
applied loads, may entirely outweigh any 
actual impact forces 

In the summary of the report the majoi 
parts of the general problem that need 
attention are itemized They include 

1 A study of the load supporting and 
pressure-distributing ability of typical 
surfaces of the nonrigid type as influ
enced by— 

(a) The magnitude of the load 
(b) The area of load application and 

the distribution of pressure in
tensity over the area 

(c) The time duration of the load 
(d) The physical characteristics of 

the surface course and of the 
subgrade 

2 The development of data that in
dicate more directly the safe load-sup
porting value of soils when subject to 
forces and displacements such as obtain 
under road surfaces of the nonngid type 
Factors that probably exert an important 
influence are— 

(a) The size of the area of applied 
pressure 

(b) The rigidity of the surface through 
which the pressure is applied 

(c) The effect of restraint to vertical 
movement around the area of 
applied pressure 

(d) The physical characteristics of 
the subgrade material 

3 The determination of the relative 
effects of slowly applied and suddenly 
applied forces in order that the critical 
load for design purposes may be known 



146 DESIGN 

D I S C U S S I O N ON F L E X I B L E T Y P E P A V E M E N T S 

P R O F D P K R Y N I N E , Yale University 
Mr Benkelman rightly states that it is 
not known whether the action of a static 
wheel should be taken into consideration 
in designing a flexible pavement or 
whether a dynamic force prevails, and 
this question is to be studied and dis
cussed At this time there are quite a 
few formulas which permit us to design 
a flexible pavement The speaker wishes 
to emphasize the fact that all these 
formulas are based on the static ap
proach to the problem 

The principal difference between a 
static and a dynamic stress distribution 
through a flexible pavement is that in 
the former, forces are immobile, and the 
whole pattern is stiff and dead, while in 
the latter the stress pattern is living and 
moving as it is in reality If we could 
apply elastic formulas to a flexible pave
ment and to the earth mass underneath, 
we could compute displacements under 
a static wheel This problem treated as 
a three dimensional one is unusually 
complicated, but may be simplified con
sidering it in a plane If the car is mov
ing, it IS questionable whether elastic 
formulas may be applied unconditionally 
If, for instance, the speed is forty or 
more miles per hour, displacements prob
ably will not be the same as under a 
static wheel, and it is not even known 
whether stresses have time enough to 
penetrate into the interior of the earth 
mass The speaker thinks that this limi
tation as to the depth of propagation of 
stresses under a dynamic load is an im
portant one, not only for the problem of 
pavements, but for railroad engineering 
as well ' The problem in question has 
never been solved 

Displacements under a car take the 
form of a hollow (so-called "crater") m 
the flexible pavement, and at eveiy given 
moment the car is at the bottom of this 
hollow Hence the car may be imagined 

as moving along a curved elastic line, 
and perhaps in this case centrifugal force 
acting in a vertical plane should be taken 
into consideration It is true that in an 
ideally homogeneous horizontal flexible 
pavement the action of this vertical 
centrifugal force vanishes, since after all 
the car moves along a horizontal plane 
But if there are inequalities withm the 
body of the pavement or if the car moves 
up hill, the vertical centrifugal force may 
produce a certain effect Admittedly, 
the existence of such a centrifugal force 
should be proved by adequate research 
But if it exists, it certainly produces a 
much larger effect in a flexible pavement 
than m a rigid concrete pavement be
cause of the smaller radius of curvature 
of the elastic line in the former In an 
analogous way, the weaker the earth 
mass under a flexible pavement, the 
deeper is the hollow under the car Hence 
comes the idea of reinforcing and stabil
izing earth under a flexible pavement 

In a really flexible pavement the car 
should pi ess very strongly against the 
bottom of the hollow already referred 
to Hence the speaker does not believe 
very much in the possibility of a con
siderable impact action on flexible pave
ments The case of a rigid concrete pave
ment IS different, because the smallest 
inequality on the surface of such a pave
ment causes the car to drop from a 
certain height to the level of the pave
ment with consequent development of 
kinetic energy It is difficult to visualize 
a similar action in a really flexible pave
ment, although it may partially develop 
Again this is a problem to be solved by 
adequate research 

The speakei believes that stresses in 
a flexible pavement may be determined 
fiom actual displacements under the 
moving cai, and to determine the shape 
and the size of this elastic line or rather 
elastic suiface observations must be 
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made Before this difficult job is undei-
taken consideration should be given to 
the problem of whether stresses can be 
determined in some other way One thing 
IS clear, however static formulas and 
the angle of pressure distribution of 45° 
can hardly be of great help in this case 

Finally in studying the stress distribu
tion in a flexible pavement the gradual 
increase in pressure should be taken into 
consideration The stress at a point de
velops gradually as the car approaches 
It starts at a zero value when the car 
IS theoretically at infinity, and practi
cally at a certain distance from the given 
point The maximum value is reached 
when the car is exactly over the given 
point, and as the car goes away, the 
stress decreases in the same manner In 
this stress increasing-decreasing process 
the effect of vibrations may be of im
portance, and the speaker is concluding 
his discussion with a wish that German 
methods of studying vibrations as de
scribed by Mr Benkelman might be 
introduced m this country as soon as 
possible 

M R J A BUCHANAN, Bureau of Public 
Roads If I understand Professor K r y -
nine correctly, he said that impact is 
not developed on flexible type pavements 
If by flexible type pavement you mean 
a bituminous mat laid on the subgrade, 
such as that commonly known as' black 
top pavement, then I would like to say 
that impact is developed on that type 
of pavement We have measured the 
forces developed and, the impact forces 
are in general of the same order as de
veloped on the rigid pavements for a 
given surface roughness 

PROFESSOR K R Y N I N E The static load 
may be increased by the centrifugal 
force 

M R BUCHANAN Definite impact re
action IS developed because of the in
equalities on the surface of the road 

M R R O C K W E L L S M I T H , Minnesota 
Highway Department Mr Benkelman 
has done a gieat amount of work m re
viewing and reporting tests on soil load
ing, but there is nothing, in these tests 
which can be translated into a mathe
matical treatment of a design problem 
The tests as described, however, indicate 
that our present empirical method of 
design is not contrary to established 
facts As Mr Benkelman mentions, we 
have the qualitative means but no 
method of applying these means in a 

J quantitative manner » 
There is one point not clarified in Mr 

Benkelman's report He speaks of 
flexible surfaces and foundation courses 
without any special distinction as to their 
flexibility We have found that a good 
stabilized gravel base may be regarded 
as semi-rigid to a certain extent As a 
real flexible course, I would mention most 
bituminous treatments and water bound 
macadam such as we have in Minnesota 
To cite an example of my point, there is 
a 200 or 300 ft section south of Spring 
Valley on which the subgrade has dis
placed both laterally and vertically the 
latter displacement to an extent of 3 in 
Over this displacement the flexible maca
dam and bituminous mat has remained 
without breaking 

It has been our experience that with 
much less displacement a stabilized 
gravel mat would have broken and dis
integrated Or if thick enough its beam 
action would have budged the area and 
prevented the displacement In the 
laboratory we have developed stabilized 
sand beams with' a modulus of rupture 
of 200 lb and compressive strength of 
600 lb per sq in in a 2-in cube 

Thus various so-called flexible surfaces 
will vary greatly in their load distribut
ing action and in their performance under 
displacement 

The use of the numerous formulas 
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leported is not practical in our design 
work With the best available infoima-
tion these formulas give values of base 
thickness much greater than those we 
are using in our design As Mr Benkel
man points out there is a great lack of 
information concerning the actual load
ing a pavement receives under moving 
wheel loads Also there is no adequate 
knowledge of the bearing capacity of 

subgrade soils He sums this up very 
completely on page 50 of his repoit 

Mr Benkelman also points out that 
the methods described have contributed 
to our understanding of the problem, but 
that they are premised on conceptions of 
resistance and distribution rather than 
on actual data This is m complete ac
cord with our thought of the methods 
described 
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C H A P T E R V I I I BOND R E S I S T A N C E O F H I G H E L A S T I C L I M I T S T E E L 
B A R S , S E R I E S O F 1937 

B Y HERBERT J G I L K E ^ , Projessoo and Head 

STEPHEN J C H A M B E R I I N , ImLructor 

AND 

ROBERT W BEAL, Instructor 

Department of Theoretical and Applied Mechanics, loua Stale College 

SYNOPSIS 

The 1936 ftconnaissance puUout bond tests raised important questions, some 
of which challenged veneiable concepts The comprehensive tests here reported 
bear out last year's indications that 

(a) Bond resistance does not mcrease in proportion to the increase in compres
sive stiength of concrete 

(b) The total bond resistance of a plain bar increases with added length of 
embedment up to some limiting length (about 24 diameters for these tests) above 
which there is little oi no gain from added length of embedment 

(c) The unit bond lesistnnce foi a plain bai decreases as the length of embed
ment increases for all lengths of embedment 

(d) Deformed bais slip initially at .bond stresses somewhat above those for 
plain bars and invariably fail ultimatclv by splitting the concrete 

Among the several moie or less new findings are 
(e) That pullout specimens can be made to give true indications of bond 

resistance of similar bais in beams 
(f) That the increase of maximum bond resistance o\er that at initial slip, 

for plain bars becomes unifoimlv less as the stiess in the bar increases and at 
yield point stress there is no appreciable increase in bond abo\e that at initial 
slip 

(g) The progressne nature of bond failure is shown by measuied strains at 
the compressive conciete suifaces of beam and piillout specimens 

The piesent tests covei two strengths of concrete (3,000 and 5,000 p.sj at 28 
days), 3 sizes of plain and deformed high elastic hmit steel bars ( i , f and J ) , 
several depths of conciete co\ei o\er deformed bars, pullout specimens with 
embedments ranging fiom 3 to 24 m (length diameter ratios from 4 to 64), 
beam-type specimens with steel percentages langing from 0 552 to 2 76 These 
gave failures m bond and/or diagonal tension, tension in the steel, and one 

• compressive concrete failure These data supply a factual basis for determination 
of factors of safety against each of the several types of failure Factors of 
safety against failure by bond and/or diagonal tension are somewhat higher than 
those against failure by tension (yield point stress) in the steel Only a limited 
portion of the strain data secured is presented in this paper 

The tests of Chapter V, Reconnais- continuation designed to extend and 
sance Pullout Series of 1936, (1, p 82)' verify or qualify the implications of last 
raised two major questions relative to year's limited data 
the bond resistance developed between 
steel and concrete and refocused atten- T H E MAJOR QUESTIONS 
tion upon a number of secondary aspects ^ 

tlier"" f rTntrm a e e m ^ n t e s t s indicated that while there is some 
iCTco are | ^ „ „ „ increase in bond resistance for increased 
This year s tests, Series of 1937, are a , , ^ . . 

' ' strength of concrete, the increase in bond 
1 Figures in parentheses refer to list of ref- strength IS not in proportion to the m-

erences at end CI ease in compressive strength Since, 
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for years, allowable bond stiesses have 
been specified as a fixed percentage of 
the 28-day ultimate compressive strength, 
this indication was disquieting Fortu
nately this provision applied only to 
ultimate 28-day strengths up to 4,000 
lb per sq in , above which no further 
increase m bond stress was permitted 
See subsequent discussion on Factors of 
Safety 

2 Length of Embedment For the 
conditions of the 1936 length-of-embed-
ment pullout series, the gain in bond 
lesistance, for increased length of em
bedment, lacked much of being in direct 
proportion to the added embedment of 
the bar For all three strengths of con
crete the total pull developed by the 
plain bars ceased to increase with added 
length of embedment beyond a length-
diameter ratio ( L / D ) of about 20 This 
indication was also disturbing because 
it too branded as on the unsafe side what 
has, for many years, been an accepted 
design practice 

At least two features of the 1936 
tests, however, created uncertainty as to 
whether or not the findings relative to 
length of embedment could be accepted 
as general 

(a) The length of embedment tests 
weic nearly all on small one-size bars 
( i m ) 

(b) At the longer embedments the 
steel had reached its yield point stress 
before initial slip occurred There was 
also recognized the possibility that the 
slightly decreasing diameter of the bar 
with increasing stress in the steel may 
have lowered the unit bond resistance 
even before yield point stress was at
tained Ceitainly at the yield point there 
IS ample basis for suspecting that pro
nounced progressive letting go along the 
bar occurs 

Obviously last year's indication on 
length of embedment was vital and de
manded further study 

OTHER QUESTIONS 

3 Validity of the Pullout Specimen 
In a beam the conciete surrounding the 
steel IS in tension and m the pullout 
specimen it is under mild compression 
Recognition of this difference has given 
rise to a question of whether or not a 
pullout specimen can give a correct indi
cation of the bond resistance developed 
in a beam The lack of conclusive data 
lias left recognized authorities aligned 
on opposing sides of this question 

There aie also other questions such as 
that of the influence of the usual differ
ent casting positions of beams and pull-
outs on the type of contact secured 
between steel and concrete Certainly 
pullout tests are simpler and cheaper to 
make than beam tests, but their value 
depends upon the extent to which the 
pullout test results can be accepted as 
lepiesentative of performance under 
beam conditions 

4 Permissible Limit of Slippage In 
translating pullout test results to the 
conditions that prevail in a beam, what 
is the limit of permissible slippage? 
Since the earlier pullout tests, it has 
been known that much of the higher 
pullout bond lesistance of deformed bars 
cannot be utilized m beams because the 
prior slippage is sufficiently great, al
ready to have pioduced failure The same 
question applies to the effectiveness of 
special anchorage because of the ac
cumulated slip that may develop in the 
length between point of initial slip and 
the anchorage 

5 Splitting 01 Spoiling of the Concrete 
from the Wedging Action of Deformed 
Bars The lugs on the deformed bars, 
after they do become effective, can de
velop high resistance to slip only if the 
concrete is reinforced against splitting 
by spiral reinforcement or by great depth 
of cover How effective are different 
practicable depths of cover in increasing 
lesistance to splitting'' 
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6 Strains in the Concrete Strains 
measured along the concrete surfaces of 
pullout specimens and at the compressive 
and tensile faces of the concrete beams, 
should cast important light on the na
ture of interaction between steel and 
concrete The 1936 reconnaissance of 
Ernst and Dunagan into this field (7 
p 96) indicated the fundamental nature 
of the information obtainable 

7 Cracks The formation and spac
ing of cracks are always important items 
legardmg the details of which much re
mains to be determined Accurately 

one half to twice that for a balanced 
design Moreover the computed conciete 
stiess in flexure has been greatly in 
excess of the compressive strength as 
measured directly by a prism or cylinder 
test The answer is not, of course, that 
beam concrete is stronger than cylinder 
concrete but simply that, due to re
distribution fiom plastic flow of the com
pressive concrete most highly stressed, 
the distribution is parabolic or rectangu
lar rather than straight-line as the 
flexure formula assumes These tests 
with steel percentages ranging from 
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_ , {'/em dam -IJi, Z in co\/er-
PeTor-mea a/g 

(12 in embet/menty 44, . . . 

Plain 
(li in cover) 

' 'AS in diam - center- * 2-point 
'/a • • loading 
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(e-poi>it /ooding') 

( '/a 

'/4 

in diam -/^Ijf, 2 in cover 

aOOOp 
concrete 

s I f Duplicate of pr-ctgram 
'te \ as outlined above 

Noie - Also I-full-length beam tbr each strength of concrete, 
4 'a ' 7a (overalljtCJearspan 72' and 2'4''4''g'prisms 
and J-J •6>' cylinders , compressive controls tbr each 

batcti 

Figure 1 Outline of Program, Indicating Types of Specimens and Variables Studied 

measured surface strains supply positive 
information on crack formation 

8 Factors of Safety of Beam-Type 
Specimens on the Basis of Current De
sign Practice During recent years there 
has been a growing feeling among engi
neers that bond is perhaps the most 
vulnerable of the several stresses against 
which they design These data on beam-
type specimens, tested to their ultimate 
strength supply important evidence on 
this aspect of the design 

9 Compressive Stresses m Concrete 
Beams The test literature on reinforced 
concrete beams shows very few failures 
by compression in the concrete and where 
these have occurred the percentage of 
tensile reinforcement has been one and 

0 552 to 2 761 (Tables 1 and 2, col (a)) 
supply important supplementary data 
on this point Theie was but one com
pressive beam failure in the entire series 
(Beam No 11, Table 1, Steel 2 454 pei 
cent, computed compressive strength of 
concrete 5,220 lb per sq in , actual com
pressive strength of concrete 3,170 lb 
per sq in ) 

O U T L I N E OF T H E T E S T S 

Suvimary of Variables, Specimens and 
Batches Figure 1 shows m diagram
matic form an outline of the tests The 
variables are seen to be 

2 strengths of concrete (3,000 and 
5,000 lb per sq in ) 
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2 primary types of bond specimen 
(pullout and half beam) 

1 supplementary type of bond speci
men (one full-length beam for 
each strengtli of mixture) 

2 loadings for plain-bar half beams 
(center and 2 point) (All de
formed bar beams had 2 point 
loading only ) 

2 types of high elastic limit steel bais 
(plain and deformed) 

3 sizes of each type of bar (§, | and 
1 m round) 

3 depths of concicte cover (1, 1 5 and 
2 in fiom centers of bars) over 

3 - 3 by 6 in cylindeis (btandaid com
pressive specimens) 

Summaiy of Specimens 
Half oi simulated beams 
Full length beams 
4 by 4 by 12 in pullout specimens, 

plain bars (mam series) 
4 by 4 by 24 in pullout specimens, 

plain bars (mam senes) 
4 by 4 by 12 in pullout specimens, 

def bars (main senes) 
4 by 4 (3 to 24 in ) pullout speci

mens, plain bars (sup series) 
4 by 4 by 8 in compressive prisms 
3 by 6 in compressive cylinders 

30 
2 

6 

18 

16 
38 
57 

Total specimens tested 173 

Moment 

I CCfixed head), 
J ^ 

V rCrr7achine)\ 

Oiagi-am 

PCposition vahfs), 
J . !SL— 

It J . 
- r .t/5' J' - r 

41 • 

- r 

eCjoclr) 

Figure 2 The Beam-Type Specimen and Manner of Loading I t 

•/^Oi^at?/e tread -T 
Fiite<d head- C 

the deformed bars only (but for 
both the half beams and the pull-
out specimens) 

2 lengths of embedment for plain-bai 
pullout specimens of main series 
(12 and 24 in ) 

1 length of embedment for the de
formed bar pullout specimens (12 
in) 

8 lengths of embedment for the \ m 
plain bars of the supplementary 
pullout series (3, 6, 9, 12, 15, 18, 
21 and 24 in ) 

Compressive control specimens were 
cast from each of the 19 batches of con
crete as follows 

2—4 by 4 by 8 in prisms (analogous 
to pullouts) 

6 

Selection of Types of Primary Speci
mens Because of the unsettled differ
ences of opinion and apparent conflict 
of evidence on whether or not the pullout 
specimen supplies coiiect indications on 
lelative bond resistance as applied to 
steel m beams (1, p 92), a simulated 
beam or half-beam specimen was evolved 
as shown in Figure 2 -

The analogy to the beam should be 
apparent A full series of parallel pull-

2 This arrangement was sketched up several 
years ago by Dr Glenn Murphy of this depart
ment, while a giaduate student at the Uni
versity of Illinois I t IS similar in some respects 
to one used by Posey in his tests on hooks (1, 
p 95) More recently Professor M 0 Withey 
mentioned, in conversation, the possibility of 
using a similar device 
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out tests was conducted and, in addition, 
two full length beams were cast, verti
cally,^ one of each mixture, and tested 
horizontally, as beams, as a final cross-
tic from half-beam to beam 

Matenals and Mixtures The rail 
steel bais were all from a single ship
ment furnished by the Laclede Steel 

Figure 3 Slump Test on a Typical Batch of 
the Concrete 

3'A vertical casting was used for the two 
full-length beams in order to maintain simi
larity with the half-beams, as well as with the 
puilout specimens The two full-length beams 
were introduced to check the vahdity of the 
beam-type or half-beam specimen and i t was 
deemed better not to comphcate the results 
by the introduction of that other important 
\ariable "the horizontal or vertical position as 
cast" The importance of casting orientation 
hiis received some attention as, for example, 
Slater, Richart, and Scofield in Beference 5 of 
the 1936 report (1, p 94) To secure useful 
quantitative data on that variable with all its 
manifold ramifications would requiie a care
fully planned and executed investigation of no 
moan piopoitions Further work along those 
hncs IS needed, howe\ei 

Company of St Louis In every instance 
the tensile strength test was performed 
on a piece cut from the same bar that 
went into the specimen Moreover pull-
out specimens carry the same numbers 
as the companion half-beam specimens 
which were cast from the same batch of 
concrete, and are reinforced from the 
same bar of steel 

The cement was a single lot of Hawk-
eye standard portland and was screened 
over a No 14 sieve, thoroughly premixed 
and stored in tight paper-lined cans 

The Des Moines river sand used was 
all from a single load of the usual 0-4 
grading but was somewhat lacking m 
fines from having been over-washed 
The coarse aggregate was Des Moines 
river gravel ^-^ m and all from a single 
load 

The proportions of the 3,000 lb per 
sq in (28 day) concrete were 1 3 83 
1 67 with a water-cement ratio of 0 675, 
all by weight Unit weight as cast was 
143 lb per cu ft and Young's modulus 
was approximately 4,000,000 lb per 
sq in 

The 5,000 lb per sq in proportions 
were 1 1 85 1 55 with a water-cement 
ratio of 0 425 The unit weight as placed 
w as 148 lb per cu f t , and Young's 
modulus ranged slightly under 5,000,000 
lb per sq m Both concretes were de
signed for a 6-in slump which was main
tained in all batches withm an inch 
either way The mixtures were some
what over sanded, fat and workable as 
shown by Figure 3 (5,000 lb per sq in 
mixture) 

All specimens were cast vertically in 
steel forms as shown in Figures 4 and 
5^ Figure 6 shows the specimens from 
a single batch of plam-bar specimens 
The bar in a puilout specimen is a pait 

* These were furmshed by W A Jennings of 
Des Moines and proved to be veiy satisfactory 
for casting the varied lengths and sizes of 
specimens 
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of the same rod as that in the lialf-beani 
that carries the same specimen number. 

Forms were stripped at 24 hours and 
all specimens were cured under water 
for 27 additional days. A l l specimens 
were tested at 28 days within a few 
hours after removal from water. 

Testing and Instrumentation: Com
pressive 3 by 6 in. control cylinders were 

Figure 4. Steel Forms for Beam 
Pull-Out Specimens 

Type and 

tested in a 75,000 lb. capacity Baldwin-
Southwark cement testing machine and 
the 4 by 4 by 8 in. compressive prisms 
were tested in a 100,000 lb. Olsen screw 
gear-lever machine. Longitudinal stress-
strain data were secured with com-
pressometers similar to those described 
and pictured in (2, p. 467 and 469). 

Pullout specimens were tested in a 
20,000 lb. hand-operated Olsen screw-
gear lever testing machine. The bearing 
end was set in plaster of paris, the self 
aligning spherical bearing block not he-

Figure 5. One FuU-Length Beam and a Half-
Length Beam-Type Specimen in Steel Forms. 

Figure 6. Specimens from One Batch of 
Concrete 
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Figure 7. A Pair of Marten's Mirror Ex-
tensometers on Opposite Faces of a Specimen. 

iiig sufficiently rigid for use with the 
sensitive Marten's mirror strainometers 
used on concrete surfaces. 

Thirteen Marten's mirrors were placed 
on each 24-in., and 7 mirrors on each 
12-in puHout specimen (Figures 7 and 8) 
after the method of Ernst and Dunagan 
(7, p. 96-99) which was an extension of 
methods earlier used in other kinds of 

Figure 8. A 24-inch PulI-Out Specimen Ready 
for Test 

Figure 9. Grid Screen for Use with Marten's 
Mirrors. 

tests by A. N . Johnson (3, p. 1025), and 
others. 

Twenty-one mirrors were used on each 
beam-type specimen. The Marten's 
mirror extensometers were mounted in 
pairs on ojjposite sides of the member 
(which, for the beams, were the tensile 
and compressive faces) except when 
some obstruction prevented. Strains in 
the concrete were indicated on successive 
4 inch gage lengths, which overlapped 
\ in. A t intervals on one side of each 
beam-type specimen, at or near its 
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neutral surface, about five fixed correc
tion mirrors (A in Figure 10) were also 
mounted to obtain readings for correc
tions due to the rotations caused by 
bending as the test progressed. Usually 
such corrections have been made auto
matically by mounting two mirrors ro
tating in opposite directions on opposite 
gage lines, the recorded reading being 
the mean of the two. Here there was but 
one mirror per gage line and the effect 
of rotation was corrected by taking the 
reading on the screen as the difference 
between the actual reading and the 
change in reading on the nearest fixed 
mirror. 

I t was important that the bottom of 
the beam, where the bar entered, be kept 
free, both from lateral movement and 
from rotation, for otherwise there would 
be cramping and spalling of the concrete 
around the bar such as did occur fre
quently just as the beam failed, as is 
illustrated at the bottom of Figure 15. 
This necessitated provision for rotation 
and movement at the upper end of the 
beam to allow for the progressive bend
ing under test. 

The upper end reaction of the beam 
(Figure 2 and 11), was carried by a 
U frame through a ball-bearing truck 
jack at R, by which the upper end could 
be made to rotate sufliciently to main
tain a constant reading on a fixed mirror 
located at the neutral surface near the 
bottom of the beam. This controlled the 
rotation. The lateral deflection between 
the bottom bearing plate C, over the 
bottom roller, and the load-point P was 
controlled closely by inserting a rubber 
pad, of suitable thickness (as determined 
by t r i a l ) , behind the bearing plate at P. 
A 1/1000 in. dial indicator near the 
bottom indicated only a slight lateral 
movement at the base and no difficulty 
f rom premature bottom spalling was 
encountered. 

As shown in Figure 11, each of the 

standards of the testing machine was 
reinforced by bolting a 7-incli I-l)eani 
along i t , to supply the necessary added 
lateral strength and rigidity. The load 
point at P could be shifted along the 
beam as desired to simulate either center 
loading or any desired two point sym
metrical loading on the equivalent fu l l 

Figure 10. Close Up of Mirrors on a Beam-
Type Specimen that Failed in Tension. Mar
ten's mirror Extensometers Located on Tensile 
and Compressive Faces. Three of the Fixed 
Correction Mirrors "A" Show Along the Side of 
the Member. 

length beam. The top 1/10,000 in. dial 
indicator for detecting and measuring 
end slip, and the top and bottom 1/1000 
in. horizontal dial indicators for deflec
tions are shown in Figure 11. 

On Figure 8 is shown one fixed mirror 
for checking and correcting, i f necessary, 
on a puilout specimen. For the pullouts 
with variable cover, there was some 
bending from eccentricity and two or 
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more fixed min ors were used at intervals 
along the side. 

Figure 12 shows the mirrors of a beam-
type specimen as viewed from the screen. 
One of the two full-length horizontal 
beams is shown ready for test with dials 
and mirrors in place on one-half the 
beam in Figure 13 and an end view of 

in setting up and adjusting the iiiirror.-
After the testing routine was well estab
lished, i t became possible to set up and 
run a complete test on a beam-type 
specimen in three hours or less. 

A check curve and sample calculation 
for mirror cxtensometer No. 12 is shown 
oil Figure 19. This is a check rather than 

Figure 11. A Beam-Type Specimen Ready 
for Test. C = Compressive Plate; T — Tensile 
Reinforcing Bar; P = Load Point where a 
Rubber Pad Was Inserted Back of the Roller 
(See Text) and Bearing Plate; U = n Frame 
for End Reaction; R ^ Truck Jack for Ad
justing Through the U Frame Against Rotation 
at Bottom as Beam Deflects. See Figure 2, also. 

the same looking along the beam toward 
the grid screen is shown as Figure 14. 
The grid shows dimly as does the small 
hole for the transit telescope. To arrange 
this beam with all mirrors visible from 
the same position required care and 
ingenuity. 

The grid screen of Figure 9 was larger 
than necessary for the range of readings 
but the added size was a convenience 

Figure 12. Mirrors on a Beam-Type Speci
men as Viewed from the Transit, Located at 
the Grid Screen. 

a calibration since the mirror was more 
sensitive than was the 1/10,000 Feflcral 
dial used with the Gilkey-Vogt univciMil 
calibrator (4, p. 722). One-tenth inch on 
the screen was the equivalent of about 
350 lb. per sq. in. in the steel and about 
46 and 56 lb. per sq. in. in the concretes. 

Figures 15, 16 and 17 show tj ' i i ical 
beams after failure. Beam No. 26, (Fig
ure 16) had no end slip and failed by 
tension in the steel. Beams 17 and 31 
both failed either in bond or diagonal 
tension. To separate the two types of 
failure is usually difficult because con-
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Figure 13. FuU-Length Beam No. 31 Ready for Test wi th Mirrors and Dials Attached 

Figure 14. End View of Full-Length Beam 
No. 31 Looking Toward the Grid Screen. Tran
sit Telescope Projected Through the Hole in 
the Screen. 

Figure 15. Beam No. 17 After Test. A 
Typical bond and/or diagonal tension failure. 
The Secondary Split at the Bottom Was the 
Result of Lateral Rebound from the Le':-Go 
as Failure Occurred. 
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Figure 16. Beam No. 26 After Test. A 
Typical Failure by Tension in the Steel. Such 
a Failure Occurred Gradually and There Was 
No Bottom Split. 

Figure 17. Beam No. 28 After Test. A pr i 
mary Tension Failure Followed by a Secondary 
Bond and/or Diagonal Tension Break. The 
Tension Failure Is Indicated by the Tensile 
Cracks and the Absence of a Bottom Split from 
Sudden Recoil. 

Figure 18. FuU-Length Beam No. 31 After Test. A Typical Bond and/or 
Diagonal Tension Failure 
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ceivably either one may have been 
primary Probably most diagonal ten
sion failures were initially failures in 
bond, however 

Loads were applied to both beam and 
pullout specimens in increments of 1,000 
or 2,000 lb , depending upon the maxi
mum load expected A full set of mirror 
and dial readings was taken for each 
load increment until the maximum load 
was reached The load at first end slip 

0y calibralor 
//n on acreert'^^^'OOOOIKIJ nperr?^ 

ay colculotion 
/in on xrvtn 

aoooen •OOOOIKII inperi. 
Where ' 

S^xreen reocf/fTOfnin 
W i/iamona width in 
L " ge)ffe ter^th in in. 
O*disfonc9 fnom 

screen inun^ 

Distance from mirror 
to screen '10 a fr 

Reodinff on mirror screen in in 

Figure 19 A Check Comparison of Mirror 
Eztensometer No 12 with a 0.0001 in Federal 
Dial by Means of a Gilkey-Vogt Universal 
Calibrator. Gage Length 4 in 

of bar was noted as was the drag load 
on the puUouts for plain bars after about 
0 08 in slip had brought the frictional 
resistance almost to a uniform value 
The nature of a flexural bond failure is 
such that drag load observations would 
be meaningless Drag loads were not 
taken on deformed bar pullout specimens 
because the load continues to increase 
until splitting occurs 

R E S U L T S 

Table 1 supplies the primary data on 
the main series for the 3,000 lb per. 

sq in strength concrete and Table 2 
gives the corresponding data for the 
5,000 lb per sq in strength concrete 
Table 3 supplies data on the supplemen
tary series of pullout specimens for ^-in 
plain bars with variable length of em
bedment 

The stress-strain characteristics of the 
concrete, standard cured at 28 days, are 
shown on Figure 20 The strengths and 
values of Young's modulus for the dif-

\tootA 

A •Bait. •h At: n 

// 

/ 
/ Bote 7 3 

J / 

// >> 

// 
o n e It /a to 

Unit compressK^ Strom m In per in ^/0~* 

Figure 20 Typical Stress-Strain Curves for 
3 by 6 in Compressive Control Cylinders 

ferent batches are given in Column (c) 
of Tables 1 and 2 

Overall Comparisons at First Slip 
The data from the length of embedment 
pullout series of 1936 (1, p 82) arranged 
in the order of unit bond stress at first 
slip are shown on Figure 21 The speci
mens are identified fully by the code 
The unit bond stresses corresponding to 
the yield point stress in the steel, the 
ultimate unit bond stress and the residual 
or drag bond stress after sliding 0 05 m 
are also plotted on the figure These in
clude three strengths of concrete and 
four lengths of embedment for ;J-in bars, 
mainly There are a few specimens with 
f-in bars. 
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Similar data foi all of the plain bar 
specimens of both of the 1937 series are 
plotted on Figure 22, the beams of the 

Bond vs Strength of Concrete Unit 
bond stresses and ratios of bond re
sistances to strengths of concrete are 

T A B L E 3 
TEST RESULTS FOR SUPPLEMENTARY PULLOUT SERIES 

All bars plain, ^ in diameter 

LenRth 
of 

Load on bar in lb (above) Per cent of 
Y P load (below) 

Bond stress in lb per sq in 
(above) Percentfirstslip (below) 

Slip at 
max load 

(in) 
Spec No embed

ment 
(in) \ ie ld 

point 
First 
slip bi t 

Drag at 
08 in 
sUp 

First 
slip Ult 

Drag at 
08 in 
slip 

Slip at 
max load 

(in) 

Col a b c d e f g b 1 

Ultimate Compressive Strength of Concrete 3025 lb per sq m 

3- 3 2 88 25100 3305 4185 2865 488 618 423 0 0100 
13 2 16 7 11 5 126 5 86 6 

3- 6 6 25 25100 6040 8420 5645 411 572 383 0 0064 
24 0 33 5 22 5 139 2 93 2 

3- 9 9 13 25100 8000 9280 5790 372 431 264 0 0035 
31 8 36 9 23 1 115 7 71 0 

3-12 11 75 25100 10555 12065 8300 381 436 300 0 0058 
42 1 48 0 33 1 114 4 78 8 

3-15 15 25 25350 13940 15315 10885 388 427 303 0 0058 
55 1 60 6 43 0 110 0 78 1 

3-18 18 25 25350 19200 21115 11400 447 491 265 0 0058 
75 8 83 5 45 1 109 8 69 3 

3-21 21 25 25350 19725 21585 12700 394 431 254 0 0059 
78 0 85 2 50 2 109 2 64 5 

3-24 24 25 27100 19940 21180 14620 349 371 256 0 0045 
73 6 78 1 54 0 106 2 73 4 

Ultimate Compressive Strength of Concrete 5830 lb per sq m 

5- 3 3 00 26200 4550 5715 4180 644 808 591 0 0076 
17 4 21 8 16 0 125 2 91 6 

5- 6 6 13 26200 8565 11330 4605 593 785 319 0 0049 
32 7 43 3 17 6 132 6 53 9 

5- 9 9 25 26200 13520 15865 11520 621 728 529 0 0067 
51 7 60 5 44 0 117 1 85 2 

5-12 12 00 26200 17615 20985 13620 624 743 482 0 0091 
67 3 80 1 52 1 119 0 77 2 

5-15 15 25 25300 22000 24420 14300 613 680 398 0 0052 
87 0 96 6 56 5 111 0 64 9 

5-18 18 13 25300 26110 26110 610 610 0 0002 
103 1 103 1 100 0 

5-21 21 00 25300 26200 26200 19450 530 530 393 0 0002 
103 5 103 5 76 9 100 0 74 1 

5-24 24 00 27100 26200 28000 21850 463 493 387 0 0099 
_ 96 8 103 3 80 6 106 4 83 6 

main series being at the right I n like 
manner Figure 23 gives data on all the 
1937 deformed bar specimens Both 
strengths of concrete and all sizes of bar 
and length of embedment are included 

shown foi fiist slip and ultimate loads 
on Figure 24 This diagram includes 
both the plain and deformed bars and 
both the pullouts and the beams The 
steel in many of the specimens had 
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Figure 21 Length of Embedment Series of 1936 Plain Bar PuU-Out Specimens Arranged 
in Order of Unit Bond Stress at First Slip 

aooo 

jooo 

\/ooo\ 
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I 100\ 

^ ^ 1 
' 1 

COOE -
.iftiain series)-3(3000P.3J, conc)-^^ m ban-

/<? in len^t^ eml?ed'f^'i-^ 
IT (SL/pp/ementar-y ser-ies) 
• • • - PiAtf^ BAftsC^fl-out3*Beo/T7^ 

Bon^f stress of first shp 
Max bonaf stress efevefoped-

• Bond stress comrsponc^in^ 
to yield point 

. » Bond stress at r€Siduai dra^ 
3 /ndicates specimen split 

1̂ 

U - l - l 

Specimrn No CPlain Bars - nam t Supplementary Series) 
Arranged in order of magnitude of bond stress at first slip 

Figure 22 All Plain-Bar Specimens of Both Series Arranged in Order of Unit Bond 

Stress at First Slip 
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looa 
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• eoa, 

E ioo\ 

r Cooe -
SCSOOOpisj cone)-'/s in t>ai 13 Z g, 

Delbrmed Bora CPu/Z-outs * beomsj^ 

^/lax fond stress deve/oped 
• Bond sf-ness con-

l-esponding fo 
yie/d po/nf-
s Indicates 
opecimerr split 

All le in lengttrof emlpedrTvn\ 

yPull-otrls 

Pull-out Specimen No -Ci^ll Main SeriesJ-Beam Specimen No 
Ai-no/yed in order CJ/" magnitude of tiond stress at first slip 

Figure 23 All Deformed-Bar Specimens Arranged in Order of Unit Bond Stress at First Slip 
(Note That the Supplementary Pull-Out Senes Had No Deformed Bar) 

% 1000 

A-Specim^ split ) tJMJ 

4 . rirkt point or beyond 

•0205 Jidad JiM SoSS-
Ultimatt compreMive sfrvnfftti of concrelfm po,t 

Figure 24 Bond Resistance Vs Compressive 
Strength of Concrete PuU-Outs with Plain 
Bars 2 in Cover, All Others \Vi in Cover 
Embed of PuU-Outs 12 in Embed of 3,000 lb 
Beams 21 in Embed of 5,000 lb Beams 15 in 

I cached yield-point stress before the ulti
mate load was attained and nearly all 
of the deformed bar specimens of both 
strengths of concrete split The strength 
of concrete seemed to have only a slight 
influence on the unit bond resistance 
developed, which is the reason for the 
decreasing ratio of bond resistance to 
strength of concrete as the strength of 
concrete increases 

Fioin Figure 24 the following conclu
sions can be drawn 

1 For both the pullout tests and the 
beams, the bond resistance is slightly 
higher for the stronger concrete both at 
the first slip and at maximum load 

2 For both the pullout tests and the 
beams the ratio of unit bond resistance 
to compressive strength decreases as the 
strength of concrete increases For plain 
bar pullout specimens the mean ratio 
at first slip (approximately 0 0001 in 
movement) ranged downward from 16 
percent for 3,000 lb concrete to 12 per
cent for 5,000 lb concrete For the 
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beams the mean lange was from about 
13 to 10 percent« 

3 While, as is indicated in Figure 24, 
several of the plain bars reached then-
yield point prior to initial slippage, the 
trends do not differ from those that 
slipped at stresses below the yield point 
This point receives' more detailed con
sideration in connection with Figure 30 

4 In nearly every case the deformed 
bars split the 3,000 lb concrete before 
reaching their yield points, but usually 
attained yield point stress before split
ting the 5,000 lb concrete 

5 Initial slippages for the deformed 
bars were at stresses somewhat above 
those for the plain bars This was true 
for the 1936 tests (1, p 90) and in accord 
with the findings of Wernisch (6), and 
Brown and Clark (10), but the differ
ence was much less than that found by 
Teller (11, p 251-6) 

On Figure 25 the 1937 supplementary 
(length of embedment) series and the 
1937 mam series are compared with one 
another and also with the 1936 tests on 
effect of strength of concrete on the 
bond-compressive strength ratios at first 
slip The ranges of concrete strength 
were about the same for the several 
series and the agreement is striking 
Figure 25 also shows the pronounced 
influence of embedment diameter ratio 
( L / D ) on the relative bond resistance 
This aspect receives further considera
tion under "Length of Embedment" 

Length of Embedment As noted 
above. Figure 25 shows with great con
sistency the effect of length of embed
ment upon bond, the only truly out-of-
line indication being the curve of the 
1937 supplementary series foi the L / D 
of 24 

5 Comparisons available on Figures 26 and 
27 show that the differences between puUouts 
and beams are evidently due to their differ
ences in L / D ratio Figure 25 shows how 
important the L / D ratio is m determining 
actual values of bond stress and of bond stress 
ratios 

Figuies 26 and 27 supply leadily com
parable data on L / D effect for the pull-
out and beam specimens all of which 
were in the main 1937 series To the 

20\ 

I" 

I 

I"' 
5 5 
9." 

1*̂  

1 

Numenals deno 
1 

te ^ natf03 

-1937 mam series 

•-tfe > 

-i/nbar 

« •— 

•^^ -•— 1937 Tiemenhry xrlea 

—" s&rie •s ~« 

JOOO 3000 700C 
Ult compn strength of concrete, ps-i 

Figure 25 Bond at First Slip Vs Compressive 
Strength of Concrete All Bars Plain 

Senes 
1936 
1937 Mam 
1937 Supp 

Diam 
of Bars 

54 & 8̂ in 
y%, 8̂ & ?4 in 
J4in 

Length of 
Embedment 

2, 4, 6 & 12 in 
12 & 24 in 
3, 6, 9, 12, IS, 
18, 21 & 24 in 

pullout curves of Figure 26 has been 
added, as a cross-tie to the 1936 tests, 
the same data for the 1936 mixture of 
the same strength The agreement is 
excellent, all points falling in the same 
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Pull-outs Beams 

• I 

0 

1000 

I 

V 
- • 

x-ZSOiS 3ene3 

O-pi 
a-o eformed 

s - BX 
bars • 

^; 

S - Specimen spli t I 
^-rteld point or beyond 

if 1̂  

«8 

O 13 X IS O 15 30 73 lOO 
/fatio of length of embedment to txir diarTjetei-(g) 

Figure 26 Main Senes 3,000 lb Concrete Bond Vs Length-Diameter (L /D) Ratio at 
the Maximum Load and at First Slip Pull-Outs and Beam-Type Specimens Plain and 
Deformed Bars 1936 Pull-Outs (3,000 lb Concrete) Added for Comparison 

Poll outs Btam-3 

•h lOOO 

Q-Plain ^rs 

• 

•v. ^ 
\ 

•o 

J^l/t 
t ortreyo/ 

J-
id 

oo 

6S so 7S O ZS so TS too 
Polio of Itngth ot embttlmtnt to bar diameter^) 

Figure 27 Main Senes 5,000 lb Concrete Bond Vs Length-Diameter (L/D) Ratio at 
the Maximum Load and at First Slip PuU-Outs and Beam-Type Specimens Plain and 
Deformed Bars 
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zone and showing an identical trend, as 
would be expected from the study of 
Figure 25 Comparing the lower and 
upper groups of curves of Figures 26 
and 27, there is the usual striking simi
larity between the behavior at first slip 
and at maximum load 

Comparing, superficially, the pullout 

From the evidence of Figures 26 and 
27 it I S clear that, if lengths of embed
ment for pullout specimens and then 
companion beams had been the same, 
the plotted points on Figures 31 and 32 
would have fallen almost exactly along 
the 45 deg line of equal beam and pull-
out bond strengths 

J ^ ^6SZ5 p.3.1 -/S36 
^ -^040 03.1-1936 

6SZ5 psj -1936 
3040PAI-/936 

"5 ° - First slip, 3025p.31 concrete 
*-Majiimum,302Spji concrete 
o - First slip, SB30 pi.1 concrete 
• - Maximum, 5830 psi concrete 
* ~ tield point or beyond 

3040anl-l936 

6515031-1936 

^ Ratio 

2 
\I000 ^ 

51 
8 
10 

Figure 28 Effect of Length of Embedment for 1936 Series and 1937 Supplementary Series 
Loads, Stresses, and Bond Ratios at First Slip for 1936 Series, and at First Slip and Ultimate 
for 1937 Senes All Bars Plain Diameters }4 in 1936 Series, and % in 1937 Series 

and the beam cuives, the latter seem to 
parallel those for the puUouts, but are 
lower Actually, however, the agreement 
is virtually perfect in every case as can 
be verified by superimposing the pullout 
curves upon the corresponding cuives for 
the beams The pullout curves are 
higher, only because they extend farther 
to the left, where values of L / D aie 
lower 

Figure 28 supplies the data for the 
supplementary 1937 series in which plain 
\ in bars were embedded in pullout 
specimens for lengths of 3, 6, 9, 12, 15, 
18, 21 and 24 in m both the 3,000 lb 
and 6,000 lb concretes The L / D ratio 
varies from 4 to 32 There were neither 
beams nor defoimed bar specimens On 
the same figure are plotted the results 
for the two comparable-strength mix-
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tures of 1936 for which the L / D ratio 
varied from 8 to 48 (1, Fig 5) These 
were all ^ and f in plain bar specimens 
with embedments of 2, 4, 6 and 12 in 
For the 1936 series the loads at first slip 
and ultimate were practically identical 
(1, Table 1) while for the 1937 tests 
there is apparent the usual similarity 
between behavior at first slip and at 
ultimate for plain bars The following 
apparent facts or trends may be noted 
from Figure 28 

1 The total resistance offered in
creases with added length of embedment 
up to about 24 bar diameters after which 
there appears to be little or no further 
increase At first thought one might 
attribute this to yield point stresses m 
the steel at this embedment, but for the 
1937 tests, yield point stresses were at
tained only for the 6,000 lb concrete at 
its ultimate load, and for neither con
crete was there yield point stress at first 
slip, nor was there such stress at ulti
mate for the 3,000 lb concrete That 
the abrupt leveling off of the total load 
curves at an L / D ratio of about 24 may 
be significant, seems probable because 
of the similarity to the 1936 results 
which were from ^ in bars and three 
strengths of concrete All three strengths 
of concrete gave the same indication 
with no change in tiend up to an L / D 
ratio of 48, the highest attained If these 
consistent indications are significant it 
means that plain bars will give added 
resistance as length of embedment in
creases up to a limiting amount" (24 

" A possible explanation of these observations 
is that at an L / D ratio of 24 or more the lower 
end of the bar may have shpped sufficiently, 
due to the accumulated elastic deformation of 
the steel and concrete, to have exceeded its 
maximum bond resistance which comes at from 
0 005 to 001 in slip In other worda a bond 
failure is the result of a tearing action or 
progressive letting go against which added 
length of anchorage becomes progressively less 
effective until some cntical length (24 di
ameters for these tests) is reached beyond 
which efifective lesistance cannot be further 
distnbuted 

diameters for these tests) beyond which 
progressive slippage will occur with at
tempt to apply added load, no matter 
how long the embedment may be This 
held up to 32 diameters, for these tests, 
48 diameters for the 1936 tests and 64 
diameters for the 1937 main series 
(Pullout specimens No 3 and 4, see 
Tables 1 and 2 ) 

2 The increase in total bond resis
tance with added embedment is not 
proportional to the amount of added 
embedment and the unit bond resistance 
reduces steadily from that for very short 
embedments to that for long embedments 

3 The ratio of bond resistance to 
compressive strength reduces with in
crease of L / D latio or added length of 
embedment as well as with increased 
strength of concrete as pointed out pre
viously It should be noted that the 
curves for the 3,000 lb concrete have 
changed places with those for the 6,000 
lb concrete between the middle and the 
bottom groups of curves on Figure 28 

4 The apparent flattening out of the 
middle and bottom groups of 1937 curves 
for values of L / D between 12 and 20 
IS probably not significant The 1936 
results show no such trend 

Residual Drag- As in the 1936 tests 
(1, Fig 4, 6 and 8), observations were 
made upon the residual drag or running 
resistance offered by the pullout speci
mens of the supplementary series after 
considerable slippage (0 05 in m 1936 
and 0 08 m in 1937 tests) Figure 29 
gives these data on which the following 
comments are offered 

1 The total residual drag for plain 
bars continued to increase with added 
embedment up to 32 diameters 

2 The increase in drag was not pro
portional to the increased area of contact 
from added embedment. 

3 The ratio of "drag" bond resistance 
to the ultimate strength of the concrete 
decreased with added length of embed
ment 
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4 The drag behavior was consistent 
and similar to the actions at first slip 
and at ultimate except that there was 
no apparent flattening out of the total 
load curves up to the maximum L / D 
ratio of 32 and there was some indication 
that the unit and percentage bond re
sistances might be approaching some 
constant value for large L / D ratios 
It seems at least apparent that a greater 
effective length of plain bar will function 
against drag than can function against 
initial slippage The 1936 drag test re
sults more nearly paralleled the charac
teristic action at initial slip and maxi
mum load, than do those of Figure 29 

Significance or Usefulness of Drag 
Resistance So far as the action of re
inforcement m a concrete beam is con
cerned, the residual drag can serve little 
or no useful function Reference to 
Columns (1) of Tables 1 and 2 will show 
that in practically all cases the last 
observed slippage prior to failure of a 
reinforced concrete beam was less than 
0 01 in This applies to plain and de
formed bars alike and it becomes obvi
ous that a beam will have failed before 
the drag can aid, and the same is gener
ally true for the lugs on the deformed 
bars except insofar as they raise slightly 
the load at first sl ip' These indications 
agree with those found by other authori
ties Figure 29 is mainly of academic 
interest 

Influence of Stress m Steel on the 

^ Probably this should be qualified for de
formed bars of relatively long embedment 
By the time the bar has picked up slack and 
slipped sufficiently to show slip at the free end 
(that of zero tensile stress), the lugs near the 
end where load is applied, will probably have 
taken up their slack and should be functioning 
as lugs to aid the bond resistance that exists 
further along the bar The relative steepness of 
the left portion of the deformed bar curves 
of Figure 34 for the higher loads may well be 
explained on this basis In like manner there 
IS probably some drag resistance of a plain bar 
which aids the unbroken bond resistance 
farther from the region of high tensile stress 

Bond Resistance of Plain Bars Many 
of the plain bar pullout specimens of 
the series of 1936 reached their yield 
point at about the same load as that 
at which initial slip occurred The same 
was also true for some of the specimens 
of the 1937 series There was obviously 
a valid question of whether or not the 
slippage was the direct result of the 
slight drawing down of the cross-section 
that accompanies a yield point stress 

Sxoo 

b-mOK vo/u^aiwf yieldpf 

o-JO£5/b concrete 
0-3030 Itx concn/n 

*-/b ratio 

J 6 S II II 
Langtti of embedment in in 

Figure 29 Residual Drag for Supplementary 
Senes After End Slip of 0 08 in All Bars 

in Plain. 3,025 and 5,830 lb Concrete. Total 
Loads, Bond Stresses and Bond Ratios 

Figure 30 seems to indicate rather 
definitely that even the elastic reduction 
in cross-section (Poisson ratio effect) 
has an influence upon the increment of 
load between first slip and ultimate, 
and that when the first slip occurs at a 
yield point stress, the load at first slip 
and ultimate will be identical That this 
latter should be true is to have been 
expected That each added increment of 
stress in the bar at the time of first 
slip reduces the added bond load that 
can be resisted, is an interesting and 
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unsuspected indication but one that does 
not seem unreasonable For all stresses 
below the proportional limit, the unit 
decrease in diameter is one-fourth the 
longitudinal unit strain At or above 
the yield point the bar deforms at con
stant volume and the unit diametrical 
decrease is about half the longitudinal 
unit strain Thus for plain bars stressed 

well below their yield points there must 
be enough drawing down appreciably to 
decrease the bond resistance which is 
what Figure 30 seems to indicate with 
fair consistency for the complete 1937 
assortment of pullout tests on plain bars 

Pullout Tests vs Beams One of the 
primary objectives of this investigation 
was to determine whether or not pullout 
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Figure 30 Effect of Stress in the Steel on the Bond Resistance at First Slip Points are 
Shown for All Pull-Out Specimens with Plain Bars 
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Figure 31 Beams Vs PuU-Outs at First 
Slip Results for All Cases That Had Com
panion Beam-Type and Pull-Out Specimens 
Several Lengths of Embedment Plain and De
formed Bars of Yi, y% and ^ in Diam 3,000 
and 5,000 lb Concretes 1, \y% and 2 in 
Cover Over Deformed Bars 

tests constitute a pioper criterion for 
the bond resistance offered by a bar in a 
beam 

Figures 22, 23, 24, 26 and 27 all show 
excellent agreement between the beams 
and pullout tests On Figures 31 and 32 
all of the companion pullout and beam 
tests are brought together for overall 
quantitative comparisons at first slip and 
at ultimate Very satisfying relation
ships are shown in spite of the numerous 
differences inherent in the tests 

As was mentioned under the discussion 
of Figures 26 and 27, all of the plain bar 
tests would fall virtually on the 45 
degiee lines if the L / D values for beams 
were equal to those for their companion 
pullout specimens Values taken from 
Figures 26 and 27 aie given in Table 4 

From the almost perfect agreements 
shown by Table 4, it becomes apparent 
that for these tests the differences m 
L / D ratios for beams and pullouts ac-
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count foi virtually the entire amount of 
the moderate discrepancies of Figures 
31 and 32, so far as the plain bar tests 
are concerned Since the discrepancies 
are no more pronounced foi the deformed 
bars, it I S reasonable to assume that the 
same is true for them 

That in the few comparisons made by 
others on both pullout and beam speci
mens, no very satisfactory correlation 

casting of all specimens eliminated this 
variable 

Some of the latest tests, those by 
Wernisch (6) purport to show nothing 
more than chance agreement between 
pullout and beam test results A careful 
study of the Wei nisch data shows much 
better agreement than he himself evi
dently recognized In spite of the pres
ence of such differences as that of 

T A B L E 4 

CoMPAKisoN OP P U L L O U T SPECIMENS AND B E A M S AT E Q U A L L / D RATIOS 
Data from Figures 26 and 27 

Fig No Strength of 
concrete 

Stage of L / D 
Bond stress, lb per sq in 

Fig No Strength of 
concrete test L / D 

Pullout Beam 

26 3000 1st shp 25 490 500 
26 3000 1st sUp 50 300 330 

26 3000 Ultimate 25 530 500 
26 3000 Ultimate 50 310 330 

27 5000 1st sbp 25 520 540 
27 5000 1st shp 50 310 300 

27 5000 Ultimate 25 550 560 
27 5000 Ultimate 50 330 330 

was apparent is not surprising Most of 
the pullout tests of others have been on 
short-length embedments, which, as has 
been so strikingly demonstrated, give 
much higher unit bond resistances than 
do long embedments such as are more 
likely to be present in the beams 

The close agreement shown by Table 
4 discounts, so far as these tests are 
concerned, the contention that the local 
compression in the concrete where the 
bar enters a pullout specimen creates a 
significant difference This is m accord 
with Abram's contention (1, p 94) as 
distinguished from that of Withey (1, 
P 92) 

Normally beams are cast horizontally 
with likelihood of a poor contact be
tween the concrete and the lower side 
of the bar, whereas pullout specimens 
are cast vertically with excellent contact 
all around In these tests the vertical 
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Results for All Cases That Had Companion 
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Lengths of Embedment. Plain and Deformed 
Bars of ^ , y%, and m Diam 3,000 and 
5,000 lb Concretes 1, V/t and 2 in Cover 
Over Deformed Bars 
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ouentation at casting, diffeicnt L / D 
ratios and the fact that most of the tests 
were on deformed bar specimens, the 
Wernisch tests do supply excellent evi
dence, both at first slip and ultimate, 
that there is good correlation between 
beam and pullout indications as regards 
bond When all of the tests, for which 
there were companion beam and pullout 
specimens, were plotted they showed 
just as good, if not slightly better, agree
ment than do the plots of Figures 31 
and 32 

variably split the 4-inch square speci
mens, sometimes without prior first slip, 
and at the ultimate m nearly every 
instance, the only exceptions being a 
few | - in bars 

Figure 33 shows that added depth of 
cover between 1 in and 2 in does in
crease the ultimate resistance of de
formed bars appreciably and the first-slip 
resistance slightly There is nothing to 
indicate, however, that increased depth 
of cover can be justified as a device for 
preventing splitting from the wedging 
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Figure 33 Bond Vs Cover for Deformed Bars. PuU-Out and Beam-Type Specimens of 3,000 
and 5,000 lb Concrete Bars ^ , y% and ^ in Covers 1, 1^ and 2 m 

In the light of these tests and the 
Wernisch support (6), one can conclude 
with assurance that the pullout test can 
give correct indications of bond behavior 
for any type of bar when used m beams 
If at equal L / D ratios, the agreement 
should be actual, if not, it will be rela
tive, as in these tests 

Depth of Cover vs Splitting for De
formed Bars In the 1936 bond tests 
^-m deformed bars split the 3-in 
diameter pullout specimens in every 
instance but the ^-m deformed bars 
could be pulled through without splitting 
For these tests the deformed bars in

action of the lugs As might be expected 
the increased resistance from added 
depth of cover is greater for the stronger 
concrete The higher tensile strength 
should provide greater resistance against 
splitting, which seemed to be the case 

This reconnaissance supplies added 
evidence of the need for the development 
of a deformed bar with a much finer 
textured and more closely spaced non-
wedging roughness, and which also will 
come into positive bearing with less 
preliminary slippage than do any of the 
current types Wernisch (6, Fig 7) and 
several of the earlier investigators have 
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demonstrated the great effectiveness of 
threaded bars As a practical device, 
threading is not in the present picture 
but, m such results, there is demon
strated the type of roughness that must 
be simulated if the deformed bar is to be 
made to measure up to its potentialities 

Measurements of Strain As has fre
quently been noted the concrete in a 
pullout specimen, m which the bar is 
located centrally, is under a more or less 
uniform compression, the total of which 
equals the tension in the bar In a beam, 
compression, equal to the total tension 
m steel (plus tensile concrete), is also 
present The important difference is 
that, in the beam, all the compressive 
concrete is remote from the steel, whereas 
in the pullout specimen the tensile bar 
IS surrounded by compressive concrete 

Just how and to what extent this dif
ference effects the interaction of steel 
and concrete has been speculative be
cause convincing evidence was lacking 
The question is fundamental to an under
standing of the bond phenomenon and 
the authors in planning the 1937 tests 
decided to extend the 1936 work of 
Dunagan and Ernst (7, p 96) by meas
uring, with Marten's mirror extens-
ometers, on successive 4-mch gage 
lengths, overlapping by i inch 

1 Surface strains on two opposite 
concrete faces of all pullout specimens 

2 Surface strains on the concrete of 
both the compressive and the tensile 
faces of all beam and beam-type speci
mens No strain observations were taken 
on the steel in any case 

The mirror arrangements for taking 
strain observations have already been 
shown and described in connection with 
Figures 7-19, inclusive Complete sets 
of mirror readings weie taken on all 
specimens and for all increments of 
loads The stiain data are so volumi
nous that it seems desiiable to present 
here only the limited amount deemed 

essential for an understanding of points 
covered in this paper There is m prepa
ration a supplementary paper to be de
voted almost entirely to the strain 
observations and their interpretation 

Compressive Concrete Strains Meas
ured at Surfaces of Pullout Specimens 
Figure 34 illustrates the surface com
pressive concrete strains on pullouts with 
| - in bars with short embedments (low 
L / D ratio) The 12-inch embedment for 
^-m bars gives an L / D ratio of 16 m 
contrast with the ratio of 64 for the 
24-inch embedment of the ^-in bars of 
Figure 35 The four groups of strain 
curves in Figure 34 cover both strengths 
of concrete and plain and deformed bars 

At low loads the concrete was strained 
only down near where the bar entered 
it (at the left of the diagrams) but at 
the high loads there was compression in 
the concrete throughout the entire length 
of the specimen There was also bond 
over the entire length as indicated by 
the slopes of the curves Wherever there 
IS a slope the compression in the concrete 
is changing and that can be caused only 
by the presence of bond stress 

Various interesting comparisons can 
be drawn between the curves for the 
plain and deformed bars as well as 
between those for the two strengths of 
concrete 

Figure 35 shows plain bars with a high 
enough L / D ratio to produce the tearing 
action or progressive slippage which in
validates the assumption that bond re
sistance I S proportional to the length of 
embedment When progressive slippage 
started at a load of about 6,000 lb , it 
progressed rapidly along the bars until 
at the ultimate there was primary bond 
at the top (right end) of the bar only, 
which was augmented but slightly by 
the residual bond or lunning friction 
along the bars The concrete remained 
compressed, because the entire load had 
to be transmitted through it to the bear-
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ing plate, but there is no effective bond 
where the curves are horizontal 

There were no 24-inch pullout speci
mens with deformed bars so there are 
no companion curves for those of Fig 35 

from the tensile faces of the beams are 
included m this paper Figures 38 and 
39 are the corresponding curves from 
the two companion full-length beams 
which were tested as a check on the 
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Conaete Strains Measwed Along the 
Compressive Faces of Beams Figures 
36 and 37 show the plotted compiessivc 
strains for beam-type specimens No 9 
and No 12 of 3,000 and 5,000 lb con
crete lespectively, and leinfoiced with 
^-in plain bars None of the strain data 

validity of the findings from the beam-
type specimens 

The qualitative agicement between 
the beam-type specimens and the full-
length beams could not be moie satisfy
ing In both types of specimen, the 
legion to the left of the load point (below 
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the load point on the beam-type speci
mens as they were tested (see Figs 2 
and 11)) is one of constant maximum 
moment and of zeio shear, and is, therc-
foio, a region of zero bond stiess 

The curves bear this out in all cases 
The horizontal portions show the con
stant values of strain for each load 
increment The undulations of the upper 
curves aie due to the fact that cracks 
had formed on the tensile side The 
plotted unit strains at the proportional 
limit and the ultimate are from the 
compressive sti ess-strain data secured 
from the companion compressive control 
specimens 

The close qualitative agreement be
tween the light hand portions of the 
curves and the curves for the pullout 
specimens, Figuies 34 and 35, are again 
in complete accord with expectations 
The compressive strain in the concrete 
seems to develop in the same manner as 
the compressive strain that is induced in 
the pullout specimen 

Cracks and the loads at which they 
formed are indicated but the discussion 
of crack formation is reserved for treat
ment in connection with the detailed 
consideration of strain data It may be 
stated, howevei, that the mirrors along 
the tensile face indicated the presence 
of a crack at an increment or two of 
load prior to the time it could be de
tected by the eye 

That each of the two full-length 
beams, No 31 and No 32, should have 
failed at a load only about two-thirds 
of the loads for the two companion beam-
type specimens. No 9 and No 12, may 
have been because of the water gain 
effect (12) in the vertical casting of the 
beams, which had twice the height of 
the beam-type specimens, as illustrated 
in Figure 5 Each failed by bond and/or 
diagonal tension near the top end as 
cast That the loads were not approxi
mately equal to those on the half-beams 

IS deemed iclatively insignificant, the 
important item being that the strains 
and apparent stress behavioi were simi
lar in all essential lespects to those foi 
the beam-type specimens, as dcmon-
stiated by Figuies 36-39, inclusive 

Type of Failure and Factors of Safety 
The authois were unable, in these tests, 
to distinguish between bond and diagonal 
tension failures, and the two aie indi
cated together m Tables 1 and 2 AVhen 
a primary bond failure occuis, the char
acteristic diagonal tension break follows 
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Figure 35 Distribution of Compressive 
Strain in Concrete for Typical 24 in Pull-Out 
Specimens with Ys in Plain Bars Plotted 
Points Are Shown at Centers of 4 in Gage 
Lengths 3,000 and 5,000 lb Concrete 

at once Such failuies are illustrated in 
Figure 15 for the beam-type specimen 
and Figure 18 foi a full-length beam 

The bottom split of Figure 15 is not 
significant since it is the result of the 
side kick that occurred from the release 
of compiession in the rubber pad (see 
Figuie 2) as the beam failed The entire 
beam below the load point is in a region 
of zero shear and bond stress as shown 
by Figures 2, 36 and 37 Such secondary 
bottom splitting characterized failures 
m bond and diagonal tension but was 
not present for specimens which failed 
by tension m the steel or for the one 
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specimen. No 11, which failed by com
pression in the concrete 

Specimens No 22 and No 28 (Figuie 
17) failed fiist by tension (yield point 
•itiess) m the steel as is shown by the 
tensile Clacks The | - in deformed bars 
hung on enough to produce a secondary 
diagonal tension and/or bond failure 
with the characteristic top break not 
apparent in such other tensile failures 
as Beam 26 of Figure 16 In neither 
Beam 22 nor Beam 28 did the bottom 
split appear which indicates that the 
gradual release of energy in the rubber 
pad as the primary tensile failure oc-
cuired, materially diminished the vio
lence of the "let go" at the end 

leinf01 cement In fact the factors of 
safety computed on the basis of current 
design practice (Columns w, x, y, z) are 
generally equal to or higher than those 
for failures from tension in the ste^l 

Recalling the evidence of Figure 24, 
that bond increases only very slightly 
with increase in strength of concrete, one 
is surprised to note that the factors of 
safety for the stronger mixtures of Table 
2 are higher than those for the 3,000 lb 
concrete of Table 1 The explanation for 
this lies in the cautiousness or far
sightedness (whichever it may be) of 
those who stipulated in the current de
sign specifications that the permissible 
bond stress must not go above 160 lb per 

T A B L E 5 
RANGES IN FACTOR OF S A F E T Y AT F I R S T S L I P FOR A L L T H E BEAMS 

(See Columns w, x, y and z of Tables 1 and 2) 

Concrete 
strength 

Tension 
steel 

in Compression in 
concrete Bond Diagonal 

tension 

3000 2 45-3 74 4 12 2 27-3 87 2 79 -4 56 

5000 2 43-3 60 No failure 2 96-4 27 2 8 4 - 5 16 

Full-length beams No 31 and No 32 
both failed characteristically by diagonal 
tension and/or bond as illustrated by 
Figure 18 They agreed with their com
panion specimens No 9 and No 12 of 
Figures 36 and 37 

It I S notable that no beam with a steel 
percentage * below 1 53 for the 3,000 lb 
concrete and below 2 21 for the 5,000 lb 
concrete failed by bond and/or diagonal 
tension These are from 1̂  to two times 
the percentages for balanced reinforce
ment at current design stresses More
over no beam had stirrups or other web 

8 Steel percentages are given in Col (a) of 
Tables 1 and 2 Note that they vary not only 
with size of bar but also with change in depth 
of cover (Col (h)) because of its influence 
upon the effective depth of beam Obviously 
the span-depth ratio of the beams is varied 
thereby In spite of their equal lengths, the 
beams were not, as reinforced concrete mem
bers, equally slender 

sq m for plain bars and 200 lb pei 
sq in for deformed bars, regardless of 
the strength of concrete This provision 
limits the bond stress used to that cor
responding to a 4,000 lb concrete 

Had the allowable loads of Column 
u and the factors of safety of Column y 
of Table 2 been computed without this 
restriction the factors of safety of 
Column y would have ranged between 
2 39 and 3 49 which are not far different 
from the Table 1 range of 2 27 to 3 87 
and decidedly below the actual Table 2 
range of 2 96 to 4 27 Table 5 summar
izes for ready comparison the factor of 
safety ranges for all of the failures of 
both mixtures 

Table 5 indicates that for the beams 
of these tests the factors of safety for 
bond and/or diagonal tension are not 
out of line with those for tension It has 
long been known that the factor of 
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safety for compression in reinforced con
crete flexural members is high There 
has been, however, some question whether 
or not current design stresses were less 
conservative m bond than they should 
be These results seem to indicate that 
bond is about on a par with the others, 
the factors of safety m tension being 
lowest 

Calculated Flexural Concrete Strength 
vs Compressive Strength As is often 
true the compressive stress of the con
crete, as computed by current formulas 
(Column o), differs greatly from the 
observed strength secured from com
pressive tests, (Column b) This is in 
accord with many previous findings for 
reasons pointed out recently in this 
country by Whitney (8) and a few years 
earlier by several European investigators 
such as Brandtzaeg (9) 

Where in Tables 1 and 2 (Column o), 
the computed compressive stress does 
not exceed by 50 per cent or more the 
compressive strength of the concrete 
(Column c), it is because the beam 
reached its ultimate load without stress
ing the concrete nearly to its ultimate 
For concrete beams, that fail in com
pression, the computed strength of the 
concrete will greatly exceed its true 
strength for the reasons referred to 
above 

SUMMARY 

1 Beam-type Specimen vs Beam 
The half-beam type of specimen per
formed as a beam and seemed to give 
results that m every way were indica
tive of beam behavior The major point 
in their favor, over the full-length beam, 
w as the direct measurement of maximum 
tension m the steel instead of having to 
estimate by calculation the tension from 
known values of applied loads or from 
strain gage observations A minor ad
vantage was the reduction by 50 per cent 
in the size and weight of the specimen 

to be cast, cured, and tested Some 
phases of the testing technique required 
special precautions, but placing and read
ing the mirrors was much simpler for 
the half beams 

2 Strength of Concrete vs Total Pull 
on Bar For both the beams and the 
pullout specimens there is a slight in
crease in bond resistance with increased 
strength of concrete at first slip, and 
also at maximum load, but the increase 
is not at all proportional to the increase 
m strength of concrete (see Fig 24) 
The increase is greater for the deformed 
bars 

3 Strength of Concrete vs Bond 
Ratio For all cases the ratio of bond 
resistance to compressive strength de
creases as the strength of the concrete 
IS increased (see Figs 24 and 25) Be
cause the L / D ratio is also a major vari
able, percentages of decrease could be 
given only for a specific L / D The 
decrease in the value of the bond-
compressive strength ratio with added 
strength of concrete can best be judged 
by a study of Figure 25 The slopes of 
the lines of Figure 25 are virtually all 
the same, the drop being 4 or 5 units 
between the 3,000 and 5,000 lb per sq 
in ordinates For example, a ratio of 
0 20 for 3,000 lb concrete becomes 0 15 
or 0 16 for 5,000 lb concrete, whereas 
a ratio of 0 12 for 3,000 lb concrete be
comes 0 07 or 0 08 for 5,000 The evi
dence on reduction of strength ratio foi 
added strength of concrete is in both 
qualitative and quantitative agreement 
with the reconnaissance series of 1936 

4 Length of Embedment for Pullout 
Specimens For both main and supple
mentally 1937 series and that of 1936, 
the total bond lesistance of plain bars 
increases with added length of embed
ment up to an L / D ratio of about 24, 
beyond which there is virtually no addi
tional inciease The unit bond stress 
dcci cases with added length of embed-
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ment, over the full range of embedments 
tested, for all series Of course, the ratio 
of bond stress to compressive stress de
creases in the same ratio as does the unit 
bond resistance (Figs 25, 26, 27, 28) 

5 Length of Embedment for Beams 
Length of embedment-diameter ratio 
( L / D ) effects bond resistance in beams 
exactly as it does in pullout specimens 
and in the same degree (Figs 26 and 27) 

6 Length of Embedment, Comparison 
with 1936 Series The effect of length of 
embedment for the mixtures and small 
bars ( i in ) of the 1936 tests is similar 
in kind and amount to that for the 
mixtures and bars of the two 1937 series 
(Figs 25, 26, 28), 

7 Drag Resistance The drag resist
ance of plain bars, after 0 08 m slip, was 
well below the bond at initial slip, and 
at maximum, but was similar in nature 
except that the total drag resistance con
tinued to increase up to an L / D ratio 
of 32 (the highest for the supplementary 
1937 series) The unit and percentage 
drag resistance continued to decrease but 
at a decreasing rate The drag resistance, 
especially of plain bars, is probably of 
little practical significance in beams 
(Fig 29) 

8 Effect of Stress m Steel on Bond 
Resistance When the steel reached its 
yield point prior to first slip, the bond 
stress at first slip and at maximum were 
virtually identical When, at first slip, 
the stress was as low as 10 per cent of 
the yield point, the maximum bond re
sistance was 30 per cent higher Between 
these limits the increase in maximum 
bond stress over that at first slip was 
linear, as shown on Figure 30 This 
seems to indicate that even the elastic 
drawing down or "Poisson ratio" effect 
has its influence m facilitating progres
sive slippage after first slip has occurred 

9 Results from Pullouts vs Beams 
Both at first slip and maximum, the pull-
out specimens gave results thoroughly 

indicative of beam test results, both for 
plain and deformed bars If corrected 
for differences in L / D ratios the agree
ment for these tests was virtually perfect 
(Figs 22, 23, 24, 26, 27, and especially 
31 and 32 and Table 4) Similar tests 
by Wernisch (6) also show excellent 
agreement in spite of his failure to recog
nize the good correlation that his tests 
gave 

10 Validity of the Pullout Specimen 
If correct, the foregoing conclusion vali
dates the pullout specimen as a proper 
criterion of bond behavior, which, in 
view of its relative simplicity, is a most 
welcome finding In judging results from 
pullout 01 any other form of bond test, 
one must not lose sight of the important 
part played by the L / D ratio A stand
ard pullout test should specify the 
embedment to be used, not as a fixed 
length for all sizes of bars but rather 
at a fixed value of the L / D ratio 

11 Local Compression Around Bar of 
Pullout Specimen Obviously such an 
item as the compression in the concrete 
of a pullout specimen at point of entry 
I S unimportant in its influence upon the 
validity of the test results as compared 
with those from a beam Even the ver
tical casting of pullout vs horizontal 
casting of beams, need not, -apparently, 
in the light of Wernisch's tests (6), be 
a disturbing element 

12 Deformed Bars, Initial Slip, Spal-
ling at Ultimate Deformed bars gave 
initial slip at somewhat higher loads than 
did the plain bars and all bars above 
f-m diameter invariably split the con
crete, which determined the maximum 
resistance of the bar In 5,000 or 6,000 
lb concrete, the deformed bar usually 
reached its yield point before splitting 
occurred, but larely so for the 3,000 lb 
concrete, which split first Added depths 
of cover over deformed bars increased 
the resistance prior to splitting but did 
not prevent its occurrence (Fig 33) No 
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reasonable added depth of cover could 
be expected to make the extra resistance 
of deformed bars fully available in 
beams, even if the accompanying slip
page could be absorbed satisfactorily 
Obviously some fine-textured non-wedg
ing roughness is necessary if a fully 
utilizable type of deformation is to be 
devised 

13 Compressive Stiatns m the Con
crete of Pullout Specimens Compari
sons of concrete strains, measured on the 
surfaces of 12-in pullout specimens, of 
3,000 and 5,000 lb concrete, with plain 
and deformed | - in bars, and of similar 
strains for a 24-in pullout specimen, 
with a | - in plain bar, show, rather 
clearly, the progressive nature of the 
pullout action (Figs 34 and 35) 

14 Compressive Strains in Beam-
Type Specimens and Beams Plotted 
strains, from the compressive face of 
beam-type specimens of 3,000 and 5,000 
lb concrete, compared with similar 
strains on the full-length companion 
beams, tested horizontally, seem, conclu
sively, to prove the similarity of stress 
and strain distribution between beam-
type and full-length beam specimens 
(Figs 36-39, inclusive) 

15 Tensile Strains and Cracks in 
Beam-Type Specimens and Beams 
Strains were measured along the tensile 
as well as the compressive faces of all 
beam specimens but the data are so 
extensive that they are reserved for sub
sequent presentation The study of crack 
data has been deferred until the tensile 
strains are analyzed 

16 Factors of Safety The factors of 
safety for these beams, computed on the 
basis of current design practice, are low
est against failuic by tension m the steel 
and highest against failuie by compres
sion in the conciete Bond and diagonal 
tension are well in line and differ little 
from one another in factors of safety 
(Table 5). 

17 Limitation of Maximum Bond 
Stresses for Design The fact that in
creased strength of concrete increases 
bond resistance but slightly demonstrates 
the wisdom of limiting the maximum 
bond stress that can be employed in 
design, regardless of concrete strength 

18 Flexural Computed Compressive 
Strength vs Measured Strength Where 
the concrete in the beams was highly 
stressed, the computed concrete stresses 
greatly exceeded the actual compressive 
strength of the concrete as determined 
by cylinder or prism tests The flexural 
concrete does not, of course, support the 
higher compression, this being but an 
illustration of the recognized fact that 
actually the stress over the cross-section 
of a concrete beam is not linear in 
distribution (8) (9) 

19 Permissible Limits of Slippage and 
Strains m the Steel Tables 1 and 2 
show that most beam-type specimens 
and beams failed at an end slippage 
below 0 01 m This agrees with many 
previous observations Amounts of slip
page at the loaded end of bar was not 
measured in any case Such data would 
be valuable and should be secured m 
connection with future tests Direct 
measurement of strains on the steel 
would also add to the better understand
ing of bond action 
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T E S T S O F R E I N F O R C E D C O N C R E T E H I N G E S OF T H E M E S N A G E R T Y P E 

B Y G C E R N S T , 

AssI, Professor oj Civil Enginoenvg, llmversity of Maryland 

SYNOPSIS 

Sixty-two reinforced conciete hinges of the Mesnagei type weie tested as the 
beginning of an investigation at the University of Maryland upon the piincipal 
hinge types used at present in rigid fiamc constiuction Bar sizes of i, i, and i in 
were used witli various combinations of rotation, thrust, and shear The bars, with 
1/r values of approximately 40, 65, and 90, were crossed at 15, 30, and 45 deg 
with the center-line of the hinge 

It was found that for these hinges, (1) proper placing and wiring of the trans
verse steel was essential, (2) the ultimate load was piacticallv a linear function 
of the number of bars, (3) rotation of the top block affected the ultimate thrust 
only slightly for rotations cncounteied in practice, (4) inciease in load capacity 
could be obtained by the use of high yield point steels, (5) the ultimate load was 
reduced with increases in the l / i latio of the bai-s, (6) computed stresses in
dicated a satisfactory agreement between tests and the equations piesented by 
Pai-sons and Stang m Proceedings, A C I Vol 31, p 304, (7) combinations of 
thrust, sheai, and rotation weie not paiticularly severe unless the lotation was 
clockwise with shear to the light (or countei-clockwise with shear to the left) 

These tests upon reinforced concrete 
hinges were made for the purpose of (a) 
supplementing present test data, and (b) 
corroborating the design formulas pre
sented by D E Parsons and A H Stang 
in the A C I Proceedings Vol 31, p 304 

Sixty-six hinges were cast and tested 
during the months of June and July in 
1937 This report contains the results 
fiom 62 of the hinges of the Mesnager 
type with bare bars The remaining four 
weie of the type dependent upon soil 
conditions for their hinging action These 
four were exploratory and constitute the 
beginning of a proposed series of tests 
upon special hinge types used by various 
designers throughout the country A final 
report for all hinge types is contemplated 
upon the completion of the proposed 
program 

S P E C I M E N S A N D T E S T S 

Specimens 1 to 6 were cast with the 
dimensions shown in Figure 1, but con
tained a rectangular spiral m each end 
block for transverse reinforcement These 
lectangular spirals proved unsatisfactory 
since they could not be formed truly 
enough to assure intimate contact with 

the longitudinal steel In the remaining 
specimens (7-62), the transverse lein-
forccment consisted of individual bais 
with end hooks These bars were wired 
to the longitudinal steel with 18 gage 
galvanized iron wire as shown in Figures 
3 and 4 The effect of this change in 
transverse reinforcement can be noted in 
Fig 7, the ultimate loads showing an 
increase of over 30 per cent in favor of 
the individual transverse bars All trans-
veise reinforcement was formed from 
3/16 in round cold rolled steel 

All hinges were limited to the dimen
sions shown in Figuie 1 in order that 
they might be tested in the 100,000 lb 
Riehle testing machine available at the 
time Although the 20-in height did not 
l^iovide the usual 40 diameters of im-
bedment for bond, it was felt that the ^-
in and f-in bars would test without slip
ping and that the ^-in bars, if bearing 
flush with the top of the specimens, would 
provide satisfactory results m most cases 
Only one specimen (No 22) showed defi
nite evidence of bar slip prior to failure 
and this was due primarily to the action 
of the wedge and the rotation resistance 
of the hinge which limited the bearing 
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T A B L E 1 
SDMMAHY OP DATA ON M E S N A G L R HiNOEh 

iH.ngel 
No 

43 
44 
45 
7 
8 
9 

55 
56 
57 
14 
15 
13 
21 
20 
19 

49 
50 
51 
25 
26 
27 
59 
60 
61 
39 
37 
38 

Longitudinal 
ReinforcenientI 

p) = plain 
def = 

deformed 

Yield 
Point 
from 

tensile 
test 

( p s i ) 

4 - r r d pi |43,600 

i 
44,100 

>' 
43,500 

4 - r rd pi 

44,1001 

41,500 

i 
42,9001 

i 
43,000 
40,900 
42,900 

i 

(de
grees) 

15 

i 
30 

1 
45 

i 
30 

15 

30 

i 
45 

i 
30 I 

Hinge 
ppemngi 
(inches) 

4 61 
4 59 
4 59 
4 06 
4 25 

9 50 
9 60 
9 80 

of bars 

f 

39 3 
39 1 
39 1 
39 9 
41 
39 
39 
36 
38 
67 
67 
67 0 
89 0 
91 0 
92 7 

39 7 
40 2 
39 4 
37 3 
37 8 
37 5 
41 0 
41 0 
37 
64 
66 
62 

Compressive 
strength of 
roncrete at 

time of 
hinge test 

Top 
(PBT) 

4500 

i 
3540 

i 
4840 

i 
3510 

4300 

i 3920 

i 
3480 

i 
4040 

i 
3630 

i 

Bottom 
( p s i ) 

4400 

1 
3400 I 
3730 

1 
3440 

i 
4050 

3760 

1 
3890 

i 
4520 i 
3630 I 

Total 
deformations 

of hinge 
opemng at 

ultimate load 

Shear 
(inches) 

0 030 
44 
31 
10 
14 
59 

Compr 
(inches) 

0 072 
53 
75 
37 
50 

110 
No r'd'gs at ult 

12 
7 
8 
3 

28 
105 
10 
43 

0 005 
12 
18 
4 

17 
34 
9 

18 
9 
0 

21 
15 

111 
38 
39 
26 
41 
36 
21 
42 

0 055 
46 
59 
32 
57 
47 
65 
60 
49 
55 
36 
50 

Mean 
relative 

rotation 
of end 
blorks 
(radi
ans) 

LUiniatel 
total 
load 
(lbs ) 

0 001 
18 
41 
0 

19 
31 
2 

14 
45 
1 

22 
47 
1 

28 
36 

30,170 
28,980 
28,700 
26,080 
26,930| 
25,500 
20,530 
22,340 
18,190 
17,230 
16,640 
18,690 
14,840 
14,660 
|14,310| 

0 001 
23 
37 
2 

10 
34 
1 

20 
43 
0 

14 
35 

,780 
,410 
,130 
,830 
,590 
,830 
460 
470 

,530 
,220 
,570 
,570 

\ isible 
manner of 

failure 

Buckling of 
bars 

y 
Block crack 
Block crack 
and buck
ling of bars 

y 
Block crack 

Block crack 
and buck
ling of bars 

Buckling of 
bars 

31 
32 
33 

4-i"rd pi 

t I 
51,000| 30 

i 
3 08 
3 01 
3 02 

58 8 
57 8 
57 8 I 

3680 

i 
4170 0 005 

47 
31 

10 049 
56 
45 

0 004 
1 
2 

8,670 
12,750 
17,050 

46 
47 
48 
10 
11 
36 
34 
35 

12 

58 

4 - r r d pi 

4 - r r d def 

4 - r r d pi 

43,600 

44,100 

i 
61,600 

43,000 

15 

i 
30 

45 

3 92 

3 15 

38 5 
39 1 
38 5 
38 1 
39 5 
37 8 
39 7 
39 8 

38 6 

39 7 

1 0 

0 5 

4500 

i 
3540 

3680 

3540 

4840 

4400 

i 
3400 

4170 

3400 

3730 

0 146 
150 
96 
68 
66 
75 
92 
72 

134 

26 

0 065 
57 
22 
61 
49 
62 
51 
55 

86 

34 

0 001 
1 
2 
1 
1 
2 
2 
2 

21,300 
13,660 
10,360 
23,400 
19,790 
14,130 
21,130 
23,870 

23,350 

19,590 

Block crack 
Y 

Buckling of 
bars 

Block crack 
and buck
ling of bars 

Buckling of 
bars 
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T A B L E 1—Continued 
SUMMABY OF DATA ON M E S N A C E H H l N O b S 

Hinge 
No 

52 
53 
54 
28 
29 
42 
40 
41 
30 
62 

Lont;iludiiml 
llcinforcenient 

pi = plain 
def = 

deformed 

16 
22 

23 

17 
18 
24 

4 - r rd pi 

4-J''rd def 

i 
4-J" rd pi 

\ i c l d 
Point 
from 

tensile 
test 

( p s i ) 

41,500| 

i 
42,900 

i 
69,900 

42,500 4 - r rd pi 

4-J"rd def 

6-i"rd pi 

i 
6-i" rd pi 

i 

(de
grees) 

HniKe 
opening 
(inches) 

44,100 

61,600 

43,700 

i 
42,900 

i 

15 

30 

45 

30 

of bare 

01 
00 

30 

4 08 

3 96 
4 02 
4 05 

4 20 
6 00 
7 75 
3 50 
5 38 
6 25 

f 

39 0 
38 0 
39 6 
38 6 
41 0 
38 7 
39 6 
39 7 
37 9 
42 5 

39 5 
39 3 

40 0 

39 0 
39 5 
39 8 

41 2 
57 7 
74 0 
45 3 
68 5 
79 2 

1 0 
0 2 

0 2 
0 2 

0 5 

0 5 
1 0 
1 0 

Compressive 
strength of 
concrete ut 

time of 
limine test 

Top 
( p s i ) 

0 

3920 

3480 

3630 

3480 
4040 

Hottom 
( p s i ) 

3760 

I 
3890 

>r 
3630 

I 
3890 
4520 

3510 
4300 

3510 

4300 

2500 

i 
2970 
3620 
2970 

3440 
4050 

3440 

4050 

Total 
deformations 

of hinge 
opening at 

ultimate load 

Shear 
(inches) 

1 

|0 131 
141 
102 
50 
37 

114 
27 
93 

126 
34 

Compr 
(inches) 

47 
62 
16 
48 
17 
62 
35 
69 
62 
41 

52 
178 

36 

58 
141 

51 
107 

36 

56 
75 

Mean 
relative 
rotation 
of end 
blocks 
(radi
ans) 

Ultimatel 
total 
load 
(lbs) 

0 003 
5 
5 
1 
3 
3 
1 
1 
2 
2 

No r'd'gs at ult 

2500 

2970 
3620 
2970 

292 
5' 

382 

283 
382 
393 

10,790 
6,350 
4,550 

12,780 
9,740 
8,890 

19,570 
15,970 
12,880 
9,570 

23,180 
18,530 

16,660 

15,740 
20,880 
17,550 

Visible 
manner of 

failure 

Bucklmg of 
bars 

Dials not atttached 
Dials not attached 

No r'd'gs at ult 0 001 
1 
1 
3 

19,650 
18,000 
16,850 
22,150 
17,490 
16,000 

Bar sLp and 
buckhng 

Bucklmg of 
bars 

Block crack 

1 The transverse steel in hmges 1 to 6 was in the form of a rectangular spiral and was wired loosely in place 
2 Counter-clockwise rotation with shear to right or clockwise rotation with shear to left 
» Clockwise rotation with shear to right or counter-clockwise rotation with shear to left 

' ror-&-4S') (A// /iinges) 
DetaiJs of /)tnges r^i^h ^=0,a2,&0S Oefai/s for ̂ ' /O 

Nofe. /ndii^ie/ual /looked bars (i^^) for franair&rse afee/ 
Figure 1 Hinge Details 
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area to a territory not including the ends 
of the bars. 

The longitudinal and transverse rein
forcement was constructed in units jirior 
to placing in forms as shown in Fig. 3. 
The reinforcement unit was then wired 
in position in the forms (Figs. 3 & 4) and 
tiic lower block cast. After 18 to 24 hours 
had passed, the forms were inverted and 
the remaining end block cast. Each 

with an 1/r of approximately 40, such 
that values of V / T (ratio of shear to 
tlirust) equal to 0, 0.2, 0.5 and 1.0 were 
available for bar angles of 15, 30, and 45 

Figure 2. Method of Storing and Curing Under 
Wet Burlap 

batch produced 6 end blocks, a fu l l set of 
six hinges being cast from two batches. 
Two compression cylinders were made 
from each batch. 

Six and one half gallons of water per 
sack of cement were used with a mix of 
1:2:2 by weight. The fine aggregate was 
washed sand, and the coarse aggregate 
was a washed gravel limited to that 
passing the | - i n . sieve and retained on 
the No. 4. 

Thir ty- two of the specimens were de
signed in groups of ^- in . and | - i n . bars 

Figure 3. Reinforcement Unit for =0, and 

Position of Similar Unit in Forms for—=0.2 
T 

deg. with the centerline of the hinge. 
The remainder, wi th V / T equal to zero, 
were cast wi th 1/r values of approxi
mately 40, 65, and 90 for the purpose of 
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obtaining the effect of rotation and width 
of hinge opening upon thrust. Different 
values of rotation were obtained by the 
use of 1 by 10 by 10-in. steel plates ma
chined to wedges having slopes of 0.02 
and 0.04 radians. These wedges were 
1) laccd between the top block and the 
movable head of the testing machine. 
The true rotation as well as the compres
sive deformation was measured by means 
of dials bearing across the hinge opening 
at each corner of the hinge as shown in 
i''ifj;iires 5 and 6. A transverse or shear 
dial was also used on all specimens to 
determine the relative shear displace
ment of the two end blocks. 

Specimens 1 to 3 were tested after 14 
(la\ s cure under moist burlap, while all 
other specimens were tested after 28 to 
35 days under the same conditions (Fig. 
2) . 

A l l specimens were tested with a thin 
cap of plaster of paris placed at top and 
bottom just prior to test. Specimens 
tested with wedges were capped in the 
machine to obtain surfaces parallel to 
the platen and movable head of the test
ing machine. A spherical bearing block 
w as used on all specimens tested without 
wedges. 

I t should be noted that the line of 
action of the resultant load for V / T = 1 . 0 
falls outside of the area between the bars 
when (9=15° or 30° and also for V / T = 
0.5 when (9=15°. 

the thrust in the bars ojiened cracks in 
both series at early loads. The severity 
of the cracking in hinge 1 can be noted in 
Figure 7 and was typical of that occur
ring in specimens 1 to 6 inclusive. This 
points to a failure of the transverse steel 
to function as a unit with the longi
tudinal steel, aided to some extent by the 
low concrete strength in hinges 1 to 3. 
I t should be noted that the 1/r ratios of 

Figure 4. Reinforcement tJnits in Forms for 

jL—0.5 and 1.0 
T 

DISCUSSION OF T E S T S 

Transverse Reinforcement: The u l t i 
mate thrusts per pair of bars for hinges 
1, 2, and 3, containing the loosely wired 
rectangular spiral, were 6,550, 6,000, and 
5,620 lb. respectively, as compared with 
13,040, 8,610, and 7,420 lb. for specimens 
7,14, and 21 in which the individual bars 
with end hooks were used. The concrete 
strengths of specimens 7, 14, and 21 were 
considerably higher than for the hinges 
1 to 3, but the transverse component of 

hinges 2 and 3 were less than those of 
14 and 21. This same comparison may 
be made between specimens 4 to 6 and 
25, 39 containing | - i n . round bars. The 
differences in ultimate loads are less than 
for the ^ - in bars, possibly because the 
concrete strengths and 1/r ratios were 
very close to the same value. 

Intimate contact between transverse 
and longitudinal steel and the tight wir
ing of these points of contact, appeared 
to be very essential in the development of 
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Figure 5. Front and Side Views of Dial Rigging on Test Specimen 

the f u l l carrying capacity of the bars, 
with concrete strength functioning as a 
secondary but important factor. This 
substantiates the recommendations made 

by Rear-Admiral B. Moreell, U . S. 
Navy (3).^ 

Number of Bars: The number of bars 
in hinges 31, 32, and 33 were 4, 6, and 

Figure 7. Improvement shown by proper 
placement of transverse reinforcement. Hinge 1 
contained a loosely wired spiral. Hinge 7 con
tained individual bars wired tightly and carried 
to within one half inch of hinge opening. Ulti
mate loads were 19,650 lb. for Hinge 1, and 
26,080 lb. for Hinge 7. 

8 - i in. round, resi)ectively. I t may be 
noted in Table 1, as well as in Figure 12, 
that these three specimens showed quite 
satisfactory agreement in hiads and ac-

Figure 6. Hinge 33 in Testing Machine with 
Dial Rigging Attached 

' Figures in parentheses 
references at end. 

refer to list of 
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companymg defoimations For the size 
of bars used in hinges 31 to 33 it appeal cd 
that no difference would be evident be
tween specimens with 4, 6, or 8 bars The 
i- in bar size, (hmges 7 to 9) when com
pared with tests by D E Parsons and 
A H Stang (2) give evidence that the 
larger number of bars provide a higher 
ultimate strength as well as a greater 

general do\s nward trend in thrust capac
ity seems indicated for hinges with end 
block cracks although the block failures 
prevent an estimation of its magnitude 
The effect of rotations commonly en
countered in practice was slight for the 
hinges tested 

The investigations of A Mesnager (5) 
and of Parsons and Stang (2) do not in-

V 

//7 bars In bars 

•SO^af-p •4a3 
9 

SI 

•»'4S^affr-3az 

IS 

10 
•TOP blocJC 

j x^Boffom 
b/ocik 

Abfe ff/nge numbers s^onfn 
_ at each po/nf _ 

/ill /i/nges ty/M ^ /ne/) 
bars efstv/o/39a end 
b/ock croces except-

., ing 43,44, e.43 

o aoz ao4 o aoz ao-* 

eofat/on ang/e </> of fop b/ocit /n radians 

Figure 8 Rotation vs Thrust 

range of stiffness, although the end block 
cracks in hinges 7 to 9 prevent a proper 
comparison The four bar specimens 
were found to be the most convenient 
from a standpoint of ease of construction 
and rapidity of test 

Rotation vs Thrust A distinct reduc
tion in thrust is shown (Fig 8) for in
creasing rotations of the top block in all 
specimens that failed by bar bucklmg 
with the exception of group 37 to 39 A 

elude hinges with bare bars tested under 
direct thrust without rotation Due to 
this, a direct comparison cannot be made 
between previous tests and those reported 
here I t can be noted, however, that the 
reduction m thrust shown m Figure 8 
for bare bars with rotation of the top 
block I S considerably less than foi cov
ered bars with rotation of both blocks 
as reported by Parsons and Stang The 
tests of Parsons and Stang show a 21 pei 
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cent reduction in thrust for a rotation of 
0 02 ladians on hinges with ^-m bars 
coveied with mortar Figuie 8 indicates 
appioximately a 7 per cent i eduction 
with the same increase in lotation foi 
bare f-in bars 

An inspection of the deformation-
thrust curves in Figure 13 seems to in
dicate that for high rotations the hinges 
with f-in bars have an initial adjustment 
01 rapid increase in the compressive de
formation across the hinge opening at 

"Ear Sict/t}\ 

Notm -O- ' JO*, ^ ' 40 (opprox) 

naUpoint (in KX103 ofp^,) t>wn /> /» / /« ttlt 

Figure 9 Yield Point vs Thrust 

low loads The hinges with ^-in bars do 
not exhibit this tendency 

Tensile Yield Point vs Thrust The 
effect of increasing the yield point of the 
steel may be noted in Figure 9 for various 
ratios of shear to thrust and in Figure 15 
foi combinations of shear, thrust, and ro
tation A substantial increase, due to the 
higher yield point, is shown by both 
groups when the transverse steel is cap
able of taking the tiansverse component 
of the axial thrust in the bars Consider
ing the hinges with f-in bars in Figure 
9, the greater shear-thrust ratios show 

less increase due to the highei yield 
point This tiend cannot be checked by 
the ^-in bar group, due to the influence 
of end block cracking 

In any case, it should be lecognized 
that, in using high yield point steels, the 
increase in the tensile stresses in the con
crete must be taken care of by' properly 
placed and adequate transverse reinforc-
ment 

An inspection of Figure 15 for the 
effect of combinations of shear, thrust, 
and rotation, shows hinges 18 and 24 
(Y P =61,600 lb pel sq in ) with V / T 
= 1 0 as satisfactory as 23 and 17 (Y P 
= 44,100 lb per sq in) with V / T = 0 5 
with the exception of a higher shear dis
placement for hinges 18 and 24 The ul
timate total loads for specimens 18 and 
24 exceed those for 23 and 17 (Table 1) 

Further tests of hinges with bars of 
high yield point steel appear to be desir
able in order to make certain of the 
trends indicated 

Bar Inclination vs Thrust and Shear 
A bar inclination of 15 deg with the 
hinge center line proved to be most ef
fective and a 45 deg angle least effective 
in resisting thrust without shear (Figure 
10) The weakness of the 15 deg angle 
for sheai-thrust combinations of 0 2, 0 5, 
and 1 0 IS quite marked while the 45 deg 
angle is not appreciably lower than the 
30 deg angle These indications are in 
geneial agreement (Fig 16 & Table 2) 
with the formula presented by D E 
Parsons and A H Stang (2) A plot of 
the foimula shows an optimum angle 
between the 30 and 45 deg angles for 
shear-thrust ratios greatei than 0 2 
The optimum angles for V / T = 0 5 and 
1 0 might well be checked by further 
laboratory tests 

A "bar size" effect is shown by the 
experimental results plotted in Figure 10 
in which the ^-m bars prove to be weaker 
than the f-in when tested under thrust 
alone and stronger under thrust and 
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shear The 1/r ratio of all bars was 
approximately 40 

In general, the action of a shearing 
force upon the hinge is to lower its resis
tance to thrust, this effect becommg less 
for the greater ratios of shear to thrust 
(Figure 10) 

Slendemess Ratio of Bats The effect 
of 1/r of bars upon thrust, shown m 
Figure 11, IS somewhat clouded by end 
block cracking but appears to be rather 
typical of column action Further tests. 

^40 

X 

•1 

\20 

M} ro/or/on 

10 

T — — "5 - -̂ ' ('-. 
B. bar iMctleA 

9.59 

-•43 
54 

Jt>4i 

Note H/nge numbers j/>oiv/> 
at eact) pant fi/otted 

\ 
/S' 30° 45° 

i4ng/e detyveen iara <t A/nge centrr /i/w 
Figure 10 Effect of Bar Inclination Upon 

Thrust and Shear 

m which end block cracks take no part, 
are needed in order to substantiate the 
trend shown 

Calculated Stresses Table 2 has been 
prepared for the purpose of comparing 
stresses calculated from equations 1 and 
2 (2) (presented by Parsons and Stang) 
with the tensile yield point stress Equa
tion 1 assumes fixed end conditions for 
the bars and equation 2 assumes pin-
connected ends B Moreell (3) recom
mends for the usual cases that the maxi
mum stress as computed from equation 1 

f-o,e--ja° 

(UoctoacK 

fm bora 

(b/octaoc 

/xjctJe) 

V/ Mite r-^par d/arrij 

H/nge f>uin/}ers 
at eocf) point 

40 60 
tHlues of jt 

xn 

Figure 11 Effect of — of Bar Upon Thrust 

be kept below the tensile yield point, and 
that the direct stress (equation 2 with
out superimposed stress due to rotation) 
should not exceed 30 per cent of the 
tensile yield point 

3l(^-itn bars) 
33(e-i tn 

JZCe-i/nbars) 

yP'3/,OOOp3i fro/7) 
f»n9//e test 

No ivtation 
/ill failures by bar 

bucH/ing 

O.0Z 
^ Compressive eteformation /n incfies 
5 perinch of tiinge oper)ing. 

Figure 12 Deformation-Thrust Curves for 
Hinges with Different Numbers of Bars 



H
in

^
ea

 7
-9

,/
3

-/
S

, 
1

9
-Z

/,
4

3
-4

5
 &

 S
S

-S
7

 c
o

n
fa

tn
 ^

-^
/n

 
2

S
-Z

7
, .

37
- 

3
9

. 
4
9
-.

S
I,

 S
9

 -
6

/ 
co

n
ta

in
 

•4
-g

 
m

e/
} 

ei
ia

m
 

i>
o
rs

 
^

11
 f

a
il

u
re

s 
o

cc
u

rr
ed

 
i>

y 
A

o
r 

l>
u

ci
t:

//
f>

ff
 
ti

n
/a

a
s 

o
f/

ie
/~

iv
)x

 n
o

fe
d

 
^

iv
ro

g
e 

yf
^

^
p

o
in

f 
st

re
ss

 
• 

^
^

9
0

0
 
o

.a
 /

 
o

 

3 
[s

44
 

Q
oz

 
am

 o
 

o
o
z 

cw
 o

 
a
o
e 

ao
4 

o 
O

uo
z 

oo
4 

o
 

a
o
z 

0O
4 

o
 

a
o

z 
cm

 o
 

a
o

z 
O

M
 

/P
o/

a/
/O

f7
 
o
f 

to
p 

i>
/o

ck
 tn

 r
ad

ia
ns

 
(r

o/
af

io
n 

an
g/

e 
(p

) 
O

O
Z 

0
0

4
 0

 
ao

z 
Q

04
 O

 

14
^ 

j,
-4

0
.3

 
I 

•e
-'/

s'
 

4f
r/§

a9
 

30
 

4r
ie

ne
73

 

/3
(i

ilx
t c

nx
U

i 
B

-b
ar

lM
X

t/e
) 

/S
W

oc
t 

Ic
m

et
) 

/>
u

a
t/

e)
 

CO
 

0>
 1 

Q
O

/ 
0
 

Q
o
i 

0
 

a
o
i 

o
 

a
o
i 

o
 

a
o
i 

o
 

C
om

pr
es

si
ve

 d
ef

or
m

at
io

n 
in

 i
nc

tte
s 

pe
r 

in
ef

i 
tii

rt
ge

 o
pe

ni
ng

 

Fi
gu

re
 1

3 
D

ef
or

m
at

io
n-

T
hr

us
t 

C
ur

ve
s 

fo
r 

H
in

ge
s 

Su
bj

ec
te

d 
to

 C
om

bi
ne

d 
T

hr
us

t 
an

d 
R

ot
at

io
n 



so
 \ %

 3
0 /O

 

I 4
0 

H
tn

ge
s 

/O
 

96
,A

6-
4a

,&
- 

SB
 c

on
ta

in
 •

4-
^

 /n
 d

io
m

. b
tir

a,
 

2S
-3

0,
'4

0-
-a

s.
sz

-j
a,

Si
 

A
ll 

fa
ilu

re
s 

oc
cu

rr
ed

 ^
 

A
ar

 A
uc

Jt
/I

ng
 u

rj
/e

sa
 

o^
/te

ri
v/

ae
 n

af
ed

 
of

 b
ar

s 
• 

40
(a

pp
ro

x)
, 

Y
ie

ld
 p

o/
nf

-(
Y

P
) 

fr
vm

 /
en

si
le

 l
ea

f 

6Z
 c

on
 fa

in
 

4-

\^
'*

° 
^

-3
0'

 

^
in

 t
ia

r s
 

Y
P

-4
3.

60
0p

3i
 

1 
•&

• 

(-/<
? 

'3
0°

 
IO

O
p.

a.
1 Y

P
''6

l.6
00

fi
k3

j 
1 

•»
 

= 

Y
P

''4
3 O

O
O

pa
Ji

 Y
P

'4
l,5

00
pA

i 
1 

•0
- =

 3
0°

 
Y

P
-4

3,
90

0p
ai

 
f r

P
-6

9.
90

0f
al

 
b 

^
^

41
 

•&
• 

" 
Y

.P
-4

Z
, 4S

' 
SO

O
ps

./ 

la
 

p<
y-

34
(l

)t
oc

t 

A —
o 

(b
/o

ct
 

cm
dk

) bT 
/ 

^
 cr

aa
:&

 
'r

ix
jc

tl0
 

SO
 

X 
•-

-£
4 

jjk
T 

0.
1 

o 
01

 
0 

oi
 

o 
oi

 
o 

O
.I

 
o 

ai
 

P
el

af
it/

e 
sh

ea
r 

di
ap

/a
ce

m
en

t 
of

 e
nd

 b
/o

ci
C

s 
/n

 
in

c/
ie

s 
O

I 
O

I 
02

 

lO
. f

 
-a

z 
3S

.f-
a5

 
^6

. 
^

-a
z 

sz
.f

-a
z 

47
.J

f-a
s 

£4
, 

^
.lO

 
6z

.f
-a

s 

a 
00

1 
a 

ao
i 

o 
ao

i 
o 

ao
i 

o 
ao

i 
o 

ao
i 

o 
oo

i 
o 

C
on

tp
re

aa
iir

e 
de

fo
rm

af
io

n 
/n

 i
nc

he
s 

pe
r 

in
ch

 o
f 

hi
ng

e 
op

en
in

g 
Fi

gu
re

 1
4 

D
ef

or
m

at
io

n-
T

hr
us

t 
C

ur
ve

s 
fo

r 
H

in
ge

s 
Su

bj
ec

te
d 

to
 C

om
bi

ne
d 

T
hr

us
t 

an
d 

Sh
ea

r 

Q
jO

l 
ao

z 

Jo
 

CI
 

3 CO
 



198 DESIGN 

The stresses listed in the table are 
based on the thrust occurring at the yield 
load - Since these stresses are lower than 
the tensile yield point in all cases, the 
"set" across the hinge opening would be 
in excess of the 0 003 in used by Parsons 

without rotation than that shown by the 
tabulated stresses in Table 2 

Figure 16 has been prepared for the 
purpose of comparing the theoretical 
curves of equation 1 with experimental 
curves based upon tensile yield point 

40t 
1 I I I I 

/T"^^ O/recfion ofro/afion and s/iear 
' ' for b/nges /6, ̂ 3. /a 

Oirectian of ro/otion and shear 
' — f o r b/nges 22,17,24 

eolation eoiofion 

I 
I 

1 

002 

_ l _ 

004 006 o ao2 ao4 o 
l^fation of top b/ocM in radians 

_ l I I I I l _ 

ao2 

01 02 03 O 01 02 O 01 
iPe/afn/e shear displacement in incbes 

l _ 
02 

40 

10 

r f>-44,IOC Ips-i 

16-/ 7rs/ip 
, buckle) 

YP'44,1 
as 
OOps 1 

ff X 
1 

= 1 o 
6l,600p 

1 

SI 

r24(b/oi :t crack) 
5,a20ps.i 

> 
o Ml 002 ao3 o ool ao2 o aoi ao2 

Compressive deformation in incbes per /neb of binge opening 
An j,'395, 30', 4-j) in round bars 

Figure 15 Deformation-Thrust Curves for Hinges Subjected to Combined Thrust, Shear, 
and Rotation 

& Stang if the tensile yield point is used 
as a limit 

Parsons and Stang found a closer 
agreement between computed and tensile 
yield point stress for the one hinge tested 

^'The yield load was taken at a set m com
pression = 0 003 inches This value was used by 
D E Pai-sons and A H Stang See refeience 2 

stress and thrust at ultimate and yield 
loads The curves resulting from the 
thrust at ultimate load fall below the 
theoretical curve, while those from the 
thrust at yield load fall above The 
curves indicate that if the stress from 
equation 1 be kept at or slightly below 
the tensile yield point, then the thrust 
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T A B L E 2 
CoMPARibON OF COMPUTED STRESSES WITH Y I E L D POINT S T B E S S E S 

v 
T 

J . 
r 

Mean 
rotation 

Yield 
Load 

Yield 
Thrust 

Yield 
Shear 

Computed stresses 
Y' P from 

Hinge Bar Bize •a-
v 
T 

J . 
r 

Mean 
rotation 

Yield 
Load 

Yield 
Thrust 

Yield 
Shear Equation 

1 
Equation 

2 

tensile 
test 

1 2 3 4 5 6 7 8 9 10 11 12 

43 1^" rd 15 0 39 3 0 001 16750 16750 0 25200 23600 43600 
7 30 0 39 9 0 14000 14000 0 24100 20600 44100 

55 45 0 39 9 0 002 9100 9100 0 24200 19400 43500 

47 15 0 5 39 1 0 001 5700 5100 2550 31700 20800 43600 
11 30 0 5 39 5 0 001 11400 10200 5100 33200 29500 44100 
58 f 45 0 5 39 7 0 001 9600 8600 4300 26900 24800 43000 

49 Vs" rd 15 0 39 7 0 001 8100 8100 0 21800 20400 41500 
25 30 0 37 3 0 002 7500 7500 0 26100 22800 42900 
59 45 0 41 0 0 001 5500 5500 0 24300 19100 43000 

53 15 0 5 38 0 0 005 3300 2960 1480 39100 27800 41500 
29 30 0 5 41 0 0 003 6800 6090 3040 38100 34100 42900 
62 > 45 0 5 42 5 0 002 5300 4750 2370 27800 25600 42500 

Note 
1 Yield load was determmed by "set method" of E8-33, ASTM Standards, with a set m com

pression of 0 003 mch across the hmge openmg 
2 Equations 1 and 2 are those presented by D E Parsons and A H Stang in the ACI Proc 

Vol 31, p 304 Equation 1 assumes fixed end conditions for the bars, Equation 2 assumes pm-
connections 

will be less than the ultimate but greater 
than that obtained by the set method at 
0 003 in set for these hinges If the 
direct stress (equation 2 without super
imposed stress due to rotation) is limited 
to 30 per cent of the tensile yield point, 
the stresses from equation 1 will fall well 
below the tensile yield point for the 
specimens listed in Table 2 

Combined Thrust, Shear, and Rota
tion Hinges 16 to 18, and 22 to 24, were 
tested under a combination of thrust, 
shear, and rotation (Fig 15) Hinges 16 
and 22, 23 and 17, 18 and 24 are com
parable to hinges 10,11, and 12 (Fig 14), 
respectively with a super-imposed rota
tion acting clockwise or counter clock
wise with the shearing force The ulti
mate loads are lower for the specimens 
subjected to rotation in addition to thrust 
and shear, with the greater difference 
occurring for the higher shear-thrust 

ratios In all cases, a greater difference is 
shown for clockwise rotation acting with 
shear to the right (hinges 22, 17, and 24) 
than for counter-clockwise rotation with 

M7 rofafKvj 

13' 30° IS° Xf 4S° 
4ngle be/inieen tara OIK/ tiinge eenter-/inr 

Figure 16 Companson of Experimental Curves 
with Equation 1 (Reference 2). 
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the same shear (hinges 16, 23, and 18) 
That the block sti esses aie undoubtedly 
more severe for clockwise rotation with 
shear to the right is indicated by the fact 
that hinges 22 and 24 had bar slip and 
block crack failures respectively The 
mean rotation of the end block of hinge 
22 (see Table 1) was no doubt affected 
by the slipping of the bars through the 
block 

S U M M A R Y 

The results from the tests of Mesnagei 
hinges with bare bars may be sum
marized as follows 

1 Transverse steel, even if sufiBcient in 
quantity and earned close to the hinge 
opening, must be wired firmly and in 
intimate contact with the longitudinal 
steel in order to develop the full thrust 
capacity of the bars 

2 The ultimate total load was prac
tically a linear function of the number of 
bars 

3 The effect of rotation of the top 
block upon thrust carrying capacity was 
slight for rotations commonly encoun
tered m practice This does not imply 
that stresses due to rotation are to be 
considered negligible (see item 6) A 
rapid increase or initial adjustment in the 
compressive deformation at low loads 
was apparent for the | - in bars when 
subjected to large rotations 

4 A substantial increase in thrust 
capacity was obtained by the use of 
high yield point steels for all specimens 
in which the transverse component of 
the axial thrust in the bars was ade
quately resisted by the transverse steel 

5 A marked reduction m ultimate load 
was shown for the higher l / r values, al
though it should be noted that the results 
were probably affected by end block 
cracking 

6 Computed stresses show a satisfac
tory agreement between tests and the 
equations presented by Parsons and 
Stang The recommendations of B Mor-

eell (see leference 3) limiting the maxi
mum stress to the tensile yield point 
appear justified and conservative 

7 Combined thrust, shear, and rota
tion was not particularly severe unless 
the rotation was clockwise with shear 
acting to the right (or counter-clockwise 
with shear to the left) 

A C K N O W L E D G M E N T S 

This research is part of a continuing cooperEi -
tive pioject between the Maryland State Roads 
Commission and the University of Maryland 
Engineering Experiment Station, of which Dean 
S S Steinberg is Director Appreciation is 
expressed to Walter C Hopkins, Bridge Engi
neer, Maryland State Roads Commission, 
Bengt Friberg, Laclede Steel Company of St 
Louis, P H Bates, National Bureau of Stand
ards, Rear Admiral Ben Moreell, U S Navy, 
Searcy B Slack, Consulting Engineer, Decatur, 
Georgia, Thomas H MacDonald, U S Bureau 
of Public Roads, and others for many helpful 
suggestions, as well as for access to published 
and unpublished material on vanous hinge 
types 

Cement, sand, and gravel was furnished by 
the Maryland State Roads Commission Plam 
billet steel bars and deformed rail steel bars 
were furnished by the Laclede Steel Company, 
St Louis, Mo 

Professor R B Allen of the Department of 
Civil Engineering of the University assisted in 
the testing of a large number of the specimens 

R E F E R E N C E S 

1 Technical Bulletin No ST28, Poitland Ce
ment Assoc June, 1937 Details and de-
scnption of hinges currently used, in ngid 
frame design No design procedure given 

2 "Tests of Mesnager Hinges" D E Parsons 
and A H Stang Proceedings, A C I , 
Vol 31, p 304 (1935) Tests of 7 hinges 
so designed as to produce failure of the 
hinge and to determine the effectiveness 
of the hinge opemng to take shearing 
stress Design formulas were developed 
from a theoretical analysis of the stresses 
in a hmge with bare bars 

3 "Articulations for Concrete Structures—The 
Mesnager Hmge" B Moreell, Proceedings, 
A C I , Vol 31, p 368 (1935) Description 
of the Mesnager Hinge and discussion of 
Parsons and Stang tests Charts provided 
for design of hmges 
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"Elastic Arch Bridges" C B McCullough 
and E S Thayer John Wiley and Sons, 
Inc , Pubhshers, p 330 (1931) Description 
of 8 tests of Considere Hinges Results 
show average ultimate strength of the 
hinges 

"Experiences sur une semi-articulation pour 
voutes en Beton Arme," M Mesnager, 
Annates des Pontes et Chaussees, Vol I I , 
p 180 (1907) Tests of two reinforced con
crete hinges Each hinge 6 ft 2 in long by 

1 ft 4 in deep reinforced with 13/16-in 
bars Elastic limit of steel was 42,600 lb 
per sq in The hinges were tested with an 
angular lotation of 0 02 radians Failure 
occurred outside the hinge due to insuf
ficient tiansverse reinforcement, although 
hinge action was considered satisfactory 

"Why Continuous Frames'" Hardy Cross, 
Proceedings A C I Vol 31, p 358 (1935) 
Discussion of the relative flexibility of 
various members in continuous structures 
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RELATIONS B E T W E E N CURVATURE AND SPEED 
B Y MEBRITT L F O X 

Gencial Motors Provivg Ground 

SYNOPSIS 
In order to design the curved portions of highways properly it is necessary to 

study the behavior of cars on curves Both on straight and curved highways 
the behavior is detei mined largely by the side forces acting against the wheels 
and body 

Side forces are difficult to measure on a straight highway as they are variable, 
being caused by road camber and side wind On a curve, the pnnciple side force 
IS due to the centrifugal action which can be controlled by driving the car on a 
circle of measured radius at constant speed This forms the basis for tests made 
^ the General Motors Proving Ground on a large number of cars Test methods 
are described and typical curves given 

The behavior of cars is detei mined bj' the slip angle of the front and rear 
wheels and the relation between them By evaluating the slip angle to the ratio 
of side force to weight or cornering ratio, the results of tests become applicable 
to curves of differing radii and to cars driven at all speeds Difference m under-
steenng and oversteeiing cars is explained Understeering cars are found to handle 
better and require less width of lane on curves 

Maximum comenng ratio is found by tests to be about 50 per cent This indi
cates that no highway sliould be constructed with a radius of curvature which 
will cause a car traveling at maximum speed to develop a cornering ratio above 
this value 

Modern civilization owes much of its 
recent progress to more rapid transpor
tation The worker is able to live away 
from the city and raise his standard of 
living and the farmer is dealing directly 
with the consumer and everyone is going 
somewhere The demand of progress is 
for increases in both the speed and safety 
of transportation 

Automobile manufacturers have been 
able to combine this increase in speed 
with greater safety m their cars How
ever, only in rare instances is the driver 
justified in using all the speed provided 
in his car This is due to the condition 
of the roads and, therefore, it would 
seem logical to attempt to provide high
ways which will permit increased driving 
safety at high speed To do this, a study 
of the behavior of cars should aid the 
highway engineer m his designs 

Automobiles behave differently on 
straight or curved courses On a straight 
course the behavior of an automobile is 
principally a function of the car and the 
highway The car is resisted by forces 
which retard its progress and by other 

lesser forces which tend to deflect it from 
its line of travel The retarding forces 
are ascending grades, air resistance and 
rolling resistance, while deflecting forces 
are road camber and side wind 

On a curved course the behavior of a 
car is a function of the car, the highway 
and the curvature The progress of the 
car is retarded by forces similar to those 
that affect it on the straight course, it is 
deflected by the same side forces as on 
the straight course plus the force due to 
centrifugal action As the speed on the 
curve is increased the centrifugal force 
soon exceeds the others 

Forces which retard the forward prog
ress of the car are important to the 
owner Any reduction in them will allow 
the car to be driven farther or faster 
for the same expenditure Side forces 
directly affect the handling of the car 
and its behavior both on curved and 
straight highways The side forces are 
therefore important to the car owner, 
the automobile designer and the highway 
engineer 

The car being driven on straight or 
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curved highways must resist the side 
forces in exactly the correct amount so 
it will not be deflected from its course 
Rubber tired wheels have good resistance 
to side force when rolling along a straight 
path If we could push sidewise against 
the hub of such a wheel rolling along 
a pavement, it would require, under ideal 
conditions, about one hundred pounds of 
side force to deflect its course one degree 

This characteristic of the tire is used 
to maintain a straight course on the 
highway Thus, when there is a side 
force of one hundred pounds acting on 
the wheel, it must be steered one degree 
toward the force to maintain its course 
This angle between the center line of 
the tread of the tire and the course 
maintained by the wheel is known as the 
slip angle 

Side thrust developed by the slip angle 
IS affected by the condition of both the 
tire and the roadway The tire is affected 
by the weight on the wheel, the tire size, 
the inflation pressure, the construction 
of the side walls, the design of the tread 
and the width of the wheel nm Material 
and finish of the road surface, the pres
ence of foreign matter, temperature and 
wet or dry conditions also affect the side 
thrust 

When side forces are encountered it 
is necessary for the wheels to develop 
suflBcient side thrust to overcome the 
forces and hold the car on its course 
To do this the driver must steer toward 
the side from which the force is coming 
until the tiies have enough slip angle 
to balance the force The rear wheels 
are mounted on an axle which is held 
more or less m alignment with the car 
This requires the entire body of the car 
to assume an angle with the course ap
proximately equal to the slip angle of 
the rear wheels 

On a curve the behavior of a car is 
largely affected by the centrifugal side 
force A car seldom has equal weight 
distribution on the front and rear ends 

The unequal weight will cause a larger 
centrifugal force at the heavier end This 
requires the wheels at this end to de
velop a larger slip angle 

The centrifugal side force will cause 
the car body to lean to the outside of 
the curve and produce a transfer of 
weight to the wheels on the outside 
This will produce uneven loading on the 
right and left wheels both at the front 
and rear Since these are held in relative 
alignment, the side force at the front or 
rear end is the sum of those produced by 
the right and left slip angles The sum 
of these forces at the front or rear wheels 
must equal the total side thrust against 
that end of the car 

A car in which the front end has more 
slip angle than the rear requires a greater 
steering angle than one in which the slip 
angles are equal This car is said to be 
understeering A car m which the rear 
hds more slip angle than the front re
quires less steering angle and is said to 
be oversteering An understeering car 
requires the driver to steer toward the 
side from which the force is coming, and 
to increase the steering angle as the force 
grows larger An oversteering car re
quires the driver to steer away from the 
force 

By diiving a car on a circular path at 
constant velocity, the side force due to 
the centrifugal action becomes a known 
quantity While maintaining this ve
locity, measurements can be made of the 
steering angle, the angular position of 
the car on the course and the side roll 
By driving the car at other velocities, 
the side force can be controlled Thus, 
the measurements are made of the de
sired quantities at increasing values until 
critical readings are obtained From 
these measurements the quantities affect
ing the behavior of the car can be 
calculated 

For the past three years, tests of this 
type have been made at the General 
Motors Proving Grounds on practically 
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all models of American cars and the 
more interesting foreign cars. These 
tests were performed in order to study 
the handling charcteristics of cars and 
obtain data that would enable the Gen
eral Motors Corporation to make them 
safer from the handling standpoint. No 
thought was given in the development 
of this procedure to the high speed high
way. It is believed however, that the 
results obtained may prove useful to the 
highway engineer. 

and caster are checked against manu
facturers' specifications, the car is placed 
on the alignment equipment and a cali
bration is made of the steering indica
tor. To do this the front wheels are ad
vanced to consecutive angular positions 
and the indicator read. The actual angle 
of each front wheel is read for each posi
tion of the steering indicator. From these 
readings, curves are plotted for both 
front wheels using actual angles turned 
and the corresponding indicator read-

Figure 1 

Figure 1 shows a car on the circle 
ready for the test. Preparations consist 
in mounting an engineer's transit and 
stand inside the car between the front 
and rear seat as near to the center line 
of the car as possible. An electrical de
vice, making use of a pair of Autosyn 
motors connected as in signal work, is 
attached to the steering arm of one front 
wheel and wiring connections are carried 
to an indicator in the car. The purpose 
of this instrument is to indicate to the 
observer in the car the exact steering 
angle of the front wheels while the car 
is being driven around the circle at any 
given velocity. 

After the tire pressure, toe-in, camber 

ings. These curves serve as a calibra
tion of the indicator so that its readings, 
when driving the car in the circular path, 
give the actual angles of the front wheels. 

Some cars are constructed with steer
ing links of unequal length extending 
from steering gear on the left side of the 
car to the two steering arms connected 
to the wheels. This geometry gives un
equal steering angles when the car rolls 
on a curve. To obtain the true steering 
angles in this case, it is necessary to 
use two sets of indicating instruments 
simultaneously, one connected to the 
right and the other to the left wheel. 

In making the test runs, it is necessary 
to have, besides the driver, two observers 
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in the car, one to read the steering indi
cator and take the speed readings, the 
other to set the transit angles This 
makes the test load equal to about four 
passengers The car is carefully weighed, 
each wheel being taken separately and 
the steering calibration curve made with 
the full test loads in place 

The transit level plate is set with the 
car on a level portion of pavement The 
car is rocked from side to side to take 
out the error due to spring friction The 
transit vernier plate is set to zero by 
driving the car m as near a straight 
course as possible on the center of a 
straight level roadway and sighting 
through a telescope on a distant object 
at the center of the road This is re
peated while driving the car at the same 
speed m the opposite direction The set
tings of the vernier plate for the two 
runs are averaged for the true setting 
Differences m settings are due to paving 
camber and side wind 

Tests are usually made with the tire 
pressure recommended by the car manu
facturers As the car is driven around 
the circle at higher speeds, the tempera
tures of the tires on the outside will in
crease faster than on the inside It is 
necessary to adjust the pressure as the 
speed is increased, since cornering power 
of the tires is affected by an inflation 
change 

At the exact center of the circle to 
be used in the test, a small pole is erected 
vertically A marker band is fastened 
on the pole at the same height as the 
transit telescope 

The car is now ready for the test run 
on the circle At the Proving Ground a 
circle of 108-ft radius has been used for 
the larger part of these tests The car 
IS driven at a uniform speed aiound the 
circle as nearly as possible in the same 
track The driver must keep the speed 
of the car uniform and at the same time 
hold it on the circle The car speedometer 
IS used only as a guide to the driver 

Actual speed is determined by stop watch 
timing of a complete lap of the circle 

One observer rides beside the driver 
reads the steering indicator and takes 
the stop watch readings The second 
observer rides in the rear and adjusts 
the transit until, as seen in the telescope, 
the cross hairs average the travel of the 
band on the pole at the center of the 
circle By repeatedly informing the othei 
observer and the driver as to whether 
the course of the car is mside or outside 
the exact circle as seen through the 
transit telescope, it is possible for the 
two observers to agree on the correct 
settings when the car is exactly on the 
circle 

Since it IS impossible to read the 
transit scales when the car is running, 
it IS stopped after each run Readings 
of the speed and steering indicator, as 
well as the horizontal and vertical angle 
of the transit are then made and entered 
on the data Runs have been made at 
approximately 2^ mile increments of 
speed, starting at five miles per hour and 
increasing to as high a speed as possible, 
consistent with holding the car on the 
circle and taking readings After making 
the test the actual speed in miles per 
hour IS figured from the stop watch time 

The actual steering angle values are 
taken from the calibration curve of the 
steering indicator 

The roll angle is given by the transit 
vertical scale The attitude angle of the 
car IS the angle between its longitudinal 
axis and a tangent to its course It is 
found from the horizontal angle read by 
the transit and the transit position angle 
as shown in Figure 2 The rear slip angle 
IS the same as the attitude angle if the 
rear axle of the car remains truly lateial 
to the car as it rolls on the curve 

Due to the rear spring changing posi
tion when roll occurs and one side of the 
car rising as the other falls, the axle 
moves laterally In some cars this move
ment of the axle is unequal at the two 
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ends, thus causing the rear axle to steer 
through a small angle which either adds 
to or subtracts from the effective steer
ing angle of the car The steering of the 

IXfORETICAL 
CENTER 

ACTUAL CENriR 
OF CIRCIE 

Figure 2 
Z = Steering Angle Found from Tests 
X = Wheelbase Angle 

Radius 
Y =Transit Position Angle 

Tan Y = - 4 — 
Radius 

A = Angle Read by Transit 
(pi =Rear Slip Angle 

0 .= :Y + A 

<pi = Front Shp Angle 

01 = Z -j- 02 X 

rear axle due to roll angle is found from 
another test in which the car is rolled 
to measured angles and the change in 
the position of the axle is measured In 
the figures shown in this report, the rear 

axle IS assumed to remain lateral to the 
axis of the car 

Figure 2 indicates the angular rela
tions of a car on a circular path The 
theoretical center of the circle is located 
m line with the rear axle at a distance 
equal to the radius of the circle The 
wheelbase is denoted by w b The actual 
center of the circle about which the car 
is being driven is ahead of the theoretical 
center 

The transit is located in the car a 
distance "a" ahead of the rear axle The 
transit vernier plate is set to read zero 
when the telescope points toward the 
inside of the circle and 90 degrees from 
the longitudinal axis of the car 

Let A be the angle read by the transit 
It IS negative when the line of sight is 
toward the rear and positive when ahead 
of the zero reading 

Let Y be the transit position angle, the 
tangent of which equals the distance the 
transit is ahead of the rear axle divided 
by the radius of the circle 

Then <̂2, the rear slip, is the sum of 
the angles indicated by the transit A, 
and the transit position angle Y 

<j>2 = A + Y 

The front slip angle equals the sum 
of the steering angle Z and the rear slip 
angle </>2 minus the wheelbase Angle X 

The steering angle Z has been found 
from the readings of the steering indi
cator and the calibration curve 

The wheelbase angle X is the angle 
at the theoretical center of the circle be
tween lines drawn to the wheelbase 
(w b) of the car Its tangent is the 
wheelbase divided by the radius of the 
circle When considering the slip angle 
of the wheels separately, those on the 
outside of the circle will have the smaller 
wheelbase angles 

The slip angles both front and reai 
as found by this method are the angles 
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between the tangent to the circle and the 
center line of the tire at the point of 
contact The lear slip angle as found 
assumes that the rear wheels lemained 
parallel to the longitudinal axis of the 
car 

Figure 3 has been prepared from the 
readings of a test run on a standard 1937 
sedan, designated as Car A The hori
zontal scale of speed is in miles per hour 
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Figure 3 Angular Relations Versus Speed Car 
A Driven in a Circle of 108-Ft Radius 

on the 108-ft radius circle The vertical 
scale IS in degrees and applies to the 
different relations shown in the curves 

The average steering angle of the front 
wheels starts near the wheelbase angle 
and increases with speed 

Front and reai average slip angles 
have been extended back to zero speed 
The lowest test readings are made at 
5 miles per hour 

The roll angle crosses zero at about 
4̂  miles per hour This is due to the 
circular course having a slight side slope 

At this speed, the side component from 
the slope angle balances the centrifugal 
force 

The cuives show that the front slip 
angle increases faster than the rear This 
requires the steering angle to inciease 
with speed m this test circle and the car 
IS decidedly understeering 
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Figure 4 Angular Relations Versus Side 
Force Expressed as Per Cent of Weight Car A 
Driven in a Circle of 108-Ft Radius 

Figure 4 is a replot of the quantities 
shown in Figure 3, but with the horizon
tal scale changed When the car is 
diiven about the circle a side thrust is 
set up due to the centrifugal force This 
thrust becomes greater with increase in 
speed and would increase as the square 
of the speed except for a small slope 
toward the center of the circle for 
drainage 



208 DESIGN 

The formula for side force when the 
roadway has side elevation is 

Side ro.ce=^^^^'"°^S-smS) 
gR 

In which, W equals weight in pounds 
R equals radius of the 

circle in feet 
V equals velocity of car in 

feet per second 
g equals acceleration of 

gravity 
S equals bank angle of the 

curve 
In the test luns, R=108 ft, g=32 16, 

and S=0''21-^' 
Substituting quantities 

Side Force (lbs ) = 
W( 0002875 V=- 00625) 

If the curves were plotted to the values 
of side force found by this formula, the 
scale would apply to cars tested on 
curves of equal radii These would not 
have as universal application as iwhen 
plotted to values of cornering ratio ex
pressed as percentage of weight 

Cornering Ratio (per cent of Weight) = 
Side Force 

Weight X100 
This IS the same type of ratio that 

Professor R A Moyer called "Coefficient 
of Friction" in his tests of skidding char
acteristics 

Figure 4 uses the same vertical scale 
of angular values as Figure 3 with side 
forces expressed as cornering ratio 

The scale in miles per hour on the 
circle of 108-ft radius has been added 
to retain the relationship between speed 
and side force from the test 

Figure 5 shows the steering angles of 
five 1937 cars plotted in the same manner 
as used in Figure 4 The initial steering 
angle is larger for cars with longer wheel-
bases as will be noted from the curves 

From these curves the car with the 
shortest wheelbase shows the greatest 

amount of oversteering and that with the 
longest wheelbase shows the largest un-
dersteering This relationship depends on 
the slip angles in the front and rear and 
not on the wheelbase Of the cars chosen 
for the tests, those with short wheelbases 
had front axles and these usually show 
more tendency toward oversteering 
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Figure 5 Comparison of Steering Angles 

of 5 Cars 

Those with the longer wheelbases had 
independently sprung front wheels 

Figure 6 shows the average front and 
rear slip angles of Cars A and E Figure 
5 shows that Car A has the most under-
steermg and Car E has the greatest over-
steering This IS because, in Car A, the 
front slip angle is larger than the rear 
and, in Car E , the rear slip angle is larger 
than the front The slip angles of Cars A 
and E were selected from those of the 
1937 cars since these had the greatest 
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diffeience between the front and rear 
Slip angles ot other cars will plot be
tween them ^ 

As previously stated, the values of the 
slip angles are affected by changes in tire 
characteristics and condition of the road
way as well as by the geometry of the car 
By plotting slip angles against values of 
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Figure 6 Comparison of Front and Rear Slip 
Angles on Cars A and £ 

Side force expressed as cornering ratio, 
test results can be compared 

Thus, a car traveling at 20 miles per 
hour on a flat curve of 100-ft radius has 
about the same centrifugal side force as 
one traveling at 60 miles pei hour on a 
1,000-ft ladiub 

On these cuives the fiont and leai slip 
angles will be much alike at the two 
speeds Due to the different curvature 
the wheelbase angle is very different, 

being approximately ten tunes as large on 
the curve with the small radius The 
steering angle will be the wheelbase angle 
plus the difference in the front and rear 
slip angles In all cases these relations 
may be altered somewhat In the front 
the steering geometry of the car may 
change at different radu of curvature and 
with greatei values of rolling resistance 
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Figure 7 Angular Relations Versus Side 
Force Expressed as Percentage of Weight of 
Car A Driven in a Circle of 1,000-Ft Radius 

In the rear the greater driving torque 
will increase the slip angle of the reai 
wheels by a small amount 

These relations are shown in Figure 7 
By the use of this method and test 

luns made on a curve of known radius, 
the handling chaiacteustics of the car 
on any othei curve and at any speed can 
be predicted 

Every cai will have typical cuives of 
fiont and reai slip angles and of steer
ing angle These typical curves will be 
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lepeated by the car when all the condi
tions of -the car and the roadway are 
duplicated 

The circular path used in making 
these tests is equipped with a sprinkler 
system Thus, a car can be run with the 
paving wet and other conditions as m 
previous tests 

On wet paving the slip angles are in
fluenced to a greater degree by the con
dition of the tire tread than on dry pave
ment A new tire will show only slightly 
greater slip angles up to a cornering ratio 
of about 40 per cent A smooth tire will 
show a larger slip angle on wet pavement, 
the amount depending on the condition 
of the tread The smoother the tread, 
the greater the slip angle will be 

A car being driven from a straight 
into a circular course has an increasing 
amount of side force applied at a rate 
depending on the abruptness of the tran
sition In this case, the speed is kept 
constant and the angle of curvature is 
changed 

Thus, the slip angles will increase in a 
manner similar to our test curves 

When the attitude angle equals ^ of 
the wheelbase angle the front and rear 
wheels will track At lower speed on the 
curve the front wheels will track outside 
the rear and at higher speeds they will 
track inside the rear From Figures 3 
and 4 these conditions can be found for 
Car A The wheelbase angle is plotted 
at 5° 23' 

The wheelbase is .then 
1,296 sm 5° 23' = 1,296 X 0938=122 m 
The front and rear wheels will track 

at 2° 41', which corresponds to a cor
nering ratio equal to 34 per cent of its 
weight This is produced by driving at 
24 miles per hour on the test circle 

At approximately 30 miles per hour, 
the attitude equals the wheelbase angle 
At this speed the rear will track 5 | in 
outside the iiont 

This IS on Car A which is understeei-

mg On Car E , which is somewhat over-
steering, the attitude equals the wheel-
base angle on the test circle when the car 
IS driven at 26 miles per hour At 30 
miles per hour, the attitude angle will be 
about double the wheelbase angle and the 
rear will track about 11 in outside the 
front 

An understeering car will require less 
width of highw ay on a curve Including 
the overhang of the body beyond the 
wheelbase. Car E will require a lane 17 in 
wider than its body Car A lequires only 
8-̂  in extra width although its wheelbase 
IS 10 in longer 

Motor busses, freight trucks, and house 
trailers have long wheelbases and require 
a greater width of highway than passen
ger cars 

An undeisteeling cai such as Cai A is 
safer than one that is oversteering This 
IS because the front has more slip angle 
than the rear and the driver has control 
of this end When the front starts to 
skid, the driver has warning and can 
correct the condition The rear end of 
this car will not skid before the front nor 
go into a spiral spin An oversteering 
car may do this before the driver is aware 
of the dangerous condition 

From Figures 6 and 7, it is evident that 
the slip angles are increasing very rapidly 
when the corneiing ratio reaches 50 per 
cent It has been found impossible to 
drive any car above this value of side 
force, hold it in its course and take read
ings with the instruments 

At this value of side force, the tire has 
started side skidding, making the be
havior of the car erratic A good driver 
will still guide the car around the curve 
without trouble provided there is no 
traffic in the other direction 

The surface of the roadway used in the 
tests IS somewhat smoother than the 
average pavement However, with so 
definite a value established in many tests, 
it seems advisable that no curves should 
be constiucted on main highways where 
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a driver will exceed this value of side 
force when traveling at the highest speed 
he will attain 

The tests described aie made by driv
ing a car on a cncular path The speed 
IS controlled to give constant centrifugal 
forces of known value In this way the 
angular relations and the behavior of a 
cai on a curved loadway can be studied 

A car on a stiaight roadway and trav
eling from a stiaight to a cuived path 
behaves differently In this case, the 
foiccs aie variable and change direction 
1 apidly This sets up secondary reactions 
between the members of the car The 
mass of the parts are carried on springs 
and tiies which give them characteristic 
vibration fiequencies 

The study of the behavior of cars on 
stiaight roadways is a matter requiring 
an entirely different test piocedure, a 
discussion of which must be left to some 
future time 

CONCLUSIONS 

The examples of behavior of cars on 
cui vcs shown in Figures 3 to 6 were taken 
fiom tests of typical 1937 cars In these 
tests the condition of the cars and their 
tires were carefully checked 

The amount of slip angle necessaiy to 
develop a required side thrust depends on 
the cai maintaining its alignment, and 
the tires being m good condition and 
having the correct inflating pressures 
The cars on the highways seldom meet 
these conditions The front end geometry 
usually has been neglected and the tire 
piessure allowed to drop 

The behavior of cars in 1937 is better 
than in previous years and next year it 
will be still better However, allowance 
must be made in highway design for cars 
with poorer behavior than those shown 

in the test curves Theie are cais on our 
highways having more oversteering than 
Car E , and these require more than the 
17 m extra width of lane 

All rubber tired vehicles get then coi -
nering power from the development of 
slip angles in the same way as cars The 
passenger bus and freight truck have 
characteristic cuives which are on the 
understeering side until the rear tires 
become overloaded In this condition, the 
real slip angle increases much faster than 
the front and the rear wheel will track a 
gi eatei distance outside the front 

At least one foot should be added to the 
lane on curves for each 10 per cent of the 
maximum cornering latio that can be 
developed 

In all except the most southern part 
of the country, sleet and ice at times may 
cover the highways In this part of the 
country no highway should have enough 
superelevation so that a car will side slip 
into the lowei lane A reasonable coeffi
cient of friction for ice has been sug
gested at 10 per cent, which corresponds 
to a superelevation of approximately 1:̂  
in per foot 

As indicated by test results, a corner
ing ratio of 50 per cent is the maximum 
value that can be obtained under good 
conditions The total cornering ratio 
which can be used is then the sum of that 
due to maximum superelevation and fric
tion or 60 per cent It is obviously im
possible to build a highway on which it 
would be safe to drive a car at maximum 
speed when the surface is slippery As
suming, however, that the maximum 
speed of 100 miles per hour is used only 
when the conditions are ideal, a minimum 
radius of 1,100 feet and a superelevation 
of one m ten will allow a good driver 
to bring the car safely around the curve 
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DISCUSSION ON CURVATURE AND SPEED 

M R W C JOHNSON, Goodyear Tnc 
and Rubber Company The work of this 
nature performed by Goodyear is in com
plete accord with Mr Fox's lesults This 
IS particularly true as regaids the value 
for maximum side skid coefficient of 
friction 

Mr Fox has mentioned several of the 
factors that affect the development of 
side force by the pneumatic tire In view 
of the vital importance of the pait played 

of the tue foi the set ol conditions indi
cated In this illustration the cornering 
power is 126 pounds per degree of slip 
angle 

Figure 2 gives the effect of load This 
IS an interesting relation showing a maxi
mum m the region of the tire's rated load 
The ideal and most effective tire would 
be one in which the latio of cornering 
power to load remains a constant Then 
shifting loads would find the tire always 
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by the tire m this problem, I would like 
to amplify the description of the coi-
neiing pioperties of tires 

Mr R D Evans, of the Goodycai Tire 
& Rubber Company, presented, at the 
January 1935 meeting of the Society of 
Automotive Engineers, a Paper on this 
subject from which I would like to quote 
in part 

Figure 1 shows the fundamentad rela
tion of cornering force to slip angle for 
a given tire and for a given set of con
ditions The straight portion of the curve 
lepresents that used in the normal han
dling of the car, and leads to the desig
nation of the slope as the cornering power 

able to deliver its share of cornering 
power This ratio has been termed the 
cornering coeflicient 

Figure 3 shows the data of Figui e 2 le-
plotted in these terms There is now no 
maximum, but instead a discoui aging 
falling off of cornering coefficient with 
increasing load 

Figure 4 shows the extremely small 
effect of speed on cornering power The 
dotted line represents the demand on the 
tire by centrifugal force, which increases 
as the square of the speed, while the 
cornering power of the tire is essentially 
unchanged with speed This demon
strates why a tire having adequate cor-
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nering power at a low speed, may be 
seiiously lacking in this property at a 
much higher speed 

Figure 5 shows that increasing infla
tion IS beneficial, tho definitely affected 
by the law of diminishing returns 

The question of major importance ih, 
what can be done to improve the cor
nering power of tires? Mr Evans in his 
SAE paper has referred to the "Tripod of 
Tire Performance" The three factors re
ferred to are, cornering, cushioning, and 
durability, the tire being a compromise of 
all three In other words, improvement 
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of one IS almost always at the expense 
of one or both of the others One illus
tration of this is the increase of corner
ing power gained by increasing the tire 
inflation This is obviously at the ex
pense of cushioning 

Larger cars require larger tires to 
carry the load from a durability stand
point, but larger tires are less capable of 
supplying cornering power in proportion 
to their load than smaller tires The 
cornering coefficients of a 5 25-17 4-ply 
and a 7 50-16 6-ply tire, both at their 
rated load and inflation, are 0 115 and 
0 085 respectively 

From these considerations, it appears 

that when heavy vehicles must be cor
nel ed at high speeds, and laige tires 
otherwise adequate foi the seivicc lack 
sufficient corneiing power, the substitu
tion of dual smaller tires will result in 
unproved handling 
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The selection of tire equipment for any 
automobile vehicle requires careful con
sideration and technical study 'A tire 
that meets the requirements of suitable 
durability may not be a satisfactory tire 
for directing and cushioning the vehicle 
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PROF R A MOYER, Iowa State Col
lege As Chairman of the Committee on 
"Relations Between Curvature and 
Speed" I should like to say how pleased 
I am to bring to this group Mr Fox of 
the General Motoi s Proving Ground and 
Mr Johnson of the Goodyear Company 
Too frequently designers have made as
sumptions that were not warranted on 
the basis of facts In the design of a 
highway, the designer should consider 
four distinct factors—the car, the tire, 
the road and the driver, and each of these 
factors must be studied very carefully 
In the work of this committee we desire 
to present the facts concerning the ciiti-
cal conditions and critical values in cai 

opciation on cuives, just as the stiuc-
tural engineer in designing a building 
needs to know the critical behavior and 
the ultimate forces that will cause failure 
That IS the proceduie which we are now 
following We arc tiying to determine 
the ciitical behavioi of the cai, of the 
tiie, of the road and of the driver, and I 
believe after we have examined all of 
those f actoi s we w ill find that this matter 
of diiving on curves is far more compli
cated than many of us thought it to be 
We also believe that aftci the designer 
has all of the facts before him, he really 
will be in a position to design safely for 
highei speeds than we are designing for 
now 
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STRESSES IN CONCRETE PAVEMENT SLABS 

B Y M G SPANCLER 

Associate Slruclwal Engineer, Iowa Engineenng Erpenment Stalton, 
AND 

F R ^ N K E LIGHTBDRN 

Assistant Profcsor of Theoretical and Applied Mechanics, Iowa Stale College 

SYNOPSIS 
The Iowa Engineering Experiment Station has been conducting a research 

project for several years on the subject of stresses m concrete pavement slabs 
This paper is the second progress report on the pioject and will give the results 
of some extensive strain measurements from which the magnitude and direction 
of the principal stresses have been determined at a large number of points in 
the vicinity of loads applied at a corner of two full scale model slabs 

The subgrade reaction pressures and deflections of one of the slabs have been 
measured at a numbei of points over the corner region and the ratio between 
pressuie and deflection at each of the points determined These studies show that, 
for this slab, the latio was constant at each point within the range of loads 
applied, but was not the same constant at all points since it varied with the 
distance of a point fiom the corner The values of the ratio varied from about 
300 lb per sq in per in at the corner to about 75 lb per sq m per in at distances 
of li ft from the corner The use of a uniform value of the ratio appears to be a 
justifiable assumption for analytical solutions, however, since average normal 
stresses calculated by formulas using a uniform value of 200 checked closely with 
average normal stresses calculated from measured strains, and also those 
calculated from measured pressures 

The analytical deteimination of stiess
es in a concrete pavement slab when 
treated as an elastic plate on an elastic 
foundation involves a ratio between the 
subgrade pressure and the vertical deflec
tion of the slab, which is usually assumed 
to be a constant of the same value at 
each point The researches of Goldbeck 
(1)" and others have shown that when 
loads are applied to an earth mass, the 
relationship between pressure and verti
cal movement is not a constant, but is 
a function of the area over which the load 
IS applied Although a pavement slab is 
not a uniformly loaded area in the sense 
investigated by Goldbeck, it has seemed 
probable that the subgrade pressure may 
be affected by the same principle, and 
that the pressure at any point may be 
a function of position as well as deflec
tion of the slab at that point Wester-
gaard recognized and discussed this ques
tion in his published analysis of pave
ment slabs in 1925 (8) 

"Figures in parentheses lefer to list of refer
ences at end 

This paper is the second progress re-
15ort on some studies being conducted by 
the Iowa Engineering Experiment Sta
tion on the subject of stresses in concrete 
l̂ avement slabs It gives the results of 
measurements of subgrade pressures, de
flections, and principal stresses on two 
full scale model concrete slabs which 
have been studied during the past two 
years In both cases the measurements 
have been confined to the region adjacent 
to a load concentrated over a small area 
and applied at a corner of the slab The 
slabs have been numbered 3 and 4 for 
reference 

The subgi ade pressures wei e measui ed 
by means of Goldbeck pressure cells cast 
in the concrete In slab No 3, an at
tempt to measui e subgrade pressure was 
wholly unsuccessful due, apparently, to 
the fact that no provision was made 
foi initial adjustment of the pressure be
tween the cells and the subgiade 

Foi slab No 4, a device was designed 
c i n d installed which peimittcd adjust
ment of the initial subgrade pressure 
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With this adjustment the cells yielded re
sults which were remarkably consistent 
for measurements of this type 

Deflections of the slabs were measured 
by means of 0 0001-in Federal dials 
mounted on an I-beam framework sup-
poited independently of the slabs 

Strains in the top surface of the slab 
were measured by means of pairs of op
tical lever extensometers of the type de
scribed by Spangler (6), except that the 
fixed knife edge of each extensometer was 

2 ft deep The clay was placed and 
hand tamped m layers of about 5 in No 
attempt was made to determine the prop
erties or moisture content of the clay, 
although provision was made to hold the 
moistuie content as nearly constant as 
possible during the test period Slab No 3 
was constructed on a subgrade which had 
been in place for three years, and it had 
been allowed to dry out until it was 
unduly stiff Therefore it was decided 
that the clay should be taken out, moist-

T A B L E 1 

Slab No 3 blab No 4 

Constructed 
Tested 

Size 
Thickness 
Reinforcing 
Cement 
Coarse aggregate 
Mix by weight 
Water-cement ratio by weight 
Control specimens 
Curmg 

June 18, 1935 
7/5/35 to 9/20/35 

10 X 12 ft 
6 m 
None 
High early strength 
Limsetone 
1 4 4 
0 80 
Cylmders and beams 
Under moist burlap 

June 24, 1936 
7/15/36 to 8/15/36 
1/9/37 to 2/23/37 
12 X 12 ft 
6 m 
None 
High early strength 
Limestone 
1 4 4 
0 75 
Cylmders and beams 
Under moist burlap 

Average Properties at Time of Test 

Compressive strength, lb per sq in 
Modulus of rupture, lb per sq in 
Modulus of elasticity, lb per sq in 
Poisson's ratio 

3,300 
520 
2,770,000 
0 20 

4,700 
680 
4,000,000 
0 25 

made adjustable, a modification which 
greatly facilitated the initial adjustment 
of the mirrors The surface strains were 
measured along three gage lines at each 
of a large number of points distributed 
over the corner region The principal 
strains and stresses at each point were 
calculated from these tn-axial strain 
readings 

All of the experimental slabs were lo
cated in the basement of the Experiment 
Station Laboratory where there was little 
vai lation in temperature They were con
structed on a yellow clay subgrade which 
was confined m a box 14 ft square and 

ened and retamped for the subgrade of 
slab No 4 

Table 1 gives some of the more perti
nent information on the third and fourth 
slabs 

To avoid confusion and misinterpreta
tion, a number of terms used in this 
paper are defined as follows 

Pnncipal stresses are the stresses at 
a given point which occur at right angles 
to planes on which the shearing stress is 
zero One of these is the maximum and 
the other the minimum stress at the 
point 

Pnncipal strains are the strains in the 
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direction of the principal stresses and 
are the maximum and minimum strains 
at a given point 

Rosette strains are the strains mea
sured on three different gage lines pass
ing through a given point 

Radial strain is the strain along a line 
which passes through the corner 

Normal stress is the stress at a given 
point in the slab which is at right angles 
to a line perpendicular to the corner bi
sector, or in other words a stress which 
I S parallel to the corner bisector This 
is the stress which Westergaard (8) as
sumed to be uniformly distributed over 
a line perpendicular to the corner bi
sector 

Average normal stress is the stress 
which I S the average ordinate of a curve 
showing the actual distribution of the 
normal stress over a line perpendicular to 
the corner bisector 

Apparent stress is a factitious stress 
which I S obtained by multiplying the unit 
radial strain by the modulus of elasticity 

In this paper the terms stress and 
strain are used to denote unit stress and 
unit strain unless otherwise noted 

S T R E S S M E A S U R E M E N T S O N S L A B 4 

In order to determine completely the 
stresses at a point m the surface of a 
slab it I S necessary to measure strains 
on three different gage lines through the 
given point The points on slab No 4 
at which rosette strain readings were 
taken are shown in Figure 1 These 
points will be designated by giving the 
number and letter of the lines intersect
ing at the point as A-1, B-7, etc The 
gages had a length of 3 m and they were 
centered over the points with the ex
ception of the points at the edge, where 

••This discussion of stresses in slab No 4 is 
based on data, the greater part of which was 
obtained by W E Hitchcock (2) and was the 
basis for his thesis for the degree, Master of 
Science, granted him by Iowa State College in 
June 1937 

8 

they were placed as nearly over the 
points as the proximity to the edge would 
permit 

Load was applied in increments, and 
strain readings taken at 3,000, 4,000, and 
5,000 lb Withm the loading range the 
stiain readings at a given point were 
directly proportional to the load The 
optical lever extensometers used to mea
sure these strains were arranged in pairs 
on each gage length in order that the 

Figure 1. Arrangement of Points for Rosette 
Strain Readings Slab No 4 

rotation of the mirrors caused by the 
change in slope of the slab as it deflected 
under load could be eliminated The mir
rors of the two extensometers of a pair 
weie arranged to rotate in opposite di-
lections due to surface strains, and since 
the change in slope caused them to ro
tate in the same direction, the algebraic 
average of the scale differences for a pair 
of extensometers gave the net mirror ro
tation due to surface strain only The 
loading arrangement and some of the 
extensometers may be seen in Figure 2 

After the scale differences were taken 
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T A B L E 2 

SAMPLE DATA 

Slab No. 4—Diameter of Loading Area, 6.72 in.—Load, 5,000 lb. Line F 

Point 
No. 

Measured unit 
strains x 

Calculated unit 
strains x lO"* Direction 

of maximum 
principal 

strain and 
stress* 

Calculated stresses 
lb. per sq. in. 

Point 
No. 45° to 

Line F* 
90° to 

Line F* 
135° to 
Line F* 

Maximum 
principal 

strain 
Minimum 
principal 

strain 

Direction 
of maximum 

principal 
strain and 

stress* 
Maximum 
principal 

stress 
Minimum 
principal 

stress 
Normal 
stress 

(1) (2) (3) (4) (5) (6) (7) (8) (9) 

1 - 5.2 +44.02 +45.8 +54.8 -14,7 113.8° +217 - 4.0 + 181 
2 - 5 .8 +53.0 +41.6 +60.1 -24 .2 107.2° +230 -39 .2 +207 
3 - 4.6 +54.1 +38.7 +60.0 -25.8 105.2° +228 -46.1 +209 
4 + 4.1 +65.4 +35.3 +68.0 -28 .7 99.5° +259 -49.8 +252 
5 + 14.3 +70.2 +33.7 +71.4 -23.1 96.0° +280 -22 .2 +277 
6 +23.4 +67.6 +32.8 +68.0 -11.9 90.0° +277 -21 .7 +277 
7 +23.5 +69.1 + 19.2 +69.1 -26.3 89.0° +266 -38.4 +266 
8 +37.5 +68.4 + 9.4 +70.6 -23.8 81.5° +276 -26.0 +269 
9 +39.4 +70.3 - 5.8 +74.9 -41.3 78.5° +275 -96.4 +261 

10 - 1 5 . 9 1 +51.8 - 6.3 +59.7 -23.8 72.2° +229 -37 .9 +205 
11 +43.5 +44.02 - 8.3 +54.7 -19.4 67.9° +212 -24.3 + 179 

Plus signs indicate tension, minus signs compression. 
* Angles are measured clockwise from Line F (See Fig. 1). 
1 To avoid an obstruction in the line of sight this reading was taken along Line F instead of 

45° to it. 
2 Values for points 1 and 11 in this column are extrapolated. 

and the algebraic average obtained they 
were converted into unit strains by the 
formula 

, s w 
* ~ 2 G D 

(1) 

Figure 2. Loading Apparatus and Mirror Ex-
tensometers at S. W. Corner of Slab No. 4 

in which 

8=un i t strain. 
S = algebraic average of scale differ

ences. 
W=he igh t of the diamond knife 

edge. 
G = gage length. 
D = distance from mirror to scale. 

Columns 1, 2, and 3 in Table 2 give 
unit strains at the various points on line 
F as calculated by this formula. These 
values are the average obtained by three 
separate loadings of the slab. Individual 
readings showed variations of about three 
to five percent f rom the mean in regions 
where the measured unit strains were 
20 to 80 millionths. This range included 
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the important strains In some cases the 
unit strains were below 10 milhonths, a 
few even being less than 1 millionth 
These values approach the limit of pre
cision of the ejctensometeis which was 
about 1̂ - milhonths with the lengths of 
optical levers used Variations of indi
vidual leadings in this last group ran as 
high as 20 percent of the mean 

Due to a lack of understanding of the 
stiess situation along the edge of the 
slab, strain readings were taken on only 
two gage lines at all of the edge points 
Later it was realized that strain measure
ments on three gage lines were necessary 
at edge points as well as interior points 
The approximate strain on a third gage 
line was obtained by extrapolating the 
cuives on the strain readings on interior 
gage lines parallel to this third gage line 
As a check on this extrapolation the 
stresses nor;iial to the edge were com
puted at each edge point and compared 
with the actual stress normal to the edge 
which I S known to be zero The greatest 
stress normal to the edge computed m 
this manner was 17 percent and the aver
age of all values was only 9 percent of 
the principal stress at the edge 

Having these rosette strain measure
ments, the magnitude and direction of 
principal strains at each point may be 
obtained graphically by a method de
scribed and explained by Osgood and 
Sturm (5) A sample of this graphical 
construction has been carried out for 
point F-2 and is shown m Figure 3 

The principal stresses shown in col
umns 7 and 8 were obtained from the 
principal strains by the equations 

E 

E 

(Smax+Aln). (2) 

(8mln + /*Smax) • (3) 

where o-n,ai and amia are the maximum and 
minimum principal stresses respectively, 
Smax and 8min are the maximum and mini
mum principal strains Tensile strains 

are considered positive and compressive 
strains negative E is the modulus of 
elasticity and p. is Poisson's Ratio 

The normal stresses shown in column 
8 were determined from the principal 
stresses by the equation 

(4) 

In this equation is the normal stress, 
o-mai and o-min the maximum and minimum 
principal stresses respectively, tensile 
stresses are considered positive and com-

C/relt mast lomjrrjt to fHta imtt 

for 30 tine-J 

Atroirj or* multiplied 

• inaicotes ttrvion 
- Irtdicotvj comprnson \^ 

*tbrayt/n*y 
'fOf-tSS /in* 

Figure 3 Graphical Construction for Obtain
ing Magnitude and Direction of Pnncipal 
Strains from Kosette Strains 

pressive stresses negative, and d the angle 
between the direction of the maximum 
principal stress and the direction of the 
normal stress 

These equations may be found in al
most any textbook on Mechanics or 
Theory of Elasticity (7) 

The magnitude and direction of the 
maximum principal stress at each of the 
66 points are shown m Figure 4 It is of 
interest to note that the direction of this 
principal stress was approximately paral
lel to the corner bisector for almost all 
points I t may be further noted that 



220 DESIGN 

there is a comparatively large area in the 
vicinity of the corner over which the 
stress was fairly uniform This may also 
be seen in Figure 5 which is an iso-stress 

la, A 

Ato* Arr'ows indicate direefion 
of maximuni principal sfresa of 
rhe points through which they 
pass. /V^nrj odjacent to the 
orrx)t^3 arw w/u*s of meiT prMpaf 
stress ps.1) for rtTe cor-^ 
responding points 

ph> /hr 

/&. / i . 
•fhth er Comer Brtak 

- ^ ^ ^ ^ ^ ^ ^ ^ ^ 
^ T-* 

Figure 4 Magnitude and Direction of Maxi
mum Pnncipal Stresses Slab No 4, 5,000-Lb 
Load 

Note Numb*ns indicate 
stress /n ols.1. 

Mh of Cenxr ereaJr 
af l4,!Ot> lb. 

Figure 5 Iso-Stress Diagram for Maximum 
Principal Stresses, Slab No 4, 5,000-I.b Load 

diagram for maximum principal stress, or 
in other words a stress contour diagram 
Data for this diagram were obtained by 
plotting the principal stresses against dis
tance along the radial lines and drawing 
a smooth curve through the points, which. 

of course, has the effect of smoothing out 
the diagram In general, the principal 
stresses at points along the edges of the 
slab are about 20 to 40 percent less than 
the principal stresses along the corner 
bisector This situation is the reverse of 
that reported by Murphy (4) whose ana-
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Otslarice f r o m corner l>t3eciDr, in incites 

Figure 6 Distribution of Normal Stress 
Along Lines Perpendicular to Comer Bisector 
Slab No 4, 5,000-Lb Load 

lytical solution yielded greater stresses at 
the edge than along the bisector 

If the normal stresses, such as those in 
column 8 of Table 2, are plotted over 
the lines perpendicular to the corner bi
sector, the curves shown in Figure 6 are 
obtained The area under these curves 
divided by the length of the line over 
which the curve was plotted gives the 
average normal stress along that line 
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A planimeter was used to determine the 
areas 

Since the direction of the maximum 
principal stresses at points on the corner 
bisector is parallel to the corner bisector 
due to symmetry about this line, the 
value of 6 in equation 4 is zero Hence, 
for all points on the bisector, the normal 
stress I S equal to the maximum principal 
stress 

Consider a triangular section of the 
corner formed by the edges and one of 
the lines marked by letters (see Fig 1) 

stress I S 13 percent to 18 percent greater 
tlian the average normal stress depend
ing upon the line considered Therefore, 
it would seem that if a stress is calculated 
from a total bending moment by assum
ing a uniform distribution of moment, 
approximately 15 percent should be 
added to that stiess to get the maximum 
value 

A comparison of experimental and ana
lytical values of stress along the corner 
bisector is given in Figure 7 The ap
parent stress which is the radial unit 

sour 

V , 

flfofe - So//d /ine cunvs aro 
~ dmiirn Mn/ erpertmenfal ' 

points oblained on slab 4 
I— stresses are fenston 

eteepf as nofed 

fippargnt Stress 

TSIress 

• Westergoardk 

d.47r 

i a 'o iz It It IB 10 
Disfance from Corr7er in inches 

Figure 7 Comparative Values of Stresses Along the Corner Bisector, S,000-Lb Load 

There is a total bending moment acting 
on this section caused by the load and 
the subgrade reaction If this moment is 
assumed to be uniformly distributed over 
the width of the section, and a stress cal
culated from it, that stress will be what 
has been defined as the average normal 
stress This procedure was followed by 
Westergaard (8) in his analytical solu
tion for the stress caused by corner loads 
and subsequently by Spangler (6) in de
riving an equation for minimum probable 
stress 

It can be seen from Figure 6 that the 
normal stress is not uniformly distributed 
over lines perpendicular to the corner 
bisector and that the maximum normal 

strain times the modulus of elasticity is 
from 14 percent greater to 4 percent less 
than the maximum principal stress The 
minimum principal stress which is a com
pressive stress in the top surface gives an 
indication of the tensile stress which 
might be expected on the bottom of the 
slab These tensile stresses in the bot
tom surface were relatively small in this 
slab, but some studies by Lightburn (3) 
indicate that they may be of importance 
in some cases He investigated small 
rectangular plaster slabs, 9 m square and 
\ in thick, under loads concentrated over 
a small area and supported on a rubber 
subgrade With certain loads at the cor
ners of these slabs, he noted that the ma-
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teiial failed along the corner bisector by 
tension in the bottom face before the 
ordinary corner break occurred 

Older's equation (8) for the maximum 
stress in a slab gi\es values which are 46 
percent greatei than the highest experi
mental value obtained in these tests As
suming a value of 200 lb per sq in per 
in for the modulus of subgrade reaction, 
which should seem reasonable in the light 
of subsequent data, Westergaard's (8) 

Leoend 
Oh of Dt3f,a 

Symbol kkxitd otvo. ftvttt corl 

II SO 

o'a.i3' 

O 3 I O / S l O Z S J O i S 1 0 - i S S O 
DiAtonce frorrr corv7er In inches 

Figure 8 Variation in Radial Strain Along 
Corner Bisector Due to Size and Location of 
Loading Area, Slab No 4, 5,000-Lb Load 

(9) expression gives a stress which is 10 
percent less than the highest experi
mental value The two expressions for 
maximum and minimum probable stress 
suggested by Spangler (6) give results 
which are 33 percent higher and 14 per
cent lower, respectively, than the greatest 
experimental stress 

The curves in Figure 8 indicate ap
proximately the effect on stresses of the 
size and position of the loading area 
The curves show radial unit stram along 
the bisector which may be taken as ap
proximately proportional to the stress 

along the bisector They indicate quite 
definitely that the stress is a function of 
the distance from the cornei to the cen-
troid of the load and that the stress is 
more or less independent of the size of 
the loaded aica 

After all the strain measurements were 
completed, a load was applied to the 
southwest corner of the slab until it 
broke The path of the corner break, 
which occurred at a load of 14,200 lb , is 
shown in Figures 4 and 5 

STRESS MEASXmEMENTS ON SLAB NO 3 

The strain measurements and calcula
tions of principal stresses were carried 
out on slab No 3 in exactly the same 
manner as for slab No 4, except that the 
50 points at which rosette strains were 
measured were on only five radial, lines 
passing through the corner These points 
covered a greater total area than on the 
later slab As a result of this distribu
tion of points, there were rather wide 
areas in which no stress values were 
known and it was diflScult to trace the 
ISO-stress lines with certainty However, 
with certain trends definitely established 
as the result of the better distribution 
of points on slab No 4, the data for 
No 3 were interpreted with more confi
dence 

The directions of the principal stresses 
were much like those shown for slab 
No 4, that I S , they were approximately 
parallel to the corner bisector The mag
nitudes of the principal stresses for sev
eral different loading areas and positions 
of load are shown in the iso-stress dia
grams in Figure 9 The oblong shaped 
loading areas, which contained about 
64 sq in. were made similar to the area 
of contact between an 8 by 40 in pneu
matic tire and a flat surface with the tire 
inflated to 110 lb per sq in and sup
porting a 6,000 lb load From Figure 9 
it may be noted that in this slab as in 
No 4 there is a considerable area over 
which the stress does not vary greatly. 
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The stresses in slabs 3 and 4 caused 
by the same magnitude and position of 
load, and with the load distributed over 
the same area, may be compared by ref
erence to Figure 9 (a) and Figure 5 Al 
though the slabs were the same thickness 
and approximately the same size, the 
maximum stress in slab 3 was only about 
55 percent of that in slab 4 This differ
ence is probably attributable to the 
fact that the subgrade under slab 3 was 
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Figure 9 Iso-Stress Diagram for Various 
Loading Shapes Slab No 3, S,000-Lb Load 

stiffer than that under slab 4, and that 
the modulus of elasticity of the concrete 
in slab 3 was less than that in slab 4 It 
I S difficult, however, to thus account for 
such a wide divergence in stress, since 
published analyses of stresses (9) (8) 
(6) indicate that large variations m 
either or both of these properties cause 
relatively little variation in stress 

S U B G R A D E P R E S S X J R E S A N D S L A B D E F L E C 

T I O N S — S L A B N O 4 

As pieviously mentioned, Goldbeck 
pressure cells were used to measure sub-
grade pressures Experience on Slab No 

3 had shown that a vertical adjustment 
of the cell was necessary after the cell 
was m place in the slab A cross-section 
of this adjustment device and the cell 
I S shown in Figure 10 An outer casing 
consisting of the cast iron shell A and the 
\ in pipe B enclosed the pressure cell C 
and its connecting pipe This outer cas
ing was held rigidly in place by the bond 

Iron 
v./.'/i Brass 

Rubber 
ZZZ /nau/ation 

t men 

CJOy Subgrade 

Figure 10 Pressure Cell Adjustment Device 

between it and the concrete of the slab 
The cell could be raised a small amount 
by simply pulling up on the small inner 
pipe, and could be moved down and held 
down by screwing the cap D against the 
shoulder on the inner pipe Thus an ini
tial pressuie reading was assured, and 
moicover it could be adjusted to any de
sired value within certain limits A cir
cular piece of rubber •̂V in thick was 
cemented to the bottom of the cast iron 
shell to keep out dirt, and to protect the 
brass covering G 
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When the cells were originally cali
brated i t was found that they were not 
consistent and that the electrical con
tact was broken at a value of internal 
pressure which was only about one-fourth 
of the applied external pressure. This 

After considerable study and experi
mentation i t was found that the reason 
the cells would not calibrate one for one 
was that the diaphragm E which com
pletely sealed the air pressure f rom the 
lower part was tightly pressed against 

Figure 11. Apparatus for Measuring Subgrade Pressures and Framework Supporting Deflec
tion Dials at N. W. Comer of Slab No. 4. 

was especially objectionable since i t was 
anticipated that the subgrade pressures 
would be comparatively small, and with 
one lb. per sq. in . pressure on the slab 
being registered as only about one-fourth 
lb. per sq. in. on the manometer there 
would not be sufficient accuracy. 

the lower shoulder, and hence could only 
bend over the narrow width H . Whereas 
the internal pressure should be acting 
over an area equal to that of the plunger 
F, i t was acting over this area plus the 
area of the diaphragm which pulled the 
lower portion down, breaking the electri-



SPANGLER AND LIGHTBURN-CONCRETE SLAB STRESSES 225 

cal contact long before the internal pres
sure was equal to the external pressure 
If the diaphragm had had no rigidity or 
had been allowed to bend over a greater 
width it would have been pressed down 
on the shoulder without carrying the con
tact with it 

I n order to eliminate this difiSculty, a 
couple of i in holes were punched in the 
diaphragm E , and the thin brass covering 
G made air tight The diaphragm E then 
had equal air pressure on both sides and 
could bend over its entire width Since 
the external pressure against the plunger 
F sealed the bottom of it from the in
ternal pressure, the external pressure and 
the internal pressure now acted over the 
same areas, and the cells calibrated one 
for one 

In actual use in the slab a separate 
hose and electrical circuit were carried 
from each cell and rigidly fixed to a panel 
where the electrical and air hose connec
tions were made at the time the cells were 
read Some idea of the arrangement may 
be obtained from Figure 11 Air pressure 
was supplied from the pressure storage 
tank and the pressure at the time the 
electrical contact was broken was mea
sured by a mercury manometer cali
brated m ounces The location of the cells 
in the slab is shown in Figure 12. The 
numbers by the cells will be used subse
quently to designate a given position on 
the slab 

Since there was always an initial pres
sure on the cells, they obviously recorded 
change in pressure due to the applied 
load and not absolute pressure A pre
liminary study was made to determine 
what effect various values of this initial 
pressure, when the slab was unloaded, 
had on the change in subgrade pressure 
recorded when the slab was loaded 

It was found that as the initial pres-
sui-e was mcreased, the change in pres
sure due to a given load was also in
creased although not in direct proportion 
This was especially true of the cells lo
cated near the corner Therefore, it was 

decided that the cells should be adjusted 
foi an initial pressure equal to that 
caused by the weight of the slab which 
was approximately 0 5 lb per sq in 

With the cells all set at the above ini
tial pressure, the slab was loaded m in
crements and the pressures recorded at 
loads of 3,000, 4,000, and 5,000 lb The 
difference between the readmg at a given 
load and the initial value gave the pres-
suie caused by the applied load and will 
be leferred to subsequently as simply the 
subgrade pressure The tests showed that 
this subgrade pressure at any given cell 
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Figure 12 Location of Pressure Cells 

varied directly with the applied load 
The variation m the pressure for differ
ent positions in the slab at a given load is 
shown in Figure 13 An empirical rela
tionship derived from the experimental 
data is also shown m the figure 

p = 0 0044Pca-<'*e-'">"-

in which 
(5) 

p = subgrade pressure. 
Pc=load at comer 
a=distance from corner to center of 

loading area 
e=base of natural logarithms 

= 2 718 
r = distance from corner to pressure 

cell 
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I t should not be construed that this 
equation will give the subgrade pressure 
on any pavement slab, for it is intended 
to apply only to the particular slab under 
investigation here 

It can be seen in Figme 13 that for 
the smaller distances from the corner 
there are usually two points above the 
curve and two below it The reason for 
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work may be seen in Figure 11 It con
sisted of an 18-in I-beam which spanned 
the slab and was supported on concrete 
piers. Several 4-in I-beams were bolted 
between this beam and the concrete 
basement wall, and the dials fastened to 
these beams with a special clamp I t was 
necessary to load the slab twice in order 
to get a complete set of deflection read
ings, since only ten dials were available 
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Figure 13 Subgrade Pressures Slab No 4, 
5,000-Lb Load 
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Figure 14 Deflection Curves Slab No 4, 
S,O00-Lb. Load 

this I S that symmetrically placed cells 
did not give the same pressure readings, 
that is, one cell gave high readings and 
the other one low readings even though 
they were the same distance from the 
corner and symmetrically located 

The deflections of the slab at each cell 
position were measured with OOOOl-in 
Federal dials, which were attached to a 
steel framework erected to hold the dials 
rigidly in position A part of this frame-

As with pressures, it was found that 
the deflection at a given point varied di
rectly with the applied load The varia
tion in deflection from point to point for 
a given load is shown in Figure 14 More 
deflection values are shown than pres
sure values because deflection readings 
were taken during the preliminary study 
of pressures and these have been in
cluded. The data show that the deflec
tions along an edge fall on one curve 
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while those along the corner bisector fall 
on another However, these curves are 
not far apart, and the deflections for a 
given magnitude and position of load 
approximately follow a curve which de
pends only on the distance from the 
corner An empirical equation, 

_ P,f l37 3-e'"'^-] . . (6) 
125xl0=a° "eoô -̂-

was derived from the experimental de
flection data 

The measured deflections show that the 
slab dishes slightly so that it is concave 

Atote ' NuiTibers indicate 
deflection in aooci inches 

Figure 15 Iso-Deflection Diagram, Slab No 4, 
5,000-Lb Load 

upward as may be seen in the iso-de-
flection diagram given in Figure 15 This 
effect increases as the position of the 
load is moved away from the corner 

Since both the subgrade pressure and 
the deflection at a given point on the slab 
varied directly with the load, the ratio 
of the subgrade pressure to the deflection 
at a given position is a constant How
ever, the value of this ratio varies with 
the distance from the corner. This fact 
is shown in Figure 16 where the curve is 
the ratio of the empirical expression for 
pressure to the empirical expression for 
deflection The ratios of the average of 

-the subgrade pressuie readings to the 

average of the deflection readings at cor
responding points give quite a scattered 
set of values especially at the larger dis
tances from the corner where both the 
pressure and deflection readings were 
small The pressure readings in this 
region were probably less than the pre
cision limits of the pressure cells 

Goldbeck's (1) tests on the effect of 
size of bearing area on the supporting 
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Figure 16 Ratio of Subgrade Pressure to 
Deflection Slab No 4 

value of soils show that the ratio of the 
pressure to the deflection vanes approxi
mately inversely as the square root of 
the area If the slab is thought of as 
being broken up into narrow areas per
pendicular to the comer bisector, ap
proximately the same relationship exists 
between these areas and the ratio of 
subgrade pressure to deflection as Gold-
beck observed in his tests Westergaard 
(8) called this ratio of subgrade pressure 
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to deflection the " modulus of subgrade 
reaction," and in his analytical solution 
assumed it to be a constant of the same 
value for every point within the area con
sidered Nevertheless, he recognized that 
it might vary from point to point in the 

Centroid of 
differential 

element 

Pressure on oneo, p-aoCM^ o'^e''^°'f 

(o) P/an View of Corner 

p-aooo Pccj-^'e-'^^f 

Cb) Cross-section Through Corner 
Bisee:tor 

Figure 17 

slab, and showed that different values 
of the ratio in his equations did not ma
terially affect the value of the stress 

S T R E S S C A L C U L A T I O N F R O M MEASXniED 

P R E S S U R E 

If the magnitude and position of the 
centroid of the total subgrade pressure 
acting on a triangular section of the slab 
such as the area A B C m (a) Figure 17 
could be determined, all of the external 
forces acting on the section would be 
known With the forces known, the ex
ternal bending moment on the section 
could be found and the average normal 
stress over the length B C calculated In 
order to get the total subgrade pressure, 
the character of the pressure variation 
over the area must be known The em
pirical expression for the subgrade pres
sure gives this variation for this slab 

An attempt was made to integrate the 
subgrade pressure over a triangular area, 
but the expression encountered could 
not be integrated Therefore, it was de
cided to integrate over a circular sector 
and try to determine the error introduced 
A conservative estimate indicated that 
this eiror was less than one percent 

Referring to Figure 17(a) it can be 
seen that the total subgrade pressure 
Ps acting on any given circular sector, 
may be expressed by 

P , = j pdA=0 0022 ,rP,a-°" j'pC"" "̂ "dp = 0 099Pca-'' - [143-14 3 6 - ° - re""»"] (7) 

To get the position of Ps, its moment with respect to the y-axis may be determined 

My=0 9j ppdA = 0 001987rP,a-'' * | p̂̂ 'e"" "'"dp 

=0 0888Pea-'' •'[408-408e-'' '"••-28 ere"" " " - r ^ e - " . 

The distance from the coinei to Ps is 
0 897[408 - 408e''' ""-28 Gre'" " ' • • - r V ' "^^ 

14 3 - 1 4 36-° •''-re-"'"' 
_ My 

P : 

(8) 

(9) 

From the free-body diagiam in Figure 17(b) the total external bending moment, 
M T , may be obtained 

M T = P c ( i - a ) - P s ( r - x ) (10)^ 
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Substituting the values of Ps and x from equations 7 and 9 gives 

M T = P J r - a ) + 0 0 9 9 P , a - » * [ 3 6 7 - 1 4 3 r - 3 6 7 e - ' " " ^ - l l 4re-'">"-^0 I r V " ' ! (11) 

If the total moment M T I S divided by 2r, the width of the section B C , the average 
moment per unit of width, M^, is obtained 

: „ . ^ ( l _ A ) + 0 0 4 9 5 P . a - o { ^ - 1 4 3 - ^ < 

P -11 4e-° °'̂  + 0 Ire- (12) 

The average normal stress may now be calculated from the flexure formula, 
f 6M„ (13) 

Substituting the value of Mu from equation 12, 

3 P , / J _ 0 ^ r 3 6 7 _ i 4 3 _ 367^,.oo._n 4e-oo^^+0 I r e - ' H (14) 
\ 1 / h^a"'' L r r J 

The above expression for o-n is an un
wieldy one, and can best be interpreted 
from a graph of the equation The curves 
showing how this average normal stress, 
o-n, varies with the distance from the cor
ner and also with the distance, a, are 
given m Figure 18 (a) It is interesting 
to note that as the distance, a, increases, 
the curves flatten out, and for a =8 13 m 
there is a large distance over which the 
stress I S almost constant 

It may be recalled from the previous 
discussion on average normal stress that 
to obtain the maximum principal stress 
from the average normal stress approxi
mately 15 percent should be added to the 
latter Figure 18 (b) shows the average 
normal stress curve for a =4 75 m with 
15 percent added to it and represents ap
proximately the maximum principal 
stress The plotted points are the maxi
mum principal stress as determined from 
the rosette strain readings on another 
corner of the same slab The calculations 
from the empirical equation for pressure 
give stresses which are fairly consistent 
with the principal stresses obtained from 
the rosette strain readings, and it seems 
should lend a certain amount of confi
dence to the subgrade pressure mea
surements 
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C O N C L U S I O N S 

The foregoing data and calculations 
which are applicable to the two plain 
concrete slabs of uniform thickness, sup
ported on a clay subgrade, and loaded 
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at a corner, lead to the following con
clusions m regard to these slabs 

1 Normal stresses were not uniformly 
distributed over lines perpendicular to 
the corner bisector, but were 33 to 45 
percent less at the edges than at the bi
sector Principal stresses at points on 
these lines were 20 to 40 percent less at 
the edges than at the bisector 

2 There was a comparatively large 
area in the region of the corner over 
which the magnitude of the principal 
stress did not vary greatly 

3 The maximum stress m the slab 
was not materially affected by the area 
over which the load was distributed, but 
increased as the centroid of the loaded 
area approached the corner 

5 Apparent stresses were approxi
mately 15 percent greater than the prin
cipal stresses m the vicinity of the maxi
mum stress in the slab 

6 The ratio of subgrade reaction pres
sure to deflection was a constant at a 
given pomt m the slab, but it varied with 
the distance of the point from the corner. 
However, this fact does not seem to 
affect the stresses computed from the 
formulas m which it is assumed that the 
ratio I S a constant of the same value at 
all points 

R E F E R E N C E S 
1 Goldbeck, A T , and M J Bussard "The 

Supporting Value of Soil as Influenced by 
the Bearing Area " Public Roads, January 
1925 

2 Hitchcock, W E "Stresses at a Comer of 
a Concrete Pavement Slab Under Con
centrated Loading" Unpublished thesis 
Library, Iowa State College, Ames, Iowa 
1937 

3 Lightbum, Frank E "An Investigation of 
the Plaster Model of Stress Determination 
and Its Application to Slabs on an Elastic 

^ Foundation " Unpublished thesis, Library, 
Iowa State College, Ames, Iowa 1935 

4 Murphy, Glenn "Stresses and Deflections 
in Loaded Rectangular Plates on Elastic 
Foundations" Bulletin 135, Iowa Engi
neering Experiment Station, Iowa State 
College, Ames, Iowa 1937 

5 Osgood, W R , and R G Sturm "The 
Determination of-Stresses from Strains on 
Three Intersecting Gage Lines and Its 
Apphcation to Actual Test "US Bureau 
of Standards Journal of Research, 10 686 
1933 

6 Spangler, M G "Stresses m Concrete Pave
ment Slabs" Proceedings Highway Re
search Board, 15 122 1935 

7 Timoshenko and MacCullough "Elements 
of Strength of Materials" p 33 and 46 
D Van Nostrand C o , Inc , New York 
1935 

8 Westergaard, H M "Computation of 
Stresses in Concrete Roads " Proceedings 
Highway Research Board, 5 91-112, 1926 

9 Westergaard, H M "What is Known of 
Stresses " Engineering News Record, 118 
26, Jan 7, 1937 

D I S C U S S I O N ON C O N C R E T E P A V E M E N T S T R E S S E S 

' D B R U D O L F K B E R N H A R D , Consulting 
Engineer, Baldwm-Southwark Corpora
tion, Philadelphia This discussion re
lates to stresses in concrete pavement 
slabs induced by dynamic loads in con
trast to the discussion by Spangler and 
Lightburn of stresses induced by static 
loads The mam purpose of the test re
ported herein was to determine whether 
the new method with "induced" vibra
tions, which has been successfully used 
for soil tests, can be applied to the in

vestigation of stresses in concrete slabs 
Tests were made on a concrete high

way which served to answer afiirmatively 
the following questions 

1 Will the test indicate the relative 
rigidities of concrete pavement slabs of 
different thicknesses laid on a uniform 
subgrade? 

2 Does the area over which the force 
I S applied have any influence in the case 
of a concrete slab? 

A description of the technic of the 
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dynamic tests was given at the December, 
1936, meeting of the Highway Research 
Board."^ 

The fundamental principle is very 
simple. A highway under investigation is 
loaded in various places by alternating 
forces having a sine form. Frequency 
and size of these forces can be changed. 
Hence the slab must vibrate with forced 
and damped oscillations. 

The apparatus for exciting these al-

of the two discs. Two external vertical 
forces alternating in a pure sine form 
remain. Figure 1 is a picture of the 
apparatus. 

The propagation speed, or phase differ
ence of these induced oscillations, can 
be determined by measuring with seis
mometers the phase of two corresponding 
maxima or minima. The time which is 
required by the wave to move from a 
point on or near the oscillator to another 

Figure 1 
a. Oscillator to Excite Vibrations 
b. Switch Board for Oscillator 
c. Tachometers to Measure Frequency of Induced Vibrations 
d. Pick-Up Units to Measure Vibrations 
e. Amplifier and Recorder for Pick-Up Units 

ternating forces, the "oscillator" is a 
relatively small machine, which has two 
discs eccentrically supported. The discs 
revolve in opposite directions and are 
rotated by an electric motor. Changing 
the eccentricity of these discs wi l l change 
the amount of the centrifugal forces; 
changing the motor input w i l l change the 
speed of revolutions, and hence the fre
quency of the exciting forces. A l l hori
zontal forces are neutralized in the body 
of the machine by the inverse rotation 

^Proceedings, Highway Research Board, Vol. 
16, p. 288 (1936). 

point causes a phase difference in both 
sine curves plotted by the seismometers. 
B y moving the seismometers f rom point 
to point, i t is possible to record closed 
profiles or contours with no danger of 
omitting salient points. 

The instruments to record the vibra
tions consist of two pick-up units to 
record vertical vibration-amplitudes. 
Based on the seismic principle their 
natural frequency is low, approximately 
only 4 cycles per sec, their damping is 
carefully controlled to avoid any phase 
distortion. The recorder is a special com-
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pact type of oscillograph containing two 
elements with a natural frequency of 
2500 cycles pei sec An amplifier unit 
enlarged up to 1300 times and trans
formed the voltage induced by the two 
pick-ups from speed to amplitude, i e, 
independent of the frequency within the 
required range Photographic records can 
be obtained on a standard 16 millimeter 
film with a propagation speed of 6^ and 
12^ m per sec respectively Hence, two 
amplitude measurements can be recorded 
Simultaneously 

T E S T S 

The total width of the experimental 
highway was 20 ft The dimensions be
tween the expansion joints and outside 
edge of each concrete slab were 10 x 20 ft 
The thickness of the slabs varied from 
6 to 9 in Three different series of inves
tigations were carried out 

First Series The oscillator was placed 
near the outer edge of one slab, in order 
to have equal distance from both longi
tudinal and transfer joints The transfer 
joint had a Y-shape, the longitudinal 
joint a U-shape with steel reinforcement 
The oscillator excited centrifugal forces 
of ± 6 0 0 lb (10° eccentricity) at a fre
quency of 27 cycles per sec , and ± 3 0 0 lb 
at 22 cycles per sec The first pick-up 
was moved from a point near the oscil
lator in steps to a maximum distance of 
100 ft The maximum sensitivity was, 
however, not reached in this distance 
The second pick-up remained always at 
the first point as reference and control 

The density of the soil has not been 
substantially improved by the concrete 
pavement Both slab and soil vibrate 
almost as a unit and no sliding motion 
will occur between the adjacent surface 
Hence, the slab should be made only 
strong enough to resist local stresses by 
outside loads (vehicles) The relative 
phase speed in slabs of different thick
nesses and the subsoil thus forms a con

venient means, m certain cases, to 
picdeteimine the required thickness of 
pavements 

The high amplitudes along the fiee 
longitudinal edges of the slabs produce 
the so-called "flutter effect," which in
dicates the importance of concrete and 
steel reinforcement along these edges 

Second Series The oscillator was 
placed in the center of a 9 in thick slab, 
and the seismographs moved systemati
cally step by step over the complete sur
face of this slab Figure 2 represents the 
maximum half-amplitudes in two ordi-

^ 1 

Figure 2 Maximum Deformation of 9-In 
Concrete Slab Under Dynamic Load in Center 
of Plate 

Maximum Exciting Force, 600 Lb at 27 
Cycles Per Sec 

Maximum Half-Amplitude, 0 00043 In 
Maximum Stress at Point I, 7 Lb Per Sq In 

nates Again the continuity of the waves 
near the adjacent joints and the rela
tively higher amplitudes at the free edges 
can be clearly recognized The maximum 
stress (7 lb per sq in ) occurs under the 
exciting force, causing a steep incline of 
amplitudes in both ordinates (maximum 
amplitude 0 00086 in ) 

Third Series The same investigation 
as described under Series Two was re
peated on a 6-in slab Figure 3 shows 
the maximum half-amplitude in two or
dinates The same phenomena as in 
Series Two can be observed The maxi
mum amplitude has increased to 0 0022 
in ( 1 2 5) The peak stress has been 
determined at 12 lb per sq in 
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The pronounced hump which is also 
clearly to be seen in the two figures has 
increased in Figure 3 which indicates 
obviously the varying rigidity of the 
slabs or in other words the influence of 
the thickness of the slabs, including the 
effect of the subsoil 

Z-i-

Figure 3 Maximum Deformation of 6-In 
Concrete Slab Under Dynamic Load in Center 
of Plate 

Maximum Exciting Force, 600 Lb at 27 
Cycles Per Sec 

Maximum Half-Amplitude, 0 0011 In 
Maximum Stress at Point I, 12 lb Per Sq In. 

Furthermore, the conclusion might be 
drawn that a broader distribution of the 
applied load will flatten substantially the 
height of this hump and reduce the local 
stresses 

M B R D BKADBUHY, Wire Reinforce
ment Institute The results disclosed by 
this experimental investigation indicate 
that the actual maximum intensity of 
stress IS slightly greater than that com
puted by the formula for corner loading 
in accordance with Westergaard's theo
retical analysis Apparently this dis
crepancy IS largely attributable to the 
fact that the intensity of observed stress 
IS not uniformly distributed on a straight-
line section across the slab corner as is 
assumed by Westergaard But it is pos
sible that, under actual road conditions, 
other factors may be involved, such as 
the subgrade, which might not always 
act in the ideal manner assumed in the 
theoretical analysis 

For example, Spangler,̂  m his pre-
1 See Proceedings, Highway Research Board, 

Vol 15, p 122 

liminary investigations, found evidence 
of a decrease in effective subgrade pres
sure after a corner load had been repeated 
several times As stated by Spangler, 
this suggested the possibility of a slight 
permanent compaction of the subgrade 
in the vicinity of the corner as a result 
of repeated loading If such a condition 
tends to develop in practice, then it is 
reasonable to conclude that the virtual 
subgrade modulus which is effective for 
the corner segment as a whole might be 
materially less than the normal modulus 
as based upon continuous initial contact 
between the slab and the subgrade Of 
course, any attempt to evaluate a con
dition of this kind necessarily requires a 
purely arbitrary assumption as to the. 
amount of reduction to be applied to the 
normal subgrade modulus But the in
fluence of the subgrade is such that a 
rather wide range in the value of the 
subgrade modulus has a relatively minor 
effect upon the intensity of computed 
stress 

According to Westergaard's analysis 
the value of the radius of relative stiff
ness of slab to subgrade, 1, varies in
versely as the fourth root of the subgrade 
modulus, k If, in arbitrarily fixing the 
effective value of k for the corner, one 
assumes for example that its value is only 
^ of the normal modulus, then the stiff
ness radius applicable to the case of 
corner loading would become 1"^=1V2 

The Westergaard formula ^ for maxi
mum stress under corner loading is. 

If, according to the above assumption, 
\V2ia substituted for 1, one would obtain 
a modified corner formula. 

S= 3P 
• [ - ( f ) - ] 

2 See Proceedings, Highway Research Board, 
Vol 5, p 90 
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According to the paper, the geneial 
test conditions applying to Slab No 4 
were, 

E=4,000,000 lb per sq in 
u=0 25 
a=:3 36 in 
P = 5,000 lb 
k=200 lb per in » 
h = 6in 

from winch the computed radius is 
1=249 in Applying the above modified 
formula, the computed maximum stress 
IS, 

S= 3x5000 
6x6 

~ /336 Y ° " 
L ^249 / _ 

:292 lb per sq in 

which coiiesponds veiy closely with the 
observed maximum principal stress of 
294 lb per sq m on the corner bisector 
as shown in the authors' Figure 4 

Subsequent tests witS different condi
tions may, of course, fail to exhibit as 
close a check with the modified formula 
as IS obtained for this specific case But, 
until valid relationships are revealed by 
further investigations, it would seem not 
only desirable but entirely permissible, 
for practical purposes of stress computa
tion, to make use of some such modifi
cation of the Westergaard formula—a 
formula which is both plausible and con
sistent in general form and which has 
the commendable feature of algebraic 
simplicity 
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T H E STRUCTURAL DESIGN OF F L E X I B L E PIPE CULVERTS 

B Y M G SPANGLER 

Associate Structural Engineer, Iowa Engineering Experiment Station 
(In Abstract*) 

There is no rational method available 
to the engineering profession for predict
ing the structural performance of flexible 
type culvert pipe in advance of installa
tion This paper is a progress report on 
a research project being conducted by 
the Iowa Engineering Experiment Station 
in cooperation with the U S Bureau of 
Public Roads to study structural per
formance and to develop a rational 
theory of design 

In the case of flexible pipes, the pipe 
itself has relatively little inherent 
strength, and a large part of its ability 
to support vertical load must be derived 
from the passive pressures induced as the 
sides move outward against the earth 
Analysis of structural behavior, then, 
must take into account the earth at the 
sides as an integral part of the structure 

Flexible pipe sections of various di
ameters were loaded in the laboratory 
at diametrically opposite points and 
the measured deflections were compared 
with those calculated by the thm ring 
elastic theory Results were found close 
enough to justify the conclusion that 
even though the deflections and accom
panying changes in radius of curvature 
are lelatively large, the elastic theory is 
applicable to corrugated metal pipes 
under two point loading within a toler
ance probably no greater than that oc
casioned by variations m the modulus 
of elasticity of the metal, variations in 
gage thickness, depth and spacing of 
corrugations, and other variables in
herent in the manufacture of this type of 
conduit. It seems tenable to assume that 
the theory will also apply in the case of 
a corrugated culvert pipe installed under 

*Thi3 report has been published m full in 
Public Roads, Vol. 18 No 12 February, 1938 

an embankment, since the external pres
sures on the pipe in the field will be more 
nearly uniformly distributed around the 
pipe than in the laboratory An investi
gation of the structural performance of 
corrugated metal pipe culverts, there
fore, becomes mainly a study of the laws 
of magnitude and distribution of the 
loads and pressures to which they are 
subjected m service. The hypothesis of 
fill loads on a flexible culvert pipe under 
an embankment may be summarized as 
follows 

1 The vertical load may be deter
mined by Marston's theory of loads on 
conduits, and is distributed approxi
mately uniformly over the breadth of 
the pipe 

2 The vertical reaction is equal to the 
vertical load and is distributed approxi
mately uniformly over the width of 
bedding of the pipe 

3 The horizontal pressures on the 
sides of the pipe are distributed para-
bolically over the middle 100 degrees of 
the pipe and the maximum unit pres
sure IS equal to the modulus of passive 
resistance of the filling material multi
plied by one-half the horizontal deflec
tion of the pipe 

Having set up such an hypothesis, it 
has been possible to develop mathe
matical expressions for the moments, 
thrusts, shears and deflections of a pipe 
in terms of the properties of the pipe and 
the earth of which' the embankment is 
constructed Finally an equation has 
been tentatively adopted for use in the 
design of flexible culvert pipes when the 
conditions of installation are suflBciently 
well known to justify the calculation of 
the vertical load on the pipe by means 
of Marston's conduit load theory, and 
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when the passive resistance of the filling 
material is known or can be estimated 
within a reasonable tolerance This equa
tion is expressed as follows 

A X = KW,r' 
EI-t-0 061er* 

in which 
A X = horizontal deflection of flexible 

culvert pipe 
K = 0 500 sina-0 082 sin^a+OOSO 

— -0160 Sina ( , r - a ) -
sina ^ ' 

0 040 +0 318 cosa-sina 
0 208 

Wc = vertical load per unit of length 
of pipe 

r = mean radius of pipe 
E = modulus of elasticity of pipe 

metal 
I = moment of inertia per unit of 

length of cross section of pipe 
wall 

e= modulus of passive resistance of 
the enveloping earth 

a= one half the bedding angle 
In ordei to test the applicability of this 

design formula, an extensive experimen
tal piogram has been conducted in which 
four corrugated metal pipe culverts have 
been installed at the Experiment Station 
field laboratory at Ames and loaded with 
a clay embankment 15 feet high above 
the top of the culverts The pipes for 
these experiments and the laboratory 
studies previously referred to were of 
four different diameters and U S gage 
thicknesses namely, 36-in 16-gage, 42-
in 14-gage, 48-m 14-gage, and 60-in 
12-gage Light gages were chosen so 
that the diameter changes under the 
fill loads would be relatively high The 
embankment was 17 feet wide on top 
with side slopes about 12 on 1 The 
site for the experimental embankment 
was the bottom of an old gravel pit The 
bedding for the culverts was prepared by 
cutting out a trench with circular shaped 

cross section and a radius 2 in greater 
than the pipe, refilled with sand which 
was struck off with a template of the 
same radius as the pipe When the pipes 
were laid they were in contact with the 
shaped sand bedding for the bottom 90 
degrees of the circumference and pro
jected above the subgrade a distance 
equal to 0 85 of their diameter 

Measurements and observations made 
during the experiments were directed to
ward three principal objectives First, 
the settlement of various elements of the 
pipes and adjacent embankment ma
terial was observed in order that the 
settlement ratio of Marston's theory 
could be calculated Also the unit weight 
of the fill material was measured, and 
all other data necessary to calculate the 
load on the culverts according to this 
theory. Second, the distribution of ver
tical load, vertical reaction and horizon
tal pressures were measured in order to 
check the hypothetical distributions and 
to determine the value of the modulus of 
passive resistance of the clay filling ma
terials both m the tamped and untamped 
condition Third, the vertical and hori
zontal deflections of the pipes were mea
sured for comparison with the hypotheti
cal deflections computed by the design 
equation 

The distribution of the vertical and 
horizontal pressures on the pipes was 
measured by means of stainless steel 
friction ribbons During the loading 
period the settlements, deflections and 
ribbon pulls were observed at least once 
for every one foot increment of fill 

It appears from examination of the de
flection and foundation settlement curves 
that the maximum load on the culverts 
was reached within a very short time 
after the fill was completed, probably 
within less than a week 

The relationship between the lateral 
pressure on the pipes and the horizontal 
movement of the sides of the pipes was 
determined. that is, the modulus of pas-
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sive resistance of the fill material For 
the untamped clay it was 13 4 lb per sq 
in per in movement and for the tamped 
filling material 27 0 lb per sq m per m 
It appears, therefore, that tamping the 
side fills practically doubled their ca
pacity to assist the pipes m carrying the 
vertical earth load 

Having determined the modulus of 
passive resistance of the side fill ma
terials, and knowing the physical proper
ties of the pipes, the deflection of the 
pipes under the calculated load may be 
determined by the tentative design 
formula 

An interesting phenomenon is the fact 
that the pipes continue to deflect slowly 
long after the fill is completed and the 
maximum vertical load attained More 
than a year after completion of this fill 
deflection continued, the average amount 

of this lag being 0 25 per cent of the 
nominal diameter with the tamped side 
fills and 0 38 per cent for the pipes with 
untamped side fills. 

In these experiments the straight-line 
increase of both deflections and side pres
sures as the fill was constructed justifies 
the use of a constant ratio between de
flection and pressure in this ordinary 
method of construction The effect of 
vertical pressure on the ratio of deflec
tion to side pressure is not revealed in 
these studies, however, so that when a 
flexible pipe is "strutted" before the fill 
IS placed and the strutts afterwards re
moved, a different situation is presented 
Much remains to be learned, further
more, regarding characteristics of the side 
fill materials and their effect on the 
modulus of passive resistance Study is 
also needed of other bedding conditions 

DISCUSSION OF F L E X I B L E PIPE CULVERTS 

M B GEORGE E SHAFER, Armco Culvert 
Manufacturers Association: We have 
followed with a great deal of interest 
Dean Marston's very complete investiga
tion of loads on closed conduits and the 
design of rigid pipe We naturally have 
an even greater interest in Mr Spangler's 
continuation of this excellent type of 
work and the effect it will have on the 
design and acceptance of corrugated 
metal pipe There is a great contrast 
between Mr Spangler's comprehensive 
understanding of flexible pipe and the 
original ideas of the inventor, who 41 
years ago made the first corrugated metal 
pipe with the corrugations running paral
lel with the pipe instead of circumferen-
tially The correct way to run the cor
rugations was soon found and a new in
dustry started to grow, slowly at first 
because many questioned the structural 
strength of a pipe with walls so thin 

Records show a continual battle on the 
part of producers to prove to the public 
that the pipe was strong enough even 

though no one could figure out why 
They resorted to borrowing elephants 
from side shows to stand on corrugated 
pipe at fair exhibits, or threshing ma
chines to run over the pipe 

Just after Professor Talbot published 
his classic report on the design of Cast 
Iron and Concrete Pipe, he was asked 
to test corrugated metal pipe to see if it 
was as strong as the rigid pipe, hoping 
to find a reason for its ability to stand 
up under high fills These and other tests 
were made, not to determine the correct 
gage of metal to use under certain height 
fills, but to answer the question—^why 
does corrugated metal pipe develop so 
much field strength? 

What producers thought was the 
proper gage was determined by experi
ence just like bridges were designed prior 
to 1840 when truss analysis was first 
introduced It was not until 1924 when 
Mr Lacher, Managing Editor of Rail
way Engineering and Maintenance, 
stated that railroads were beginning to 
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recognize the merits of corrugated metal 
pipe and that a scientific analysis of 
strength would be helpful, that the sub
ject of analysis received much serious 
consideration 

The exact load on a flexible pipe from 
a fill was unknown until determined in 
1925 by the A R E A's Farina test Dean 
Marston soon followed with a complete 
mathematical theory, presented to this 
group in 1929 

Two independent research groups have 
tried to design corrugated metal pipe by 
mechanically loading the pipe to failure 

Deflection being so important we have 
naturally observed many installations of 
various fill heights over a long period of 
time Some data on the question of "de
ferred" deflection, mentioned by Mr 
Spangler, may be of interest here. 

Unless a corrugated metal pipe docs de
flect, it is not functioning correctly or 
utilizing all the available natural re
sources The deflection must and does 
eventually cease, but at what rate does 
it proceed? Several outstanding installa
tions will serve to illustrate this point 
and answer the question 
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using the distribution of piessure de
termined from field tests 

The producers of one group have at
tempted to check their gage table by 
developing an empirical equation for the 
deflection of the pipe Here you have 
heard the first systematic attempt to de
sign rationally a commonly used struc
ture, the analysis of which has bothered 
many—not because of the structure it
self but because of the lateral pressure 
developed against the side of the pipe, 
which depends upon so many variables 
Mr Spangler's approach is logical be
cause the design must be based upon 
deflection, the real measure of failure 

Figure 1 shows the deferred deflection 
plotted against time for three installa
tions where accurate measurements have 
been recorded for from 7 to 10 years 
The upper curve is for a 72-in 8-gage 
pipe installed under 3 ft of cover on the 
B & 0 R R A huge hot metal ladle 
(Fig 2) weighing 343 tons passes over 
this culvert several times each day This 
ladle produces the heaviest known axle 
load in regular lailroad use today The 
bottom curve of Figure 1 is for a 96-in 
8-gage pipe under 25 ft fill on the' 
Calaveras Branch of the Southern Pacific 
Railroad (Fig 3) Both these installa
tions were strutted; that is, the vertical 
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diameter was elongated while the fill 
was being made. The side fills were com
pacted but not especially tamped. 

The center curve is for a 42-in. 10-gage 
pipe installed at Ames, Iowa under a 
15 f t . untampcd fill (Fig. 4). The fact 
that the Ames culvert was not strutted 
and the side fills not tamped probably 
accounts for the different shape of the 
curve. 

These data which are typical, show 
how the pipe deflects rather rapidly at 
first and in so doing builds up sufficient 
side support to counterbalance its part 
of the load, then the deflections slow up 

Figure 2. A hot metal ladle -weighing 343 tons 
passes over this culvert several times a day 

and eventually cease. The thousands of 
existing installations are proof that the 
deflection does cease, but at what rate is 
of interest. 

I f the inherent strength of the pipe is 
more than the load on the pipe, the de
flection may cease very soon, at least be
fore final settlement of the fill alongside 
the pipe. I f the inherent strength is less 
than the load, deflection may continue as 
long as there is settlement in the fill and 
that, of course, depends upon the type of 
embankment material and how placed, 
etc. 

Since deflection is so important on this 
type of construction, as brought out so 
clearly by Mr. Spangler, the next desire 
is to know how far the pipe can deflect. 

in percentage of the diameter, before col
lapse will occur. From field studies of 
old existing installations made of gages 
far lighter than are good practice today, 
this point of pending failure has been 

Figure 3. A 96-in. 8-gage culvert 100 ft. long 

Figure 4. An experimental installation of 
42-in. 8-gage pipe under 15 ft. untamped fill 
at Ames, Iowa. 

fixed at 20 per cent. That is a 60-in. pipe 
can deflect 12 in. before failure. Most 
designs should be made on the basis of 5 
per cent deflection when the fill is prac
tically consolidated, giving a factor of 
safety of from 3 to 4. 
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E X P E R I M E N T A L DETERMINATION OF T H E VARLVTION IN PRESSURE 
INTENSITY OVER T H E CONTACT AREA OF T I R E S 

B Y L W T E L L E R AND JAMES A BUCHANAN 

U S Bureau of Public Roads 

(In Abstract*) 

In order to obtain basic data concern
ing the actual variations in pressure 
intensities in the contact area between 
vehicle tires and pavement surfaces, the 
Bureau of Public Roads has recently 
developed a new method for determining 
such unit pressures and has applied it 
to two tires representing extreme condi
tions of cushioning—a solid rubber tire 
and a thin-walled, low-pressure pneu
matic tire (airplane type), each under 
a 4,000-lb load Both had smooth 
treads 

Each tire was loaded m a universal 
testing machine, a smoothly-ground steel 
bearing plate being used to receive the 
reaction On this bearing plate a 5/16-
in wide friction bar of polished brass 
and suitable filler plates of equal thick
ness were placed. The tire reaction was 
transmitted to this built-up plane sur
face through a sheet of thin steel shim 
stock which provided a constant friction 
surface to the upper face of the friction 
bar The average force required to over
come initial friction in sliding the fric
tion bar between the steel shim and the 
ground bearing plate was determined for 
successive parallel positions 5/16-in 
apart transversely until the entire area 
of contact had been covered By allo
cating the total test load to the various 
elemental 5/16-in wide longitudinal con-

•This report, which was presented at the 
Seventeenth Annual Meeting of the Highway 
Research Board, is pnnted m full in Public 
Roads, Vol 18, No 10 (December 1937) 

tact strips in proportion to the ratio of 
frictional force required for each strip 
to the summation of all frictional forces, 
a first differentiation, in effect, of the 
total load on the contact area was 
accomplished 

A second differentiation which appor
tioned the load applied to each elemen
tal strip according to average differences 
m initial frictional force required for 
various lengths of the friction bar cov
ered by the tire, a stationary dummy 
bar being placed over the remaaning 
portions of the elemental strip, was then 
accomplished in a similar manner The 
total load being thus broken down into 
individual loads on elemental areas, the 
unit pressure at the center of each ele
mental area was considered to be equal 
to the average pressure over that area 
Such points of unit pressure were then 
respectively plotted on an outline trac
ing of the gross contact area, and lines 
of equal pressure intensity were drawn 

The tests show that the maximum 
load intensities occur in two transversely 
symmetrical zones rather than at the 
geometric centers of the areas Analysis 
of the data suggests the possibility that 
an ellipsoidal distribution, in which the 
pressure mtensity varies as the ordinates 
to a semi-ellipsoidal surface of definite 
proportions, may be a conventionaliza
tion which more nearly represents the 
actual pressure intensity distribution 
than does the assumption of a uniformly 
loaded circular area frequently used 
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DISCUSSION ON T I R E PRESSURE INTENSITY 

M R G M SPROWLS, Goodyear Tire 
and Rubber Company We have also 
done some work on the intensity of 
pressure distribution on pneumatic tires 
While we have used a different method 
of making measurements, the type of 
curves secured from our data follows 
the same general trend as just shown 
by Teller and Buchanan Our work has 
been confined largely to standard truck 
and passenger tires with tread designs 
It is to be expected that the intensity 
of pressure under such conditions would 
be greater than with a smooth tread tire, 
and a rather thm tread at that, mounted 
on a carcass more flexible due to a fewer 
number of plies We have found rela
tively higher intensities of pressure than 
indicated by Teller and Buchanan, but 
we do not believe this to be contradictory 
to their findings 

Our equipment consisted of a platten 
with a small hole (about 3/16 in dia) 
m the center A plunger, passing thru 
the platten, is balanced by adding water 
to a bucket at the opposite end of a 
horizontal lever The plunger is placed 
flush with the suiface of the platten and 
its vertical position located by the cross 
hairs in a telescope The portion of tread 
where intensity of pressure was desired 
was then moved on the platten until it 
came directly over the plunger and load 
applied Weight is then added to the 
bucket until the pressure is balanced 

Our work mdicated that the intensity 
of pressure on a 5 00-19 tire with 800 lb 
load and 30 lb inflation pressure varies 
from 2^ to 3 times the inflation pressure 
This IS considering a conventional 3 
rib tire with design on the shoulders 
outside of the ribs—the pressure per 
square inch on the center nb varying 
from 2 3 to 2 6 times the inflation pres-
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sure and the outer nb from 2 3 to 3 0 
times the inflation pressure—^varying 
from the center to end of contact area 
(See Fig 1.) 

While the above work was on a 
passenger tire, it is assumed that larger 
tires would follow the same trend 

Whether or not distribution over the 
area of contact would lead to significant 
differences in pavement stress is rather 
questionable However, this is more of 
a question for road engineers to decide 
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THOUGHTS ON HIGHWAY DESIGN RESEARCH AS R E L A T E D TO 
SAFETY OF V E H I C L E OPERATION 

B Y CHARLES M NOBLE 

Asmtanl Engineer, The Port of Nexo York Aulhonly 

S Y N O P S I S 

Possibilities of research are outhned for the purpose of establishing definitely 
the basic causes of motor accidents and the relation of highway design to acci
dents The point is stressed that if those basic underlying causes can be known 
which originate in some subtle defect in the design of the highway and in the 
p^chology of the driver, engineers can surely devise effective means to reduce 
such accidents as are chargeable to the highway itself, and at the same time cor
rect and prevent many errors of the motorist Before highway designers can 
design for basic safety, enough of driver psychology must become known to 
enable the designer to arrange conditions m such a maimer that the driver 
will instinctively choose the safe act The striking results of research, education 
and enforcement in the reduction of industnal accidents is cited and the analogy 
existing between that effort and the present motor accident situation is noted 

In the field of techmcal design of those highway elements effecting safety of 
operation, the uncertamty of design features is treated and suggestions made 
relative to the desirability of research for the purpose of defimtely establishing 
design practice The features mentioned include the width and detailed treat
ment of the center safety dividing space of dual highways, the lack of knowledge 
on permissible safe speeds for particular designs, lack of knowledge with respect 
to shoulder widths, spiral curves and distance between reverse curves, and the 
effect of vertical curves on headlamp visibility and entrance and exit facilities 

The effect of the time element on design of modem highways because of the 
advancing speed of motor cars is outhned, elementary examples are given 
illustrating the thought that design features should be located at distances from 
the dnver expressed in seconds of time, and necessary research is suggested to 
establish the data needed for designing with confidence 

With some notable exceptions the bulk and comfort with which a modern motor 
of past highway research has been m the car can be operated at high speed has 
field of the physical properties of the ma- revolutionized the requirements of design 
terials of construction, and little atten- to such an extent that a national emer-
tion has been directed toward ascertain- gency exists One need only mention that 
ing the basic requirements of highway more persons are killed m motor acci-
design as related to the safe and efl5cient dents in one month than have perished in 
operation of motor vehicles, with the re- all the floods in the United States within 
suit that great progress has been made in the past ten years, to indicate the magni-
physical design and construction while tude and seriousness of the situation 
insuflBcient knowledge is available in the Before it will be possible to establish 
realm of design affecting safe operation confidently the fundamental principles 
Thus, a challenge is offered the research of safe highway design, it will be neces-
worker, and fertile ground is available sary to ascertain the basic causes of ac-
to organizations with sufficient financial cidents, to establish the relation and 
and technical means to cultivate this effect of highway design on accidents 
form of investigation and to uncover the mysteries of driver 

The appalling accident uiul deatli lates psychology The conventional method of 
indicate that many problems in highway studying police accident reports, reveals 
design are unsolved The propci solution only the most obvious accident causes, 
of these problems is vital, for the ease and ficquently a wholly misleading pic-
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ture may be obtained, for often the real 
and fundamental causes are so obscure 
and subtle that they will require the 
talents of a particularly trained and en
dowed investigator to uncovei ^ All too 
fiequently blame is attached to one oi 
both drivers with no attempt being made 
to ascertain whether highway conditions 
created the circumstances which caused 
the accident This attitude on the part of 
the police is understandable when it is 
remembered that it is more natural to 
blame an individual than an inanimate 
facility, particularly since the partici
pants may appear in a court of law to 
recover damages, and, since it is not pos
sible to recover damages from an inani
mate highway, the emphasis has been to 
search out the human error involved 
rather than to look back of the human 
error and find out what caused that er
ror, for many times a particular set of 
inanimate components of the highway 
combine to cause the motorist to com
mit an error It is the search for such 
fundamental causes that concerns the in
vestigator and from which will emerge a 
clearer conception of the relation of high
way design to accidents 

It may be of assistance in grasping 
the writer's meaning, to realize that al
most never is an accident deliberate Sel
dom does a driver deliberately set out to 
cause an accident In other words a mo
tor accident is truly an accident This 
suggests that it is very possible for high
way or street conditions to be the funda
mental originating cause of many acci
dents, conditions •which at present are not 
lecognized as hazards, things so subtle 
that they are not even suspected Un
raveling this mystery will require a high 

1 Tentative qualifications of the proper type 
of investigator (1) Practical experience in 
highway design and construction, (2) Thorough 
education in the physical sciences, (3) Exten
sive training in advanced mathematics, (4) 
Education in psychology, (5) The mental per
ception to reahze that the above are only tools 
and are a means to an end, not the end itself, 
and, (6) Practical common sense 

type of detective work The situation is 
somewhat analogous to the condition ex
isting in industry a numbei of years ago 
when the industrial accident latc was 
quite high At that time accidents were 
assumed to be an unavoidable evil and 
part of the risks of raanufactuiing, little 
effort being made to improve the situa
tion Then, as today in the motor field, 
the operator of the machine was assumed 
to be at fault in case of injury, the as
sumption being that he was inept or care
less Fortunately, men of vision believed 
that many accidents could be avoided by 
a study of causes, by education and by 
regulations forcing operators to conform 
to safe practices, and these methods have 
been so successful that all industrial ac
cidents have declined materially, in spite 
of increased production, while in certain 
industries the accident rate has fallen to 
miraculously low levels Thousands of 
men and women are alive and well today 
who would be dead or permanently dis
abled had it not been for that effort This 
is a remarkable tribute to the men and or
ganizations responsible for these results, 
particularly when it is remembered that 
in the beginning the very persons bene
fited most vitally, the workers, were al
most entirely indifferent, and m many 
cases lefused to cooperate 

A similar opportunity exists m the 
iughway field, particularly as related to 
causation and to the psychology of the 
driver If it is possible to ascertain the 
basic originating cause of an accident 
and establish the fundamental concepts 
of driver psychology, then, and only then 
will it be possible to design the highway 
for basic operating safety insofar as phy
sical and psychological conditions in
fluence accidents Many ̂  of you are no 
doubt familiar with the psychological in
vestigations conducted a number of years 
ago at Ohio State University" Those 
studies were made in an effort to dis-

2 Weiss and Laurer, "Psychological Pnnciples 
of Automotive Driving," Ohio State University 
1927-29 
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cover the suitability of the driver for the 
car and the highway Furthermore the 
manufacturers of motor cars also regu
larly subject the vehicle to exhaustive 
tests to determine its suitability for the 
driver and the highway 

Tests are as urgently needed to deter
mine the suitability of the road for the 
driver and the vehicle, for engineers will 
not be able to perfect the technique of 
safe highway design until all the basic 
facts of driver psychology and the physi
cal effects of road conditions on accidents 
are known Before highway designers 
can design for basic safety, enough of 
driver psychology must become known to 
enable the designer to arrange sets of con
ditions in such a manner that the ve
hicle operator will unconsciously choose 
the safe act rather than react in a way 
to lead up to an accident 

There are many who will contend that 
such results are impossible, but, since 
that particular state of mmd has been 
proven incorrect in connection with al
most every major accomplishment m the 
scientific and engineering fields during 
the past 100 years, the public has come to 
expect the impossible from science as a 
matter of course To illustrate, not long 
ago foundation engineering was in a 
condition somewhat similar to the high
way problem of today Foundations were 
designed by rule of thumb, based on per
sonal experience, and a scientific ap
proach was considered unattainable until 
Dr Terzaghi appeared and laid the 
foundations of soil mechanics The com
plexities of the problem were so great, 
conditions so varied and intricate that 
the idea defied the imagination, and 
many practical engineers thought a solu
tion impractical or impossible But Ter
zaghi persisted, with the result that his 
principles have been enlarged and ex
tended by other able investigators, prac
tical design is utilizing soil mechanics 
and today he is acclaimed throughout the 
word as the father of a new science 

The accident pioblem is m uigent need 
of a similar type of fundamental analysis 
and lesearch, for if engineers can but 
know what is causing accidents there can 
be little doubt that engineering ingenuity 
can surely devise means to combat them, 
with the result that thousands of lives 
will be saved and the tremendous eco
nomic loss occasioned by motor accidents 
will be materially reduced The motor 
accident problem is more diflicult and 
serious than any that engineers have ever 
been called upon to solve Research into 
physical materials is simple in compari
son, because engineering materials fol
low definite and constant laws, however 
obstruse, intricate and difficult of per
ception, but the accident problem in
volves human behavior and reaction in 
almost infinite variety and complexity 
Yet there must be certain patterns, cer
tain similarities and certain "laws" which 
will govern in many instances and of 
which use can be made in the design of 
highway facilities It is, therefore, ear
nestly hoped that the opportunity will 
be seized and that searching and basic 
research will be undertaken and vigor
ously pursued until the fundamental 
principles of accident causation are defi
nitely established 

Unfortunately the other tools effec
tively used by industry to reduce acci
dents, namely education and regulation, 
have not been as effective in the motor 
field as might be hoped (except in fleets 
of trucks and busses), for whereas indus
try has a certain amount of control over 
its employees and can force them to 
adopt safe practices, and may in addition 
weed out the accident prone, such a course 
has not yet proved practicable in the mo
tor accident field This may be attrib
uted to the temperament of the American 
people, which is known to be impatient of 
regulation in any form, and since the 
public IS not an employee the present 
means of education and enforcement have 
not been conspicuously successful 
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Theiefoie, since this form of accident 
prevention is equally as important as 
prevention by safe highway design, it is 
as fundamental that research be insti
tuted for the purpose of discovering 
means whereby the public can be per
suaded or forced to adopt safe diiving 
practices This thought is not new to 
business, for sales and advertising groups 
have become expert in persuading the 
public to purchase their products and 
they have developed a reasonably eflS-
cient technic which is based on research 
as well as experience The identical 
methods used by business to persuade the 
public to buy their products may not 
be effective in the motor accident field 
but undoubtedly research will develop 
far more efficient methods than now em
ployed for this purpose In addition, re
search for developing positive means of 
enforcement is urgently needed, for there 
IS always a small group of individuals 
on whom the most efficient and scientific 
methods of persuasion and education 
would be wasted 

Fortunately an attack has already 
been started at Harvard University on 
this phase of accident prevention, which 
shows great promise of success, and it is 
hoped that this work will be further en
couraged and stimulated 

If, then, research can uncover the 
fundamental causes of accidents and in
dicate the relation between highway de
sign and accidents, while at the same 
time effective means of education, per
suasion and enforcement of safe driv
ing practices are developed, a great stride 
will have been made toward making mo
toring on American streets and high
ways safe 

In addition to the subtle and psycho
logical a number of unsolved problems re
lating to design are awaiting much needed 
research in the physical field For ex
ample, can anyone state with certainty 
the correct width and treatment of the 
safety dividing space for a dual highway 

to satisfy particular sets of conditions, 
and can anyone specify with certainty 
the maximum safe speed that vehicles 
can operate on any given type of design? 

From a practical standpoint it must 
be admitted that financial and physical 
circumstances will limit the width of the 
space dividing dual highways On the 
other hand the average motorist, if ques
tioned, would undoubtedly indicate a 
preference for a design without curbs, 
flanked with wide smooth stabilized 
shoulders Such a design is practical and 
safe, when a wide separating space is 
used, but as the width decreases it be
comes evident to thinking engineers, that, 
at a certain limit, some type of design 
IS required which will prevent impatient 
drivers from using the safety space as a 
means for passing (possibly simultane
ously in opposite directions, resulting in 
head-on collisions), and as a means of a 
certain amount of protection to opposite 
direction traffic from cars out of control 
Studies are urgently needed to determine 
the limiting width when protective de
vices are required in the center, and to 
indicate the type of detailed design most 
suitable for certain widths For ex
ample, on an elevated structure where 
every increase m the width of the struc
ture represents an appreciable increment 
to the capital outlay, the designer is 
faced with the choice of making the 
width as small as possible, which may 
take the form of a low wall one (1) foot 
wide, or the provision of a greater space 
of some arbitrary width If a greater 
width is used, the problem resolves itself 
into a choice of normal height vertical 
curbs, high vertical curbs and low slop
ing curbs, all types with or without a low 
wall in the middle At present there are 
no data on which to base a detailed de
sign or to determine the minimum safe 
width 

The type of curb is also a problem 
where conditions are such that the width 
need not be an absolute minimum It is 
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lecognizcd that a vcitical curb over 3 
01 4 in high will prevent motorists, 
pinched by traffic, from mounting the 
curb and thus it may be expected that 
sideswipe accidents will mciease wheie 
high vertical cui bs are used The motor
ist senses such hazards and instinctively 
drives clear of high vertical curbs, 
usually a distance of from 4 to 6 ft, 
thus causing an economic waste in the 
effective width of the highway If the 
designer wishes to use low or sloping 
curbs he has no certain knowledge of 
exactly what type to use for it is quite 
possible that he may use a type which 
might throw a vehicle completely out of 
control if mounted at even a moderate 
speed, or that vehicles may be unable 
to mount them when covered with ice 
Again, the type used may offer so little 
obstruction that drivers will at the least 
provocation mount the curb and use the 
space for passing, thus greatly increasing 
the hazards of operation 

In determining the answers to all the 
above detailed problems, opinion is not of 
much value A canvass of one hundred 
engineers would, in all probability, re
sult in one hundred different solutions 
Therefore, the only sure basis of deter
mining the true facts is from a thorough
going investigation in which the acci
dents occurring on each type of design are 
analyzed and exhaustive practical tests 
are conducted simulating actual acci
dents and noting the resulting damage 
created by each type of design In this 
way, the ideal design which subjects pas
sengers and cars to the least injury would 
soon be indicated 

The question of the safe permissible 
speed which may be used with a par
ticular design and width of separation is 
an entirely unexplored field and thus it 
will not be possible for engineers to de
sign for over all economy or to post safe 
speeds until research provides the answer 
to this question Therefore, it is most 
urgent that such investigations be insti

tuted before any considerable program of 
dual highway construction is undertaken 

The safe speed that a vehicle may 
travel is influenced to a considerable ex
tent by the width and condition of the 
shoulder adjacent to the pavement, but 
as yet there is no definite method of 
evaluating in concrete terms its effect on 
motor safety In other words, because 
of lack of knowledge, the value of the 
shoulder is an unknown intangible, and 
it IS generally conceded that engineers 
dislike dealing with intangibles It is 
therefore evident that more knowledge is 
required to establish the facts relative 
to the effect of the shoulder on safety 
and on safe speeds To illustrate, if the 
highway had no shoulder, with an abrupt 
drop at the pavement edge, the average 
motorist would feel quite unsafe and it 
would be readily admitted that the safe 
speed should be quite low, cars stopping 
for any purpose, such as changing a tire, 
must of necessity remain on the pave
ment, thus completely blocking the lane, 
and all drivers must observe extreme 
care not to run off the edge of the pave
ment, for such a course would immedi
ately result m a serious accident Sup
pose an increment of one foot is added, 
making a shoulder one foot wide, the 
question awaiting an answer is, how 
much has this mcrement added to vehicle 
safety and what may be the safe speed? 
It IS probable that as increment after 
increment is added to the shoulder width, 
the locus of a curve on a diagram repre
senting benefits would continue to ascend 
until a certain width has been reached 
after which the curve will droop over and 
start to descend, indicating that after 
reaching a certain width any further in
crease of the shoulder follows the law of 
diminishing returns 

To the writer's knowledge no start has 
been made on this problem, and yet it is 
quite as vital as many other highway 
problems which have been exhaustively 
investigated It must be admitted that 
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the problem is not simple but highly 
complex, yet, intelligent, careful and pa
tient research is certain in the end to pro
vide the engineer with tangible facts on 
which to base a design for the various 
types and classifications of highways he 
IS called upon to construct 

Considerable discussion has been di
rected to the problem of setting up a 
proper criterion of the length of spiral 
curves A recent method of approach has 
been on the basis of the rate of change 
of centrifugal acceleration, but there is 
some question as to whether this method 
will really lead to a proper solution for 
it is quite possible that the rate of super
elevation and the friction value assumed 
in the formula for superelevation may 
have as important an influence on the 
spiral length as the rate of change of 
centrifugal acceleration A statement of 
the case may make the issues clearer 

In order for the motorist to feel the 
effect of centrifugal force and the rate of 
change of centrifugal acceleration, the 
curve must not be superelevated, or the 
vehicle must be travelling at a higher 
rate than the speed for which the curve 
IS banked In other words, if a vehicle 
IS travelling around a curve at the ex
act speed for which it is banked, the op
erator will not be affected by centrifugal 
force since the force of gravity introduced 
by the tilt in the roadway cancels cen
trifugal force, and if a spiral is utilized 
which at every point is banked for the 
given speed and radius at that point 
there will still be a balancing of forces 
even if the spiral is only one foot long 
However, a rotational force is introduced 
by the transition from the ordinary 
crown to the superelevated section and 
if the spiral were only one foot long this 
rotation would be too rapid for comfort 
01 safety In the case wheie the vehicle 
is travelling at a faster late than the 
speed for which the curve is superele
vated, then the forces introduced will 
amount only to the difference in speed 

between the superelevated speed and the 
actual speed, and since the speed is 
cubed in arriving at the rate of change 
of centrifugal acceleration, the difference 
in the forces is appreciable A numerical 
case will illustrate 

V 
L . = 158 ~ , 

in which L8 = length of spiral, v=velocity 
in M P H , and r=: radius in feet 

(The formula is based on a rate of 
change of centrifugal acceleration of 2 
ft per sec per sec per sec, and as
suming no superelevation) If it is 
assumed that the rate of banking E 
IS 05 ft per foot of width, permissible 
friction F 03 and speed 60 M P H then 

from the formula E + F = - 5 ^ , r=3000 

ft (in round numbers) Substituting 
these values of speed and radius in the 
spiral formula, Ls = 113 ft If, however, 
only the difference in the actual speed and 
the superelevation speed, which amounts 
to 13 M P H , IS introduced into the spiral 
formula, L B = 1 ft Thus, it is evident 
that if the actual unbalanced force is 
used, an entirely inadequate spiral is 
indicated, while„on the other hand if the 
full force IS used (balanced plus unbal
anced) there is serious question if con
sistent riding qualities will be produced 
with different friction values and differ
ent rates of superelevation 

A method suggested by Elmer R 
Haile, Jr ,̂  which utilizes the rate of ro
tation as a measure of spiral length may 
yield more consistent results This 
method requires the substitution of two 
values to be derived from tests 

In view of the uncertainties outlined 
it appears desirable that experimental 
spirals be constructed, embodying the 
different conditions encountered in prac
tice, and that they be subjected to scien
tifically controlled tests to the end that 

'Proceedings, Ameiicnn Society of Civil En
gineers, December 1936, p 1650 
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a real and satisfying criterion of spiral 
length may be set up It is also impor
tant that it be determined if very long 
spirals are detrimental, or are desirable 

To the mathematically inclined, there 
IS opportunity for service in the inven
tion of a mathematically simple spiral 
for special use on elevated viaducts and 
in tunnel construction, m order that con
centric curves and radial lines may be 
accurately determined for the purpose 
of shop fabrication of steel 

In the past, the minimum distance 
between reversed curves has been estab
lished more or less arbitrarily, but with 
advancing speeds it becomes necessary 
to replace past methods, based on judg
ment alone, with definitely known facts 
founded on scientifically conducted tests 
The minimum distance between reversed 
curves depends on the reaction time re
quired for the operator to emerge prop
erly from one curve and become pre
pared to enter the following one The re
action time m seconds multiplied by the 
vehicle velocity in feet per second at the 
design speed will give the minimum dis
tance m feet between the curves It is 
quite possible that the friction assumed 
as permissible in the superelevation of 
particular curves will have an important 
bearing on the reaction time and that 
the use of spirals will still further affect 
the time, due to the fact that steering 
(or slippage) angles are released gradu
ally on passing out of the first curve and 
developed gradually on entering the 
reversal 

Since the basic facts concerning the 
reaction time required between reversed 
curves for the various design assump
tions of friction and spiral length are 
unknown, it would seem fundamental 
that authoritative data be accumulated 
based on tests in order that this detail 
of design may pass from the field of un
certainty into the realm of definite 
knowledge 

The lengths of vertical curves affect 

visibility and sight distance This has 
generally been recognized and taken into 
consideration in design in relation to 
sight distance during daylight, but little 
thought has been given to the problem as 
related to sight distance with headlamps 
during the hours of darkness Indeed, at 
the present time, it is not possible to set 
up the minimum length of a vertical 
curve for a given algebraic change in 
grade which will assure full visibility 
with headlamps while at the same time 
not result m a curve of a greater length 
than actually required to fulfill practical 
requirements A mathematical solution 
may quite readily be developed, pro
vided certain facts relating to lamp char
acteristics are known, as for example, 
the height of the lamp above the road, 
the vertical angle of the upper rays of 
the beam and the length of visibility on 
a level road, but the value of a mathe
matical approach is questioned because 
of the extreme length of curves that are 
indicated 

Until recently, the length of visibility 
with a headlamp was unknown but for
tunately certain facts have been made 
available by W C Giessler * as a result 
of a series of tests conducted by the Illi
nois Division of Highways The striking 
fact was disclosed that it is possible with 
properly adjusted headlamps, m good 
condition, to see a white object at a dis
tance as great as 715 ft from the car 

The vertical curve problem is divided 
into two parts (1) At sags, and, (2) at 
summits If it IS desired to utilize verti
cal curves which will not restrict head
lamp visibility for a distance of 715 ft, 
assuming the height of the lamp to be 3 
ft, the upper aiming to conform to legal 
requirements (Pennsylvania, 2° 40') and 

*"The Relationship of Headlamps to Road 
Speeds"—by W C Giessler, Mechamcal E n 
gineer, Illinois Division of Highways (Febru
ary 1937) 

"What IS the Night Accident Problem Like"— 
by W C Giessler (May 1937) 
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the algebraic difference in the highway 
profile to be 8 per cent, then a mathe
matical solution indicates that at a sag 
a vertical curve 560 ft long is necessary, 
while at a summit a vertical curve 6800 
ft long IS required The length of the 
latter curve is so great that serious doubt 
exists as to whether curves of such length 
are really required to assure full head
lamp visibility A further analysis of 
both cases may indicate the general fea
tures of the problem 

used instead Mr Giessler found that 
maximum visibility was obtained with 
the top of the "hot spot" located 2 in 
above the horizontal axis of the lamp 
at a distance of 25 f t , which represents 
a vertical angle of 0° 23' The result is 
that a longer vertical curve than indi
cated above is required to maintain the 
sight distance available with headlamps, 
the calculated length being 2640 ft 

Figure 2 shows the conditions at a 
summit It IS to be noted that the round-

s u n f A c e o r P A v t y C H T 

C A O L A H P BCAM 

Figure 1 Condition at Sags 

Figure 2 Condition at Summits 

Figure 1 shows the conditions at a sag 
The mathematical solution mentioned as
sumes that the light is projected forward 
with equal intensity and that the top 
rays will reveal objects at as great a dis
tance as the center or "hot spot" rays 
This does not conform to common obser
vation, as it IS known that the edges of 
the light rays become shadowy and that 
objects are not defined so clearly in the 
outer areas as those within the center 
of the intense rays at a corresponding 
distance from the car Thus, it can 
readily be seen that the vertical angle of 
the extreme upper rays should not be 
utilized, but that the vertical angle of 
the intense or "hot spot" rays should be 

9 

ing curve intercepts the light rays and 
that the down curving pavement beyond 
the tangent point is in darkness In other 
words, there is a sliver of darkness below 
the bottom of light rays and the top of 
the pavement beyond the tangent point 
In the example given above it was as
sumed that the tangent point should be 
at the distance of maximum headlamp 
visibility from the car, namely 715 ft 
With a curve of this length, the rate of 
change or "rounding" of the curve is quite 
slight and thus the sliver of darkness be
yond the tangent point is very thin, in 
fact at a distance of 100 ft beyond the 
tangent point the depth of the darkness 
IS only three quarters of an inch In view 
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of the fact that the "hot spot" must be 
aimed above the horizontal for maximum 
visibility, and that the lower fringes of 
the light are of lower efficiency, it is quite 
possible that the lower fringes of the light 
will be shadowy on level pavement at 
the maximum distance and thus the 
thm sliver of darkness for a curve of 
such great length may cease to govern 
visibility requirements after the vertical 
curve IS increased beyond a certain mag
nitude This suggests that shorter verti
cal curves than indicated by a mathe
matical solution may possibly be used at 
summits without adversely affecting sight 
distance with headlamps 

In view of the almost complete lack 
of definite knowledge on the subject, it 
appears only reasonable to assume that 
design standards must await the results 
of tests and it is to be hoped that such an 
investigation may be instituted in the 
near future 

An important detail which is yet in the 
development stage is the design of en
trance and exit ramps to and from high 
speed highways, particularly in urban 
regions where space is restricted It is 
important that these facilities function 
efficiently, while at the same time, assur
ing the maximum safety not only to the 
entering or leaving vehicle but particu
larly to the vehicles on the high speed 
highway where an accident is of a more 
serious nature because of the speed in
volved The fundamental principle of 
acceleration and deceleration lanes is 
being adopted in modern designs, but 
their length for particular situations and 
design speeds and the details of design 
are in the experimental stage It is to 
be hoped that studies will be instituted 
for the purpose of establishing basic 
principles and to indicate definitely bad 
or undesirable design Such principles 
cannot be established from opinion, but 
must be founded on facts deduced from 
accident analyses, congestion studies and 
habits of drivers obtained by investigat

ing the various types of design in actual 
use today. In this connection, it would 
be helpful m determinmg natural travel 
paths if the natural radius which an 
operator utilizes of his own volition when 
making a turnout for passing on the open 
highway is established; and the rate of 
deceleration of passenger cars and trucks 
in gear with the throttle closed utilizing 
the compression in the engine as a brak
ing force It must be realized that a 
traffic stream is similar to a flowing 
liquid, and abruptly introducing new 
streams of flow causes turbulence. An 
entrance or exit ramp causes such turbu
lence unless it IS designed correctly An 
entrance ramp, for instance, suddenly re
duces the number of mam travel lanes 
each time a vehicle enters unless the ve
hicle is given an extra lane of its own 
for such a distance that it can accelerate 
to the travel speed of the other cars 
and mesh into traffic without turbulence 
In other words, the efficiency of the main 
highway is seriously impaired unless 
proper exits and entrances are provided, 
and thus it can be seen that improper 
design of these facilities adversely affect 
the functioning of the entire highway, 
and, therefore, they are of vital impor
tance m maintaining balanced operation 
of the complete system as well as affect
ing the safety of the motorist 

The element of time is the new factor 
which has become increasingly important 
due to the advancing speed of the modern 
motor car Therefore, designers must be
gin to think in terms of highway elements 
being arranged or placed so many sec
onds away from the driver That is to 
say, if the time required for the driver 
to react to a given condition is known, 
then the required distance in feet for lo
cating a design feature is obtained by 
multiplying the reaction time in sec
onds by the design speed in feet per 
second The difficulty at the moment, 
however, is that very little data arc 
available in print on the reaction time 
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required for many motoring situations, 
for although machines for measuring re
action time for various situations have 
been developed, it must be recognized 
that the subject opeiating such a ma
chine is keyed up and alert, thus being 
able to perform a given function in a 
shorter period of time than is usual under 
actual operating conditions In other 
words, the motorist under actual driving 
conditions is seldom ready to go into in
stantaneous action when an emergency 
arises and therefore requires a longer 
time to react than when being tested by 
a time measuring machine This suggests 
that vital information is still required 
before engineers can confidently design 
to conform to the operating characteris
tics of motorists The striking similarity 
of many serious accidents is the lightning 
like rapidity with which they occur 
Many participants are unable afterwards 
to give a clear picture of the events which 
led up to the accident and often have not 
the faintest idea of what really happened 
This is because the action took place in a 
split second and was completed before 
the driver's mental machinery could 
grasp what was happening This imposes 
on the highway designer the task of 
lengthening out the perspective ahead of 
the driver and of arranging the highway 
elements so that time and space are 
provided in such a manner that it is 
possible for the motorist to correct an 
error m judgment or to recover from a 
minor mishap in time to avert catas
trophe A statement of a few of the more 
simple and obvious cases m which the 
time element affects design may be il
luminating 

A not infrequent accident condition is 
the case where a passing vehicle cuts 
in ahead too quickly and contacts the 
front of the vehicle being passed suflS-
ciently to cause momentary loss of steer
ing, and if the pavement is flanked by a 
narrow 5 foot shoulder with ditches, trees, 
poles, headwalls, etc, at the shoulder 

edge, the drivei must be able to recover 
control within approximately ^ of a 
second (Speed 40 M P. H ) in order to 
avert a major accident In this case the 
shoulder may be said to be ;J of a second 
wide At the present moment it is not 
known what reaction time is required 
for a driver to recover control of steering 
under such circumstances or the time con
sumed by a car out of control in ti avers-
ing lateral space 

The design, size of lettering and posi
tion of a direction sign depend on time 

Frequently a motorist passes a direc
tion sign before being able to read it, or 
if the letters of the sign are of sufficient 
size to be read it may be placed im
properly in such a position that the mo
torist has passed the turnout before he 
has had time to react to make the turn 
For example, if the speed is assumed as 
60 M P H and the reading and under
standing time 3 sec , the letters of the 
sign must be of such a size that they can 
be easily read at a distance of 264 ft In 
this case the sign may be said to be 3 
sec from the motorist The sign also 
should be set sufficiently m advance of 
the turnout for the motorist to make up 
his mind if he wishes to make the turn, 
for brake reaction time and for decelerat
ing at a moderate rate to the speed re
quired for the turn I f those functions re
quire 5 sec (440 ft at 60 M P H ) the 
turnout may be said to be 5 sec from 
the sign The fact that many direction 
signs have letters of improper design and 
size to be read and understood at as mod
erate a speed as 40 M P H , and that 
they are placed an improper distance in 
advance of the turnout is an indication 
that the factors are either unknown or 
that they have not been widely dis
seminated 

Hazards such as wells separating turn
out ramps from the main roadway should 
be properly located and the motorist pro
tected from them by allowing adequate 
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warning of then exibtencc and then an 
allowance of sufficient time after the 
warning to enable the motorist time to 
avoid crashing into them This protec
tion and warning may take the form of 
an island extending out in fiont of the 
wall foi some distance, the end of the wall 
illumined with an indirect outdoor "bill
board" type of light, the end of the is
land to be low so that it in turn may not 
be a hazard and with no form of fixed 
obstruction located m the island such as 
light standards, reflectors and signs The 
length of the island from the wall to the 
tip should be such that a motorist who 
straddles the island will have time either 
to come to a stop or swerve off before 
striking the wall If the island is low 
enough to permit swerving, the time re
quired will be the sum of two reaction 
times, first a period to come to the reali
zation that danger is ahead and that 
there is necessity for action, and second, 
a period sufficient to swerve out of dan
ger If 3 sec are required (176 ft at 
40 M P H ) then the tip, or nose, of the 
island may be said to be 3 sec from the 
wall In the case where the sides of the 
island are designed with curbs of such 
height that it is not possible for a ve
hicle straddling the island to swerve off, 
the time required will be the sum of the 
reaction time for the motorist to come 
to the realization of the danger and of the 
necessity for action, the reaction time for 
brake application and the time required 
to bring the car to a stop befoie reaching 
the well If 7 sec are required (approxi
mately 275 ft at 40 M P H ) , the tip of 
the island may be said to be 7 sec from 
the wall 

The reaction times required for these 

conditions aic unknown and in addition 
they may be different fiom similar re
action times occurring under favorable 
weathei conditions, for the hazards im
posed by walls and other obstructionb 
opeiate during periods of daikness, fog, 
rain, sleet and snow when visibility is 
poor 

It may be thought that many questions 
raised in this paper are only a matter of 
detail and are consequently subordinate 
to other features of highway design, but 
it must be realized that other elements 
of the highway, particularly those fea
tures involving strength of construction, 
have been receiving considerable atten
tion over a period of years, while knowl
edge of the questions treated herein is 
quite vague and unsettled, yet such prob
lems have a vital effect on motor safety 
Consequently the motorist will be ap
preciative of their solution since he is 
quick to sense any advancement in high
way design which improves vehicle op
eration and safety 

It IS well to note that it has been stated 
in structural ciicles that close attention 
to details is the secret of success in struc
tural design This thought is even more 
true m highway design, but the fact has 
only recently been recognized, particu
larly in relation to safety of operation 
Perfected highway design awaits defi
nite and precise data concerning these 
details, and it is earnestly hoped that re
search will be undertaken to clear away 
the uncertainties in order that the engi
neer may proceed with certainty to de
sign safe and efficient highways The re
sults will be measured in lives saved and 
in a tremendous reduction of the eco
nomic loss due to accidents 
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DISCUSSION ON D E S I G N R E S E A R C H 
M R BURTON M A R S H American Auto

mobile Association. Mr Noble's papei 
deals with a feature of highway design 
winch is bound to get a great deal of at
tention—the matter of the divided high
way It was pointed out that much needs 
to be done about the design of the center 
strip, its curb, planting, etc These de
sign features do need careful study 

I had occasion about five years ago, in 
connection with a paper on traflSc fea
tures of highway design, to interrogate 
highway engineers concerning their atti
tude toward divided highways, which I 
favored I found relatively little support 
for this design Recently m preparation 
for another paper on a somewhat simi
lar subject, a similar inquiry was sent 
to the state highways departments Re
sponses indicated an almost unanimous 
favor for this type of improvement In 
fact, there was only one negative re
sponse among the 42 replies received In 
light of this attitude of approval and 
despite the fact that at present there aie 
now but 1,200 miles of non-urban divided 
highway in the country, it would seem 
that here is a type of improvement for 
highways four lanes in width or widei, 
which will be increasingly utilized 

It is, theiefore, particularly appropri
ate that such important questions which 
relate to highway use should be given 
attention by progressive engineers De
mand for divided highways is certainly 
increasing and efficient designs should 
be developed Highway users will profit 

greatly if active discussion and research 
precede extensive construction involving 
this feature. 

D R A R L A U E R , Iowa State College 
Mr Noble mentioned reaction time Per
haps we are wrong in allowing for an 
average of one-quarter, one-half or even 
three-quarters of a second I believe we 
should think of such matters in terms of 
the maximum time that anyone is likely 
to take, then add still more as a margin 
of safety In designing a bridge we al
low for the maximum load that will pass 
over the bridge, and a wide margin of 
safety in addition 

I feel this IS an important point in the 
matter of sight distance We should con
sider only the maximum time any indi
vidual is likely to take in perhaps but 1 
out of 20 instances I t is the exceptional 
individual at the inopportune time which 
causes all the trouble. 

To attempt to build shoulders wide 
enough to protect the slow-reacting 
driver, when he finds himself headed for 
a ditch, would be utterly impossible 
You would need shoulders wider than the 
main road as some drivers may even 
"freeze" under conditions of fright and 
take 1, 2 or even 3 or more sec to re
gain control of themselves This is ex
ceptional Perhaps one sec basic time 
would be sufficient in most cases This 
might be doubled to include an adequate 
safety factor 
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E E P O R T OF T H E JOINT COMMITTEE ON ROADSIDE 
D E V E L O P M E N T OF T H E AMERICAN ASSOCIATION 

OF S T A T E HIGHWAY O F F I C I A L S AND T H E 
HIGHWAY R E S E A R C H BOARD 

B Y H J NEALE, Chairman 

Landscape Engineer, Virginia Department ol Highways 
(In Abstract •) 

On October 1, 1937, eleven States were 
actively engaged in cooperating with the 
Soil Conservation Service of the United 
States Department of Agriculture on 71 
erosion control cooperative research proj
ects, and others have indicated progress 
in this direction Several States, includ
ing some outside of the Soil Conservation 
Service regions, have undertaken soil 
erosion projects in accordance with the 
outline prepared by the Committee The 
Soil Conservation Service, in recognition 
of the importance of this work, has 
assigned one of its technicians to coordi
nate highway erosion control research 
projects throughout the country 

According to the best records available, 
out of approximately 150,000 miles of 
improved highways on the federal aid 
system only about 5,000 miles have re
ceived intensive roadside development 
Relief labor could be utilized effectively 
on this vast remaining mileage as it has 
been demonstrated that such work pro
vides for extensive maximum use of labor 
without excessive expenditures for mate
rials and equipment 

•The complete report of the Joint Com
mittee for 1937, mcluding papers presented at 
the Seventeenth Annual Meetmg of the High
way Research Board has been published in a 
special bulletin, "Roadside Development," 
March 1938 

In order to meet more adequately the 
constantly growing demands of over 
24,000,000 passenger car owners for 
safety and enjoyment of the highways, 
more consideration should be given to 
landscape advantages, together with the 
acquisition, design and development of 
wayside areas at strategic locations 

Consideration should be given not only 
to the protection of the highway invest
ment, now running into billions, but also 
the conservation of enormous land values 
adjacent to these highways 

To effect savings in maintenance oper
ation, there should be more integration 
of approved roadside development prac
tices in design and construction 

The Committee hopes that means may 
be found for the establishment of re
search fellowships in certain strategically 
situated universities or agricultural ex
periment stations, for the purpose of 
studying special interrelated problems of 
soil conservation and erosion as related 
to highway practice 

The Committee acknowledges the co
operation being furnished by the U S 
Bureau of Public Roads, Soil Conserva
tion Service, Tennessee Valley Authority, 
National Park Service, and the various 
highway departments in its research 
studies and m the sponsoring of uniform 
roadside procedure 
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T H E D E S I G N O F T H E H I G H W A Y C R O S S - S E C T I O N 

B Y WILBUR H SIMONSON 

Senior Landscape Architect, V S Bureau oj Public Roadi 

SYNOPSIS 
Analysis has been made of from 1^00 to 1^00 individual cross-sections of 

primary 2-lane rural highways selected from 50,000 projects submitted by State 
highway departments during the 8-year period 1930-38 Based on averages for 
1932, 1934, and 1936, with forecasts for 1938 and 1940, a composite picture is 
presented of current trends m the design of the highway cross-section for both 
low- and high-type roads Prom the steep slopes of 1932, with sharp angular inter
sections, there appeared in 1934 the first indications of the effect on highway 
construction brought about by the introduction of roadside improvement pro
grams By 1936 flatter and rounder slopes, wider traffic lanes and shoulders, 
shallow gutters, sidewalks and hundred-foot right of ways had become increas
ingly evident In 1938 the probable trends for tomorrow's highways indicate that 
safety, utility and appearance will be enhanced by the application of landscape 
principles in highway cross-section development A balanced relationship may be 
expected among the three divisions of the highway cross-section the traffic area, 
the roadside (public) area, and the adjacent private lands New road under
takings will take careful account of present and probable future uses of each part 
of the highway cross-section so that the best appearing road will be the safest, 
and the safest road attractive in appearance 

The design of the highway cross-
section in relation to traffic safety is a 
subject that challenges the best efforts 
of all those interested m this problem 
Highway safety has become a public 
question of the first magnitude We 
know that the safety of traffic is influ
enced by a large number of factors, and 
that all accidents are the result of a 
combination of these factors, each con
tributing m some degree Adequate high
way widths are recognized as one of the 
most important essentials for safety A 
review of cross-section practices now em
ployed by the State highway depart
ments to eliminate or reduce the danger
ous highway conditions which are found 
to exist, and the gradual evolution of 
the standards of road design and con
struction which will provide the utmost 
of built-in safety should be helpful in 
determining the best design for the cross-
section of tomorrow's highway 

Previous studies of the highway cross-
section have usually been limited to the 
data pertaining to the actual traveled 
way and have not been approached from 
the viewpoint of the right of way as a 

whole in relation to its surroundings 
Past efforts m this direction have aimed 
to cover certain portions of the cross-
section only, such as the type, thickness, 
crown and width of surfacing or pave
ment, shouldeis, guard rail, supereleva
tion and widening, and similar engineer
ing details of construction 

The trend of highway design during 
the six-year period from 1920 to 1926, 
the close of the first decade of Federal-
aid activities which began m 1916, was 
reported by A G Bruce, Highway 
Engineer, and R D Brown, Associate 
Highway Engineer, Bureau of Public 
Roads, in Public Roads for March, 1927 
(Vol 8, No 1, pages 7 to 15) A resume 
of the portions of that 1926 report which 
have a possible bearing upon the safety 
factors of highway development is given 
in the progress report of Subcommittee 
No 4 of the Joint Committee on Road
side Development covering highway 
types and roadside areas ^ Also, an article 
discussing the effect of increased speed 

1 The illustrations and diagrams accompany
ing this paper are based on the factual survey 
included m the Report of the Subcommittee. 
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of vehicles on the design of highways 
appeared in the March 1929 number of 
Puhhc Roads (Vol 10, No 1, pages 11 
to 20) These articles covering the trends 
in highway design of a decade ago fur
nish an interesting record for comparison 
with the present day trends in highway 
construction as covered by this paper 

The changes which have been made 
in the design of highways during recent 
years appear as no less remarkable than 
the changes which occurred during the 
1920 to 1928 period The general char
acter of these more recent changes is 
perhaps already known to the majority 
of highway engineers, but it is thought 
that a review in some detail of the prac
tices in use in each State highway de
partment, and their evolution during the 
last several years will be of interest as 
an indication of current trends in high
way design types This survey of facts 
will cover the 1930 to 1938 period, or 
the major portion of the second decade 
of Federal-aid activities in highway con
struction It may be of interest to note 
that the forecasts made in 1928 as to the 
roadbed features of highway design 
trends proved substantially accurate 
when checked with the 1930-1932 cross-
section data presented below Except for 
one short paragraph indicating a notice
able trend at that time toward the acqui
sition of wider right of way, there was 
no indication in any of the earlier reports 
that roadside considerations had any 
appreciable influence upon the highway 
design of that period 

A synopsis of the methods used in 
9btaining these source data will be found 
in the report of the Subcommittee No 4 
of the Joint Committee on Roadside De
velopment This will not be repeated 
here except to state that a representa
tive "sampling" method was used and 
the data weie limited to new constiuc-
tion on the piimaiy two-lane luial high
way, which type lepiesents about 95 
percent of the State highway mileage in 

this country Therefore, the conclusive 
tendencies indicated for this one major 
type should be far reaching in their ap
plication to future highway programs 

The State highway systems comprise 
about 324,000 miles of highways that 
represent the principal routes of highway 
travel in the United States Figures 
given in the Annual Report of the Ameri
can Association of State Highway Offi
cials, giving the mileage of improved 
highways exceeding two lanes in width, 
as of July 1, 1937, show 4,704 miles of 
three-lane construction, 3,082 miles of 
four-lane construction and 221 miles of 
six-lane construction Of the 3,303 miles 
of four- and six-lane widths only 604 
miles were indicated as of divided con
struction on which traffic in opposing 
directions was separated by a raised 
parkway or median strip 

For convenience in presentation and 
comparison of progress, three representa
tive construction periods were used, 1932, 
1934, and 1936 The projected trends 
into 1938 represent the first fruits of the 
study to get a composite picture of cur
rent tendencies m the design of the high
way cross-section The survey is based 
on the analysis of from 1,200 to 1,300 
individual cross-sections selected out of 
a total of about 50,000 typical selections 
submitted by the several State highway 
departments during the eight-year period 
stated The facts here presented thus 
cover approximately a decade of relative 
progress in the development of the high
way cross-section The gradual but 
steady growth toward a wider and widei 
cross-section is of particular significance 
now when transport is pressing for safer 
roads of greater capacity There is a 
distinct three-part pattern evolving in 
the typical cross-section of the future 
highway (1) The traffic area, (2) the 
loadside (public) area, and (3) ihe 
loadside (piivate land) area 

The information showing past progi ess 
and present trends has been prepared in 
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graphic form and it is believed these 
illustrations will be more or less self-
explanatory without further discussion 
It will be noted that the trend in the 
construction of new surfaces built since 
1930 on all roads and streets under State 
control, as taken from the annual com
pilations prepared by the Bureau of 
Public Roads, indicates that there was 
an average of nearly 29,000 miles annu
ally of total new surfacing The trend 
in new low type surfacing represented an 
average increase of 1,000 miles annually. 

High Type The 30 6-ft average for 
1932 increased progressively through 
1934 to an average graded width of 36 1 
ft in 1936, with a dominant use of the 
40-ft width indicated 

TREND IN WIDTHS OF TRAFFIC LANES, 
FIGURE 2 

Low Type The 9-ft lanes in greatest 
use in 1932 increased to 10 ft in 1934, 
to become a more dominant standard of 
construction in 1936, when a distinct 
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Figure 1 Trend in Widths of Graded Roadbed Used on Roads and Streets Under State Control 

while the trend in new high type surfac
ing showed an average decrease of nearly 
1,000 miles annually The graphic charts 
used in the presentation of the cross-
section data show the two types sepa
rately in every case so that comparison 
may be made of both low type and high 
type construction "patterns" if desired 

TREND I N WIDTHS OF GRADED ROADBED, 
FIGURE 1 

Low Type The 27-ft average graded 
width in 1932 was increased approxi
mately 3 ft to an average of 29 7 ft by 
1936, when 30 ft was in greatest use with 
trends towaid the wider 32 and 36 ft 
graded section evident in that year 

trend toward the wider 11- and J2-ft 
lane width is evidenced 

High Type The 10-ft lane width 
prevailed throughout the period re
viewed, although the average of all lane 
widths used increased from 9 6 ft in 
1932 to 10 4 ft in 1936 The slight use 
of 11- and 12-ft lane widths in four of 
the States in 1936 indicates a trend 
toward the greater use of these widths 
in the future 

The average width of surfacing for 
two-lane rural highways of both low and 
high type increased approximately two' 
feet from 18 5 ft in 1932 to 20 6 ft in 
1936 The 22-ft surfacing to provide 
two 11-ft lanes is indicated as the future 
trend 
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Experience and observation both con
firm the conclusion that a 10-ft traffic 
lane is no longer adequate for modern 
high-speed traffic For instance, the Cali
fornia Division of Highways recently 
adopted a new standard of construction 
for State highways which provides for 
an increased width of lane The present 
10-ft lane is to be widened to a basic 
U-f t width, making the two-lane road
way 22 ft wide instead of the previous 
20 ft A standard of U-f t width of lane 

vide more freedom for the car traveling 
m this lane while passing and greater 
freedom and mobility in case of crowding 
The outside lane does not require this 
additional width since it has a shoulder 
still available to maneuver upon in case 
of necessity " 

"Only a relatively small percentage 
of our highways will be of the divided 
type The majority of our roads will 
always continue to be two-lane roads 
since that width will accommodate the 
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Figure 2 Trend in Widths of Traffic Lanes Used on Roads and Streets Under State Control 

for three-lane highways has also been 
adopted and these will be designed to 
provide for future expansion into four-
'lane divided highways with minimum 
loss of investment The multiple-lane 
highway of four lanes or more will be 
a divided highway providing for two 
roadways m each direction with a divid
ing or separating strip between them 
The standard of construction adopted for 
these roads is a 12-ft lane adjacent to 
the dividing strip and an 11-ft lane for 
the outside "The mside lane of 12-foot 
width," as quoted from the October 1937 
issue of Florida Public Works, "will pro-

traffic requirements based on the charac
ter and volume of traffic using them 
Our planning of the narrower roads now 
constructed must consider the ultimate 
development or we will be forced to 
waste some parts of the pavement" (De
veloping Designs and Minimum Width 
for Strips are further discussed m Sep
tember 1937 California Highways and 
Public Works, by C H Purcell, State 
Highway Engineer, in article entitled 
"Safer Highways ") 

A study of the passing of vehicles on 
highways as reported m Public Roads, 
Sept 1937 indicated that pavements of 
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18-ft width are too narrow for modern 
passenger cars alone or for modem mixed 
traffic Pavements of 20-ft width are 
reasonably adequate for light-traffic 
roads used infrequently by wide trucks 
but are inadequate for heavy mixed 
traffic Pavements of 22-ft width are 
entirely adequate for modern mixed 
traffic However, as the speed of the 
critical vehicle increased, its distance 
from the right road edge increased This 
study concluded that, of any effects 

finishes are improved in the smooth uni
formity of section, there is indicated a 
trend toward the 3/16 in per ft crown 

High Type A crown of ^ in per ft 
was in greatest use during 1932, but this 
was reduced to ^ in in 1934, and re
mained in favor throughout 1936 The 
indications are that this rate of crown 
will become more and more uniformly 
used The use of the flatter crown as a 
standard by a wider number of States 
IS conducive to safety 
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Figure 3. Trend in Crown of Surfacing Used on Roads and Streets Undei State Control 

speed may have upon vehicle position, 
the primary one is that involving greater 
edge distance Thus, further increase in 
the speeds of vehicles will tend to make 
additional road width necessary, which 
means 22 ft and sometimes possibly 24 
ft of surfaced width 

TRENDS I N CROWNS OF SUHFACINGS, 
FIGURE 3 

Low Type The -^-in per ft crown 
in greatest use in 1932 was reduced to 
\ in per ft in 1934 and 1936 As low-
cost mixed in place and similar surface 

TREND IN WIDTHS OF SHOULDERS, 
FIGURE 4 

Low Type In 1932, the average 
shoulder was 4 3 ft wide This was in
creased (slightly more than a foot) to 
5 6 ft m 1934, and remained at 5 4 ft 
average width in 1936 The 6- and 8-ft 
widths of shoulder are gaining in use 

High Type The 5 9-ft average width 
of shoulder m 1932 increased nearly 2 ft 
to an average of 7 8 ft in 1936 While 
the 10-ft shoulder is now in dominant 
use in a large number of States, there is 
a trend toward even wider 11- and 12-ft. 
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shoulders The high-type shoulder seems slopes is in conformity with the tendency 
to average about 2 ft greater width than toward flatter crowns for highway surfac-
used on the low-type construction ings, more closely uniting the surfacing 
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Figure 4 Trend m Widths of Shoulder Used on Roads and Streets Under State Control 
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Figure 5 Trend in Slopes of Shoulders Used on Roads and Streets Under State Control 

TREND IN RATES OF SLOPES OF SHOULDERS, 
FIGURE 5 

All Types The present trend appears 
to be toward the more uniform use of 

in per ft in slope of shoulder in both 
types, although | - in and some 1-in 
slopes are reported The trend toward 
the more general use of flatter shoulder 

with the shoulder However, while this 
reduction in the rate of slope may be 
favorable to lessened possibility of ero
sion, the tendency for grass or sod treated 
shoulders to grow above the edge of 
surfacing originally laid should be con
sidered as it may interfere with free 
surface drainage from the pavement if 
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the shoulder slope is too flat In such 
cases, the ^-in pitch may be more suit
able In any event, the rounding of the 
2-ft portion of the shoulder width tends 
to merge the front slope with the shoulder 
as a unit for a more effective section 

TREND IN T Y P E S OF SHOULDER SURFACINGS, 
FIGURE 6 

High and Low Type Bare untieated 
shoulders appeal to be most used m both 

TREND IN WIDTHS OF GUTTER SLOPES, 
FIGURE 7 

Low Type The 4-ft average width 
in 1932 had increased to an average of 
6 7 ft in 1936, with 8- and 10-ft gutter 
slopes gaining favor 

High Type The 1932 average of 4 ft 
increased to 6 6 ft in 1934, but this had 
fallen to an average of 5 7 ft in 1936 
Tliere is great similarity in the behavior 
of both types with regard to this unit 
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Figure 6 Trend in Types of Shoulder Surfacings Used on Roads and Streets Under 
State Control 

types of construction There is now a 
trend toward topsoiling and seeding' or 
sodding in a few of the States Since 
shoulder treatments such as oiling or 
graveling are largely performed by regu
lar maintenance forces, the tendency in 
this direction might not appear in the 
construction cross-sections used as the 
basis for this survey 

of the section While 6 ft is the dimen
sion in greatest use, the trend toward 8-
and 10-ft widths is definitely indicated 

TREND IN P E R C E N T OR RATIOS OP SLOPES 
OF GUTTERS, FIGURE 8 

High and Low Type The trends are 
quite similar in both types 1 on 4 was 
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Figure 7 Trend in Widths of Gutter Slopes Used on Roads and Streets Under State Control 
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the average slope ratio used in 1936, TREND IN WIDTH OF GUTTER SECTIONS, 
although there is a definite indicated FIGURE 10 
trend toward 1 on 6, and sometimes 1 
on 10 slope Since erosion takes place on High and Low Type The base of sec-
bare slopes 15 percent (1 on 6^) or tion of gutter is similar in both types 
steeper, the trend toward the use of While zero width has been generally 
slopes of 1 on 6 or flatter is logical used, there is a definite trend toward 
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Figure 9 Trend in Minimum Depths of Gutters Used on Roads and Streets Under 
State Control 

TREND I N MINIMUM DEPTHS OP GUTTERS, 
F I G U R E 9 

High and Low Type The average 
depths of gutters measured vertically be
low edges of shoulders is between 15 and 
16 in A 12-in minimum is most com
monly used, with 18 and 24 in about 
next in order equally The trend is 
toward more uniformity m gutter depth 
standards, in both types 

Assuming a 10-ft shoulder at ̂  in per 
ft fall from the edge of pavement, the 
5-in total pitch plus 12-in minimum 
gutter depth, would furnish an effective 
depth of 17 m I f the assumed crown of 
1 in were added, this would make a 
total of 18-m gutter depth below the 
profile center line grade of road 

effective widening to approximately 6 ft 
There is a definite trend also toward the 
rounding of gutters, making the gutter 
section safer and more attractive 

TREND I N OFFSET WIDTHS FOR GUTTER 
DRAINAGE, FIGURE 11 

Low Type Offset distance measured 
from center line to outer backslope of 
gutter at point level with edge of 
shoulder 

The average offset width used in 1932 
was 18 7 ft This was increased to an 
average of 23 4 ft in 1934, and further 
increased in 1936 to 23 8 ft A present 
trend is indicated toward the wider 30-
and 32-ft figures, along with 25- and 
28-ft offset distances 



264 DESIGN 

- I I FT AVERAGE l«32 

- I 3 5 FT AVCRAGC 1 9 3 4 

I IS FT AVERAGE 1936 

0 
BASE or 
GUTTER 

FEET 
LOW TYPE 

I 2 FT AVtRXGE 1932 
FT AVERAGE 1934 

I S F T AVERAGE 1936 " JO 

FEET 
HIGH TYPE 

Figure 10 Trend m Widths of Gutters Used on Roads and Streets Under State Control 
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Figure 11 Trend in Offset Distances for Gutter Drainage Used on Roads and Streets Under 
State Control 
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High Type The 21 3-ft average lor 
1932 increased to 24 6 ft m 1934, and 
to a slightly higher average of 24 8 ft 
in 1936 The 30- and 32-ft trends apply 
also to this typo, along with 27 and 28 ft 

These dimensions should be of interest 
as general controls for tree plantings, 
pole line clearances, and so on 

TREND IN P E R C E N T OR RATIOS OF SLOPES 
FOR EARTH CUTS, FIGURE 12 

Low Type The 1932 slope of 83 per
cent (1 on 1 2) average had been reduced 

indicated the rapid changes taking place 
These latter varied the rounding from 
about 4- to 10-ft radius or limit 

Liberal rounding of slopes is empha
sized 

Also more attention needs be given the 
berm ditches at tops of cuts 

TREND IN P E R C E N T OR RATIOS OF SLOPES 
FOR EARTH F I L L S , FIGURE 13 

High and Low Type The averages in 
both types are similar, from about 54 
percent in 1932 through a 45 percent 
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Figure 12 Trend in Percent or Ratios of Slopes for Earth Cuts Used on Roads and Streets 
Under State Control 

20 percent by 1936 when the average 
was 63 3 percent or 1 on 1 6 

High Type The 74 percent slope (1 
on 1 3) average m 1932 was similarly 
reduced about 20 percent or 55 4 percent 
(1 on 1 8) average m 1936 

In both types, while 1 on 2 slopes are 
most used, there are distinct trends 
toward the use of 1 on 3 and 1 on 40 

Slope Rounding has also increased m 
extent along the flattening of slopes • In 
1932, a rounding of 3 ft only in one 
State was used By 1934, 25 States were 
using rounding, and 38 States m 1936 

average to a 42 percent average in 1936 
There was a relative increase in the use 
of 1 on 4 slopes in the latter year The 
use also of a few 1 on 6 and 1 on 10 
slopes in 1936 indicates the possibility 
of flattened slopes on light fill sections 

SUMMARY 

1 This survey of current cross-section 
practices as they relate to highway land
scape development outlines some of the 
recent adjustments made in highway de
sign leading toward development of the 
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whole right of way as a unit in relation 
to its surroundings 

2 In a typical composite section for 
new construction (Fig 14) based on the 
averages for 1932, 1934, and 1936, with 
a forecast of trends for 1938 and 1940, 
we find that the changes in highway im
provement which may appear relatively 

of tops of cut slopes arc indicative of 
the change 

5 In 1936, greater flattening of slopes 
and more generous rounding are in evi
dence Right of way is typically 100 ft 
wide Sidewalks are beginning to appear 
Rounding of gutter slopes also is now 
noticed 
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Figure 13 Trend in Percent or Ratio of Slopes for Earth Fills Used on Roads and Streets 
Under State Control 

slow in taking place from year to year, 
are nevertheless surely in progress, and 
when looked at in retrospect, the advance 
m cross-section design has shown a 
gradual but continuous adjustment over 
the period covered in this survey 

3 In 1932, the slopes were steep with 
sharp angular intersections 

4 In 1934, there is observed the first 
influence of the roadside improvement 
demonstration program upon regular 
highway construction Some flattening of 
earth slopes and some slight rounding 

6 In 1938, the indicated trends point 
toward the following as the developing 
picture of tomorrow's highway, showing 
the stimulating effect of the demonstrated 
importance of the application of land
scape principles in highway cross-section 
development as brought out in the road
side improvement program among the 
individual States 22-ft surfacing (2 l i 
ft lanes), 10-ft shoulders rounded and 
grassed, broad and shallow rounded gut
ters, easy slopes for erosion control with 
tops liberally rounded, wide right of way, 
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sidewalks for pedestrians, roadside con
trol in the form of building set back lines 
and rural zoning, ultimate plan for de
velopment provided for a long term 
permanent improvement 

7 Safety, Utility and Appearance will 
be served by a balanced relationship of 
all the parts of the highway cross-
section 1 The traffic area, 2 the road-

at the same time providing the highest 
possible degree of safety This will in
clude the collection of data on the use 
of the parkway type, the freeway type, 
and the highway type, two-lane, three-
lane, and four-lane highways, the proper 
shoulder width, and other related matters 
which affect the safety of the vehicle, 
whether in motion or parked off the 
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side (public) area, and 3 the roadside 
(private land) area The landscape de
velopment of highways will assume its 
proper place in the programs of the 
future, in the problem of coordinating 
these areas 

8 The construction approach to the 
highway problem will be supplemented 
with a careful study of uses of each part 
making up the whole functioning high
way, with a view to meeting the present 
as well as future demands of traffic, and 

pavement, such as mail box turnouts, 
bus stop turnouts especially for school 
bus routes, safety turnouts, accelerating 
and decelerating lanes at intersection 
points, etc 

9 This indicated "use" pattern may 
suggest a "standard" by which some 
greater coordination and uniformity can 
be obtained in the future typical high
way cross-section These trends are in
dicative of the growing emphasis now 
placed on the application of the princi-
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pies of landscape architecture in the de
velopment of America's highways 

10 Knowledge of the general trends 
in the direction of a wider application 
of the principles of landscape architec
ture to typical highway problems is of 
value to public ofiBcials who plan State 
or local programs of highway develop
ment and formulate maintenance policies 

Facts regarding the loadside features 

of highway design are of interest to all 
individuals and organizations To the 
highway designer, the safety aspects of 
landscape development are of particular 
interest at this time 

From these evolving "patterns," it is 
indicated that the best appearing road 
IS safest, and the safest road is attractive 
m appearance 

D I S C U S S I O N ON H I G H W A Y C R O S S - S E C T I O N S 

M R W W M A C K , Delaware State 
Highway Department I would like to 
ask about the planting of trees along the 
highway In Delaware we have had 
several serious accidents this year m 
which four people were killed by cars 
running into trees along the highway 
There was some public agitation directed 
toward discontinuance of such planting 

M R SIMONSON That is a very good 
question 

The typical composite sections for new 
construction, Figure 14 of the paper show 
trees to be kept 5 to 9 ft from the edge 
of the shoulder In general possibly 80 
percent of the trees should be kept be
yond that minimum clearance line Only 
an occasional tree or peihaps from 10 
to 20 percent of the total number of 
trees planted should come out at logical 
points in the zone 5 to 9 ft from the edge 
of shoulder The desirability of this of 

course can be demonstrated in the pio-
gressive widening of those sections where 
tree planting may be done on an older 
narrow section because trees require time 
to mature and therefore should be placed 
in as permanent a position as may be 
foreseen outside of any possible future " 
widening of the highway If a vertical 
line IS projected down from the typical 
1932 widths (Fig 14) it will be seen 
that it IS encroaching upon the pavement 
within a period of only a few years That 
emphasizes the importance of careful 
planning in establishing a policy for the 
control of trees which are more or less 
permanent features of the highways I t 
also emphasizes the need for highway 
departments to prepare complete sections 
that include the whole highway right of 
way problem showing in a general way 
those policies with regard to trees, poles, 
etc , that they have adopted as a guiding 
control for a safer highway development 
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H I Q H W A Y D E S I G N I T S R E L A T I O N T O L A N D S C A P E O B J E C T I V E S • 

B Y A R NICHOLS 

Consultant Landscape Aickilect, Department of Highways, State oj Minnesota 

S Y N O P S I S 

Highway design has been concerned essentially with engineering objectives m 
the scientific solution of grading, paving, ahgnment, profile, cross section, drain
age and maintenance problems These were prerequisites of good construction 
but were incomplete in their relation to the proper blending of the construction 
into the natural landscape Highway design in its broadest application will not 
only meet the requirements of safety and utility but will aim for ideals in the 
realm of landscape objectives and incorporate beauty in the completed structure 
The landscape objectives may be summanzed as follows 

1 The utihzation of existing scemc advantages m the determination of a 
proposed route intended largely for pleasure traflRc 

2 The harmonizing of constniction with natural topography by coordinatmg 
the work of the engineer with the landscape architect in all stages of 
reconnaissance, planning and construction 

3 The conservation of existing vegetation and trees as far as is consistent 
with utilitarian requirements 

4 The planting of new material primarily as a contnbuting agent to control 
erosion and to accomplish a natural transition between construction and 
nature 

5 The creation of featural developments such as outlooks, concourses, parking 
spaces, picnic areas, histoncal marker sites and similar strategic areas where 
the public can stop for rest and enjoyment 

6 The promotion of liberal right of way for the elimination of old scars on 
existing roads, the greater ease of blending construction into the natural 
topography on both old and new roads and for the protection of the road
side in case of future widening 

7 The encouragement of separation of commercial fiom pleasure motor traflSc, 
thus permitting parkway emphasis and greater latitude in the design of the 
pleasure route 

8 The attainment of zoning for the better control, regulation and restriction 
of billboards and commercial structures along the highway 

Such objectives logically go hand m hand with engineeiing objectives and will 
I educe drastic departures from the natural lay of the land and automatically 
reduce the problems of erosion and of maintenance The total of all objectives 
I S a balance of safety, good construction, economical maintenance and natural 
beauty 

Eveiy human activity has certain defi- highway development It is natural that 
nite objectives These objectives may be the objectives have been largely utili-
casual and incidental, or they may be tarian as creations serving the needs of 
specific and fundamental They may man have always been the mam purpose 
be limited m their scope or they may be of the engineer The coming of the auto-
broad and comprehensive in their influ- mobile in an age closely following the 
ence In every case, the higher the ideals development and expansion of our rail-
of achievement, the broader have been way system resulted in the application 
the objectives that have directed the of the general principles of railway engi-
mind and the hand m the process neering to the design of our highways 

The engineering profession has much The requirements for road conditions 
to be proud of in the accomplishment of adapted to the automobile were so press-
objectives essential to the program of ing that the immediate and laudable ob-
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jective of design was to furnish the 
public a better means of travel and 
communication 

The engineering objectives, therefore, 
were logically the scientific solutions of 
the problems of grading, paving, align
ment, profile, cross section, drainage and 
maintenance These were the essential 
prerequisites of good construction Tre
mendous achievements were made and 
the later recognition of additional ob
jectives in design cannot in any way be
little the credit due the engineer in his 
attainment of the basic objectives Good 
roads were provided, increased speed 
made possible and a definite contribution 
made to commerce as well as to con
venience of access 

The program progressed rapidly, and 
with the completed work there developed 
problems related to the roadside which 
temporarily had seemed incidental Con
struction scars, ugly fills and backslopes 
and the destruction of natural vegeta
tion, however, created problems of ero
sion and of maintenance as well as 
marring the beauty of the roadside The 
general results all over the country were 
sufficient evidence that the previously 
determined objectives were inadequate 
to a complete fulfillment of a satisfying 
design There had been lacking any defi
nite landscape objectives in the program 
that considered sufficiently the roadside 
problems in their practical and esthetic 
bearing upon construction and main
tenance It became apparent that the 
two objectives, the fulfillment of utili
tarian requirements and the attainment 
of esthetic values were not divergent but 
in reality were closely related, and that 
the landscape design must be an integral 
part of the road design in all its phases 

It is important, therefore, that the ob
jectives be studied in order that a clearer 
understanding may be had of the basic 
principles and that coordination of effort 
may lead to a broad and comprehensive 
solution of a problem 

RESTRICTED OBJECTIVES 

Due to the large amount of follow up 
work necessary on old routes and a recog
nition that these routes were ugly in their 
unnatural sloping and resulting erosion, 
the landscape objective was at first 
thought of as a dressing up and correc
tion of old scars This suggested the 
unfortunate term "Roadside Beautifica-
tion" which is fundamentally at variance 
with the true purpose of highway design 
Even the later term "Roadside Develop
ment" while expressing a more logical 
objective, infers a restricted scope of 
treatment subsequent to construction, 
and in a defined area between the paved 
road and the right of way lines Such an 
objective is one of "Applied Art" rather 
than one of "Landscape Design " 

There has been too great a tendency m 
all our states to consider that the land
scape objectives lie withm a fixed right 
of way From a strictly construction and 
maintenance point of view this is correct, 
and roadside development has a most 
important field of endeavor to remodel 
and improve the roadsides of the older 
routes 

BROADER LANDSCAPE OBJECTIVES 

Highway design, m its broadest terms, 
however, has landscape objectives that 
are definitely related to the proper align
ment, gradient and cross section—thus 
partly determining the right of way itself 
and its relation to the area lying beyond 
the limits of right of way I t is the 
recognition of beauty in the country be
yond the right of way that makes the 
lasting impression upon the traveler He 
sees the method of treatment of the road
side, but the vision carries beyond to the 
larger aspect of the landscape Land
scape design IS more concerned with the 
cooperative endeavor of fitting construc
tion into this larger picture than it is 
with the remedial work withm prede
termined limits of right of way 
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Highway design should, therefore, in
clude certain definite landscape objec
tives which would bring construction 
more closely into harmony with the total 
terrain and which would contribute to a 
development more complete, more satis
fying and more far-reaching in its service 
to the use and enjoyment of the public 
The question immediately arises First, 
what are these landscape objectives? 
Second, how can the highway design 
bring about their realization' 

U T I L I Z E S C ENIC BEAUTY 

Our country abounds in a wealth of 
magnificent scenery of great variety 
The public is giving increased attention 
to these natural assets, and it is essen
tially a part of the highway program to 
plan for convenient access to points of 
interest and areas of recreation The 
present development and popularity of 
our state parks and the rapidly growing 
tourist interests of the country have 
tremendously increased the amount of 
pleasure traffic on our highways A Iready 
reaching huge proportions, I believe that 
the pleasure traffic will continue to grow 
especially in consideration of the shorter 
working hours and the increase in leisure 
time made available to the public at 
large The lure of the woods and moun
tains, the lakes and the seashore, the 
meadow and pasture, is common to all 
It is highway design that not only de
termines the means of access to these 
places of human enjoyment, but also 
determines whether that route of tra
verse shall be attractive or unattractive 
It should be one of the definite objectives 
in highway design to take every ad
vantage of scenic beauty and accentuate 
its importance in every possible way 
This objective immediately involves a 
careful coordination of work of the engi
neer and the landscape architect during 
preliminary reconnaissance, in order that 
the most practical general route may be 

determined, taking advantage of the spe
cific scenic factors that would enhance 
the ultimate solution The utilitarian ob
jective might logically influence the de
sign to determine a route somewhat 
shorter m distance or possibly of less 
difficult construction However, the land
scape objective might justify a somewhat 
longer route or a more difficult construc
tion, if the scenic values seemed to the 
engineer and the landscape architect to 
offset the financial difference This ob
jective dictates a careful study of such 
opportunities as locating the route so 
as to skirt some beautiful lakeshore or 
rising to some elevation where a com
manding view would make a lasting im
pression upon the traveling public It 
must be borne in mind also that these 
scenic values are virtually permanent 
values, whereas the structural values in 
time may dimmish 

To fully utilize existing scenic values 
in the initial stages of reconnaissance 
and highway design is the first and most 
important landscape objective 

HARMONIZE CONSTRUCTION W I T H NATURAL 
TOPOGRAPHY 

The second landscape objective is that 
of "Harmonizing Construction with Nat
ural Topography " It is this objective 
that IS dependent upon the principles of 
landscape design as the construction it
self IS dependent upon road design 
Again, the objectives should not be di
vergent, for if there is proper coordina
tion of effort, the best construction in its 
broadest application will embody beauty 
m its achievement and ultimate economy 
of maintenance Adequate right of way 
may assist in partially correcting con
structional departures from natural to
pography, but if the most satisfactory 
transition from construction to natural 
landscape is to be accomplished, it must 
be definitely provided for in the highway 
design The objective should be to pre-
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serve and restore the natural conditions 
by means of as simple and as graceful a 
grading and planting program as is pos
sible. This simplicity and naturalness 
comes only when the original alignment 
and gradient has been studied and 
planned with this landscape value as a 
definite objective. 

M r . Thomas H . MacDonald, Chief of 
the Bureau of Public Roads, in a recent, 
"Review of Progress," makes the follow
ing statement: "For harmony of line, 
roadways should follow the regular lay 
of the land as far as is consistent wi th 
safety and util i tarian requirements." 
Here is a statement, in my opinion, that 
implies the underlying reason for many 
mistakes of the past and points to the 
ideal objectives in highway design. I 
believe you w i l l all agree with me that 
the most glaring examples of art if iciali ty 
in highway construction can be attrib
uted to the fact that the alignment and 
profile were not sufficiently closely re
lated to the regular lay of the land. The 
safety and util i tarian requirements were 
carefully planned, but the study of how 
closely the line and profile might have 
followed the lay of the land was some
what neglected. The inevitable result has 
been that of ugly cuts, high fills and an 
increased area of destruction of natural 
vegetation. Landscape design objectives 
must be combined with engineering ob
jectives in the determination of align
ment, profile and cross section. Here is 
where "Design for Safety and U t i l i t y " 
can logically harmonize with "Design for 
Beauty" in studying the principles of 
perspective as applying to horizontal 
curvature, vertical profile, and propor
tional relation of tangent and curvature. 

I n the design of the cross section, the 
engineering objectives and the landscape 
objectives should easily be harmonized 
for the satisfactory accomplishment of 
the ideals of safety and economical main
tenance which wi l l automatically f u l f i l l 

certain landscape objectives. The last 
five or six years have witnessed a marked 
change in the grading of fiUslopes, 
ditches, and backslopes, largely due to 
the continued emphasis placed by the 
Bureau of Public Roads upon the rela
tion of these features to safety and main
tenance. The wider shoulders, the flatter 
fillslopes and backslopes have demon
strated their value with respect to erosion 
control by the greater faci l i ty of restor
ing natural ground cover. There is still , 
however, the tendency in original con
struction design and supervision to 
neglect the essential factor of fullest 
conservation of topsoil and its utilization 

Figure 2. Photograph of Section Depicted 
in Figure 1 

on the newly graded slopes. The report 
of the sub-committee on erosion of the 
Joint Committee on Roadside Develop
ment makes the following important 
statement: 

"On shoulders, ditch areas and slopes a 
sterile subsoil has usually resulted from 
grading construction or maintenance 
operations where no thought was given 
to the saving of topsoil. Satisfactory 
vegetative cover cannot be established 
by natural or artificial methods without 
a deep soil capable of supporting plant 
growth." This committee offers, there
fore, as a basic objective of both roadside 
development and soil erosion research 
that "on highway lands, design must be 
improved to provide a satisfactory sur
face upon which vegetation can be es-
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tablished as a final stage of controlling 
erosion." 

A l l of these practical considerations in 
the design of the cross section have a 
definite bearing upon the esthetic ob
jective. The grading of fillslopes and 
backslopes not steeper than three to one 
and the rounding of the tops and toes 
of slopes and the restoration of ground 
cover not only assist materially in ac
complishing the control of erosion and 
more economical maintenance, but also 
brings the construction more closely into 
harmony with the natural surroundings. 

P L A N T I N G ; A CONTRIBUTING AGENT 

The util i tarian objectives, particularly 
those of erosion control and economy of 

Figure 3 

maintenance, are greatly aided in their 
accomplishment by the use of plant ma
terial properly selected and arranged. I t 
is self evident that i f we are to bring 
about the landscape objective of har
mony wi th nature, this material must 
be studied in the light of the climate of 
the locality, the existing soil conditions, 
and the natural habitat of the plants as 
well as their adaptability and suita
bi l i ty to highway use. Planting design 
aims to stabilize the regraded surface of 
the construction area and to restore a 
natural blending of the structural ele
ments with the undisturbed environment. 
However, planting is merely a means to 
an end and should not be considered in 
itself as a landscape objective. I t may 

be to give shade to a barren waste, i t 
may be to screen objectionable views or 
to frame an attractive vista. I t may be 
to assist in the control of erosion on a 
slope or i t may be to restore a natural 
background. However, in any case, i t 
must be as a means or contributing agent 
toward the main objective of harmoniz
ing the construction with natural sur
roundings. For this reason, planting can 
only function properly when applied to 
a naturally graded area. Too often, we 
have considered planting as the real land
scape objective with the result that con
fusion and discord have been the outcome 
instead of harmony. Fundamental de
sign in the determination of location, the 
proper alignment, profile and section is 
the real governing factor, wi th planting 
as an embellishment and refinement to 
the more essential agencies. 

CREATIV'E DESIGN AT POINTS OF S C E N I C 
I N T E R E S T 

I t is not sufficient in the entire develop
ment merely to "Utilize the Natural 
Scenery" in its application to proposed 
alignment and profile and to "Harmonize 
the Construction with Natural Topog
raphy." These are the most essential ob
jectives but to fu l ly accomplish their 
purpose there must be added definite de
velopment of architectural, engineering 
and horticultural accessories. 

Closely linked with the design of the 
roadway is the desirability of taking ad
vantage of the outstanding opportunities 
for the creation of concourses, outlooks, 
picnic areas and parking spaces wherever 
such development is justified by scenic 
interest and public use. Up to the present 
time, the city or the town has been the 
individual point or focus toward which 
we have directed our line of traffic. High
way planning has been solely concerned 
with the uti l i tarian objective of the faci l
i ty and speed connecting these individual 
centers. W i t h the increasing tourist 



NICHOLS—DESIGN AND LANDSCAPE OBJECTIVES 275 

travel and the importance of the scenic 
values, we should recognize as a desir
able part of the highway design, the 
landscape objective of providing stop
ping places for f u l l appreciation of areas 
of commanding view, and for suitable 
rest and recreation. No longer is the 
problem merely one of getting from 
"here" to "there." I t is rather what 
points of interest can be developed that 
wi l l add to the enjoyment of the public 
in traveling between "here" and "there." 
Wherever emphasis has been given to 
this type of work and architectural sim
plicity has dominated the design of out
looks, concourses and parking spaces 
adjacent to picnic areas and historical 
markers, there has been invariably most 
favorable comment by the public. Such 
featural development relieves the monot
ony of the continuous travel, adds in
terest to the total development program 
and contributes to the broader applica
tion of design in its landscape objective. 
Additional right of way to make possible 
these developments permits cars to swing 
off the main traveled road thus increas
ing safety at these strategic points. 
Much of this structural work in the 
building of retaining walls for outlooks 
and concourses has been accomplished 
in many states through the cooperation 
of the National Park Service and through 
the various Relief Agencies. I urge the 
enlargement of this field of study as a 
definite landscape objective in the com
plete highway design aiming to give to 
the public the fullest degree of use and 
enjoyment. 

OBJECTIVES RELATED TO RIGHT OF WAY 

The ideals of practically every land
scape objective are often defeated by 
an existing narrow right of way or by a 
right of way on a proposed route which 
has not been determined as to its de
scription and its width by a careful study 
of the esthetic requirements as well as 

the safety and uti l i tarian requirements. 
Art i f ic ia l i ty and ugly scars leading to 
erosion problems and high maintenance 
costs might well be said to be synonymous 
with narrow right of way. I t is my 
opinion, that all attempts at erosion con
trol and landscape development under 
the limitations of a narrow right of way 
are, at best, merely a partial and inade
quate attainment of the landscape ob
jective. These attempts do not reach the 
underlying cause of the trouble and are, 
therefore, not fundamental in character. 
Upon the open road, i t is far more es
sential and fundamental to correct an 
artificial cut or f i l l by flattening the 
slopes than to sod or plant the steep 
slopes. Wherever possible on old align-

Figure 4 

ment, the design for roadside develop
ment should direct its attention to the 
fundamental principle involved of proper 
grading, rather than perpetuate ar t i 
ficiality by superficial methods. This in
volves adequate right of way for a satis
factory solution of the desired landscape 
objective. Acquisition of added width or 
the procurement of slope easement should 
be urged, i f we are to attain the land
scape objective of harmonizing construc
tion with natural topography. 

PABKWAY EMPHASIS 

One of the most encouraging factors in 
the attainment of many of these land
scape objectives is the present trend to-
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ward a separation of heavy commercial 
traflSc from the pleasure motor traffic It 
must be admitted that many of the ideals 
desired in alignment, profile and cross 
section have not the same flexibility, 
when applied to the commercial route as 
when applied to the pleasure traffic route 
There is a vast opportunity for landscape 
development on the parkways or scenic 
routes, the divided roadways, the free
ways and all the other forms of highways 
which give greater breadth of develop
ment to the handling of traffic The Mt 
Vernon Memorial Highway, The West
chester County Parkway, The Virginia 
Skyline Drive, and the Blue Ridge Park
way are all examples of the recognition 
of the importance of landscape objectives 
in meeting the needs of pleasure traffic, 
yet fulfilling the utilitarian and safety 
requirements In the design of the di
vided roadway which will now become 
more and more in evidence, the land
scape objectives must conform to those 
same principles already enunciated and 
make the entire structure one of natural 
unified appearance rather than two dis
tinct developments divided by an island 
of unrelated height or depth The total 
cross section must be such that both 
roadways seem to fit the natural setting 
This can be accomplished only when the 
island treatment which divides traffic 
in reality unites the development of the 
entire right of way Simplicity of grad
ing and simplicity of planting should 
dominate the island treatment 

ZONING 

A paper dealing with highway design 
and its relation to landscape objectives 
would be incomplete without reference to 
that most important field—highway zon
ing Other attainments from objectives 
in the esthetic program can be completely 
marred by the conspicuous presence of 
billboards, signs and undesirable types 
of industries Much study, research and 

deteimination of policy lies ahead of us, 
with respect to this part of highway 
growth and development The subject of 
zoning is too large to more than mention 
in this discussion It reaches into the 
problems of regulation of highway uses 
and restrictions in the interest of safety 
and protection of values as well as into 
the question of roadside appearance 
These considerations are not essentially 
those pertaining to highway design but 
rather to state planning and county zon
ing with all the intricate questions of 
legality of discretionary powers based 
upon esthetic considerations Neverthe
less, the ultimate elimination of bill
boards, snipe signs and the control, regu
lation and restriction of commercial 
structures along the highway is a very 
definite landscape objective One of the 
best examples in the partial attainment 
of this objective is that of California, 
where highway zoning as a part of 
county zoning has enabled the State in 
some eight or more counties to limit out
door advertizing to the business centers 
of built up communities and to establish 
small business districts at properly lo
cated intervals along the highway, 
through the rural districts No outdoor 
advertizing is permitted between these 
small business districts New Jersey 
through its State Planning Board, Mas
sachusetts and many other States are 
making constant advance toward the 
goal of highway zoning 

SUMMARY 

May we, theiefore, summarize these 
landscape objectives as follows 

1 The utilization of existing scenic ad
vantages in the determination of 
a proposed route intended largely 
for pleasure traffic 

2 The harmonizing of construction with 
natural topography by coordinating 
the work of the engineer with the 
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landscape architect in all stages of 
reconnaissance, planning and con
struction 

3 The conservation of existing vegeta
tion and tiecs as far as is con-
bibtent with utihtauan lequire-
ments 

4 The planting of new material pri
marily as a contributing agent to 
control erosion and to accomplish 
a natural transition between con
struction and nature 

5 The creation of featural development 
such as outlooks, concourses, park
ing spaces, picnic areas, historical 
marker sites and similar strategic 
areas where the public can stop for 
rest and enjoyment 

6 The promotion of liberal right of way 
for the elimination of old scars on 
existing roads, the greater ease of 
blending construction into the nat
ural topography on both old and 
new roads and for the protection 
of the roadside in case of future 
widening 

7 The encouragment of separation of 
commercial from pleasure motor 
traffic, thus permitting parkway 
emphasis and greater latitude in 
the design of the pleasure route 

8 The attainment of zoning for the 
better control, regulation and re
striction of billboards and com
mercial structures along the high
way 

The landscape objectives, thus, are 
those which will unite logically with the 
engineering objectives in giving to the 
complete work a beauty of structural 
achievement in a natural setting Such 
objectives will reduce drastic departures 
from the natural lay of the land and will 

automatically ieduce the problems of 
erosion and of maintenance 

CONCLUSION 

Objectives determine the direction in 
which we are progressing Design should 
progress as a smoothly organized piece 
of machinery carried forward on four 
well balanced wheels The first of these 
wheels is Safety, the second is Good 
Construction, the third is Economical 
Maintenance, and the fourth is Natural 
Beauty Each wheel has its individual 
function to perform and must fulfill a 
balanced relationship with every other 
wheel Unified progress cannot result, if 
there is an unequal brake action or im
proper freedom for each wheel to func
tion in balance with the others 

The Highway Research Board is giv
ing careful study to all the essential fac
tors involved in a complete highway 
structure Such completeness is now 
recognized as resultant from design that 
not only fulfills the utilitarian and safety 
requirements, but that also aims for 
ideals in the realm of landscape objec
tives and incorporates beauty in its 
structure May there be a closer coopera
tion of engineer and landscape architect 
in the study of all the objectives of high
way design, in order that there will be 
continual progress toward the ideals of 
complete perfection 

Mr Daniel H Burnham has well said 

"Make no httle plans, they have no magic 
to stir men's blood Make big plans, aim high 
m hope and in work remembering that a noble, 
logical diagram once recorded will never die, 
but long after we are gone will be a living thing 
asserting itself with ever growing insistence 
Let your watch word be Order and your beacon 
Beauty " 
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D I S C U S S I O N ON D E S I G N A N D L A N D S C A P E O B J E C T I V E S 

M R 0 L Kipp, Minnesota Highway 
Department While there is no question 
about the desirability of roadside de
velopment projects to correct mistakes 
previously made on construction where 
such projects will not be changed by de
mands for further improvement to ac
commodate increasing traffic needs, yet 
the greatest benefit can be obtained by 
carrying out the principles which Mr 
Nichols has outlined on all new construc
tion It is possible, of course, on new 
construction to obtain much more pleas
ing effects with little if any increased cost 
than can be obtained in attempts to cor
rect or embellish previous construction 

M R F R E D L A V I S , Consulting Engineer 
One phase of this which occurs to me is 
this A little while ago I was driving over 
a highway in an extremely hilly country 
It has been located for miles and miles 
on a straight line, and it occurred to me 
in driving over it that probably it would 
have been a better, safer and more at
tractive road if some curvature had been 

introduced into it I t may be heresy to 
say, with some curvature, when a straight 
line IS possible, but I am not so sure 
about that I am an old-time engineci 
but I believe in that particulai case a 
fair amount of light curvature would 
have made it a better road to drive over 
with very little difference in gradients 
Also a certain amount of curvature would 
have saved on construction cost 

M R W H SIMONSON, U S Bureau of 
Public Roads In analyzing the con
struction of a highway the engineei can
not limit his analysis to just the con
struction point of view alone in cold facts 
and figures He must also relate the ele
ments of construction to the use or func
tion that the road will serve If the 
human element is the largest factor in 
the safety triangle, the more necessary 
it IS that we approach our construction 
and design problems from the standpoint 
of the human equation We will never 
have a complete and safe highway until 
that IS done 
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This year the Project Committee on 
Methods of Handling and Placing Con
crete IS sponsoring the presentation of 
four reports on the subject of vibra
tion One of these covers French prac
tice, the other three the results of tests 
and observation on the application of vi
bration to pavement construction in three 
states,—Wisconsin, Kansas and Illinois 
It IS hoped that the presentation of these 
reports and the discussion following will 
stimulate interest in the possibilities of 
this construction practice as a means of 
improving the quality of pavement con
crete 

It IS a curious fact that, in spite of the 
almost uniformly encouraging reports of 
field experiments which have been re
ceived since the modern method of high 
frequency vibration was first proposed 
in 1930, there has been no general accep
tance of the process by the various states 
This may be due m part to a natural in
ertia which tends to resist changes m con
struction practice as well as to a feeling 
on the part of engineers that the advan
tages so far indicated are not of suflRcient 
magnitude to balance the increased equip
ment charge There may also be a feeling 
that production may be slowed down 

sufficiently to result in an increase in 
construction costs It is true that the in
crease m strength, m terms of which the 
quality of pavement is usually measured, 
is not great, only about 10 percent for 
a given cement content However, it 
must be remembered that experience to 
date, both in the laboratory and in the 
field, indicates that vibration imparts 
other desirable qualities which, although 
not so easily evaluated as strength, are 
fully as important The ability to handle 
drier, harsher mixes than are possible 
when the usual surface screeding meth
ods of finishing are employed, should re
sult in denser and consequently more dur
able concrete 

The matter of surface durability of 
pavement concrete is of prime impor
tance There is no question but that 
modern methods of finishing, which em
phasize smoothness above everything 
else, tend to produce a surface layer of 
weak, porous mortar which becomes an 
easy prey to weathering or to the action 
of salts used for ice removal The ten
dency to use a highly oversanded mix m 
order to insure maximum workability 
should also be discouraged Vibration 
should tend to correct these evils to a 
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certain extent by making it possible to 
use less sand and water and more coarse 
aggregate per unit volume of cement 
This reduces the excess mortar left for 
finishing and, moreover, the mortar which 
does come to the top contains less sand 
and water in proportion to its cement con
tent and consequently must be more dur
able 

In virtually all of the reports of field 
experience with vibration so far made, 
the point IS emphasized that the harshest 
and driest mix which may be used is 
controlled not by the vibratory equip
ment but by other units in the mixing, 
placing and finishing operation The 
possibilities of high frequency vibration 
are distinctly limited so long as we in
sist on using mixer buckets and finishing 
equipment designed for plastic mixtures 
The problem calls for a new approach 
We must study all of the operations in
volved in the manufacture and handling 
of the concrete with a view to so design
ing the equipment that the potentially 
high density and strength of the very dry 
harsh mixes may be realized in construc

tion This would appear to be a problem 
well worth the attention of the Joint 
Project Committee on the Development 
of Highway Construction Equipment 

It should not be inferred from the fore
going that the benefits which may be de
rived from the use of vibration with 
equipment now on the market are not of 
practical significance It is desired simply 
to point out the possibility of still further 
benefits which should result when the 
other units are re-designed to handle the 
type of concrete most suitable for vibra
tion In the meantime it would seem 
that the states could well afford to use 
this new tool more generally than has 
been the. case up to the present time 
The discussion this afternoon will show 
beyond question that the application of 
vibration using existing equipment is 
practical and economical This fact, 
coupled with the improvement in quality 
which has been demonstrated should re
sult in a wider and more general ac
ceptance of vibration than has been evi
denced up to this time 
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M E T H O D S O F V I B R A T I O N O F C O N C R E T E A C C O R D I N G T O F R E N C H 
P R A C T I C E • 

By J S CRANDELL 

Professor of Highway Engineering, University oj Illinois 

SYNOPSIS 

French practice goes in for heavy vibrating or tamping of pavement concrete 
Brief descriptions of several machines are given, some of which run on side rails 
and others rest directly upon the fresh concrete A feature of the practice de
scribed by M Fedi is a brushing machine for roughening the surface to make it 
skid proof by removing the fine material during the setting and hardening penod 
M Fedi believes m use of lean mixtures with enough vibration or ramming to 
force the individual pieces of large size aggregate into such intimate positions 
that they are securely bonded to each other by a minimum amount of cement 
Almost no cracking and little wear was observable on ten year old pavements, in 
the heart of Pans, laid by these methods 

Machines for the construction of con
crete pavements in France may be classi
fied into two categories 

1 Those for use without side-forms, 
or lateral rails, where apparatus and ma
chinery are handled and moved by hand, 
or are made to roll directly on the freshly 
laid concrete 

2 Those provided with tracks or side-
forms, on each side of the pavement, on 
which machinery is mounted 

EQUIPMENT FOR T Y P E 1 

There are several machines that will 
either ram, tamp, or vibrate concrete 
The hand rammer is the most primitive 
Then we have the vibro-rammer, the 
effect of which is intermediate between 
that of ramming and of vibration The 
long roller is employed for hand-surfac
ing Some of these rollers act by means 
of the vibrators placed in them as well 
as by their weight Since they rest di
rectly on the fresh concrete their weight 
aids in compaction 

Another machine is called a vibro-
hammer Of these we have the "vibro-

* Information taken from "Les Betons et les 
Revetements Betonnes de Chaussees" by J 
Fedi, together with facts observed in the field 
by Professor Crandell 

10 

pil," the "velo-rammer," and the "vibro-
plat" These tamp the concrete with 
high frequency vibration but at a very 
small rate, such as from one to two tenths 
of a millimeter Their use assures a fairly 
uniform surface 

The "vibro-tasseur" rams the concrete 
at low frequency but at a large rate, such 
as one to four centimeters A surface 
identical with that produced by the pre
ceding apparatus is secured 

There is a most satisfactory machine 
with multiple pneumatic rammers whose 
speed of tamping is adjustable This ma
chine is mounted on large, wide rollers 
which sink but slightly in the fresh con
crete at first, and do not sink at all after 
It is rammed A motor is part of the 
apparatus This is followed by a surfac
ing machine which moves transversely 
across the pavement on suitably ballasted 
big rollers A very stiff dry concrete 
made with large size aggregate can be 
satisfactorily surfaced with this machine 

And then there is a patented brushing 
machine for roughening the surface of 
the concrete to make it skid proof The 
machine is started running after the 
initial set has taken place and it is kept 
running during the hardening of the con
crete It wears away the cement paste 
by means of the wire brushes which are 
driven by the motor of the machine 
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EQUIPMENT FOR T Y P E 2 

There are several machines that may
be mounted on the side-forms or on rails 
on either side of the pavement Among 
these is the Dingier ramming machine 
equipped with transverse lines of me
chanical rammers This machine per
forms in a very energetic manner It is 
extremely heavy and requires excellent 
support to do good work 

The Fedi ramming machine is equipped 
with longitudinal lines of mechanical 
rammers which work and shift trans
versely, and then may be moved 
longitudinally This machine has some 
advantages over the Dingier since the 
weight may be limited by leaving off 
extra rammers The ramming may be as 
powerful as desired Any width of pave
ment may be rammed 

The Dingier and the van Steenkist 
machines do surfacing work similar to 
that produced by the preceding one The 
van Steenkist type has a telescopic frame 
which makes it easily adaptable to dif
ferent widths of pavement 

The Fedi surfacing machine does its 
work on tracks identically as well as the 
machine described in Type 1 Similarly, 
there is a Fedi brushing machine on 
tracks that operates in the same manner 
as before described 

From the illustrations and the de
scription furnished it will be inferred 
that the French methods of vibrating or 
tamping concrete are severe This is true 
I have seen many a dry mix that Ameri
can contractors would say is not work
able finished perfectly by the French 
methods The rough treatment accorded 
concrete in the making seems to secure 
results that are satisfactory Fedi says 
that,pavements laid without machinery 
are not of much value, and that if ma
chinery IS used it should be of such a 
nature that a dry, lean mix can be 
vibrated or tamped so as to produce a 
"visible mosaic surface" that provides 

rugosity (skid-proofness) and still is well 
finished To that end he uses the brush
ing machine to clean off the fines, thus 
exposing the coarse aggregate 

If we think back on our American 
practice it will be recalled that in the 
Vibrolithic pavement, invented by Mr 
Stubbs, a course of large, extraordinarily 
tough, hard, dense stone was incorporated 
in the surface before or during the time 
of vibration M Fedi makes sure that 
such stone constitutes the large aggregate 
for his pavements, but he does not spread 
a layer over the top as did Mr Stubbs 
Instead he uses a wire brush of rather 
large diameter which revolves, brushing 
away the fines and exposing the large 
aggregate This makes a skid-proof sur
face I t is of course essential that the 
large size aggregate shall be firmly held 
in the concrete, otherwise there will be 
considerable deterioration 

Fedi states that there is a great differ
ence in the hardness of the large size 
aggregate and the cement paste He 
believes in a minimum of the latter, for 
he seems to think that a lean concrete 
can be made to do better work than a 
rich one, if both are vibrated or tamped 
He would vibrate, tamp, or ram the lean 
mix until he forces the individual large 
size aggregate into such intimate posi
tions that each piece is securely bonded 
to its neighbor by a minimum amount 
of cement He believes that steel rein
forcement IS preferable to increased 
thickness of slab when and if the subsoil 
IS not stabilized The vibro-rammer 
seems to be preferred to any other type 
of apparatus for producing the results 
desired by M Fedi Such ramming 
apparently forces a settlement of the con
crete onto the subgrade in such a way 
that no further settlement will be possible 
without erosion 

I visited several jobs which M Fedi 
built, and examined them with great care 
The aggregate was all that could be de-
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sired A very lean mix had been used 
with a minimum water cement latio, and 
the resulting concrete had been vibro-
raramed, steel brushed, and settled so 
thoroughly that during the ten year 
period that this pavement had been in 
use there was almost no cracking, little 
wear, and excellent service These pave

ments are in the heart of Pans and have 
been under heavy traffic for years 

M Fedi believes that troubles with 
our pavements are too much cement, 
too poor an aggregate, and too little 
vibration To this he adds the necessity 
of making them skid-proof by removing 
the excess mortar from the surface 



284 MATERIALS AND CONSTRUCTION 

P L A C E M E N T O F C©NCRETE B Y V I B R A T I O N ON F E D E R A L A I D 
P R O J E C T 425-E I N WISCONSIN 

B Y G U Y H LARSON AND W I L L I A M H ZAMZOW 

Senior Assistant Highway Engineers, Wisconsin State Highway Commission 

SYNOPSIS 
In a field experiment conducted on a nine-mile paving project, the usual equip

ment found on the modem paving job was supplemented by a concrete vibrator 
of the Jackson tubular type, and by a mechanical longitudinal float The per
centage of sand m the aggregate was reduced from that specified for ordinary 
placing methods in an effort to take advantage of the ability of the vibrator to 
handle harsher and drier mixes Test specimens consisted of cylinders and cores 
drilled from the pavement 

The consistency and workability of the concrete on this job was controlled 
more by the floating and fimshing operations than by the ability of the vibrator 
to compact concrete of a given consistency The use of the vibrator resulted m a 
10 per cent increase in strength of the concrete on this project 

During the season of 1937 the Wis
consin Highway Commission undertook 
a test project on which a Jackson Tubu
lar Vibrator was used in laying 9 81 
miles of concrete pavement The test 
was made in order to observe the vibrator 
and determine whether the beneficial 
effects of vibration demonstrated m the 
laboratory ^ could be obtained in a com
paratively thin, flat section such as the 
slab on a paving project 

The work was done on Federal Aid 
Project 425-E on United States Highway 
16, between Columbus and Portage, in 
Columbia County The soil on the east 
end of the project was a sandy loam, 
grading to sand about the middle of the 
job, and to a sand-clay mixture at the 
west end The project was graded and 
the sand and sandy-loam sections, ap
proximately six miles, were resurfaced 
with salvaged gravel and the entire proj-

1 Journal of Research of the National Bureau 
of Standards, November, 1937, R P 1048 

Journal of the American Concrete Institute, 
Reprint No 41, "Freezing and Thawmg, Perme-
abihty and Strength Tests on Vibrated Con
crete Cylinders of Low Cement Content" By 
M O Withey, Professor of Mechanics, Um-
versity of Wisconsin 

Proceedings of Sixteenth Annual Meeting, 
Highway Research Board, "Bond of Vibrated 
Concrete" By M O Withey, Professor of 
Mechanics, Umversity of Wisconsin 

ect opened to traffic the season before 
the pavement was laid The section of 
sand-clay mixture compacted very well 
under traffic and was not resurfaced 

The slab was of the standard thick
ened edge section for 20-ft pavement, 
9 inches at the edges and tapering to a 
e -̂in uniform thickness 2 ft m from the 
edges The concrete was reinforced with 
No 4 gage cold-drawn steel wire fabric 
(6 by 6-m centers) placed 2 m beneath 
the surface of the finished pavement 
The area of the wires in the single layer 
of reinforcing used in the slab amounted 
to approximately 0 1 percent of the total 
end area of the slab 

MATERIALS 

Cement —The following are the aver
age results of routine tests on the Mar
quette cement which was used on the 
project Fineness 92 6 percent, initial 
set 3 hr 15 min , final set 4 hr 50 mm , 
tensile strength, 3 day 264 lb per sq m , 
7 day 345 lb per sq m 

Aggregates The aggregates were pro
duced from a local deposit located near 
the project A sample of the pitrun ma
terial was washed, screened and tested, 
to determine the cement content and 
proportions to be used A portable 
screening and washing plant was then 



LARSON AND ZAMZOW-VIBRATION OF CONCRETE 285 

set up by the contractor to produce ag
gregates especially for this project Rou
tine laboratory test data pertaining to 
the aggregates were as given m Table 1 

The sand had approximately 1 5 per
cent silt by volume (average of field 
determinations 3 5 percent), and the 
colorimetnc test showed it to contain no 
organic matter The mortar required 
10 5 percent water for normal consist
ency, and developed tensile strength 

T A B L E 1 
CHARACTERISTICS OF AGGREGATES 

Sand Gravel 

Wt lb per cu ft 117 0 109 9 
Specific Gravity 2 69 2 69 
Voids, per cent 30 4 34 7 
Absorption, per cent 1 34 1 49 

Sieve Analysis 

Sand Gravel 

Sieve Retained Sieve size Retained 
number per cent in per cent 

4 1 0 
8 25 H 59 

14 48 Vs 82 
28 68 No 4 98 
48 89 

100 98 

Fineness 
modulus 3 27 

1 
7 39 

which was 171 percent of the standard 
at three days, 152 percent at seven days, 
and 145 percent at twenty-eight days 

Water —The water was obtained from 
a small, spring-fed creek adjacent to the 
project Soundness, time of set, and 
strength tests on cement paste and mor
tar in which this water was used showed 
no change from those tests in which city 
tap water was used 

EQUIPMENT 

Mixer, Finishing Machine, and Joint 
Installer The mixer was a 1932 model, 

27-E Rex, h^idling 33 cubic feet of con
crete per batch It was equipped with 
automatic water-measuring and timing 
devices The mixing time was one min
ute The finishing machine was a 1930 
model Lakewood with two screeds It 
earned the vibrator and accessories A 
Cleft-plane joint installer was used to 
install the premolded asphaltic ribbon 
used to form the longitudinal center joint 
of the slab This equipment was supple
mented by the vibrator and a mechanical 
float 

Mechanical Float: A power-driven 
mechanical float manufactured by the 
Koehring Company of Milwaukee was 
used for longitudinal floating of the i 
surface This machine consisted of a 
heavy steel frame approximately 12 by 
20 ft mounted on wheels traveling on 
the side forms and carrying a steel 
screed The screed was 1 ft wide and 
10 ft long, with a 2-in turn-up at both 
ends The machine operated the screed 
back and forth longitudinally parallel 
to the center line of the pavement, and 
at the same time moved it diagonally 
across the pavement The overlap on 
the return trip was such that the surface 
was covered twice This float was ex
perimental and is not a standard require
ment in Wisconsin 

Vibrator The vibrator was a Jackson 
Tubular Vibrator manufactured by the 
Electric Tamper & Equipment Company 
of Ludington, Michigan It consisted of 
a 4-m 0 D by 3/16 in wall, cold-drawn 
seamless steel (Shelby) tube, and a 
vibrating motor mounted slightly to one 
side of the middle of the tube A 4-in, 
7;J-lb channel, held in place by steel 
clamps, was used to back up the tube 
The weight of the tube and channel 
member for a 19^-ft length was 293 lb 
In operation it was submerged in the 
mass of concrete in front of the screed 
to such a depth that the bottom of the 
tube was approximately l^-m below the 
top of the finished pavement 
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The induction type vibrating motor 
was submersible and was designed with 
eccentric weights on its rotor shaft to 
produce vibration. It was attached di
rectly to the vibrating tube by means 
of two steel clamps. The motor operated 
on a 110-volt, 3-phase, 60-cycle circuit 
and had a vibrating frequency variable 
from 3,600 to 4,800 r.p.m. It weighed 
100 lb. A special-shaped filler plate 
weighing 60 lb., complete with clamps 
and bolts, was placed between the motor 
and tube. The weight of the complete 
vibrating assembly (tube, motor, filler 
plate, and clamps) was 483 lb. 

ram was hydraulic, with a hand-oiierated 
l)ump mounted at the operator's jiosition 
on the finishing machine and connected 
to the ram by means of a hose. 

The power unit, mounted on the rear 
of the finishing machine was a 2,500-
watt, self-excited, 60 to 80-cycle, 3-phase 
alternator, developing 110 to 140 volts. 
It was driven by a single cylinder, air-
cooled, four to five horsepower gasoline 
engine, having a variable speed fly-ball 
governor. 

Figure 1 shows a view of the vibrator 
in the raised position ahead of the finish
ing machine screed. Figure 2 shows the 

Figure 1. The vibrator in the raised position, 
showing the tube with vibrating motor mounted 
near the middle, and the mounting of the vi
brating assembly ahead of the finishing ma
chine screed. (The metal strips appearing as 
light-colored "posts" on the tube carry the 
needles used in making smoked-glass tracings 
of the movement of the vibrator.) 

The vibrator mounting was of the 
hinged-arm type with cast steel frame 
and tube hanger brackets. From these 
brackets the tube was flexibly suspended 
on the finishing machine approximately 
15 in. ahead of the front screed, with 
its ends about 3 in. from the forms. It 
was guided vertically in the horizontal 
position between the forms by means of 
heavy straps and rubber cushions or 
shock-absorbers. The brackets were ad
justable to provide control of depth of 
submersion of the vibrator. The lifting 

Figure 2. Mass of concrete in front of screed 
in which vibrator is submerged. Tops of metal 
"posts" visible above concrete. 

mass of concrete in front of the screed 
in which the vibrator was submerged 
and operated. 

S P E C I A L P R O V I S I O N S F O R V I B R A T I O N 

The State Highway Commission of 
Wisconsin "Standard Specifications for 
Road and Bridge Construction" were 
supplemented by the following "Special 
Provisions" covering the vibration of 
concrete on this project: 

"Concrete P"'<emeiit. Vibratory Finishing: 
In addition to the requirements for striking off 
and consolidating the concrete pavement slab 
set forth in Subsection 401.13 (b) of the Stand
ard Specifications, the concrete as soon as it has 
been placed shall be consolidated by means of 
a vibratory machine capable of transmitting 
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the vibrations directly to the mass of concrete 
carried ahead of the front screed of the finishing 
machine. The vibrating element shall operate 
at not less than 3600 impulses per minute. The 
machine shall be of such design as not to pro
duce excess mortar or laitance on the surface 
of the pavement, and shall not displace side 
forms, reinforcement or joints. 

"It is desired to study the effect of vibration 
on the concrete and therefore the right is re-
ser\-ed to vary the proportions of the fine to 
coarse aggregates, by reducing the amount of 
fine aggregate, and proportionately increasing 
the amount of coarse aggregate, and also to 
reduce the amount of mixing water, to such a 
degree as will still produce workable concrete of 
proper consistency, with minimum amounts 
of fine aggregate and water, and maximum 
amounts of coarse aggregates; however the sum 
total amount of aggregate per sack of cement 
obtained by adding the amounts of fine and 
coarse aggregates, as set forth for the job mix 
for the particular source of aggregates will 
remain constant." 

O P E R . \ T I O N S 

Preparation of Subgrade and Pouring 
Concrete: When paving operations were 
started the compacted surface of the 
grade was not disturbed. A cushion of 
fine sand of sufficient depth (approxi
mately one inch) to clear high spots 
and level the surface was placed on the 
grade just ahead of fine grading opera
tions. The subgrade was then shaped 
with the fine grader, compacted with 
a three-ton, self-propelled roller, and cut 
to true grade by means of a subgrade 
planer attached to the back of the mixer. 

The concrete was placed in two layers; 
the first was struck off 2 in. below the 
top of the finished pavement. The steel 
fabric reinforcement was then placed, 
and the second layer of concrete was 
poured. When pouring the second layer 
the concrete batches were split and 
dumped in three longitudinal rows. 

Vibrating and Finishing: The finish
ing machine made its first pass after the 
second layer of concrete was poured. 
During the first pass the vibrator was 
lowered and was operating in the mass 

of concrete just ahead of the screed as 
]->reviously described. The second pass 
of the finishing machine was made with 
the vibrator raised and not operating. 
At the beginning of the work the vibrator 
was kept in operation right up to the 
transverse joints. It was found that this 
procedure pushed the joints over and, 
in spite of vibrating on the far side, left 
them in a tilted position. This difficulty 
was remedied by stopping the vibrator 
about 18 in. from the joint, raising it, 
and lowering it again just on the far side 
of the joint. The concrete generally pre
sented a smooth, finislied surface after 

Figure 3. Finishing machine backing up after 
first pass. Note "dragging back" of concrete 
due to insufficient "left" of tube. 

the first pass of the finishing niacliine. 
However, there appeared to be some 
"swell" or bulging of the concrete 
immediately back of the screed, due 
probably to pressure from the mass of 
concrete carried ahead and the setting 
of the screed. The screed picked up a 
considerable amount of concrete on the 
second pass of the finishing machine. 
Anotiier factor contributing to this was 
that the "lift" of the vibrator was in
sufficient to completely clear the mass 
of concrete in which it operated so that 
when the finishing machine backed up 
there was a tendency for the vibrator 
tube to drag the concrete back a con
siderable distance on the surface, as 
siiown in Figure 3. 
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The vibrator-finishing machine combi
nation had no difficulty handling any of 
the consistencies and mixes used on the 
project. A few dry batches indicated 
that concrete with a considerably stiffer 
consistency could have been handled by 
this combination. Some honey-combing 
at the edges, however, indicated that the 
vibration was not as effective as it might 
have been at this point, and spading of 
the edges was necessary, particularly in 
the lower layer of concrete. 

Placing of the asphaltic ribbon used 
to form the longitudinal plane of weak
ness or joint by means of the Cleft-plane 
joint installer resulted in some disturb
ance of the concrete at the middle of the 

Figure 4. The mechanical float 

slab, and was the cause of some trouble 
with the mechanical float which immedi
ately followed the joint installer. 

Longitudinal floating of the pavement 
was done by the mechanical float de
scribed. Figure 4 shows the mechanical 
float in operation. 

Some difficulty was experienced with 
the float cutting into and gouging the 
concrete. This tendency seemed to be 
aggravated by reductions in the percent
age of sand in the aggregate, and by 
drier consistencies of the concrete. The 
trouble, however, was not due solely to 
the change in the mix since some diffi
culty was experienced with all mixes. 
The machine is a new development and 
improvements that are bound to be made 
should enable it to function very satis
factorily in any of the mixes used on the 

project. In this test, however, dryness 
and harshness of the concrete were con
trolled by the plasticity required for 
floating and finishing operations rather 
than by the inability of the vibrator to 
handle drier and harsher mixes. Straight-
edging, belting, brooming, and edging, 
all hand operations, followed the floating 
operation. 

Curing: The concrete slab was cured 
by means of a wet burlap covering for 
the first 24 hours, followed by an im
pervious paper covering kept in place 
for 72 hours. 

C O N C R E T E P R O P O R T I O N S — S P E C I M E N S 

Proportions: When the proportions 
for concrete for paving were designed for 
the particular materials used on this 
project, it was not contemplated that 
the concrete would be placed with the 
vibration method, and the mix specified 
was 1:2.5: 4.3 by weight, which pro
vided 37 percent sand in the aggregate. 
Some sections of pavement, using these 
proportions, were laid in the usual man
ner without vibration and some were 
laid with vibration. During the course 
of the test the percentage of sand in the 
aggregate was decreased by 2 percent 
intervals from the 37 percent originally 
specified to a minimum of 31.0 percent. 
Concrete having the reduced percent
ages of sand was placed by vibration. 
Changes in the proportion of fine to 
coarse aggregate were so made as to 
maintain the sum of the absolute vol
umes of these materials constant. Speci
fications limited the water to a maximum 
of 5.5 gal. per sack of cement, but the 
amount actually used was adjusted to 
the minimum that would produce the 
workability required by the various 
operations and conditions. Table 2 gives 
the mixes by weight and the proportions 
used per sack of cement. 

The theoretical cement content of the 
concrete, using the above proportions 
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with 95 pel cent of the maximum water, 
was 5 4 sacks per cubic yard of concrete 
An attempt was made to pour a section 
of 250 ft with each mix each day The 
order of pouring was changed so that a 
given mix would not be poured at the 
same time each day 

Specimens Specimens for transverse 
strength tests consisted of 6 by 8 by 42-
in beams cast in steel molds in accord
ance with the following procedure Im
mediately after the batch was dumped, 
concrete was shoveled from the batch 
into the mold The mold was filled 
slightly more than half full, and the 
concrete rodded 50 times with a ^-in 

take cores fiom the pavement to deter
mine the effects of vibration and make 
comparisons of compressive strengths 
and pioperties of the concrete from the 
various mixes as actually placed m the 
slab 

The cylinders were cast in steel molds 
in accordance with A S T M standard 
procedure from the mixes poured each 
day They were cured the same as the 
pavement for four to five days, after 
which they were brought to the labora
tory, placed outside and covered with 
damp sand until taken mside and pre
pared for testing Cores were drilled 
from the pavement when approximately 

T A B L E 2 
C O N C R E T E PBOPORTIONS 

MIX 
No 

Mixes 
(by weight) 

Method 
of 

Placing 

Proportions per sack of cement 

MIX 
No 

Mixes 
(by weight) 

Method 
of 

Placing 
Sa nd Gravel (pounds) Water MIX 

No 
Mixes 

(by weight) 
Method 

of 
Placing 

Pounds Per cent H to 
in 

to 
11^ m 

Gallons 
per sack 

5 1 2 51 4 3 2 Normal 236 37 0 162 244 Adjusted ac-
1 1 2 51 4 32 Vibrated 236 37 0 162 244 cordmg to 
2 1 2 39 4 44 tt 225 35 0 166 251 conditions 
3 1 2 26 4 57 It 212 33 0 172 258 Maximum of 
4 1 2 12 4 71 II 199 31 0 177 266 5 5 gallons 

rod The second layer, filling the mold 
to overflowing, was rodded 50 times and 
the edges of the specimen spaded with 
a 6-in sidewalk scraper The concrete 
was then struck off flush with the mold 
and finished with a steel trowel The 
specimens were covered with a piece of 
pavement curing paper The beams were 
placed alongside the slab upon being re
moved from the molds the following day, 
and were cured the same as the pave
ment until the seven-day tests were 
made Following the seven-day tests they 
were banked with sand with their upper 
surfaces exposed until subsequent tests 
Beams were made from the regular speci
fied mix (No 1) only, because cylinders 
were also made from the concrete at the 
time of pouring, and it was planned to 

two and one-half months of age They 
were taken to the laboratory and tested 
for absorption, density, specific weight, 
and strength 

T E S T I N G 

Transverse Tests The specimens 
were tested in a portable field-testing 
machine under center loading 

Compressive Tests These specimens 
were tested m a 200,000-lb capacity 
Riehle testing machine with a free-mov
ing head speed of 0 06 m per mm Cylin
ders were removed from the sand and 
placed in water at room temperature for 
at least 18 hours before being capped 
at both ends with plaster of pans and 
tested Cores were capped at both ends 
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with a l l cement-sand mortar and 
tested in compression after the comple
tion of absorption, unit weight, and 
density tests All cores and cylinders 
were in a saturated condition when 
tested 

Absorption, Unit Weight, and Density 
Tests Upon being received at the lab
oratory the cores were examined for 
honey-comb and measured to determine 
their height, or the thickness of the pave
ment Then the lower end was trimmed 
preparatory to capping and the cores 
were allowed to dry in the laboratory 
air for two weeks They were then 
thoroughly brushed with a wire brush 
and weighed Following this the cores 

T A B L E 3 
GBNEBATOB READINGS AND 

VIBRATOR F R E Q U E N C Y 

Generator readings Vibrator 
frequency 
R P M 

Load on 

Voltage Amperes 

Vibrator 
frequency 
R P M vibrator 

115 
125 
105 

6 8 
7 4 
3 4 

3500 
3600 
3900 

Full 

None 

were allowed to soak in water at room 
temperature for 48 hours, after which 
they were re-weighed m air and m water 
The absorption in an air-dry condition 
and the weight per cubic foot of the 
concrete were computed from these data 
The density was obtained by dividing 
the unit weight thus determined by the 
computed unit weight of a solid mass of 
cement and aggregate in the proportions 
used on the job 

Frequency and Amplitude of Vibra
tion The frequency of vibration of the 
vibrator was obtained by means of a 
"Frahm" hand-type, reed tachometer 
An attempt was made to obtain the am
plitude of vibration by making smoked-
glass tracings of the motion of the 
vibrator and taking measurements of 
these tracings Metal strips approxi
mately 1 by 5^ in were clamped in a 
vertical position at four different points 

on one-half the length of the vibiating 
tube It was assumed that vibrations of 
the tube would be symmetrical about 
its middle A phonograph needle was 
soldered in place in a hole in each of 
the metal strips 5^ in above its base 
These strips are visible m Figure 1, and 
Figure 3 Tracings of the motion of the 
submerged vibrator as it operated in 
the concrete were obtained by holding 
smoked-glass plates in contact with the 
needle points and moving them slowly 
in a vertical or horizontal direction 
Full-size pictures of a typical set of these 
tracings, taken simultaneously at the 
four points, are shown on Figure 5 A 
small section of each tracing, at a point 
where the motion of the glass was prac
tically horizontal, or vertical, as the case 
might be, was enlarged ten diameters 
by means of photographic equipment 
Measurements were made of the enlarged 
tracings and the figures divided by ten 
to obtain the actual displacement The 
lesults are not considered to be accurate 
measurements of the amplitude of vibra
tion, but it IS felt that they aff'ord a good 
indication of the comparative amplitudes 
and character of vibration at different 
points along the vibrator Different 
tracings indicated that amplitude and 
character of vibration varied with speed, 
and with the size and position of the 
mass of concrete on the tube The "com
bined amplitude" given beneath each 
plate is the square root of the sum of the 
squares of the vertical and horizontal 
amplitudes (one-half the displacement in 
each case) 

Generator Readings • Simultaneous 
readings were taken of the voltage and 
current on the generator, and of the 
frequency of vibration of the vibrator 
under load and no-load conditions Table 
3 shows a typical set of these readings 

T E S T R E S U L T S 

Comparison of Physical Properties. A 
general summary of individual test data. 
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grouped according to mixes, is given in 
Table 4. 

Referring to Table 4, mixes Nos. 1 and 
5 had the proportions specified for nor-

percentage of sand and were all vibrated. 
There were practically no differences in 
the water-cement ratios and slump of 
these mixes, the only material variation 

10 feet. 2 inches from right end 

Vertical Amplitude 0.023 in. 
Horizontal Amplitude 0.037 in. 
Combined Amplitude 0.039 in. 

6 feet, 2 inches from right end 

Vertical Amplitude 0.017 in. 
Horizontal Amplitude 0.040 in. 
Combined Amplitude 0.044 in. 

at right end 

Vertical Amplitude 0.017 in. 
Horizontal Amplitude 0.018 in. 
Combined Amplitude 0.025 in. 

2 feet, 2 inches from right end 

Vertical Amplitude 0.008 in. 
Horizontal Amplitude 0.038 in. 
Combined Amplitude 0.039 in. 

Note: Pictures show actual size of tracings. "Right end" in notations above refers to the 
right end of the vibrator when facing the same direction as the finishing machine. Arrows 
indicate the horizontal and vertical directions with respect to the tracings. 

Figure 5. Smoked-glass tracings of motion of vibrating tube. (Taken simultaneously at 
four different points on the tube.) 

mal placing of the concrete; mix No. 5 
was poured without vibration, while mix 
No. 1 was vibrated. Mixes Nos. 2, 3, 
and 4 had successive reductions in the 

being a tendency for mix No. 4 (31 per
cent sand) to slump less than the others. 

Ejfect of Reductions in the Percentage 
of Sand: Reductions in the percentage 
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of sand did not permit any consistent 
reduction in the amount of water. The 
cement content computed from the abso
lute volumes of the materials varied 
slightly with changes in the amount of 
water, but had a close relationship with 
the cement content as computed from 
the amount of cement used and area of 
pavement laid. The compressive strength 
as indicated by the cylinders apparently 
dropped as the percentage of sand 

I 
I . 

S /.!0 

^ 9/. 7 

11.6 

5 a « 
4: 

1 

3S 

Per cenfSandin flggregoie 

Figure 6. Relation between percentage of 
sand, water-cement ratio, density, absorption 
and strength of concrete in pavements. 

dropped. Referring again to Table 4, 
which shows the results of tests on con
crete in the pavement as represented by 
the cores, there is no appreciable increase 
in specific weight and density, or change 
in absorption with reductions in the 
percentage of sand. The compressive 
strengths of the cores taken from the 
pavement exhibit the same tendency as 
was indicated by the strengths of field 
cylinders; that is, a slight decrease in 
strength with reductions in the percent
age of sand. 

Figure 6, showing "Relation Between 
Percentage of Sand and Density, Water-
cement Ratio, Absorption, and Strength 
of Concrete in Pavement," is a graphical 
presentation of the data obtained from 
the cores. Figure 7 shows a representa
tive core from each mix. There was little 
apparent difference between these cores 
except that the bottoms appeared to be
come slightly rougher as the sand was 

Figure 7. Representative cores from the 
different mixes 

Figure 8. Cores showing honey-comb, mix 
number 5 

reduced. Mix No. 4, with 31 percent of 
sand but which was vibrated when 
placed, showed fully as good a bottom 
as mix No. 5 with 37 percent of sand, 
but which was not vibrated when placed. 

Figure 8 shows the only cores having 
honey-comb. The end cores were honey
combed at the steel and the middle core 
had a slightly honey-combed bottom. 
These cores all came from mix No. 5, 
non-vibrated concrete having 37 percent 
sand. 
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Effect of Vibration Table 5 shows 
the results of tests on cores taken from 
vibrated and non-vibrated concrete using 
the same proportions Vibration resulted 
in a very slight increase in specific weight 
and density, a slight decrease in absorp
tion, and an increase of 10 5 percent in 
strength 

, that indicated by the test cylinders made 
at the time the concrete was poured 

Strength of Concrete at Different 
Points m the Slab. I t was noted that 
the vibrating tube did not vibrate exactly 
the same throughout its length Cores 
were taken at different distances from 
the center line of the pavement to ascer-

T A B L E 5 
E F F E C T OF VIBRATION ON C O N C R E T E AS INDICATED BY R E S U L T S OF T E S T S ON C O R E S 

MIX Number W/C by 
volume 

Umt weight 
(lb per cu ft) 

Density 
(per cent) 

Absorption 
(per cent) 

Compressive 
strength 

(lb per sq in ) 

1 
Vibrated 0 67 156 4 91 5 1 18 6330 

O 

Non-vibrated 
•o i Vibrated 

Non-Vibrated 

0 67 * 
1 00 

155 2 

1 008 
90 7 

1 008 
1 37 

0 86 
5730 
1 105 

I ' 
5 

1 .̂ 

r 

/TO f i^/dro/ /TO f i^/dro/ 
of 
'ed /TO f i^/dro/ 

3i.e 3S 33 31 

Percenfjand/n i^ggregofe 

Figure 9 Relation between compressive 
strengths of cores and cylinders at same 
age 

Strength of Concrete as Indicated by 
Test Cylinders and as Indicated by the 
Cores Figure 9 shows the average re
sults of compressive strength tests on 
cores and cylinders from the various 
mixes Results on the cores indicate that 
the strength of the concrete in the pave
ment IS from 24 to 35 peicent greater 
for the vibrated concrete, and 20 percent 
greater for non-vibrated concrete than 

tain the effect of this difference in vibra
tion on the concrete The results of 
strength tests on cores taken near the 
center line, at the middle of the 10-foot 
slab, and near the edge, are shown in 
Table 4 The figures indicate that there 
was no consistent difference in the 
strength of the concrete at these points 

Comparison of Concrete on Vibrated 
and Non-Vibrated Sides of Joints As 
stated under "Vibrating and Finishing," 
it was impracticable to continue vibra
tion right up to the joint as the finishing 
machine approachecl it Table 6 shows 
comparative test results obtained on cores 
taken from the vibrated and non-vibrated 
sides of the joint The results indicate 
there were no differences in the strengths, 
densities, or absorption of the conciete 
on the two sides of the joint Cores 
taken directly over the joint showed the 
concrete to be dense and well compacted 
adjacent to it 

SUMMARY 

In concluding, we wish to repeat that 
the consistency and workability of the 



LARSON AND ZAMZOW—VIBRATION OF CONCRETE 295 

T A B L E 6 
SUMMARY OP T E S T S ON C O R E S T A K E N ADJACENT TO JOINTS 

Vibrated aide of joint Non-vibrated side of joint 

Core 
Number Strength Density Absorption Core 

Number Strength Density Absorption 

157 
160 
162 
164 

Average 

6,280 
7,260 
5,040 
6,000 
6,150 

90 9 
91 6 
91 6 
92 0 
91 5 

1 3 
1 1 
1 3 
1 4 
1 3 

156 
159 
161 
163 

Average 

6,230 
7,160 
5,470 
5,840 
6,180 

90 8 
91 9 
91 0 
90 2 
91 0 

1 3 
1 0 
1 5 
1 4 
1 3 

concrete on this project appeared to be 
controlled by the plasticity required in 
the operations of floating and finish
ing subsequent to vibration, rather than 
by the ability of the vibrator to compact 
concrete of a given consistency The 
results obtained under the conditions 
prevailing may be summarized as fol
lows 
1 Use of the vibrator in placing the con

crete resulted in an increase in 
strength of approximately 10 per
cent 

2 Reductions in the percentage of sand 
in the aggregate were not effective 
in increasing strength, probably be
cause other factors prevented re
ductions in the amount of water 

3 Variations in vibration of the tube 

at different points did not seem to 
be reflected in the strength of the 
concrete 

4 Vibration seemed to be effective on 
both sides of the joint even though 
the vibrator did not operate right 
up to the joint on the approach 
side 

5 The concrete in the pavement was 
considerably stronger than was 
indicated by compressive test speci
mens cast at the time the concrete 
was poured, and cured outside in 
damp sand 

It IS intended to study the behavior 
of the slab under traffic and climatic 
conditions in order to determine if possi
ble what effect vibration may have on 
the service of the pavement 
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E X P E R I E N C E AVITH C O N C R E T E P A V E M E N T V I B R A T O R S I N KANSAS 

By R D F I N N E \ 

Engineer oj Materials, Kansas Highway Department 

SYNOPSIS 
Thiee types of vibrators were used on the different projects studied m this 

report A front screed vibrator was used on one project, a vibrating pan on 
another, and the vibrating tube on five projects In addition to study of the 
projects upon which vibration was used, nearby projects using the same aggregates 
and cements were studied m an effort to determine the effects produced by 
vibration 

A fan- degree of satisfaction has been obtained by using vibrators in this 
State Although gains in slab quality have not been as great as it is possible to 
obtain, only experience can bring about high efficiency The statement that the 
higher the frequency, with proper amplitude, the better the results, is found true 
in Kansas as in other places It is beheved also that the more internally a 
vibrator may be made to work, the more favorable the result 

Vibration as a means of handling and 
placing concrete has had a limited use in 
Kansas for several years In the High
way Research Board Proceedings for 
1935, Mr R B Wills reported upon some 
of the earlier experiences The 1937 con
struction season has seen a very definite 
swing towards vibration m Kansas con
crete paving piactice The specifications 
for concrete pavement construction in 
Kansas are based upon a maximum water 
content of 5 75 gallons per bag of cement, 
and a minimum cement content of 1 25 
bairels per cubic yard of concrete This 
specification applies where the aggregate 
consists of a suitable combination of fine 
and coarse aggregate With such mix
tures the use of a vibrator is optional 
with the contractor In constructing 
pavements m which the quantity of 
coarse aggregate is insufficient, the use of 
a vibrator is not permitted 

This year's increase in the use of vi
bration has come from realization by the 
contractors that it is not possible to re
duce the cement factor to a figure ap
proaching 1 25 bbl per cu yd without 
vibration, and the added fact that the 
recently developed tube type of vibrator 
IS low in cost and readily adapted to the 
existing handling and placing machinery 

Three types of vibrators were used on 
the projects studied in this report A 

front screed vibrator was used on one 
project, a vibrating pan on one, and the 
vibrating tube on five Nearby projects 
using the same aggregates and cements 
but without vibration were also studied 
in an effort to determine the effects of 
vibration 

Design of Concrete Mixtures. No set 
method for the design of the concrete 
mixture is used on Kansas projects E s 
sentially the trial mix method is used, 
and m some cases preliminary figures 
based upon the mortar voids theory and 
Abrams Fineness Modulus theory are 
developed, depending upon the experi
ence of the engineer m charge Complete 
data as to proportions used, and the 
weight of the resulting concrete were al
ways available, and from this the con
stants shown in Table I I were computed 

It is believed these figures show that 
very satisfactory results were obtained 
in the design of the mixes used 

COMPARISON OF JOB R E S U L T S B E T W E E N 

REGULAR AND VIBRATORY P L A C E M E N T 

Group 1 In Group 1, job 1 was laid 
with an Ord finishing machine by the 
same contractor as job lA, m which he 
used a tubular vibrator attached to the 
same finishing machine The aggregates, 
crushed limestone for coarse aggregate 
and river gravel for fine aggregate, were 
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from identical sources and had almost 
identical gradings. Job 1 consisted of 
7.12 miles of single slab and job l A of 
11.0 miles of single slab. The vibrator 
was able satisfactorily to compact a mix 
using a slump of I f in., where the regular 
finishing machine needed concrete with a 
2^ in. slump. About 2^ per cent less sand, 
by volume, was in the mix compacted by 
the vibrator with about the same ease 
of finishing. The differences in results 
secured by the vibrating and non-vi
brating processes are shown by the f o l 
lowing figures: 

Specific gravity of cores, vibrated 2.33, 
tamped 2.29. 

Weight of green concrete, lb. per cu. f t . , 
vibrated 151.5, tamped 149.5. 

Cement factor, bbl. per cu. yd. , v i 
brated 1.26, tamped 1.33. 

Compressive strength, lb. per sq. in. , 
vibrated 5426, tamped 5022. 

On this job the tube was attached to an 
old type Ord Finishing Machine, which 
was lighter than the present day model. 
A t the very beginning i t was evident that 
the finishing machine would not have 
enough traction to move the tube forward 
through the mass of concrete. Weight
ing the machine with railroad rails did 
not prevent slippage of the wheels and 
caused the forms to settle. The con
tractor then devised a four wheel drive 
for the machine with only a l i t t le added 
weight which enabled the machine to go 
forward more rapidly, though slippage 
was not entirely eliminated. Only one 
pass was made wi th the vibrating tube. 
The second time over only the screeds 
were used. 

A mix was designed for this vibrator 
job for a total Fineness Modulus of 6.15, 
an increase of 0.20 over the Fineness 
Modulus of a calculated normal mix 
using those aggregates. By normal mix 
is meant one calculated for a job to be 
finished with ordinary methods. I t is 
interesting to note that in designing a 
concrete mix for use with the vibrator an 

increase in b/bo of 0.06 over the ratio 
of a normal mix was necessary to give 
a satisfactory sand content. 

Group 2: I n Group 2 on jobs 2, 2A 
and 2B a regular finishing luachine, a v i 
brator pan and a tubular vibrator were 
used respectively. Cement factors were 
about the same, 1.33. Very l i t t le differ
ence was given by the vibrator. 

The aggregate on job 2B contained 28 
per cent of sand by volume, which is 
obviously low. The coarse aggregate was 
obtained by crushing a very highly ce
mented sandstone. The fine portion of 
this aggregate (minus 4 mesh) consisted 
mainly of fine sand, therefore, the indi-

Figure 1. Skip Discharging Ready for 
Vibration 

cated sand percentage is rather mislead
ing. The fine aggregate was river sand. 
That in turn explains why the ratio of 
b/bo of 0.85 could be used. On most of 
these jobs the ratio b/bo was raised by 
0.06 above that necessary to obtain a 
satisfactory job using a regular finish
ing machine. I n this case i t was raised 
0.10, which, i f the fine and coarse aggre
gate were combined and separated again, 
would produce a ratio of b/bo of 0.81. 

On this job, as in Group 1, the use of 
the tubular vibrator presented a problem 
since i t was placed on a very poor finish
ing machine. This machine was not 
quite as light as the one used on job l A , 
but i t had seen too many years service 
to have sufficient traction to move the 
tube through the concrete in a satisfac-



298 MATERIALS AND CONSTRUCTION 

tory manner. Possibly another factor 
entering into tiiis was the fact that the 
fines in the coarse aggregate were some
what of a quicksand variety, which did 
not give a very workable mix even thougli 
the percentage was low. Test data on 
cores are not yet available. 

Group S: Job 3 was placed with a regu
lar finishing machine with tamper. Jobs 
3A and 3B were placed with the front 
screed vibrator. The aggregates were of 
similar grading in all three cases. The 
coarse aggregate was crushed limestone 
and river gravel was the fine aggregate. 
This vibrator allowed about the same 
increase in Fineness Modulus and ratio 

Figure 2. Vibrator in Action 

of b/bo over the mix used in the regular 
finishing machine as did the tubular v i 
brator. The Fineness Modulus was 6.20 
and the b/bo ratio was 0.87. The tabu
lated data presents most of the informa
tion of interest on this job. The cores 
taken f rom the pavement recently show 
it to be in excellent condition as respects 
honey-comb, but as yet the specific 
gravity results are not available. 

Group 4-' I n Group 4, job 4 was placed 
•and finished with a Lakewood finishing 
machine, and job 4A with a tubular v i 
brator attached to an ordinary finishing 
machine. I t is interesting to note the 
effect of using a coarse aggregate con
sisting of rounded h i l l gravel. Ordi
narily coarse aggregate in Kansas con
sists of crushed limestone wi th a specific 
gravity of about 2.62. The specific 

gravity of this particular h i l l gravel 
coarse aggregate was 2.42. As shown 
in Table I i t was not deemed good prac
tice to reduce the sand content below that 
used in concrete for placement and finish 
by an ordinary finishing machine. How
ever, the slump was reduced f rom 2 in. 
using the ordinary finishing machine to 
I in. using the vibrator. That reduction 
in slump did not do much toward reduc
ing the cement factor, due to the fact 
that less coarse aggregate was used in 
the vibrated mix than in the mix with 
the regular finishing machine. Compres
sive strengths were increased from 5315 
to 5840 lb. per sq. in . by the vibrator. 
Average core specific gravities of 2.23 
are considered good for these aggregates. 

Group 5: A comparison of these two 
jobs, 5 using the regular finishing machine 
and 5A using the tubular vibrator, merely 
serves to support the information shown 
above, mainly that an increase of 0.2 
in the Fineness Modulus and of 0.06 in 
the ratio of b/bo seems to be about right 
in converting from a normal to a v i 
brated mix. 

As on other jobs the finishing machine 
did not have enough traction to push 
the tube vibrator through the mass wi th 
out slippage. A reduction in cement fac
tor f rom 1.30 to 1.265 was possible 
through the use of the vibrator. I n terms 
of money saved in cement costs, this 
amounts to about $250 per mile, wi th 
other possible economies in finishing 
operations, due to the fact that the fin
ished slab after the vibrator has been 
across i t does not have "hard" and 
"soft" spots, thus producing a better r id 
ing surface with less work. I t is not un
likely that the elimination of these fre
quent "hard" and "soft" spots in the 
green concrete wi l l subsequently provide 
a better riding surface. 

Group 6: Both of these jobs, 6 and 6A, 
were placed with the tubular vibrator. 
Due to the fact that there are no jobs 
built in the vicini ty of these chat aggre-
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gates since Kansas has been on the 5 | 
gallons of water per sack of cement, no 
comparisons of a normal chat mix placed 
with the regular finishing machine with 
tamper and those placed with the vibra
tor are available. However, considerable 
interest was shown in these particular 
jobs because from a theoretical combina
tion of coarse and fine chat aggregates, 
the cement factor would approximate 
1.80 bbl. per cu. yd. The use of the v i 
brator, however, permitted slumps of 
between ^ and f in., which in turn low
ered the cement factor to 1.58, indicating 
a considerable saving in the cost of ce-

A design mix for chat aggregates is 
difficult to work out due to their peculiar 
characteristics and to the fact that var i 
ous sources do not produce similarly 
graded aggregates of similar specific 
gravity. A comparison of these two 
projects, each of which obtained their 
aggregate from different sources, wi l l 
demonstrate the variety of gradings and 
specific gravities that are obtained f rom 
these chat fields. 

GENERAL COMPARISONS 

(1)—^A study of the summarized re
sults indicates that at least satisfactory 

Figure 3. Closeup of Action 

ment. Chats consist of very hard cherty 
stone having exceedingly sharp fractures, 
and the grading of this by-product of 
zinc mining is very poor (Table I ) . Un
der normal conditions i t takes an exces
sive amount of mortar paste to provide 
lubrication enough for such a combina
tion of aggregates to be in a workable 
condition without the use of some ex
ternal means of compaction. Apparently 
the tubular vibrator gives the necessary 
aid to allow the sharp particles to slip 
readily by one another into place. 

Another point of interest is the exceed
ingly low apparent specific gravity of the 
cores taken from these pavements. They 
are quite indicative of the porous struc
ture of the slab, but i t wi l l be noted that 
the compressive strengths were quite 
high. 

Figure 4. Vibrator Withdrawn 

quality of pavement concrete is produced 
by either method of compaction and 
finishing. Several projects have shown 
results obtained by vibration to be 
superior. Generally, the apparent spe
cific gravity of cores taken f rom the 
pavement have been slightly higher for 
vibrated concrete. The average 90 day 
compressive strengths have also been 
greater for vibrated pavements. This 
may or may not be attributed to v i 
bration. 

From the contractors standpoint there 
may be a slight advantage in finishing 
costs and cement costs. 

(2)—One important factor which 
should be brought out in this discussion 
is the rigid requirement that the concrete 
as i t , i s placed between the forms must 
be in its final position before any tube 
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vibrator or other finishing machine 
passes over it On practically all vi
brated paving jobs the first point of 
observation was the fact that the pud-
dlers, or the laborers in front of the 
finishing machine, had the impression 
that the purpose of passing the vibrator 
over the concrete was to move the mass 
deposited by the mixer into the voids 
that had been left in placing the concrete 
between the forms This without ques
tion is one of the practices that must 
be overcome before placing concrete by 
vibration will be highly successful The 
purpose of the vibrator is not to level 
off the mass of concrete that is deposited 
on the grade between the forms, but to 
pack the aggregates that have been 
placed in their final position by the 
mixer and the puddlers combined, into 
the closest possible space 

Generally speaking, and particularly 
with a vibrated concrete mix, the edges 
of any concrete mass consist mainly of 
coarse aggregate Obviously, when the 
percentage of excess mortar is reduced 
for proper vibration, there will not be 
sufficient mortar carried forward by the 
vibrating unit to fill in the "nests" of 
coarse aggregate occurring at the base 
of each adjacent pile For this reason 
it IS essential that the concrete mass be 
in a condition that only compaction is 
required for final placement 

The foregoing discussion is simply a 
part of the educational program that 
must be instituted if we are to receive 
the utmost m benefits from vibration of 
concrete As soon as the engineer on the 
job begins to understand the real purpose 
of vibration and how the vibrator can 
be made to act most efficiently, then will 
we be getting the true benefits that ac
company slab vibration 

(3)—Concrete Mix Design Very 
satisfactory results have been obtained 
on certain jobs by designing normal con
crete mixes by using the Abrams Fineness 
Modulus theory Briefly, that is, for any 

maximum size aggregate, there is quite 
definitely a given Fineness Modulus that 
should be used which will give a balanced 
proportion of rock and sand Thus, re
gardless of the grading of any ordinary 
individual aggregate, fine or coarse, a 
workable mix may still be produced, 
which IS neither harsh nor fat by using 
the total Fineness Modulus indicated for 
that maximum size. In adapting this 
method to vibrated mixes it is simply a 
matter of raising the Fineness Modulus 
over that which would be used for a 
normal mix Accumulated information 
indicates the increment should be about 
0 2 While this method of design is not 
perfect, if used correctly, it is workable 
with only minor adjustments 

Regarding the use of the Talbot 
Richards formula, particularly the b/bo 
or workability factor, more study must 
be made However, the values as shown 
m Table I I indicate that for each work
able mix there are probably variable 
b/bo values depending upon the indi
vidual aggregates, but as soon as the 
proper b/bo value is determined for a 
normal mix, increasing that value pro
duces a ratio of rock to sand that is quite 
close to that desired for the vibration 
process 

(4 )—Types of Vibrators Mixes and 
lesults obtained from three types of vi
brators have been given Comments as 
to their relative efficiency cannot be 
made until more information concerning 
their use and results is secured How
ever, regardless of the type of vibrator 
used, the finishing machine ,to which it is 
attached must be in excellent structural 
condition, have reserve power and have 
good traction This statement is prob
ably more true for the tubular vibrator 
than for other types because of the fact 
that a tubular vibrator may be extended 
into the mass of the concrete to a depth 
at which it takes great force to move 
it forward through the mass Regardless 
of the efficiency of the vibrator itself. 
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the benefit derived fiom vibiation is de
stroyed, or lessened consideiably, if the 
finishing machine is not in good con
dition 

The subject of frequency of vibrators 
may be dismissed with the statement, 
which IS in agreement with those who 
have used vibrators to any extent, that 
the higher the frequency, with proper 
amplitude, the better the results that 
will be obtained Sufficient data are not 
at hand to indicate proper values for 
frequency and amplitude 

Results from using vibrators m Kansas 
have been fairly satisfactory While 
probably not as much has been gamed 
m slab quality as may be possible 
through the use of vibration, it is certain 

that nothing has been lost through their 
use Only through experience will high 
efficiency be obtained from them 

The Kansas Highway Department is 
insisting at the present time, however, 
that if a vibrator is to be used for pave
ment concrete, the finishing machine 
must be up to standard, and the engineer 
on the job must insist upon careful place
ment of the concrete The concrete must 
be in its final position between the forms 
prior to vibration The vibrator is to be 
used only as a means of settling the mass 
and not as a means of spreading 

It is believed that of the several types 
of vibrators used on this work, the more 
internally a vibrator may be made to 
work, the better the results will be 
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I N V E S T I G A T I O N OF V I B R A T O R Y M E T H O D OF F I N I S H I N G C O N C R E T E 
P A V E M E N T I N I L L I N O I S 

B Y V L GLOVER 

Engineer oj Materials 
Department oj Public Works and Buildings 

Division oj Highways, Illinois 

SYNOPSIS 

This investigation was conducted to study the practicability of the vibratory 
method of placing concrete on a regular paving contract Mixtures of standard 
proportions placed by conventional methods were compared with two types of 
mixtures placed by vibration, in which the proportion of fine to coarse aggregate 
was adjusted to give the best results Both gravel and crushed stone coarse aggre
gates were used In one type mixture, designed for standard yield, a reduction 
in mixing water of about one-half gallon per bag of cement and a corresponding 
increase in strength were obtained In the other, in which the standard water-
cement ratio was maintained, a saving in cement of about 10 per cent was ob
tained without reduction in strength The progress of the work was as satisfactory 
as with the conventional methods and the surface of the pavement showed no 
defects after one year The relative amounts of honeycomb in the slabs showed 
that the vibratory method is far superior to the Illinois Standard method in 
consolidating the concrete Concrete of one inch slump, which was about as dry 
as could be discharged and spread by the mixer bucket, was consolidated very 
satisfactorily around transverse metal joints, when installation bars to protect 
the copper seal or bituminous cap were used 

This mvestigation takes up the prac
tical application of the vibration method 
under field conditions Before presenting 
the data, however, it will be of advan
tage to consider briefly the results of a 
previous investigation in Illinois, because 
the investigation described herein may 
be considered, in a way, a continuation 
of the first one 

INVESTIGATION OF 1932 

In August, 1932, the Illinois Division 
of Highways constructed about one mile 
of pavement with one of the first vibra
tory finishing machines offered for use, 
with the object of making a thorough 
study of the merits of this method of 
placing and finishing concrete pavement 
Only a very brief account of this inves
tigation can be given here, and for further 
information, a report entitled, "Vibra
tory Method of Finishing Concrete Pave
ments," issued November 15,1933, should 
be consulted 

Description of Finishing Machine 
The vibratory finishing machine used in 
the investigation of 1932 was essentially 
the standard double-screed equipment 
with screeds slightly different in design 
and provided with electrically driven 
vibrator units operating at about 3,600 
impulses per minute Four vibrator units 
were placed on the front screed and two 
on the rear screed and the vibratory ac
tion was imparted to the concrete through 
the screeds while in motion 

Mixtures Used The experimental 
pavement contained 114 individual sec
tions, averaging about 45 ft in length, 
three different series of progressively 
changing concrete mixtures for both 
gravel and crushed stone coarse aggre
gate were used Expressing all quanti
ties in amounts per bag of cement, the 
mixing water was the major variable m 
one series, the coarse aggregate in an
other, and the fine aggregate in another 
An idea of the range of mixtures used 
may be had from the fact that the quan-
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tity of cement per cubic yard of con
crete ranged from 111 barrels to 1 58 
barrels A sufficient number of mixtures 
were used to determine the maximum 
practical limits of the proportions of ma
terials which could be handled by this 
machine and the proportions which ap
peared to be most suitable 

The ability of the vibratory finishing 
machine to handle and consolidate even 
the harshest mixtures was found to be 
truly remarkable and satisfactory pave
ment was obtained from most, if not all, 
of the mixtures placed The most suit
able mixtures, however, appeared to be 
those having a slump of about one-half 
inch which contained a ratio of sand 
to the total quantity of aggregates by 
absolute volumes in the vicinity of 32 
per cent for gravel mixtures and 35 per 
cent for crushed stone mixtures 

Swface Condition The only discon-
ceiting thing about the investigation was 
that some surface scaling developed on 
many of the sections However, scaling 
occurred on several other pavements con
structed that year and therefore it could 
not be said that the scaling which oc
curred on the experimental pavement 
was due to the vibratory method of com
pacting and finishing, although an exces
sive amount of manipulation was re
quired to finish many of the sections 
This viewpoint appeared to be justified 
from the fact that no surface scaling oc
curred on the experimental pavements 
placed by other States with the same 
equipment 

Conclusions Definite conclusions 
drawn from the investigation referred 
almoot exclusively to the mixtures and 
the resulting concrete 

It was fairly well established that 
concrete, though unworkable by ordinary 
means of placing, follows the same laws 
as concrete of ordinary workability when 
made plastic by vibration during the 
process of placing In other words, vi
bration imparts essentially no new prop

erty to the concrete and the water-ce
ment and voids-cement ratio laws still 
hold good 

The advantages of vibration from eco
nomic considerations were established 
It was found entirely feasible to produce 
concrete of higher strength than stand
ard at about the same cost as standard 
by reduction of the amount of mixing 
water and adjusting the proportion of 
fine to coarse aggregate, also to produce 
concrete of standard strength at lower 
cost than standard by maintaining the 
same water-cement ratio and increasing 
the amounts of the aggregates in proper 
proportions 

With reference to the first mentioned 
advantage, it was not determined defi
nitely from the investigation how much 
increase in strength above that of the 
standard mixtures may be obtained by 
reducing the water-cement ratio With 
reference to the second mentioned advan* 
tage, however, a reduction of the amount 
of cement from that used m standard 
mixtures of about 15 per cent was ob
tained without sacrifice of strength Ob
viously it would also be possible to ob
tain some increase m strength and save 
cement at the same time. 

It was realized at the time the inves
tigation was under way that it had cer
tain shortcomings and that the manner of 
conducting it precluded proper study of 
the practicability of the machine This 
was indicated by the statement in the 
conclusions "that the vibratory finishing 
machine should be further employed with 
mixtures suitable for i t" The oppor
tunity to do so, however, did not occur 
until September, 1936 

INVESTIGATION OF 1936 

The results of the investigation of 1932 
were not in themselves considered suffi
cient justification foi specifying this 
method for finishing concrete pavement 
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There was the question of surface scal
ing, and while it was never seriously be
lieved that this was an inherent result 
of the vibratory method, there was still 
some possibility that it might be 

The chief concern, however, was the 
fact that there was insufficient informa
tion as to the practicability of the equip-
naent when operated under job conditions 
At any rate, it was felt that the equip
ment should be given a further test on a 
regular contract job using only mixtures 
which were strictly suitable for it 

An investigation of this nature was 
undertaken in 1936 The United States 
Bureau of Public Roads was invited to 
cooperate and did so in permitting the 
work to be done on a Federal-aid sec
tion, assisting in planning the investiga
tion, and furnishing some of the aux
iliary testing equipment 

A contract which was awarded dur
ing the fall of 1936 specified the use of 
a vibratory finishing machine and also 
the use of separated sizes of coarse ag
gregate The construction work was 
started so late in the season, however, 
that it was not only necessary to deal 
with conditions which always result from 
late construction, but also to rush con
struction operations This was at first 
thought to be unfortunate, but in reality 
it provided an excellent test of the prac
ticability of the finishing machine In 
the case of some of the test data, however, 
the lateness of the season was a handicap, 
because of the inadequate and variable 
curing conditions which resulted from 
low temperatures 

The experimental section was desig
nated as Fedeial-aid Route 142, Federal 
aid Project 339, Section 34, Sangamon-
Menard Counties It is located about 11 
miles west of Springfield and extends 
5-̂  miles in a northerly direction from its 
junction with State Bond Issue Route 
125 

OBJECT OF INVESTIGATION 

In addition to proving or disproving 
the practicability of the vibratory equip
ment, another object of this investiga
tion was to determine whether the con
crete could be consolidated satisfactorily 
around all-metal air-chamber expansion 
joints and the all-metal contraction 
joints by the vibratory screed without 
damage to the joints, also to study the 
use of separated sizes of coarse aggregate, 
to study thoroughly the concrete ob
tained, and to make observations from 
time to time of the finished surface 

DESCRIPTION OF F I N I S H I N G M A C H I N E 

The finishing machine was a self-pro
pelled unit designated for vibratoiy fin
ishing It was equipped with reciprocat
ing screeds, the foiward one being 18 in 
wide and the rear screed 12 in wide 

Three high frequency electric vibratois 
were mounted on the front screed, one in 
the center and one 5 ft from each end 
The rear screed carried no vibrator units 

The bottom plate of the forward screed 
was curved upward and connected with 
the vertical plate, the ladius of curva
ture being 2^ in , thus forming a bull 
nose which crowded sufficient concrete 
under the screed to provide for the in
creased consolidation due to the vibra
tion 

A gasoline poweied motor-generator 
unit was mounted on the finishing ma
chine to provide power foi the vibra
tors The fiequency of vibration, as de
termined with a vibrating reed tachom
eter, ranged from 3,950 to 4,150 im
pulses per minute, the latter value being 
that obtained when the scieed was rest
ing on the forms and not in contact with 
the concrete When the screed was push
ing a good sized load of concrete, the 
frequency of vibration langed from 3,950 
to 4,075 impulses per minute The finish
ing machine weighed about 1,000 lb more 
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than the standard machine, its total 
weight being 10,700 lb. 

Figure 1 is a view of the equipment in 
operation, showing the front screed and 
the vibrators. 

While there was no essential difference 
in design of the machines used in the 
1932 and 1936 investigations, i t should 
be remembered, in any comparison of 
data between the two, that the finishing 
machine used in 1932 carried four vibra
tor units on the front screed and two on 

Figure 1. Finishing Machine in Operation. 
Showing Front Screed with Vibrators 

the rear, while that used in 1936 carried 
three vibrator units on the front screed 
and none on the rear. 

The physical properties of the aggre
gates are shown in Table 1. The cement 
used was a standard portland cement. 

CONCRETE M I X T U R E S 

Standard Mixtures: Since the sources 
of materials had been used in pavement 

T A B L E 1 
C o A B S E AGGREGATE 

Size 
Passing sieve—rier cent Voids 

per 
cent 2" 1' H' No.4 

Voids 
per 
cent 

Sp. 

Crushed Stone 

2" to V . . . . 100 61 10 2 
V to . . . 100 87 27 1 
Combined... 100 86 69 57 18 1 40.0 2 73 

Gravel 

2" to r 100 68 3 1 
1" to • • • 100 98 67 30 1 
Combined... 100 87 60 41 18 1 37.5 •2 70 

F I N E AGGREGATE 

Passing sieve—per cent 
Sp. gr. 

No. 4 No. 8 No. 16 No. 50 No. 100 
Sp. gr. 

98 77 62 8 2.65 

DESCRIPTION OF PAVING PLANT 

Outside of the different type finishing 
machine and an extra crane and bin, the 
equipment was the same as that regularly 
used on most paving jobs. A standard 
1936 model 27-E paver was used. 

MATERIALS 

Gravel was used for one-half of the 
job and crushed stone for the other. The 
only other deviation f rom standard prac
tice, was the requirement that the coarse 
aggregate should be furnished in two 
sizes, one ranging from 2 in. to 1 in. and 
the other from 1 in. to \ in. These sizes 
were recombined during the proportion
ing operations. 

construction for a number of years, the 
proportions of the standard mixtures were 
well known, except as to the effect of 
two sizes of coarse aggregate. For this 
reason and also to obtain certain test 
data for comparison, short stretches of 
pavement were constructed with stand
ard mixtures without the use of the v i 
brators, the finishing machine when used 
in this manner being considered equiva
lent to the standard reciprocating ma
chine. A total of 1,196 f t . of this mix
ture was placed using gravel coarse ag
gregate and 1,709 feet using crushed stone 
coarse aggregate. 

Mixtures oj Yield Equal to Standard: 
I n order to determine to what degree in
creased strength could be obtained wi th-
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out greater expenditure for materials, one 
mixture was designed to produce exactly 
the same yield as the standaid mixture, 
the proportion of sand to coarse aggre
gate and the amount of mixing water, 
however, were reduced to obtain the 
mixture most suitable for the vibratory 
equipment A total of 6,264 ft of this 
mixture was placed using gravel coarse 
aggregate and 5,288 ft using crushed 
stone coarse aggregate 

Mixtures of Strength Equal to Stand
ard To determine the amount to which 
the yield could be increased, and there
by save cement, without reduction in 
strength, one mixture was designed to 
produce the same strength as the stand
ard mixture, the amounts of the aggre
gates, however, were increased and the 
proportion of sand to coarse aggregate 
was adjusted to obtain the mixture most 
suitable for the equipment The water-
cement ratio was kept essentially the 
same as in the standard mixture A total 
of 5,560 ft of this mixture was placed 
using gravel coarse aggregate and 6,964 
ft using crushed stone coarse aggregate 

Proportions In order to start the work 
with a minimum amount of experimenta
tion the proportions believed to be about' 
correct were estimated for each of the 
mixtures These were then adjusted until 
the most suitable proportions were ob
tained 

Approximately correct proportions for 
the standard mixtures were known from 
previous experience In estimating the 
proportions for the mixtures to be placed 
by vibration, the data from the investi
gation of 1932 were used as a guide, tak
ing into account the difference in the 
number of vibrator units used in the two 
investigations and assuming that some
what greater plasticity would be neces
sary because of the metal joints around 
which the concrete had to be consoli
dated Table 2 shows the proportions 
originally • estimated and those which 
were determined through experimenta

tion to be best suited, these proportions 
were used for the greater part of the job 

The proportions used were nearly the 
same as the estimated proportions, ex
cept in the case of the vibrated mixtures 
designed for standard strength, in which 
somewhat smaller amounts of coarse ag
gregate produced considerably more 
satisfactory mixtures Comparing the 
cement factors of the vibrated mixtures 
designed for standard strength with those 
of the standard mixtures, it is seen that 
the cement was reduced about 11 per 
cent for the gravel mixture and nearly 9 
per cent for the crushed stone mixture, 
whereas a reduction of 12 per cent was 
assumed m the estimated proportions 

The degree to which the use of sepa
rated sizes of coarse aggregate may have 
affected the yields obtained could not 
be studied effectively in this investiga
tion Data relating to this are given in 
the Illinois Division of Highways', Bu
reau of Materials, report entitled, "A 
Study of the Segregation of Coarse Ag
gregate and the Use of Divided Coarse 
Aggregate for Its Prevention." 

In general, 40 per cent of the larger 
size and 60 per cent of the smaller size, 
or the 40-60 combination, produced the 
best results for the gravel mixtures, while 
the 35-65 combination produced the best 
results for the crushed stone mixtures 

That the use of separated sizes of 
coarse aggregate provides a desirable 
latitude in proportioning was clearly 
shown on one occasion when a 40-60 com
bination gravel mixture became unsatis
factory and a change was immediately 
made to a 30-70 combination Investi
gation showed that the difficulty was 
caused by segregated material from one 
of the stockpiles When the next ship
ment of aggregate arrived, the 30-70 com
bination became unsatisfactory and it 
was necessary to resume the 40-60 com
bination Had it not been for the sepa
rated sizes of coarse aggregate, the con
tractor would either have had to reduce 
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the amount of coarse aggiegate or place 
an unsuitable mixture for the peiiod in
volved, possibly with an increase in the 
amount of mixing water 

CONSTRUCTION PROCEDURE 

An engineer was stationed at the plant 
to control the proportioning of the mix
tures It was his duty to see that the cor-

proportions of the materials were de
termined 

For a description of the tests required 
and the duties of the proportioning en
gineer, reference should be made to the 
"Manual of Instructions for Proportion
ing Engineers," March, 1935 

The materials were transported to the 
mixer in trucks having a capacity of two 
batches The cement required for each 

T A B L E 2 

Standard miitures Vibrated mixtures 

Item 
Gravel Stone 

Standard Yield Standard strength 
Gravel Stone 

Gravel Stone Gravel Stone 

Originally Estimated Proportions 

Cement (lb) 94 94 94 94 94 94 
Sand (lb) 220 220 205 205 235 235 
C A (lb) 369 346 394 371 462 434 
Water (gal) 5 40 5 40 4 90 4 90 5 45 5 45 
Yield (cu f t ) 4 77 4 63 4 77 4 63 5 44 5 27 
Cement Factor 1 415 1 458 1 415 1 458 1 241 1 281 

Proportions Used 

Cement (lb ) 94 94 94 94 94 94 
Sand (lb ) 220 220 205 205 235 235 
C A (lb) 365 354 391 380 448 414 
Water (gal) 6 42 5 52 4 92 5 12 5 42 5 55 
Yield (cu f t ) 4 75 4 66 4 73 4 67 5 34 5 11 
Cement factor • 1 421 1 448 1 427 1 445 1 264 1 321 
Slump (m ) 2 4 2 0 1 1 1 1 1 0 1 1 

Note The cement factor is barrels of cement per cubic yard of concrete 

rect amount of each material was mea
sured for each batch and to determine the 
amount of water to be added at the 
mixer 

Close coordination was necessary be
tween the proportioning engineer and the 
engineer at the mixer and, since it was 
necessary for the proportioning engineer 
to be at the plant most of the time, an 
engineer from the Bureau of Materials 
was assigned to assist him at the begin
ning of the work and at such times there
after as major changes in the mixtures 
were made, which necessitated some ex
perimentation before the most desirable 

batch was placed on top of the aggre
gates and the bags were not dumped until 
just before the materials were emptied 
into the skip of the mixer Each batch 
contained the exact amount of materials 
for 29 7 cubic feet of mixed concrete and 
was mixed for 60 seconds after all of the 
materials were in the drum 

The water measuring device on the 
mixer was calibrated before the begin
ning of the work and set to deliver the 
correct amount of water over a greater 
range than was to be used 

In all respects, care was taken that no 
error should enter the investigational 
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woik from mefficiency in contiol of the 
proportioning 

Placing of Concrete The placing of 
concrete began September 24 and was 
finished Novembei 18 

The vibratory mixtures were mixed, 
deposited, and spread in the same mannei 
as the standard mixtures, except for cer
tain modifications introduced as the work 
progressed The mixer was operated out
side of the forms except where it was 
impracticable to do so 

It was found that the mixer opeiator, 
by pushing the bucket toward the end 
of the boom while the concrete was being 
discharged, could aid materially in 
spreading the relatively dry mixtures 
Also, the concrete could be spread across 
the centerline without materially affect
ing the longitudinal center joint and tie 
bars 

This method of spreading was at first 
thought unsatisfactory because some of 
the larger particles of aggregate were 
separated from the batch when it was 
dumped and these tended to deposit 
themselves against the side forms and 
joints, but this was remedied by deposit-
mg concrete with shovels along the forms 
and joints in advance of spreading it 
with the bucket The best edges were 
obtained when the concrete was shoveled 
with a turning motion in such a manner 
that the concrete in direct contact with 
the shovel would come next to the side 
forms No spading was done along the 
side forms with the mixtures placed by 
vibration 

In placing the standard mixtures, the 
contractor employed three puddlers to 
distribute and level the concrete and two 
side form spaders When the vibratory 
placing was started, the t̂ ô form spaders 
were not needed, but it was soon found 
necessary to use them as puddlers, as 
three men could not handle the concrete, 
which was not only drier than the stand
ard mixtures but also contained a con-

sideiably greatei amount of coaise ag
gregate 

The standaid mixtures were of 2-in 
slump or slightly more, while the vi
brated mixtures were of 1-in slump or 
slightly more The 1-in slump for the 
latter seemed to be about the lower 
limit, not only from consideration of 
proper placement around the transverse 
joints, but also because of the fact that 
concrete of lower slump could not be dis
charged propel ly from the mixer bucket 

The mixtures designed for the same 
yield as the standard mixtures were some
what sticky because of the relatively 
richer mortar A reduction of 0 5 gallon 
per bag of cement in mixing water was 
obtained for the gravel mixtures, and 
about 0 4 gallon per bag of cement for 
the crushed stone mixtures, which was 
expected to increase the strength over 
the standard mixtures 

The mixtures designed for the same 
strength as standard mixtures were bet
ter suited for the equipment than those of 
standard yield because of less stickiness 
They were placed with about the same 
amount of mixing water per bag of ce
ment as the standard mixtures and were 
expected to result in about the same 
strength The saving in cement, about 11 
per cent for the gravel mixture and 
about 9 per cent for the crushed stone 
mixture on the basis of the amounts used 
in the standard mixtures is an item of 
considerable importance 

The percentage of sand in the total 
absolute volumes of the aggregates pro
vides an excellent comparison between 
the standard and vibrated mixtures For 
gravel and stone coarse aggregates, re
spectively, these percentages were for the, 
standaid mixtures, 38 0 and 39 0, for the 
vibrated mixtures designed for standard 
yield, 34 8 and 35 7, and for the vi
brated mixtures designed for standard 
strength, 34 8 and 36 9 

What has been said in regard to plac
ing of the concrete applied particularly 
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to the mixtures after they had been ad
justed to produce the most satisfactory 
results, these being in general the gravel 
mixture of the 40-60 coarse aggregate 
combination and the crushed stone mix
tures of the 35-65 coarse aggregate com
bination, the first figure referring to the 
percentage of the larger size and the last 
to the percentage of the smaller size 
coarse aggregate Some experimentation 
was made m the case of all of the mix
tures before these combinations were 
adopted to see if some other combina
tions would give better results When 
such experimentation was made, the plac
ing of the concrete did not always pro
ceed as satisfactorily as described, though 
extreme limits in proportions were not 
attempted and all of the mixtures may 
be said to have been satisfactory for the 
equipment, and good results were in gen
eral obtained Such experimentation was 
confined to a minimum and does not 
represent much of the mileage con
structed 

The finishing machine made at least 
two trips over the freshly deposited con
crete, but in some cases three trips were 
required The vibrators were used only 
during the first trip, during which the 
finishing machine was operated in low 
gear 

The operations involved in finishing 
the surface were essentially the same as 
under standard practice, including the 
use of a longitudinal float, longhandled 
floats, belting and brooming Curing was 
accomplished by 24-hour wet burlap ap
plication and thereafter calcium chloride 
surface application or, when it was too 
cold for this method, by dry straw 
covering 

The number of irregularities of the 
surface exceeding ^ in in 10 f t , found 
on the pavement where the vibratory ac
tion was employed, was no greater than 
found on that placed by standard meth
ods The great majority of these were 
confined to the pavement placed with 

crushed stone mixtures, indicating that 
these were perhaps as a general rule 
slightly harsher than the gravel mix-' 
tures However, the crushed stone con
crete happened to be placed at the more 
difficult places, such as on grades, in 
cuts, and on superelevated curves 

Side Forms In general the subgrade 
was good, since the location followed an 
old road Side forms of 6-in base were 
used, but these apparently constituted 
a more or less definite limitation on the 
vibratory method of placing the con
crete and might have been entirely un
satisfactory on a poor subgrade 

Rocking of the side forms occurred to 
such a degree that it was considered im
practicable to operate the finishing ma
chine in second gear with the vibrators 
in action This, together with time con
sumed in stationary vibration at trans-
veise joints, left only sufficient time for a 
second trip over the concrete with the 
finishing machine m second gear and the 
vibrators turned off, thus limiting the 
amount of vibration when keeping pace 
with the mixer However, under this 
procedure, no appreciable settlement of 
the forms was noted, provided they were 
correctly set and well tamped Under 
less favorable conditions, forms with ' 
wider base would undoubtedly be neces
sary, even m the case of minimum vi
bration 

A mechanical form tamper was used 
on a part of the job A comparison, by 
means of precise levels taken on the 
forms, between hand tamping and me
chanical tamping showed a great im
provement resulting from the latter The 
settlement of the forms was small and 
regular where the mechanical tamper was 
used, while an irregular settlement oc
curred when the forms were tamped by 
hand Mechanical tamping also pre
vented the forms from rocking during op
eration of the finishing machine 

Transveise Joints One feature of the 
piesent pavement design, the use of all-
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metal air-chamber expansion joints and 
all-metal sealed contraction joints, was 
from the beginning expected to cause 
some difficulty. These were spaced at 
30-ft. intervals, every third joint being 
an expansion joint. The load transmis
sion feature of these joints consisted of 
relatively short dowels through the joint 
working in sleeves provided with wing 
anchors set in the concrete. These load 
transmission units were spaced at 20-in. 
intervals along the joints. 

The method of consolidating the con
crete around these joints was developed 

results were obtained when the concrete 
was shoveled against the joint with a 
turning motion of the shovel in such a 
manner that the concrete next to the 
blade of the shovel was deposited against 
the joint. Figure 2 shows the concrete de
posited along the sides of an expansion 
joint. 

The front screed was stopped about 3 
in. f rom the joint and permitted to v i 
brate for about one minute. I t was then 
raised and set directly over the joint and 
stationary vibration was again applied 
for about one-half minute before pro-

Figure 2. Concrete Deposited Along the Sides 
of an Expansion Joint 

through tr ia l . Various methods were 
tried and, as soon as the concrete had 
set sufficiently, a joint was opened and 
the results examined. This was continued 
until a method of procedure was devel
oped which insured thorough compac
tion of the concrete around the load 
transmission units and against the sides 
of the joints without collapse of the 
joints, infil tration of mortar, or damage 
to the copper seal. The method as finally 
developed and found entirely satisfac
tory was as follows: 

(Concrete was first forced directly under 
each load transmission unit by shovels. 
I t was then shoveled against both sides 
of the joint up to the horizontal flange 
of the copper seal, taking care that no 
coarse aggregate particles were lef t on 
top of the copper seal flange. The best 

Figure 3. Front Screed of Finishing Machine 
in Position for Stationary Vibration at an 
Expansion Joint. 

ceeding into the next panel. Figure 3 
shows the finishing machine in position 
for stationary vibration at an expansion 
joint. 

Regardless of the care exercised in 
keeping coarse aggregate particles off the 
top of the copper seal, i t was impossible 
to prevent some such particles f rom being 
carried forward by the screeds and dam
aging the seal. I n the past, installation 
bars of various designs had been used and 
other precautionary methods had been 
taken to protect the copper seal, but 
many were impracticable. The vibratory 
finishing machine sti l l further compli
cated the problem of protecting the cop
per seal, because the action of the screed 
on any particle of coarse aggregate which 
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lodged on top of the seal produced a ham
mering effect on the particle. 

Installation bars for contraction joints 
were provided by the manufacturer; these 
gave adequate protection to the seal but 
were unsatisfactory from a structural 
standpoint. These bars had wide flanges 
and they could not be removed after 
the joint was installed without bending 
them because of the suction between the 
bar and the concrete. Furthermore, the 
space left over the joint was too wide 
and had to be partially filled. 

With cooperation of the contractor, 
installation bars without flanges were 
made, which gave a little more clearance 
for the screed; these proved entirely 
satisfactory. 

The copper seal of expansion joints 
was protected by premolded bituminous 
caps. These also suffered damage in 
the same manner as the copper seal of 
the contraction joints, though not to so 
great a degree, and it was decided to try 
installation bars for their protection. 

The manufacturer of the joint sub
mitted installation bars of | - in . material 
pressed into the form of a channel con
forming exactly to the shape of the 
bituminous cap. These proved very ef
fective for protection of the cap and for 
keeping it clean. The only objection was 
some disturbance of the concrete adjacent 
to the cap when the installation bar was 
removed from the expansion joint. 

TEST SPECIMENS 

The test specimens consisted of 6 by 
6 by 30-in. beams and 6 by 12-in. cylin
ders cast from the concrete at the time of 
placing, 4|-in. cores drilled from the com
pleted pavement, and special test sections 
constructed from time to time as an in
tegral part of the pavement and later re
moved for testing purposes. 

Beams and Cylinders: Four beams 
and eight cylinders were made during 
each day's construction. When the stand
ard method of placing was employed, the 

11 

specimens were made by standard meth
ods; and when the vibratory method of 
placing was employed, the specimens 
were vibrated for 15 sec. this period hav
ing been decided upon from preliminary 
laboratory tests. 

The apparatus used for vibrating the 
test specimens consisted of a vibrator 
unit fastened to the bottom of a plank, 
which was suspended by straps from a 
trestle. On the top of the plank, provi
sion was made for securely clamping 
either one beam mold or two cylinder 
molds. The current for operating the vi
brator was obtained from the motor-gen-

Figure 4. Apparatus for Vibrating Beam and 
Cylinder Test Specimens 

erator unit on the finishing machine. Fig
ure 4 is a view of the apparatus in opera
tion. 

Due to the variation in curing condi
tions anticipated in late fall construc
tion, the beams and cylinders were trans
ported to the laboratory at Springfield 
as soon as possible and cured in the moist 
room. They were from 30 to 36 hours 
old when this curing was started. They 
were tested at the ages of 3, 5, 7, 14 and 
21 days. An exception to this procedure 
was made in the cases of the beam speci
mens from the special test sections which 
were cured alongside these special test 
sections and tested with them. 

Cores: When the concrete had reached 
an average age of about 5 months, 144 
cores were drilled from the pavement. 
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These were used for the purpose of study
ing the crushing strength of the concrete, 
its absorption, weight per cubic foot, 
specific gravity, degree of honeycomb, 
and resistance to alternate freezing and 
thawing. 

Twenty four cores were drilled from 
each of the gravel and crushed stone mix
tures considered the most satisfactory 
for the vibratory method of placing and 
also from the standard mixtures. Tlicy 
were taken from well distributed loca
tions and about one-third of them were 
taken at what was considered the most 
critical points of the pavement; namely, 

Figure 5. Subgrade Prepared for Construction 
of a Special Test Section 

wliere the edges of the batches met and 
near the edges of the pavement, the gen
eral opinion being that if a badly honey
combed condition existed at all, it would 
be found at these points. The cores were 
tested when the concrete was about 8 
months old. 

Special Test Sections: In order to 
examine large samples of the slab and 
to obtain the flexural strength of the 
jiavement slab itself, special test sec
tions were constructed integrally with 
the pavement and removed at a later 
date for examination and tests. These 
special test sections were constructed and 
finislied in the same manner as the pave
ment. Tlicy extended from the edijc to 
the center of the pavement, were 9 ft. in 
a longtituilinal direction, anil liad u luii-

form thickness of 6^ in. A section was 
constructed for approximately every 
1,500 lineal feet of slab and they were 
located alternately to the right and left 
of the centerline. Figure 5 shows the 
subgrade prepared for the construction 
of one of the special test sections. 

The sections were separated from the 
rest of the pavement by collapsible 
wooden headers and four 2 by 2-in. 
wooden separators were inserted between 
the headers to crack each section into 
five slabs, each 24 in. in width. It was 
thought that the concrete next to the 
wooden headers would possibly not be 
representative of the pavement, and pro
vision was made for easy removal of 2 ft. 
from each end of each slab by making a 
row of ^-in. holes across each special 
section 2 ft. from each header before the 
concrete had set. The ends of the slabs 
were removed later by means of ])lugs 
and feathers. U-bolts were set in each 
slab to facilitate handling. The arrange
ment was essentially the same as de
scribed in "Public Roads," Vol. 12, No. 6, 
page 147, August, 1931. 

Each test section was placed with two 
batches from the same truck to eliminate 
possible variation. No special effort was 
made in consolidating the concrete be
yond that received by the pavement 
proper, and concrete was not deposited 
by shovel against the side forms prior 
to depositing the batches. Three 6 by 6 
by 30-in. beams were made from the 
concrete used in each test section to com
pare the flexural strength of the usual 
test specimens with that of the slab. 
They were kept with the test slabs and 
cured in the same manner as these until 
the time of testing. 

Upon completion of the paving work, 
the special sections were removed from 
the pavement and the place occupied 
filled with concrete. After removal of 
the ends, the test slabs were taken to the 
laboratory, placed outside, and the edges 
hanked with soil. It was thought desir-
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iblo to let tlit'sc slabs attiiin considcral)lc 
age before testing to minimize tiie effect 
of the initial variable curing tempera
ture, and they were not tested until they 
were about eight months old. Figure 6 
shows a sijecial test section ready for 
removal. 

R E S U L T S OF T E S T S 

CONSTRUCTION PROGRESS 

In connection with the question of the 
])racticability of the vibratory finishing 
machine, a study of the construction 
progress on this job is of special interest. 

Figure 6. View of Special Test Section Ready 
for Removal 

The average rates shown in Table 3 in
clude all of the pavement laid, except 
that which could not be classed as repre
sentative, such as a wye intersection and 
one or two short stretches, including most 
of the pavement placed on the first day 
Ix'fore the work was coordinated. 

The standard gravel mixture was the 
first one placed and the 170 linear feet 
of pavement constructed with it which 
were considered entirely representative 
for a study of this nature; on the basis 
of this distance, the rate of 116.0 linear 
feet per hour was determined. The re
maining rates shown in Table 3, how
ever, were based on more than 90 per 
cent of the pavement laid with the repre
sentative mixes. The lowest rate oc
curred with the vibrated mixture de

signed for standard yield. Crushed stone 
concrete gave slightly lo\^cr rates than 
gravel concrete, although this may be 
partially accounted for by the fact that 
the crushed stone mixture, though pos
sibly a little harsher than the gravel mix
tures, were placed on the most difficult 
part of the pavement, containing fea
tures such as cuts, fills, and superele-
vated curves. The vibrated mixtures de
signed for standard yield were in gen
eral too sticky to give the best results. 
Those designed for standard strength are, 
from the standpoint of the rates shown, 
entirely on a par with standard mixtures. 

T A B L E 3 

Mixture 
Rate 

lin. ft. 
per hr. 

Gravel Coarse Aggregate 

Standard 
Vibrated—yield equal to standard... 
Vibrated—strength equal to standard 

116.0 
114.7 
116.8 

Crushed Stone Coarse Aggregate 

110.3 
Vibrated--yield equal to standard... 107.9 
Vibrated--strength equal to standard 114.3 

While the vibrated gravel mixture de
signed for standard strength showed the 
best average rate, the vibrated gravel 
mixture designed for standard yield 
showed the best average rate during a 
single day. With this mixture, using two 
5^-hour shifts, 1,320 linear feet at the 
average rate of 120 linear feet per hour, 
or 521 batches of concrete at the aver
age rate of 47.36 batches per hour, were 
placed in one day. During a 6-hr. period 
on this same day, the production was as 
high as 130 linear feet per hour, or about 
two batches short of a perfect run based 
on a 62-sec. mixer period. 

Tiie average production for the entire 
job, excepting the wye intersection, was 
112 linear feet per hour. The finishing 
machine was in general capable of ban-
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dling all the coiiciete that possibly could 
be put through the mixer when operated 
as previously described herein 

TESTS OF BEAMS AND CYLINDERS 

In spite of the fact that the beam and 
cylinder specimens were cured in the 
laboratory moist room, the results ob
tained from the strength tests did not in 

heating the mixing water Under these 
conditions, the erratic results shown m 
Table 4 might be expected 

Rather than to try to make detailed 
correlation between strengths and initial 
condition of the mixtures, which at best 
would be more or less indefinite, it was 
decided to make strength comparisons 
only on the basis of the tests of the cores 
and slabs, which were actually a part of 

T A B L E 4 

T E S T S OF B E A M S AND C Y L I N D E R S 

Number of Tests and Average Strengths in Pounds Per Square Inch 

Gravel mixtures Crushed stone mixtures 

Age in days Standard Yield-Std Str- Std Standard Yield-Std Str -Std 

No Sir No Str No Str No Str No Str No Str 

Flexural Strength 

3 6 549 4 570 2 546 4 545 6 459 
5 6 661 6 651 2 614 8 707 4 660 
7 12 729 10 736 4 747 10 757 16 772 

14 12 777 14 868 10 786 8 888 12 863 16 895 
21 10 913 12 962 2 776 8 916 12 868 

Compressive Strength 

3 6 2576 4 2542 2 2162 4 1811 6 1868 
5 6 3329 6 3042 2 3393 8 3398 4 3444 
7 12 3752 10 3316 4 3963 10 4045 16 3746 

14 12 4423 14 4793 10 4103 8 4847 12 4789 16 5025 
21 10 5073 6 5084 2 5402 10 4988 12 4843 

all cases show the anticipated differences 
probably because of variable factors such 
as the weather conditions during the 30 
to 36 hours that had to elapse before the 
specimens could be placed in the moist 
room, the initial temperature of the con
crete, and the protection afforded the 
specimens during their early ages The 
construction work was started under al
most summer conditions, later it became 
somewhat chilly at night, and after a 
time it became necessary to heat the mix
ing water, and finally it was necessary to 
use a heater on the mixer in addition to 

the pavement, and which were not tested 
until the concrete had attained an age 
at which it would be expected that the 
effect of the initial variable conditions 
would be minimized 

TESTS OF CORES 

About half of the cores were used for 
strength tests, the other half were used 
for miscellaneous additional tests Table 
5 shows the average specific gravity, per
centage absorption, and weight per cubic 
foot of the concrete produced from the 
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various mixtures These values are m 
most cases the average of six determina
tions 

It is seen that almost identical lesults 
were obtained excepting the standard 
crushed stone mixture, which appears 
to be inferior to the rest Either the 
standard crushed stone mixture was im
properly consolidated or the vibrated 
crushed stone mixtures were benefited 
sufficiently by vibration to increase the 
weight per cubic foot more than 2 lb 

The strength results, for the sake of 
correlation with similar data, are shown 
in Table 6 It will be seen that the stand-

be well distributed m the mortar, leaving 
no greater degree of voids and air holes 
than found in the ordinary run of cores 
In short, the cores were of very excellent 
appearance, but it may be doubted 
whether this type specimen is of sufficient 
size to show clearly anything but severe 
degrees of honeycomb, especially as far 
as the bottom of the slab is concerned, as 
may be seen from the study of the special 
slabs 

Eighteen representative cores were sub
jected to alternate freezing and thawing 
tests, consisting of freezing the speci
mens in the cold room over night under 

T A B L E 5 

Mixture Speci&c 
gravity 

Absorption, 
per cent 

Weight per 
cubic ft -lb ' 

Gravel Coarse Agg regate 

Standard 
Vibrated—yield equal to standard 
Vibrated—strength equal to standard 

2 37 
2 37 
2 37 

4 35 
4 35 
4 30 

147 8 
147 9 
147 6 

Crushed Stone Coarse Aggregate 

Standard 
Vibrated—yield equal to standard 
Vibrated—strength equal to standard 

2 32 
2 36 
2 37 

5 02 
4 54 
4 58 

145 0 
147 3 
147 6 

ard crushed stone mixture, so far as the 
tests of the cores are concerned, also 
showed somewhat inferior strength This 
will be discussed more fully in connection 
with the results obtained from tests of 
the special slabs 

Few of the cores drilled showed any 
unusual degree of honeycomb Only 10 
cores showed honeycomb worth mention
ing, five each from gravel and crushed 
stone mixtures Four of these were from 
standard and six from vibrated mixtures 
Eight were taken from what was con
sidered the most critical points of the 
slab, four of these being from standard 
mixtures and four from vibrated mix
tures A few representative cores were 
sawed longitudinally into halves and the 
coarse aggregate was in general found to 

a temperature of 0° F and thawing them 
during the day in water at 70° F At the 
present time, after 60 cycles of freezing 
and thawing, only two specimens show 
any effects whatever from this test One 
core of the vibrated gravel mixture de
signed for standard yield, and one core 
of the vibrated crushed stone mixture de
signed for standard strength each show a 
minute crack, discernible only upon close 
inspection, which may not be of any par
ticular significance These tests are nev
ertheless being continued until at least 
100 cycles have been obtained 

TESTS OF SLABS 

The slabs were tested at ages ranging 
from 231 to 251 days, the average being 
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sligiitly less than 8 months. They were 
tested for their flexural strengtlis and 
examined to determine the percentage of 
honeycomb both on the bottom and on 
the fractured surfaces produced in the 
strength test. A determination was also 
made of the percentage of broken coarse 
aggregate particles in the fracture. 

Description of Apparatus and Meth
ods: The apparatus for testing the special 
slabs was furnished by the United States 
Bureau of Public Roads. I t consisted of 
a structural steel base frame supporting 
a transverse rocker bearing and a roller 
bearing, upon which the slabs were placed 

all points of contact with the specimens 
to insure even bearings. 

Two weeks or more before testing, the 
slabs were soaked and thereafter kept 
wet by ponding water on the surface un
til the time of testing. They were loaded 
over the one-third points of a span of 
54 in. 

Figure 7 shows a specimen mounted in 
the apparatus ready for testing. 

The amount of honeycomb was deter
mined by placing a 4-in. square wire 
mesh over the surface to be examined 
and measuring the amount for each 
square separately. When necessary, the 

Figure 7. Slab Mounted in Apparatus Ready 
for Testing 

Figure 8. Slab Showing All Three Degrees of 
Honeycomb 

for testing. A vertical tension member 
was attached at the center of each side 
of this frame by easily removable pins. 
Fastened at the upper end of these ten
sion members was a transverse steel 
beam against which the load was applied. 
The load was applied by means of a ball 
bearing rachet jack and distributed to 
the one-third points of the span by means 
of a structural frame. The load was 
measured with a micrometer dial by 
observing the deflection of a calibrated 
pair of heat treated steel beams inserted 
between the jack and the beam against 
which the load was applied. To insure 
that the roller and rocker bearings would 
work, metal bars were placed on top of 
them and molding plaster was used at 

4-in. squares were subdivided into 2-in. 
squares. The amount of honeycomb was 
expressed in terms of the percentage of 
the total area. 

The degree of honeycomb was classi
fied as shallow, medium, and deep. While 
there was no distinct line of demarcation 
between these classes, the general rule 
was to classify any condition where the 
fine aggregate was not completely cov
ered with cement paste as shallow honey
comb. If the fine aggregate particles and 
some of the coarse aggregate particles 
were not covered, the condition was clas
sified as medium honeycomb. If the 
coarse aggregate particles were definitely 
not covered by the mortar, the condition 
was classified as deep honeycomb. Fig-
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ure 8 shows a slab exhibiting all three de
grees of honeycomb The percentage of 
broken aggregate in the fracture was 
estimated as closely as possible 

Results of the Strength Tests Two 
special tests sections were constructed for 
each of the standard mixtures and four 
for each of the vibrated mixtures and 
since each special section was divided 
into five slabs, there were 10 individual 
tests performed on each standard mix
ture and 20 on each vibrated mixture 
Except in case of the first special section 
constructed, for which no beams were 

values obtained for the standard mix
ture and those obtained for the vibrated 
mixture designed for standard strength 
Also, the vibrated mixture designed for 
standard yield, in which the amount of 
mixing watei had been reduced by one-
half gallon per bag of cement, shows on 
the average about 7 per cent higher 
strength than the standard strength mix
tures, as far as the cores and slabs are 
concerned The companion beams, how
ever, show discordant results m that the 
standard strength mixtures show slightly 
higher strengths 

T A B L E 0 
TE&TS OP SLABS, C O R E S AND B E A M S 

Strength in P S I 

Mixture Comp Flexural 

Cores Slabs Beams Per cent diff N 

Gravel Coarse Aggregate 

Standard 5381 905 1157 27 9 
Vibrated—yield equal to standard 5797 953 1066 11 9 
Vibrated—strength equal to standard 5386 877 1133 29 2 

Crushed Stone Coarse Aggregate 

Standard 4408 825 1016 23 1 
Vibrated—yield equal to standard 6349 944 1075 13 9 
Vibrated—strength equal to standard 5277 788 1018 29 1 

made, there were three 6 by 6 by 30-in 
beams made with each special section, 
making a total of three beams for the 
standard gravel mixture, six for the 
standard crushed stone mixture and 
twelve for each of the vibrated mixtures, 
but three beams of the crushed stone mix
ture designed for standard strength were 
lost before testing The average results 
of the tests of these specimens are shown 
in Table 6 together with the average 
compressive strengths of the cores, the 
latter being the average of twelve indi
vidual tests perfoimed at the same age 

There is fair agreement, in case of the 
giavel mixtures, between the strength 

In case of the crushed stone mixtures, 
it appears that the standard mixture gave 
entirely too low compressive strength, 
while its flexural strength fell fairly well 
in Ime with that of the vibrated mixture 
designed for standard strength The vi
brated mixture designed for standard 
yield, in which the amount of mixing 
water was reduced by 0 4 gallon per bag 
of cement, shows an undue gam in 
strength over the standard strength mix
tures Even when the low core strength 
of the standard mixture is eliminated 
fiom the comparison, the gain is about 18 
per cent on the basis of core and slab 
strength The companion beams again 
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show discordant results m that only 
about 6 per cent gain in strength over 
those of the standard strength mixtures 
was obtained 

The reason for the low strength of the 
cores of the standard crushed stone mix
ture 18 difficult to explain, especially since 
the slab strengths did not show a similar 
tendency. The core strengths would have 
to average nearly 1,000 pounds higher 
to be on par with the other standard 
strength mixtures It will be recalled that 
the cores from this mixture employed m 
miscellaneous other tests showed lower 
specific gravity, higher absorption, and 
lower weight per cubic foot than the 
cores of any other mixture, which tends 
to be in agreement with the low core 
strengths, but which would scarcely be 
sufficient to cause the entire deficiency 
m strength 

The beams made in connection with 
the slabs showed considerably higher 
strength than the slabs The reason for 
this lies primarily m the method of test 
The beams were tested by the so-called 
cantilever method which is in reality a 
simple beam test over a 16-m span with 
the load at the midpoint, restraint being 
reduced by means of a roller under each 
end During comparative tests (Report 
No 31-4, File No 354 0, issued March, 
1929), the Illinois Division of Highways 
found that the one-third point loading 
gave about 82 per cent of the strength 
obtained by the midpoint loading using 
a 24-in span, or, in other words, the mid
point loading gave about 22 per cent 
higher strength than the one-third point 
loading In this case, because of the 
difference in span length between the 
slab and beam tests, the difference be
tween the two methods would probably 
not be exactly the same Some of the 
difference, also, is no doubt due to the 
difference in thickness of the specimens, 
the slabs being 6^ m thick and the beams 
6 m. 

From Table 6, it is seen that the beam 

strengths for the standard strength mix
tures are on the average 28 or 29 per 
cent higher than the slab strength, ex
cepting the beams of the standard 
crushed stone mixture which showed a 
corresponding value of about 23 per 
cent The vibrated mixtures designed for 
standard yield, that is, the mixtures in 
which the water-cement ratio was re
duced, showed much lower correspond
ing percentages, the average being about 
13 per cent I t would appear then that 
there is reasonably close agreement be
tween the mixtures within each strength 
class, and that the beam test within com
parable mixtures is a fairly uniform mea
sure of the slab strength However, there 
appears to be an unreasonable differ
ence in the percentages shown for the 
two classes of mixtures, and this state
ment IS by no means conclusive 

Results of Examination for Honey
comb The vibrated mixtures on the av
erage showed much less honeycomb on 
the bottom of the slabs than the standard 
mixtures Honeycomb of any great con
sequence was not found in most of the 
slabs when the fracture was examined 
after testing There was in all instances 
a large percentage of broken aggregate 
m the fracture The average percentages 
for the mixtures are shown in Table 7 

The highest percentage of honeycomb 
was found in the standard mixtures In 
the gravel mixture, one special section 
was very badly honeycombed, while the 
other was in fairly good condition with 
no deep honeycomb In the crushed 
stone mixture, both special sections were 
badly honeycombed 

In the vibrated mixtures, conditions 
of honeycomb, when of any consequence, 
were generally found in the slabs cast 
next to the side forms This may be di
rectly charged to the fact that the con
crete was not shoveled against the side 
forms by hand as it was in the pave
ment proper. Some of the worst condi
tions found in the slabs, therefore, would 
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m general not be found m the pavement 
and from this viewpomt the special sec
tions cannot be said to be fully represen
tative of the pavement 

Without question, the special sections, 
however, show a true comparison be
tween the results obtained with the vari
ous mixtures Undoubtedly a 2-m slump 
concrete is not nearly so satisfactory for 
the standard method of placing as is a 
1-in slump concrete for the vibratory 
method. On the average, the percentage 
of honeycomb in the standard mixtures 

not have improved the consolidation 
since, while only a small range in consis
tency was employed in the investigation, 
it was shown that the vibration was not 
particularly effective on mixtures of 1 -̂
in slump or greater 

SURFACE CONDITION AFTER ONE YEAR 

A detailed examination of the pave
ment surface after nearly one year of ser
vice revealed few surface defects and no 
condition which could be classed as sur-

T A B L E 7 

Mixture 

Broken 
aggregate 

in 
fracture, 
percent 

Honeycomb—percentage of total area 

Mixture 

Broken 
aggregate 

in 
fracture, 
percent 

In 
fracture 

In bottom of slab Mixture 

Broken 
aggregate 

in 
fracture, 
percent 

In 
fracture 

Shallow Medium Deep Total 

Gravel Coarse Aggregate 

Standard 
Vibrated—yield equal to standard 
Vibrated—strength equal to standard 

90 3 
84 1 
83 0 

0 4 
0 2 
2 9 

10 9 
4 8 
1 8 

12 9 
2 7 
3 7 

3 4 
2 2 
4 3 

27 1 
9.7 
9 8 

Crushed Stone Coarse Aggregate 

Standard 
Vibrated—yield equal to standard 
Vibrated—strength equal to standard 

82 5 
86 5 
81 8 

2 2 
1 5 
2 7 

6 3 
1 2 
2 0 

22 7 
1 4 
6 9 

5 4 
2 7 
2 5 

34 4 
5 3 

11 4 

was from three to four times as great as 
that found in the vibrated mixtures 

While by comparison the extent of 
honeycomb found in the vibrated mix
tures was much less than that found m 
the standard mixtures, the appearance of 
the bottom of the vibrated slabs indicates 
that a single trip of the finishing ma
chine with the vibrators operating is in
sufficient for the best results with l-in 
slump concrete 

It IS firmly believed that the amount 
of honeycomb would have been negligible 
if there had been sufficient time available 
to make two trips with the finishing ma
chine over the concrete with the vibra
tors in action An increase in slump of 
the concrete, however, would probably 

face scaling There were two stretches 
where rain had fallen on the surface 
during construction, giving it somewhat 
different appearance from the rest, and 
a few locations where some of the sur
face may have dusted off, but even if 
this should be classed as scaling, there 
would perhaps not be ten or fifteen 
square feet of such in the entire 5^ miles 
constructed. 

CONCLUSIONS 

From the data and discussion pre
sented herein, the following conclusions 
may be drawn 

1 The investigation proved that the 
vibratory method of placing concrete 
pavement is practical as far as equip-
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ment is concerned No mcciianical diffi
culty of any consequence was cncoun-
teied with the finishing machine, no en
largement of the construction force was 
necessary, and no additionad equipment 
was required, with exception of the extia 
ciane and bin needed to handle the sepa
rated sizes of coarse aggregate 

2 The investigation proved that the 
vibratory method of placing pavement is 
practical from the standpoint of progress 
of the work, an average rate of produc
tion of 112 linear feet per hour being 
maintained for the entire job under late 
season construction conditions During 
the most favorable conditions, the rate 
was higher and often approached closely 
all that the mixer could handle and still 
maintain the required mixing period 

3 The concrete mixtures used with the 
vibratory finishing machine were as 
easily placed and finished as the standard 
mixtures were with the conventional 
equipment 

4 It was clearly demonstrated that 
the use of separated sizes' of coarse ag
gregate furnishes a desirable latitude in 
control of the mixtuies 

5 It was found that the amount of 
mixing water used in standard mixtures 
may be reduced by about one-half gal
lon per bag of cement, when the mixture 
IS redesigned for use with vibratory 
equipment by taking out some of the fine 
aggregate and adding a sufficient amount 
of coarse aggregate to pioduce the same 
yield The increase in strength resulting 
from this varied considerably between 
the gravel and crushed stone mixtures 
and between the various types of test 
specimens 

6 It was found that when the amount 
of water per bag of cement used in stand
ard mixtures was maintained and the 
mixture redesigned for use with the vi
bratory equipment by adding fine and 
coarse aggregate in proper amounts, a 
reduction of around 10 per cent in ce
ment content may be obtained without 
reduction in the strength of the concrete 

7 The raixtuics wcie best suited 
foi the vibratoiy equipment when the 
amount of sand in the gravel mixtures 
was about 35 pei cent of the total amount 
of aggregates by absolute volumes and 
36 or 37 per cent in the crushed stone 
mixtures 

8 The lower limit of the slump of the 
mixtures suitable for the vibratory equip
ment was about 1 m , this limitation, 
however, being in a large measure due to 
the transverse joints and the design of 
the mixer bucket 

9 Concrete of 1-in slump may be 
consolidated very satisfactorily around 
transverse metal joints by the vibra
tory finishing machine Installation bars 
to protect the copper seal or bituminous 
cap of the joints are necessary 

10 The 1-in slump concrete was about 
as dry as could be satisfactorily dis
charged and spread by the mixer bucket 
Possibly some change in design of the 
mixer bucket would be advantageous 
where the vibratory type of finishing ma
chine is used 

11 Satisfactory edges were obtained 
without spading when concrete was de
posited by shovels along the forms prioi 
to the depositing and spreading of the 
batches 

12 Heavier forms than used on this 
job would be necessary 

13 The amount of honeycomb present 
in the concrete placed by standard and 
vibratory methods showed that the vi
bratory method is far superior to the 
standard method in consolidating the 
concrete A 2-in slump concrete placed 
by the standard method does not give 
nearly so satisfactory results as a 1-in 
slump concrete placed by the vibratory 
method However, a single trip of the 
finishing machine with the vibrators in 
action IS not believed to be sufficient for 
best results 

14 It IS indicated that the standard 
flexural test of beam specimens used by 
the Illinois Division of Highways as a 



DISCUSSION—VIBRATION OF CONCRETE 323 

field test gives results "sshich are a fairly 
uniform measure of the actual slab 
strength within any certain strength class 
of the concrete 

15 An examination of the pavement 
surface nearly one year after the con
struction revealed few surface defects of 
any kind and no surface scaling 

16 Any variation in results between 
the investigations of 1932 and 1936 is 
largely due to the difference in the num

ber of vibrator units employed with the 
finishing machine, and in the limitation 
as to slump of the concrete imposed by 
the presence of transverse joints in the 
1936 investigation If special test sec
tions had been constructed in connection 
with the investigation of 1932, thus per
mitting an examination of the bottoms 
of the slabs, some of the conclusions 
drawn from this investigation might have 
been modified 

D I S C U S S I O N ON V I B R A T I O N OF P A V E M E N T C O N C R E T E 

M R B E R T M Y E R S , Iowa State High
way Commission The work covered by 
this study IS a part of a paving project 
7 646 miles long built August 2 6 to 
October 22, 1937 The test results re
ported cover approximately one mile of 
pavement placed by the Jackson Tube 
in single day's runs alteinated with runs 
of similar length placed in accordance 
with the 1937 Standard Specifications of 
the Iowa State Highway Comhiission 
For the sake of brevity the two will be 
referred to as "Vibrated Concrete" and 
"Standard Concrete " 

The report of the Wisconsin Highway 
Commission describes the Jackson 
Vibratory Paving Tube The Iowa 
Standard Specifications require that all 
concrete within 18 in of all joints, in
cluding the center joint shall be con
solidated by means of an internal 
vibrator The "internal vibrator" used 
on the standard concrete was a Mall 
vibrator This tool was not used in the 
concrete placed with the Jackson Tube 

The special provisions requiring the 
use of the Jackson Tube provided that 
m the sections to be consolidated by 
means of the vibratory tube the pro
portions should be those which would 
produce concrete with a satisfactory 
degie'e of workability for this method 
of placement, with the provision that 
the water-cement ratio should not be 

greater than the average used in concrete 
placed in the standard manner and that 
the quantity of cement per cubic yard 
of concrete should not be less than 1 6 
bbl 

The dry weight proportions used in 
the two kinds of concrete were as given 
in Table 1 

The composition of a unit volume of 
fresh concrete was determined on one 
300 ft section of each kind of concrete 
by observing carefully the quantities of 
all the materials used and measuring 
the space filled by taking cross sections 
of the pavement slab Cross sections 
were taken at intervals of 10 ft with 
measurements at one foot intervals 
across the pavement 

The compositions of unit volumes of 
concrete as thus determined are given 
in Table 2 

Fifty cores were drilled from each 
kind of concrete A summary of the 
lesults of density tests made by weigh
ing in water and weighing in air after 
being thoroughly soaked in water at 
laboratory temperature is given in 
Table 3 

The mean deviation from the average 
of these density determinations expressed 
as percentage of the average is as 
follows: 

Standard Concrete 
Vibrated Concrete . 

Percent 
0.55 
045 
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One possible explanation for the fact 
that there was greater variation in the 
density of standard concrete than in 
vibrated concrete is that perhaps some 
of the cores from the standard concrete 
were taken from areas that had been 
affected by the Mall vibrator, while 

Crete as to quantity, size or distribution 
of pore spaces A more thorough study 
of this point will be made later 

Table 4 gives a summary of the results 
of compressive strength tests on the 25 
cores from each kind of concrete at age 
60 days 

T A B L E 1 

Standard concrete Vibrated concrete 

Cement 1 0 lb 1 0 lb 
Sand (sp. gr 2 65) 1 946 lb 2 1651b 
Stone (sp gr 2 58) 2 8421b 3 1621b 
Water (average) 0 436 lb 0 426 lb 
Cement per cu yd 1 71 bbl 1 60 bbl 

T A B L E 2 

• Standard concrete Vibrated concrete 

Cement 0 1226 0 1128 
Sand 0 2827 0 2893 
Stone 0 4242 0 4340 
Water 0 1606 0 1537 
Air 0 0099 0 0102 

Total 1 0000 1 0000 

Total voids 0 1705 0 1639 
Total soUds 0 8295 0 8361 
Void-cement ratio 0 667 cu ft per bag 0 691 cu ft per bag 
Water-cement ratio 0 629 cu ft per bag 0 643 cu ft per bag 
Weight per cu ft 149 08 lb 149 39 lb 

others were taken from areas not so 
affected. 

Of the 50 cores drilled from each kind 
of pavement one-half were sawed in half 
lengthwise to be examined for evidence 
of "honey comb" or porosity Two of 
the cores from the standard concrete 
showed honey comb extending about one 
inch up from the bottom of the slab for 
about half their diameter One of the 
cores from the vibrated conciete showed 
similar honey comb A visual examina
tion of the sawed surfaces of the half 
cores does not show any appreciable 
difference between the two kinds of con-

Standard Concrete 

Vibrated Concrete 

The mean deviation from the average 
IS as follows 

525 lb 
= 7.8 percent of average 

374 lb 
= 55 percent of average 

The evidence presented shows little 
difference in the quality of the concrete 
as affected by the difference in the 
method of placing In fact the differ
ences in average density and strength 
are so slight as to be considered identi
cal. The vibrated concrete is slightly 
the more uniform m both strength and 
density. 
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The vibrated concrete required O i l 
bbl less cement, 0 0252 tons more sand, 
and 0 0369 tons more coarse aggregate 
per cubic yard than the standard con
crete 

It was noted that placing by means 
of the vibratory tube required one less 
man on the crew than was required 
when the concrete was placed in the 
standard manner Assuming that cement 
cost $2 00 per bbl., sand $1 00 per ton, 
coarse aggregate $150 per ton, labor 

interested in the papers which were pre
sented regarding vibration, and I can 
see no reasons to doubt that they cor
rectly present the value of vibrating 
concrete used m pavements Mr Jack
son, however, I believe was conservative 
in his estimate of about ten percent 
increase m compressive strength Ac
cording to our data we have more than 
that Unfortunately, the conclusions are 
all based on compressive strength, but 
there are other factors than compressive 

T A B L E 3 

standard concrete Vibrated concrete 

Max Min Ave Max Mm Ave 

Density (grams per cc ) 
Weight per cu f t , lb 
Percent of average 

2 420 
151 01 
101 27 

2 358 
147 14 
98 68 

2 390 
149 11 

2 429 
151 57 
101 12 

2 365 
147 58 
98 46 

2 402 
149 88 

T A B L E 4 

Standard concrete Vibrated concrete 

Max Min Ave Max Min Ave 

Strength, lb per sq in 
Percent of average 

8140 
121 

5210 
77 

6751 7620 
112 

5740 
84 

6806 

$0 50 per hour, the contractor placed 
50 cu yd of concrete per hour and dis
regarding the difference in equipment 
costs for the two kinds of vibrators re
quired the vibrated concrete cost $0 15 
less per cubic yard than the standard 
concrete 

It should be noted that no attempt 
was made to determine the harshest or 
driest mixture that could be placed by 
means of the vibratory tube The slump 
of the standard concrete was about 1^ 
in while that of the vibrated concrete 
was about | m Both mixtures were 
easily handled by the methods used 

M R R B G A G E , New Jersey Highway 
Department I was certainly very much 

strength that should be considered as 
indicative of the benefits to be thus 
secured 

We might be eaten up by a lion, or 
killed by a wolf, but the chances of our 
thus being eaten or killed are so remote 
that no one thinks of such a death, yet 
a microscopic bug comes along and the 
first thing you know he has you, and 
you are soon down and out The same 
IS also true of concrete We might have 
plenty of voids in the bottom of a con
crete pavement, but usually they are 
large, and what damage they have done 
or can do is practically none We have 
had voids in the bottom of pavements, 
and made studies of a lot of them, but 
the voids have never caused a failure. 
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However, get a little porous concrete in 
a pavement and the bugs soon get to 
work and the first thing you know you 
will need a new pavement Surface 
waters will be absorbed if the concrete 
does not have a certain density Where 
water can get into a concrete pavement, 
it can easily get out when conditions are 
reversed, and every time it goes in and 
out it does a certain amount of damage, 
and the concrete sooner or later goes to 
pieces 

AVith conciete constructed from a pure 
quartz sand and trap rock, theie is noth
ing in it to be attacked by surface 
watcis, except the cement Both the 
rock and the concrete sand are durable, 
yet the conciete goes to pieces The 
cement has been decomposed—^why? 
The factor we are most interested in is 
that the life of concrete depends upon 
its density If we get density, the con
crete IS going to last, but if we do not, 
it is going to pieces Cement is only a 
hydrated silicate or silicates, and it 
should not be expected to be immune 
from attack If you will look through 
the list of the hydrated silicates you will 
soon discover there is not one that is 
stable These silicates are soon decom
posed, and the residues are oxides These 
apparently are the only compounds that 
are stable Since cement is composed 
of hydrated silicates, we should protect 
them as much as possible, so that they 
will not be decomposed by water If 
the concrete does not have the desired 
density, the cement or silicates will not 
be protected, and that is the chief cause 
of decomposition, with ultimate failure 
of the concrete 

Our experience with concrete pave
ments has been that if we get the desired 
compressive strength, we are safe in 
assuming that we have the desired 
density, and that wc are going to get a 
duiable pavement Generally we have, 
but how high that compressive strength 
should be to be perfectly safe, nobody 

knows We have never yet had a con
crete pavement too strong, or too good 

Since we levised the portland cement 
specifications we have added 500 to 
1000 lb per sq in to the compressive 
strength of the concrete at 28-days, the 
average now being about 6500 lb per 
sq in The workability of the concrete 
has also increased, the sheen coating of 
mixing water on the finished pavements 
has Jikewise disappeared, and scaling is 
practically negligible, compared to what 
it once was 

In New Jersey we have a definite 
lecord of wheie ceitain cements, sands 
and coarse aggiegates were used with 
which concrete was secured which has 
not developed defects in from six to eight 
years, but in other cases, similar pave
ments have cracked, peeled and scaled, 
and are ready to be resurfaced or rebuilt 
Yet everything was identical in each 
case, with the exception of the construc
tion methods 

We have sand pits and trap rock 
quaiiies which have been working for 
30 years, so that we know that we have 
the same materials that produced desir
able pavements in one case, and bad 
pavements m another The only thing 
that has killed the one, has been the 
use ot excess mixing water AVith the 
stronger pavements we are now building, 
we have had very little, if any scaling, 
but the methods of construction dis
cussed her today have not been used 
I am thoroughly convinced that the 
water-cement ratio is not the thing to use 
in building pavements If strengths are 
to be used as a guide in constructing 
a pavement, why not use enough cement 
to give the compressive strength re
quired? An engineer when preparing a 
contract, should know how much cement 
he wants to use, and should see that it 
goes into the pavement 

With the vibrolithic method of con-
stiucting concrete pavements, 200 to 300 
lb more coarse aggregate can be used 
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than othciwise, and still a nice suifacc 
finish can be secured With an incicasc 
in the coarse aggregate, the quantity of 
cement in the pavement is automatically 
reduced, but this does not affect to any 
extent, the composition of the moitar, 
which, according to our data, is the vital 
factor The more cement the mortar 
contains within certain limits, the longer 
the concrete is going to resist decompo
sition Our records show that such is the 
case Why should we monkey with 
another theory, reducing the cement 
content to a point where we are not sure 
the durability of the concrete will not 
be affected 

During the past seven years we have 
not made a change in the composition 
or method of fabricating concrete pave
ments We use a definite quantity of 
coarse aggregate per bag of cement, and 
if we find the cement is not working 
in a desirable manner, we go into the 
field and find out what the trouble is, 
and correct it Some of these pavements 
are now seven years old, yet in some 
cases the broom marks have not worn 
off In one particular case, there is not 
a single transverse crack or broken 
corner, or one square foot of peeling 
These lesults indicate that the methods 
we aie using are producing pavements 
that will certainly give the service de
sired and anticipated 

M E A A L E V I S O N , Blaw-Knox Com-
pany It is interesting to note the de
velopment of vibratory equipment as 
used in France, which was so well de
scribed by Professor Crandell, compared 
with the development of similar equip
ment in this country I t is quite evident 
that the equipment used for vibratory 
concrete pavements in France, and I 
believe that this applies to other foreign 
countries, does a much more violent and 
powerful job than the types of equip
ment that have been used in this country. 

I might say that those intcie&tcd in 
the manufacture and development of 
equipment foi vibrating conciete for 
paving woik are going to be somewhat 
peiplexed, as to whether to develop 
equipment that will give the utmost or 
the ultimate results from the standpoint 
of improving the density and strength 
of concrete thiough the vibratory 
method, or whether to stop short of 
that goal and "tickle" the concrete par
tially to obtain partial results from the 
vibiatory method I , for one, would be 
very happy to receive suggestions from 
any of the members here, or especially 
those that have had experience with the 
vibratory method of building concrete 
pavements,—such suggestions would 
help clear the atmosphere as to the 
amount of vibration and, incidentally, 
the type of equipment as affected by 
the amount of vibration that is desired 

In connection with equipment for the 
vibratoiy method of building concrete 
slabs, I think I not only speak for the 
Company I work for in that connection, 
but also for others who are developing, 
planning and thinking in terms of equip
ment to be used for the vibratory 
method 

P R O F C H SCHOLER, Kansas State 
College I was very happy to learn that 
the French have adopted the practice 
of ramming concrete Most of our ideas 
and effoits run in cycles When we first 
started we plaged concrete of low mortar 
content, with but little water, by means 
of ramming Giadually we added more 
water, and with the advent of mechani
cal mixing and transporting, went to 
the extremes of very wet and fluid con
crete We are now slowly returning to 
the drier types It seems to me that a 
pavement is an ideal place in which to 
try out rammed concrete, and I hope 
that some of our manufacturers develop 
equipment which may be used in placing 
dry concrete on our highways 
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R E P O R T O F C O M M I T T E E ON C H A R A C T E R I S T I C S OF A S P H A L T S 

B-i E F K E L L E Y , Chatiman 

Chief, Division oj Tests, U S Bureau oj Public Roads 

SYNOPSIS 

A questionnaire relating to the service of asphaltic road materials was ad
dressed to various organizations and individuals havmg to do with the use of 
asphalt in highway construction Ninety-one replies were received and these 
indicated that failures of asphaltic surfaces due to the quality of the asphalt 
are prevalent and merit serious attention Failures were reported from all 
sections of the country and were associated with many types and grades of 
asphalt On the basis of these replies a program of asphalt research is 
recommended 

During 1937, ten laboratories cooperated in a study of film strippmg m bi
tuminous mixtures containing vanous types and grades of asphaltic road ma
terials Widely varying results with different aggregates indicated aggregate 
character to be of major importance in connection with film stripping As for 
the bituminous materials, resistance to stripping increased with consistency and 
cracked materials were more resistant than uncracked The curing of samples 
was found to have an important effect on test results Modifications of the test 
procedure are suggested 

SUMMARY REPORT ON QUESTIONNAIRE 

During the latter part of 1936 the 
committee prepared a questionnaire to 
be submitted to various organizations 
and individuals, replies to which it was 
hoped might serve to define the more 
important problems having to do with 
characteristics of asphalts as related to 
unsatisfactory service results 

This questionnaire was distributed by 
the Director of the Highway Research 
Board to 189 individuals, including 5 
consulting engineers, 4 university labo
ratories, 48 state contact men, 66 county 
officials and 66 city officials Ninety-one 
replies were received 

From the standpoint of'obtainmg de
tailed information which would be of 
assistance to the committee in developing 
a program of work, the results of this 
questionnaire were disappointing How
ever, certain facts were indicated which 
it IS believed are of sufficient interest to 
summarize as follows 

1 The basic question No 1 was "Have 
you or your organization noted any 
failures or unsatisfactory results m as
phaltic highway construction or surface 

treatment under your supervision, which 
you believe to be due to the use of 
asphaltic material of poor quality? Out 
of the 91 replies received, 79 gave defi
nite answers to this question Of these, 
34 reported that asphalt of inferior 
quality had been responsible for failures 
It seems apparent from these reports 
that failures or unsatisfactory results m 
asphaltic highway construction attribu
table to the use of asphaltic material of 
poor quality are sufficiently prevalent to 
merit serious consideration 

2 The occurrence of failures or un
satisfactory results from this cause is 
not localized but is found m practically 
all sections of the country Thus, of the 
26 states east of the Mississippi, six— 
Massachusetts, North Carolina, Florida, 
Alabama, Mississippi and Wisconsin— 
reported unfavorably and of the 22 states 
west of the Mississippi, eight—Cali
fornia, Idaho, Arizona, New Mexico, 
Colorado, Kansas, Missouri and Minne
sota—reported unfavorably Twenty 
states just as widely scattered reported 
favorably 

3 Trouble with the use of cracked 
asphaltic products appears to be more 
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prevalent than with uncracked products 
Out of the 34 reports of unsatisfactory 
results, 17 specifically mentioned cracked 
or probably cracked asphalts and but 
9 specifically mentioned uncracked as-
phaltic products. 

4 Among the asphalt cements the 
harder grades appear to be the chief 
source of such unsatisfactory results as 
reported Thus out of 26 unfavorable 
reports, 21 mentioned asphalt cements 
of 60 penetration or less 

5 Trouble with the liquid asphaltic 
products IS not limited to any particular 
types or grades but appears to be more 
prevalent with cracked than with un
cracked products Out of 25 unfavorable 
reports, 12 covered cut backs ( R C and 
MC) and 13 slow curing (SC) material 
Sixteen of the replies specifically men
tioned cracked or probably cracked prod
uctŝ  and 7 specifically mentioned un
cracked products 

6 Cracking of the asphalt construc
tion or treatment, and drying out with 
ravelling or dusting seem to be the prin
cipal types of failure attributed to poor 
quality of the asphaltic products Out of 
51 definite statements of character of fail
ure, 23 specifically mentioned "cracked" 
and 16 "raveled, dried out and dusted " 

Cracking appears to be most prevalent 
in hot mix construction, 18 out of 19 
reports of unsatisfactory results with this 
type specifically mentioning cracking 
Both coarse and fine aggregate mixtures 
were included Raveling, drying out and 
dusting appear to be the most prevalent 
trouble in those types of construction 
and treatment employing liquid asphaltic 
products 

7 Hardening and increased bnttleness 
of the asphalt were the most frequently 
observed changes in the asphalt produc
ing unfavorable results Thus among 22 
replies on observable changes m the as
phalt, 10 mentioned hardening and 10 
bnttleness 

CONCLUSIONS 

From this summary it would seem that 
the most promising lines of research deal
ing with control of quality of asphaltic 
products are-

1 Development or standardization of 
some rapid laboratory method of deter
mining the relative resistance of asphaltic 
products to hardening and other changes 

2 Correlation of such a test with ser
vice behavior of asphalts m the various 
types of asphalt surface courses 

3 Selection of limiting values for such 
a test which could be specified so as to 
exclude material likely to prove inferior 
for any given type of construction 

4 Producers could then investigate the 
possibilities of improvement in quality 
through selection of raw materials and 
variations in refining methods 

R E S I S T A N C E OF BITUMINOUS M I X T U R E S 
TO F I L M STRIPPING 

A DIGEST OF T H E RESULTS OBTAINED I N A 
COOPERATIVE STUDY CONDUCTED I N 1937 
BY T H E PROJECT COMMITTEE ON T H E 
CHARACTERISTICS OF ASPHALTS OF T H E 
HIGHWAY RESEARCH BOARD 

This cooperative investigation was 
undertaken to study the resistance to 
the stripping of bituminous films from 
hydrophilic aggregates in mixtures con
taining various types and grades of 
asphaltic road materials, to determine if 
the different asphaltic products show any 
marked difference in resistance to strip
ping A supply of altered rhyolite of 
No 8—l-m size and having definite 
hydrophilic properties was furnished 
through the courtesy of the Massachu
setts Department of Public Works and 
a quantity of this was furnished to each 
cooperating laboratory Each laboratory 
agreed to make stripping tests according 
to a standard procedure with this aggre
gate, and any others that it might desire 
to study, in mixtures containing as great 
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a vaiicty of asplialtic matcnals as might 
be leadily available 

The instructions furnished, legaiding 
the test method to be used, were as 
follows 

T E S T PROCEDURE 

A weighed sample of the material is 
mixed with approximately 5 percent by 
weight of the asphaltic product under 
investigation If the asphaltic product 
IS a liquid at normal atmospheric tem
perature, the mixture is then spread out 
in a thin layer and allowed to air season 
overnight 

A 50-gram sample of the mixture is 
separated as nearly as possible into in
dividual fragments or small clumps and 

. placed in a 250-cc Erlcnmeyer flask with 
175 cc of distilled water 

The flask and contents is then placed 
in the frame of the agitating machine 
(see page 43, January, 1932, Proceedings, 
the Association of Asphalt Paving Tech
nologists) and rotated at a speed of 
45 r p m for a period of 15 minutes at 
room temperature At the end of this 
period the sample is examined for evi
dence of film stripping and the observa
tion recorded 

Rotation of the sample for an addi
tional 15 minutes at room temperatuie 
is then made and notation made of any 
film stripping which may have occurred 
If little or no stripping has been noted 
at room temperature, the test is repeated 
for another period of 15 minutes at 
100° F , the water bath being maintained 
at this temperature throughout the period 
of test 

If little or no stripping has been noted 
at 100° F , the test is then repeated at 
120° F 

It IS suggested that in the cooperative 
test, urespective of the extent of strip
ping which may have occurred at lower 
temperatures, the entiie procedure in
volving a total agitation of one hour be 
earned through 

The test is not quantitative in nature 
and obseivations as to extent of stripping 
may ^ary with individual operators It 
is therefore suggested that the following 
general classification be adopted for re
porting observations at the end of each 
period of agitation 

1 No stripping 
2 Slight stripping 
3 Bad stripping 

Note It IS suggested that if apparently 25 
percent or more of the surface area of the aggre
gate particles has been stripped, the results be 
reported as bad stripping 

A. DIGEST OF T H E REPORTS SUBMITTED BY 
T H E COOPERATING LABORATORIES ^ 

Apparatus In general, the apparatus 
used conformed to that suggested by the 
committee Several laboratories made 
slight modifications such as the addition 
of heating coils, bath insulation and rate 
of rotation The variation m rate of 
rotation was between 38' and 45 r p m 
and one laboratory which used both 38 
and 45 r p m reported no difference in 
results due to this variable There were 
some expressions of dissatisfaction with 
the glass Erlenmeyer flask because of 
breakage and difficulty of handling the 
material through the narrow mouth 
Figure 1 gives a general view of the test
ing equipment used by one laboratory 

1 Reports were submitted by 

1 R R Thurston and B Weetman, Technical 
Di\ ision, Texas Company 

2 Joseph Zapata, Wisconsin State Highway 
Commission 

3 J E Myers, Division of Engineering, De
partment of Public Works, Albany, N Y 

4 H P Rue, Bureau of Mines, Laramie, Wyo 
5 H Allen and W E Gibson, State Highway 

Commission, Kansas 
6 The Asphalt Institute, New York City 
7 H W Skidmore, Chicago Testing Labora

tory, Chicago, 111 
8 The Department of Highways, Minnesota 
9 D H Jenks, Ashland Oil & Refining C o , 

Ashland, K y 
10 The Division of Tests, Bureau of Public 

Roads 
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Preparation of the Test Sample: One 
investigator made allowances for solvent 
and water in proportioning mixtures with 
cutbacks and emulsions to yield mixtures 
having 5 percent of actual bitumen. The 
other investigators proportioned the test 
mixtures without making allowance for 
loss of solvent. 

Several investigators studied the effect 
of additional curing beyond that sug
gested by the committee. Variations 
therefore covered air curing for periods 
of 1, 2, 4, 7, 12, 20 and 27 days and oven 
curing at 140° F. for 24 hours. 

Conducting the Stripping Test: Minor 
variations in the method of conducting 
the test included: observation of strip
ping at 1, 3, 5 and 10 minutes by one 
investigator in addition to the suggested 
observations at 15-minute intervals; 
quantitative estimation of the degree of 
stripping by several investigators in 
terms of percentage of the total surface 
stripped; and the introduction, by some, 
of intermediate arbitrary degrees of 
stripping between the three degrees sug
gested by the committee. 

Aggregates Used in the Tests: AVhile 
all the cooperating laboratories used the 
altered rhyolite (felsite), several in
cluded other aggregates in their tests. 
These additional materials included 
quartzite, traprock, limestone, gravel, 
granite and sandstone. 

I n testing these other aggregates, the 
laboratories, with one exception, used 
approximately the same size and grading 
as that of the aggregate that was fur 
nished. I t is believed that the | - i n . 
maximum-size aggregate used in these 
tests is as large as can be satisfactorily 
tested with the present apparatus. Larger 
]iarticles tend to break the glass con
tainers. One laboratory found that the 
elimination of the fines by washing faci l i 
tated coating the aggregate when pre
paring the mix and also facilitated the 
observation of the test results. 

Table 1 gives the approximate size 
and grading of the rhyolite and of the 
other types of aggregates used in the 
study. 

T A B L E 1 

SlZK A N D G R . ^ D I N G O F A G G R E G . A T E S 

Percent 
Retained on i-in. sieve 0.0 
Pas.sing |-in. sieve, retained on No. 4 sieve 61.4 
Passing No. 4 sieve, retained on No. 8 

sieve 35.6 
l':i>>iiig No. 8 sieve, retained on No. 10 

sieve 1.6 
Passing No. 10 sieve 1.4 

Figure 1. Shaking Machine 

Bituminous Materials Used in the 
Tests: The study covered a wide range 
in types and grades of asphaltic materials 
from various sources. These included 
both straight-run and cracked residuals 
covering the various grades of SC, M C 
and RC materials as well as emulsions 
and the penetration grades of asphalt. 

Results of the Tests: The results ob
tained by the cooperating laboratories 
were in agreement on the effect of the 
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more important variables These results 
indicated that the test as outlined was 
somewhat severe for a number of the 
liquid asphaltic materials that are now 
in satisfactory use in dense graded sur
facing mixtures since they showed early 
and m some cases complete stripping 
One laboratory definitely stated that the 
test IS too severe and another found it 
necessary to make earlier observations 
during the first 15 minutes of rotation in 
order to differentiate between some of 
the less viscous materials This objection 
to the test would, it appears, be largely 
eliminated by providing for considerably 
more curing of the mixture than that 
suggested in the original outline of 
procedure 

The wide difference m results obtained 
with the various aggregates tested by 
the cooperating laboratories shows the 
type and character of the aggregate to 
be of major importance in connection 
with film stripping Of all the aggregates 
tested the rhyolite proved the least re
sistant to stripping In some instances 
there was also a wide difference in this 
quality for the same type of aggregate 
from different sources The quality of 
the aggregate in its relation to stripping 
therefore cannot be taken for granted 
even for any one type of material 

For the bituminous materials, particu
larly those of the liquid type, consistency 
was shown to have a major effect on 
the resistance to stripping In general, 
the resistance to stripping was found to 
increase with increased consistency. A l 
though there were indications that this 
also occurred with the penetration grades, 
the effect of consistency here was of 
minor importance 

The test brought out a substantial 
difference m the behavior of the cracked 
and uncracked asphaltic materials The 
cracked materials possessed much greater 
resistance to stripping than did the un
cracked The difference m this respect 
was very marked for the slow curing 

liquid asphaltic materials and to a lesser 
degree with the cutbacks, emulsions and 
the penetration asphalts 

Of all the bituminous materials tested, 
the slow curing, residual oils, were the 
least resistant to stripping while the 
penetration grades were the most resis
tant The emulsions and the cutbacks 
developed resistance to stripping only 
after they had been allowed to cure 
thoroughly 

The source of the asphaltic materials 
did not seem to have any appreciable 
effect on stripping 

The overnight air curing suggested in 
the committee's outline of procedure 
proved highly insuflBcient for mixtures 
containing the liquid asphaltic materials 
particularly the cutback asphalts and 
emulsions For the test to be practical 
for these materials, the test mix must 
be cured to such a degree that the asphalt 
approximates the 'consistency obtained m 
the mix on the road at the time the 
pavement is considered finished and 
ready for traflSc As the more viscous, 
semi-solid materials were not appreci
ably affected by increased curing they 
need not be considered in selecting the 
time or conditions of curing for the test 

Both air and oven curing were used 
m the study Air curing proved ineffec
tive except over long periods of time 
Oven curing at 140° F for a period of 
24 hours or longer appears to be more 
suitable on account of the shorter curing 
period required 

The results seem to indicate the need 
for certain modifications in the test 
procedure In addition to the change 
suggested for curing of the test speci
mens, which has already been discussed, 
removal of the fines from the aggregate 
by washing seems important The de
velopment of a more definite method of 
determining the amount of stripping and 
the establishment of limits for differenti
ating between satisfactory and unsatis
factory' resistance to stripping for the 
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different types of surfacing are other im
portant factors which should be studied 

The results of this study bear an im
portant relation to the design, construc
tion and field behavior of bituminous 
surfaces They account for certain types 
of road failure and they establish certain 
important principles which should be 
followed in design and construction 

A well-known fact m construction, not 
always followed, is that in the use of 
materials which contain a volatile frac
tion, the conditions and procedure should 
be such that a major portion of the 
solvent evaporates before the mix is laid 
and consolidated Field experience shows 
numerous failures where cold laid sur
faces have been constructed late m the 
season when conditions were unfavorable 
to the evaporation of the solvent The 
almost total lack of resistance to strip
ping possessed by the materials contain
ing volatile solvents when insufficiently 
cured strikingly coincides in respect with 
their field behavior 

Type of construction has much to do 
with film stripping and its effects A 
dense type of surfacing provides greater 
mechanical resistance to stripping, and 
stripping, when it occurs, is not as serious 
a matter as it is in the more open type of 
surface which requires a comparatively 
high degree of bond between the particles 
to prevent raveling This explains the 
fairly satisfactory behavior of the west
ern dense road and plant-mix type where 
slow curing asphaltic materials are used 
These materials have poor resistance to 
stripping in the test and cannot be used 
satisfactorily in the more open type of 
surfacing The reported satisfactory ser
vice of highly hydrophilic aggregates 
such as the rhyolite used in these tests 
in conjunction with a dense type of sur
facing and a highly viscous asphaltic 
material, indicates to what degree lack of 
resistance to stripping may often be over
come by a proper selection of the design 
and the type and grade of bituminous 
material 
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D I S C U S S I O N ON D U R A B I L I T Y T E S T S O F C E R T A I N P O R T L A N D 
C E M E N T S 

(Report of Committee on Durability of Concrete as AfTected by Cement, Proceedings, Highway 
Research Board, Vol 16 ) 

M R IRA P A U L , New York State De
partment of Public Works While I 
agree in principle with the cooperators 
in this series of laboratory tests on 
Portland cements, that the higher lime 
cements are more resistant to the action 
of freezing and thawing, I fail to see just 
how this test checks up the service lec-
01 ds rendered by these cements Some 
cements similar in composition to those 
listed in this sciies that did not show 
up so well in the laboratoiy fieezing and 
thawing tests have given us better ser
vice in conciete pavements than those 
that did AVe have some very outstand
ing examples of excellent old concrete 
pavements with cements such as is in
dicated by sample No 8, and some rathei 
poor ones constructed at a later date as 
repiesented by samples No 1, No 10, 
and No 4 

In a papei presented by Piofessor 
Lyse, of Lehigh University, before the 
American Concrete Institute in Febru
ary, 1935, on, "The Effect of Brand and 
Type of Cement on Strength and Duia-
bility of Conciete," 18 commercial port-
land cements were considered The com
position of the cements used by him weie 
similar in geneial with such cements as 
No 1, No 2, No 4, and No 10, as repre
sented in this cooperative series tests, in 

which the ratio of „ r. , tP^i^ , A i 
SiOz-l-FezOs+AlzOs 

ranges between 2 04 and 2 3 Some of 
the conclusions drawn by Professor Lyse 
are rathei interesting and read as fol
lows 

1 "The durability of conciete con
taining different cements show considei-
able variation" (Duiability as was 
measuied by the numbei of cycles of 
fieezing and thawing lequiicd to disin

tegrate the concrete until a loss in weight 
of 2 5 percent resulted ) 

2 "There was no consistent relation
ship between strength and durability of 
concrete containing different cements " 

3 "No definite relationship could be 
found between strength and durability 
of concrete and the chemical compounds 
for different cements " 

4 "The variation in strength and dui a-
bility of these diffeient cements was 
probably due moie to the method of 
manufacture of the cement than to any 
other cause " 

To me the most interesting conclusion 
IS the last one quoted. 

In all the physical tests I have made 
on Portland cements m mortars or con
ciete—be it for strength, absorption, 
permeability, volume changes, or freez
ing and thawing, I have been unable to 
tie up any of these tests with the quality 
of the cement I do not believe we shall 
get very far in our search of the factors 
affecting the durability of concrete until 
we have a better understanding of what 
determines the quality of the most im
portant constituent in concrete, namely, 
the cement 

Tiie quality of the cement is tied up 
with its manufacture Our mam difficulty 
has been to evolve a laboratory control 
method, which will correlate the quality 
with the manufacture of the cement 
Several attempts have been made to de
termine the quality along chemical lines 
on the basis of oxide analysis, compound 
composition, and ratios While these at
tempts have been met with some favor, 
there have come to our attention several 
disci epancies, because of erroneous as
sumptions and othei qualifying condi
tions in manufacture 
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An investigation is now undci way by 
the American Society foi Testing Ma
terials Committee C-1 to check up the 
value of a "water test" I developed on 
Portland cements, which I believe is 
related to the piocess of manufacture 

In this connection I might state that 
cements No 1, No 4 and No 10 of this 
cooperative series, which had low re
sistance in the Merriman Sulphate test, 
showed rather heavy floes in my "water 
test" The other samples in this series 
showed very little or no floe formation in 
the "water test" Both the Merriman 
Test and my floe test are chemical tests, 
and measure not only its sulphate resis
tant properties but the chemical stability 
of the cement A cement that is chemi
cally stable is the type which in the long 
run will give more satisfactory service 

M R P H B A T E S , National Bureau of 
Standards This discussion will cover 
only that part of the Committee's report 
which deals with the acknowledged pur
pose of the tests, namely, the effect of 
cement compositions on the resistance of 
the cements to freezing and thawing and 
"certain other influences" The Com
mittee is to be congratulated on having 
been able to draw so many conclusions 
from the data aside from those bearing 
on the avowed purpose of the research 

The data so far as the discussion re
lating to cement composition is con
cerned are presented largely in Figures 
7, 7A, 9 and 10 These were prepared 
from the original results as given in 
certain tables But the graphs just cited 
and used as a basis for the conclusions 
are based on certain averages It is the 
use of these aveiages that leads one to 
question the legitimacy and correctness 
of all of the conclusions made regarding 
compositional effects If one will con
sider Figure 6, he can see the "indi
vidual" data which were used in some of 
the averaging He will see that one 

laboiatoiy has found that ficczing and 
thawing undci ccitain conditions at one 
age disintegiates the modulus of rupture 
specimens, while another laboratory car-
lymg out the same (?) tests—but in its 
own manner—found that the strength 
ratio was i educed but 0 05, that in an
other case the ratio was i educed 0 81 ac
cording to one laboiatory and increased 
0 11 by another At three months after 
300 cycles, laboratory C U has an aver
age ratio for all cements of 1 04, while 
laboratory P C A had an average of 0 53 
In other words, on the average one 
laboratory found that the cements weie 
impioved by freezing and thawing while 
another laboratory found the strength 
was reduced about one-half In spite of 
such a great spread of results, as one can 
very readily see in Figure 6, the reader 
IS asked to accept conclusions based upon 
the question of a procedure of deducing 
trends from such nonconcordant results 

But if the reader does accept these, it 
IS difficult to see how he can accept the 
statement that Figure 7 indicates a trend 
showing that an increase of C3S or the 
ratio of the percentage of lime to the sum 
of the percentages of silica, iron oxide, 
and alumina give better resistance 
Neither this figure nor any of the figures 
cited by the Committee as showing 
trends indicating relations between com
position and strength show anything sig
nificant other than that there are no 
trends If in Figures 7, 7A, 9 and 10 one 
will omit Cements 9 and 10, and m Fig
ure 10 the 14-day results, then it is only 
possible to deduce that compositional 
changes have no effect on freezing and 
thawing results As plotted, for instance, 
m Figure 9 Cement 8 on the left and 
Cement 11 on the right (omitting Ce
ments 9 and 10) having the extiemes in 
composition, have so nearly the same 
strength relations that it would almost 
take microscopical examination to see 
wherein theie were any differences 
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Further, the other seven cements lie so 
nearly on a line joining these two ex
tremes that one is doubly surprised at 
the Committee's conclusions 

Among the "certain other influences" 
stated as the purpose under "Scope," 
there was apparently intended some 
studies of sulphate resistance The Com
mittee with the same broadmindedness 
that characterized its freezing and thaw
ing procedure, permitted each laboratory 
to carry out the sulphate tests in what
ever manner the laboratory felt inclined 
to do Hence, four laboratories used 
three difi'erent test procedures Our at
tention IS directed to the fact that "the 
effect of sulphate solutions was observ
able on Cements 1 and 10 in which the 
computed C3A contents were 14 4 and 12 
percent, respectively " Our observations 
show us that laboratory W U in one set 
of specimens found Cement 1 was barely 
adversely affected by the sulphates, while 
the specimens of Cement 10 were ac
tually improved In another set of speci
mens the same laboratory found both 
cements decidely adversely affected But 
we are curious if the Committee intended 
us to observe such different deportment 
in its cryptic statement, "the effect of 
sulphate solutions was observable " The 
summary of the SO3 results would lead 
one to believe that the Committee con
nected adverse sulphate resistance with 
high C3A content However, laboratory 
N Y S H found Cement 3 with but 1 0 per
cent C3A (the least of all the cements) 
no better than Cement 8 with 7 1 percent 
and inferior to Cements 5, 6 and 9 with 
9 9, 6 6 and 5 1 percent C3A, respectively. 
Laboratory W U found Cement 3 (1 per
cent C3A) no better than Cement 5 (9 9 
percent C3A) and inferior to Cement 2 
( 1 1 4 C3A) in one set of tests and no 
better than Cements 5 and 11 (5 2 C B A ) 
and inferior to Cement 9 (5 1 C3A) in 
another It seems that with such con
tradictory results it is rather difiicult to 

find any relation between the content 
of assumed C3A and the sulphate resis
tance The Committee might have called 
attention to the fact that Cement 9, 
found to be the poorest by nearly all 
tests in its resistance to freezing and 
thawing, was exceeded by none in its 
ability to resist sulphate action, while 
Cement 10, found almost uniformly to 
be the best in its resistance to freezing 
and thawing, was about the poorest in its 
resistance to sulphate action 

We hope we will not be considered pre
sumptuous if we suggest that the Com
mittee might have discarded all of its 
summary and used in its place the fol
lowing brief statement. 

After having carefully studied the data ob
tained at the several laboratones, your Com
mittee finds itself embarrassed, indeed, it 
should say more properly, chagnned Having 
set out "to ascertain the relative resistance to 
freezing and thawing and to certain other in
fluences of several commercial cements differ
ing in composition," your Committee so much 
lost sight of its objective that it permitted so 
many vanables to be introduced by allowing 
each of the cooperating laboratones to follow 
its own test procedure, that no adequate "find
ings" can be derived as to the effect of varying 
compositions on freezing and thawing and "the 
certain other influences " 

P R O F C H SCHOLER, Kansas State 
College: Mr Bates' discussion is indeed 
very'interesting I know of no more ex
hilarating experience than to listen to 
Mr Bates critically discuss a report 
The care with which he has studied this 
report to pick out its weak places and 
inconsistencies merits the appreciation 
of the Project Committee Had it not 
been an important and worthwhile re
port, I do not believe that Mr Bates 
would have gone to the trouble to even 
comment upon it 

Mr Bates particularly objects to the 
conclusions drawn by the Project Com
mittee relating to cement composition, 
and presented m Figures 7, 7 A , 9, and 
10 The Project Committee, in present-
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mg the results of this series of tests, as 
shown in the graphs of Fig 9 and Fig 6, 
was unquestionably in error in attempt
ing to arrive at the presentation of these 
results by means of one grand average 
A reference to Table 10 which shows 
relative flexural strengths of 1 2 mortars 
after freezing and thawing at various 
test periods and varying number of 
cycles by the various test periods and 
varying number of cycles by the various 
cooperating laboratories, will show that 
without exception, the results from two 
laboratories are such as to indicate that 
up to that time the method of test used 
in that laboratory was not severe enough 
to be of any significance as indicating 
the relative durabihty of the cements 
If you will observe the relative ratings 
of these cements at the conclusion of the 
various test cycles you will note that a 
variation of 4 or 5 percent between ce
ments IS about as high a variation as is 
shown These variations are no larger 
than would be expected by the individual 
specimens of the same cement In deal
ing with the general problem of dura
bility and resistance to freezing and 
thawing, small variations in the apparent 
loss of strength are of no significance 
whatever So, in general, the results 
shown by laboratories B P R and C U , 
and to a considerable extent W U do not 
show enough discrimination between the 
various cements to make it worth while 
to attempt to draw any conclusions The 
inclusion of the data from these labora
tories in the grand average tends to 
somewhat becloud the issue, but in spite 
of what Mr Bates says, it has not 
changed the general line-up as to the 
relative durability of the cements as 
shown m the summary of the tables. 
The variations as shown by these labora
tories were so small that any conclusions 
to be drawn, together with the results 
from laboratory K S C , would merely 
be a report of the results secured at the 

latter institution This is a weakness in 
the report which the keen eye of Mr 
Bates did not discover or else was so 
considerate of the Project Committee's 
feelings that he did not wish to cause 
them the embarrassment of realizing that 
after all, their summary report was 
largely based on the findings from two 
laboratories only, P S H and K S. C 

If you will refer to that portion of 
Figure 7 which reports upon the results 
of the loss from all laboratories, all ages, 
and all cycles, and refer to Mr Bates' 
stajiement that these data indicate that 
there are no trends, you will note that 
he has been deceived by a very common 
ruse in presenting data by graphs B y 
merely enlarging the vertical scale of 
this figure you are impressed by the 
strong conclusions that might be drawn 
from these data 

The same thing may be said of Figure 
7A m which it will be noted that by 
changing the vertical scale, a very defi
nite slope will be given to all lines, con
firming the conclusions of the Committee 

I t is the writer's opinion that tests of 
this type should be interpreted in rather 
a broad, general way, and for this pur
pose I prepared a table showing the rat
ing of the different cements at the con
clusion of different test periods as de
termined by laboratory K S C This 
IS then combined into an average rating 
for the complete period, and this in turn 
combined with the rating secured by 
P S. H and P C A These three labora
tories being the only ones whose results 
showed sufiBcient separation between the 
various cements and consistent enough 
results that it might be feasible to try 
to average them together I have then 
taken these results and plotted these 
ratings on the basis of 1 to 10 in descend
ing order against the tn-calcium silicate 
content of the cement, and against the 
lime ratio to the other oxides with the 
results shown on Figure 1 I have then 
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combined the results of the three labora
tories and placed them on the same 
graph with the results from laboratory 
K S C You will notice the very ex
cellent correlation shown by this graph 
to the conclusions drawn by the Com
mittee If we were to eliminate one ce
ment from this study, and Mr Bates has 
suggested that it is perfectly proper to 
eliminate two in order to conclusively 
prove your point, the correlation would 
be almost perfect It is the writer's pei-
sonal opinion that we are not justified 

probably the most significant facts in 
the study would be brought out by this 
variation in the method The conclu
sions as brought out by the Project Com
mittee amply justify this contention 
As so frequently happens, the by-prod
ucts of the investigation are more im
portant than the original information it 
was sought to attain 

PROF M 0 W I T H E Y , University of 
Wisconsin Just before coming to this 
meeting we measured and inspected the 
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m going to the extreme refinement shown 
by this graph, that perhaps it would 
have been perfectly proper to combine 
the values shown by the high-lime ce
ments, the medium lime cements, and 
the low-lime cements into three points 
and again there would be the same un
mistakable trend of the data as shown 
in Figures 7 and 7A 

Fiom the inception of the program, 
Dr Bates was very critical of the fact 
that the Project Committee had not 
specified a rigid fixed method for the 
conduct of the test I am referiing to 
freezing and thawing The writei was 
equally strong m the contention that 

mortar prisms which were made of the 
various cements used in this program of 
tests and which have been half im
mersed, tops up, in pans of water out 
of doors during the past three winters 
at Madison, Wisconsin Records from 
two recording thermometers, one of 
which recorded air temperatures and the 
other the temperature within a 6 by 12-
in cylinder, indicate that threse prisms 
have received approximately 80 cycles 
of freezing and thawing during this ex
posure The data from these expansion 
tests have been inserted in a revision of 
Table 34 of the Appendix to the Com
mittee Repoit They show that the 1 2 
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moitai pi isms of cements 3, 6, 9 and 1] 
all of which had low latios of AUOa/ 
FcjOs and medium to high contents of 
FeaOa and computed C4AF have ex
panded much more than the other 1 2 
mortars in this program Most of this 
expansion occurred duiing the past 
winter Several of these specimens have 
expanded over 0 2 percent Certain speci
mens of cements 9 and 11 expanded so 
much more on the bottoms than on the 
tops that the resultant bowing can be 
easily seen Checking and crazing on 
the surfaces was also more marked on 
the 1 2 specimens of these cements than 
on those of the other cements in the 
program 

The large expansions for mortars of 
these cements are in agreement with the 
losses in strengths of similar mortars 
(Table 9) obtained at the laboratory of 
the Pennsylvania State Highway Depart
ment in the freezing and thawing tests 
which were conducted on specimens par
tially immersed during freezing and 
which we thawed in air This striking 
agreement in behavior indicates the de
sirability of partial immersion during 
freezing followed by thawing m air in 
making acceleiated freezing and thawing 
tests 

The expansion measurements of the 
I 4^ moitar prisms of cements 3, 6, 9 or 
I I show no excessively high expansions 
The 1 4^ mortar pi isms of cement 4 have 
expanded materially and disintegrated 
consideiably on the top surfaces and 
some of the corneis of pi isms of cements 
1, 9 and 10 have ciumbled away The 
maximum individual expansion of the 
1 4^ mortar specimens was 0 2 percent, 
which was less than half of the maxi
mums recorded for specimens of cements 
9 and 11 in the 1 2 mortar specimens 

M R R B G A G E , New Jersey Highway 
Department What pi oof do you have 
that any specimens are made up of the 

same density Note that density de-
ci cased in the pioperties of the concrete 

PROFESSOR W I T H E Y I have no figures 
beyond the density figures presented 
here, but there have been computations 
made They are shown m the appendix 
of the report 

M R L C M E D E R , California Division 
of Highiuays I t has been established 
through years of work in performing 
arbitrary tests that only by close stand
ardization of details is it possible to 
obtain similar results Recently, m cor
respondence with several laboratories for 
advice in drawing up purchase specifi
cations for such equipment, this labora
tory learned that there were almost as 
many types of equipment and methods 
of testing as there were laboratories mak
ing such tests We admire the Commit
tee's courage in publishing results that 
aie so wide in lange, but wonder if its 
object was not to emphasize the fact 
that if any reliance is to be put in the 
freezing and thawing tests, that test 
must be standardized 

It IS apparent that laboratory K S C got 
greater strength loss after the freezing 
and thawing cycles than did the other 
laboratories This laboratory had the 
most rapid freezing cycle, and the fastest 
thawing Since the test is designed as an 
accelerated test, the method giving re
sults in the shortest time is the most 
satisfactory, if it can be proved that such 
results correlate with action obtained 
from natural weathering conditions 

AVe do not feel that one is justified in 
drawing conclusions when they are drawn 
from results so inconsistent—to be ex
plicit, laboratory B P R reports a ratio of 
1 11 while laboratory P C A reports a 
ratio of 0 19 on the same cement under 
the same conditions There are a great 
numbei of such inconsistencies through
out the results that tend to cast a reason-
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able doubt upon the value of tlic 
averages 

Even if such averages are accepted, 
the resulting curves do not show a great 
difference m durability Were Cement 
9, which IS not a commercially-manu
factured cement, eliminated, the result
ing curve would be so flat that the in
fluence of C3S would be almost negligible 

The results obtained in the sulphate 
test show considerably more uniformity 
between the laboratories involved All 
agree that Cement 4 with 16 percent of 
C3A IS the least durable The compari
son that laboratory W U draws between 
1 2 mortars and 1 4^ mortars bears out 
further data we have proving that leaner 
mixes are the less durable 

Two of the laboratories used the Mer-
riman Slab Test for evaluating the ce
ments, and obtained somewhat similar 
results It has been found that the Mer-
riman Test is not always accurate in 
such determinations It further appears 
that the total alummates rather than 
the C3A content are more of a factor de
termining durability when such a test is 
made in complete immersion in solutions 
of pure salts 

For several years this laboiatory has 
been conducting a comprehensive series 
of tests to determine the durability of 
cements exposed to aggressive solutions, 
and it has been found that certain cal
culated compounds contribute greatly to 
the action of a cement under definite 
conditions of test, but if the conditions 
are changed, other factors enter giving 
different results I t is our opinion that 
not only the hypothetical compounds in
fluence the characteristics of a cement, 
but also certain intangible factors in
troduced in raw materials and manu
facturing processes 

We feel that the paper under discus
sion, instead of closing the tests, should 
be considered more of a preliminary 
paper, and open the way for a test with 
those variables removed which do so 

much to cast a doubt on the results set 
forth in the present paper 

M R M H I R S C H T H A L , Delaware, Lack
awanna and Western Railway The 
writer has found the following points of 
criticism of the various details of the 
leport 

Tests. There are eight types of tests 
included in the program With more 
attention to coordination to obtain con
cordant results and fewer types of tests 
more valuable results might have been 
obtained 

Procedure' Statement as to age of 
specimen comparable to parallel ones 
subjected to freezing and thawing would 
indicate that the additional time for 
latter process was not included in age of 
untreated specimens Such additional 
time IS referred to, in Tables 14 and 15 
Was there interpolation of results' 

Freezing and Thawing Tests- Varia
tions in equipment and methods do not 
make for comparable results 

Strength Tests Variation in methods 
here also I call attention to the fact 
that there is an A S T M standard for 
compiession tests on portions of concrete 
beams, etc 

Data Strength ratios in table do not 
show strengths of untreated specimens at 
corresponding age as referred to above 

Summary or Results Conclusions un
justified by reason of lack of uniformity 
of equipment and of methods 

(4) Quantitative tests for this purpose 
are necessary 

Relative Resistance of Cements 
(2) and (4) are not measures of dura

bility 
(5) IS inconclusive because of varia

tions 
Tables 
(3) shows wide variations and incon

sistent except Cement No 4 
(4) variations m mixing, curing, meth

ods of loading, methods of freezing and 
various other tests 
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(8) K S C consistently low thiough-
out 

(9) K S C consistently low through
out 

(10) K S C consistently low through
out 

(11) shows very wide variations for 
individual cements 

(131 no bearing on durability shown 
(14) and (15) referred to above 
While the conclusions arrived at from 

the tests seem reasonable, to my mind 
they are not fully justified because of 
the fact that they are drawn from re
sults of different laboratories using dif
ferent methods, different equipment, etc 
For instance, there is noted a variation 
in making specimens and obtaining con
stant consistency in the various labora
tories, there is varying equipment for 
freezing and thawing and variation in 
times of freezing and thawing, yet the 
conclusion on this subject is based on 
tests flora laboratories with slow freezing 
apparatus compared with those from 
laboratories with fast freezing apparatus 
It is to be noted also that an examina
tion of the table shows that results from 
K S C are invariably appreciably lower 
than those of the other laboratories with
out any explanation for this condition 

Moreover, it is questionable whether 
fieezing and thawing tests are the whole 
answei to the question of dui ability of 
concrete or cement 

M R H S MATTIMORE, Committee 
Closure In reply to Mr Paul the Com
mittee would say that it is difficult to 
prove from service records the value of 
a cement unless ail conditions other than 
the cement are maintained constant The 
Committee agrees with Mr Paul's state
ment that the strength and durability of 
concrete are closely related to the method 
of manufacture of the cement and that 
we need better control in manufacture 
If Mr Paul's floe test can be used to de

termine the dm ability of concrete made 
of a given cement, it will indeed be a 
blessing However, he submitted no sub
stantiating data and the Committee has 
thus far received none from any source 

The Committee well appreciates the 
variability of the results obtained due 
to the differences in procedures adopted 
in the tests made m the different labora
tories Indeed, in formulating its pro
gram the variations in rates of freezing 
and in methods of thawing were to a 
large extent anticipated The Committee 
fails to share the chagrin so caustically 
expressed by Mr Bates in the last para
graph of his criticism It is the feeling 
of the Project Committee that this para
graph IS out of place in this discussion 
From the nature of the program and the 
data secured it is not logical to omit the 
effects of the different methods used m 
conducting these tests The Committee's 
study of the data indicates that the 
"slow" rates of freezing accompanied by 
thawing in water used in three of the 
cooperating laboratories had small effect 
on the mortars made of any of the ce
ments Nevertheless, the Committee pre
sented these data I t did not omit them 
Furthermore, the Committee asks those 
interested to examine carefully (1) the 
trends (in relations of lime ratio and the 
computed C3S contents of the cements to 
the losses in compressive strength shown 
in Figures 8 and 9, (2) the data on rating 
of cements according to strengths shown 
in Tables 24 and 26 (Appendix), and (3) 
the ratings according to expansion and 
loss m weight, Tables 29 and 31 (Ap
pendix) before they reject the Com
mittee's conclusions relative to the rela
tion of these quantities to the lime ratio 
and to computed C3S 

The Committee also wishes to call at
tention to the similarity in the trend 
of the expansion data from the tests of 
the 1 2 mortar specimens exposed to the 
weather for 3 years at the University of 
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Wisconsin and the ticnd cxiiibitcd in 
losses in sticngths at the P S I I and 
K S C laboi atones during the acceler
ated freezing and thawing tests of the 
progiam 

Commenting on two wiitten criticisms 
presented by Mr Hirschthal, and Mr 
Meder, their main objection is to some 
of the findings given m the summary of 
results in the leport, in that they do not 
feel that in all cases these findings of the 
Committee are justified from the data 
in the published report 

One statement of some importance is 
made in the report under Summary of 
Results—"The data obtained from these 
tests IS too voluminous to report m full 
in the printed Proceedings" Special 
leference is made to this as it is quite 
probable that if all of this data were 
available to all interested parties, as was 
the case with the Committee, in inter
preting the findings, they would be in a 
better position to see the viewpoint of 
the Committee 

Variations do exist in results secured 
from different laboratories This is noted 
in the published report, and has its effect 
on the averages, but the Committee 
thought it advisable to present findings 
from the averages rather than individual 

icsults At the same time the i J i i n t c d 
leport fuinishes data enough for those 
interested so that individual conclusion 
could be made independent of any find
ings of the Committee 

We feel that the Committee really ac
complished something in the results ob
tained on freezing and thawing as re
ported by the different laboratories The 
apparatus used by each laboratory was 
fully described giving the full informa
tion regarding time of freezing and thaw
ing These data compared with the re
sults secured should furnish excellent 
information for a possible standardiza
tion of the freezing and thawing tests 
Such standardization we all realize is 
vital at this time, m that, many reports 
are being submitted regarding the effect 
of the various cycles of freezing and 
thawing with little or no data accom
panying them regarding the efficiency 
of the equipment 

It IS further hoped by the Committee 
that those interested will make an effort 
to study the additional tables in the 
appendix, which can be obtained through 
the Highway Research Board, and the 
Committee also solicits further comment 
so that the full value of the report can 
be obtained 
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R E P O R T O F C O M M I T T E E ON F I L L E R S A N D C U S H I O N C O U R S E S F O R 
B R I C K A N D B L O C K P A V E M E N T S 

B Y J S CBANDELL, Chairman 

Professor of Highway Engineering, Universily of Illinois 

SYNOPSIS 

The Hocking County, Ohio, brick joint filler test pavement which was built 
in 1935 was again inspected in September, 1937 by the Project Committee It 
was found that special pitch No 16 and plastic sulfur "type B No 4" were in 
questionable condition The two blended asphalts, No 5 and No 6, are apparently 
in excellent condition 

A pavement experiment undei way on Route 31, near Logan, Ohio, with brick 
laid longitudinally, is of interest There was far less breakage during rolling than 
IS customarily experienced, the road is noticeably quieter than is the case with 
transverse bricks, and since the opening of the pavement fast heavy trucks have 
not caused breakage A psychological effect noticed is that with the bricks laid 
longitudinally the pavement seems narrower than a similar width having the 
bricks in transverse position A report on the longitudinal design will be forth
coming next year 

Numerous experiments on brick pave
ments have been conducted by the Ohio 
State Highway Department and many of 
these have been reported to the Highway 
Research Board The most recent work 
has been done about 45 miles southeast of 
Columbus, in Hocking and Fairfield 
Counties, on the Logan-Lancaster Road 
Data concerning the fillers used on the 
project are given in Table 1 

The construction of the test road was 
as follows A 6-in base of 1 7^ con
crete, using natural sand and gravel ag
gregates, was laid 20 ft wide including 
two integral 9-in flush curb headers and 
one 6-in flush center header A brick 
surface ^-in of 3-in vertical fibre pav
ing brick with projecting side and end 
lugs laid with a wire cut side up was laid 
on a ^-in cushion 

The base was constructed with im
pressed transverse contraction joints 
spaced at 25-ft intervals and a longi
tudinal key type center joint through the 
base along one side of the center header 
There were no joints in the brick surface 
except in Section No 1 (portland con
crete grout filler) where a 3-ply tar paper 
was used ovei the conti action and longi
tudinal joints in the base In addition, 
this Section had 1-in transverse pre-

foimed cork-rubber expansion joints in 
the brick over some of the contraction 
joints, spaced at 150-ft intervals 

A mastic cushion was used for most of 
the pavement, however, to enable a fur-
thei comparison of cushions, two plain 
sand cushions were also used One with 
a comparatively fine sand, and the other 
with a comparatively coarse sand 

A calcium chloride solution was used 
as a filler removal agent on most of the 
sections, but white-wash was used on 
part of one section, and a special oil 
emulsion with plastic-sulfur "type A " 
White-wash cannot be used as a separat
ing agent with plastic-sulfur fillers 

Some difficulties were encountered in 
the use of some of the fillers 

A report made by Mr R R Litehiser 
after one year's service indicated that 
fillers No 4, 16, 5, 6 and 3 were appar
ently satisfactory except that No 3 had 
an undesirable sulfurous odor Fillers 
No 18, 12 and 13 had receded into the 
joints or flowed sufficiently to cause par
tial failure and filler No 2 had failed 
badly In Septembei, 1937, two yeais 
after its completion, the pavement was 
again inspected by the Project Commit
tee It was then found that sj^ccial pitch 
No 16 and plastic sulfur type "B No 4" 
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were in questionable condition The two 
blended asphalts, No 5 and No 6, are 
apparently m excellent condition Fillers 
1 and 2 were replaced in July 1937 with 
Special Pitch No 16 and Plastic Sulphur 
No 4, because sections 16 and 4 appeared 
to be m good condition after one year 
The results of the two-year inspection are 
given in Table 1 

Another experiment is on Route 31 in 
Ohio, near Logan, where the brick have 
been laid longitudinally The advantages 
claimed for this are less broken brick 
during construction and thereafter, a 
quieter pavement, no batting, and that 
the brick will span such transverse cracks 
as may appear m the base I t is too early 
to make a report on this stretch of pave
ment which at the present time is highly 
satisfactory There is however one item 
to be mentioned which has to do with the 
psychological effect on the driver rather 
than with the construction, which is that 
the pavement seems narrower than a 
similar one laid ivith blocks placed trans
versely The driver, looking down the 
long rows of bricks to the vanishing 
point, apparently sees the road narrow
ing like a wedge I t may also be men
tioned that at present the pavement is 

noticeably more quiet than those con
structed with bricks laid transversely 

When this road was built the inspec
tors and the roller man reported that 
there was far less breakage of the bricks 
during rolling than is customary where 
they are laid transversely I t appears 
that heavy swift trucks have not been 
successful in breaking the bricks since the 
opening of the pavement 

There are some new sections of road in 
Ohio where brick have been laid on pow
dered asphalt cushions, on Amiesite, and 
on sand-clay cushions No report is being 
made on these since they are not yet old 
enough to merit it The sections are 
being watched, and as soon as anything 
definite is learned a report will be forth
coming 

Conclusions Two blended asphalts 
stand out from all the other fillers as 
being satisfactory after two years' ser
vice on a heavy traflBc highway Those 
fillers that caused the sections in which 
they were placed to fail, have been elimi
nated from further tests Such sections 
have been rebuilt, using other fillers 

The pavement laid with brick laid 
longitudinally seems to have some points 
of superiority over the usual form A 
report on it will be made next year 
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S O M E F I L L E R C H A R A C T E R I S T I C S O B S E R V E D ON T H E 
H O C K I N G C O U N T Y F I L L E R T E S T R O A D 

H Z ScHOt'iELD, DiroUor 

Raearch Buieau, National Paving Bnck As%ocialion 

SYNOPSIS 

Added to the results of the plunned obser\ations on the Hocking County filler 
test road is information on the effect of mechanical woiking on the exuding of 
asphalt fillers for brick joints 

In addition to other benefits a non-exuding filler pioduces a suiface course 
noticeably more quiet than a surface course with exuded fillei 

The Hocking County filler test road, 
both in construction details and in first 
and second annual inspections of filler 
conditions, has been reported As might 
have been expected in an experiment of 
this scope, the experience has given in
dications on certain brick joint filler 
characteristics in addition to the planned 
filler condition observations 

In the preliminary laboratory tests 
designed to find promising fillers for in
clusion in the Hocking County filler test 
road, the only similated service test for 
exuding was summer heat application 
In making inspections of the test road 
it was found that exuding of certain 
asphalt fillers was markedly greater in 
those areas of the brick surface course 
overlying base contraction joints and 
other areas in which traflSc might be 
expected to impart a slight movement 
to the brick units The most pronounced 
example of this effect was observed on 
the two sections devoted to Ohio High
way Asphalt Filler F l , an asphalt of 
high exuding properties One section in 
which the brick were laid on plain sand 
cushion exhibited, after one year's ser
vice, a filler exudation of heavy propor
tions On the other section m which 
the brick were laid on a mastic cushion 
(probably more stable than plain sand) 
the filler exudation was of medium pro
portions except over each base contrac
tion joint where exuding was heavy In 
the laboratory, Bencowitz ^ has demon-

11 Bencowitz, Texas Gulf Sulfur Company 

strated that exuding will take place when 
thin layers of asphalt are subjected to 
shearing forces His apparatus consisted 
of five plates, spaced in apart, and 
so placed that they moved longitudinally 
in reference to each other without chang
ing the distance between them Thus 
the material filling the spaces between 
the plates was subjected to a kneading 
action without compression Dr Benco
witz, in discussing these results, indicated 
that thixotropy or breakdown of struc-
tuie (with its resultant lowering of the 
viscosity of the asphalt) may account 
in part for this effect From these labo
ratory and service observations it would 
appear advisable to consider the effect of 
kneading as well as that of summer 
temperatures in future laboratory in
vestigations of brick joint fillers 

In enumeiating the undesirable fea
tures of a heavily exuded filler, most 
prominently mentioned have been the 
reduction of anti-skid pi operties and the 
progressive loss of the filler itself I t so 
happens that, on the fiUei test road, four 
non-exuded fillers (two types of plasti-
cized sulfur and two blended asphalts) 
occur together in a pavement length of 
about one-third mile Adjoining this is 
a section of almost one-fifth mile con
taining exuded F l asphalt Thus every 
opportunity has been given for a com
parison with the result that to the other 
desirable features of a non-exuded filler 
must be added markedly more quiet and 
smoother riding quality 
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R R L I T E H I S E R , Chairman 

T H E R E E A T I O N B E T W E E N LOS A N G E L E S A B R A S I O N T E S T R E S U L T S 
A N D T H E S E R V I C E R E C O R D S O F C O A R S E A G G R E G A T E S 

B Y D O WooLF 

Asiociale Materials Engineer, U S Bureau of Public Roads 

SYNOPSIS 

Because all States do not have the same lange in quahty of coarse aggregates, 
and one State with an abundance of haid lock will consider certain test values 
for quality as nccessaiy which could not be used by other States, it must be 
emphasized that recommendations are subject to change with local conditions In 
gencial, however it appeals that theie is a definite relation between the loss in 
the Los Angeles test and the seivice record of materials used in concrete, bi
tuminous constiuction and surface treatment On the basis of the data available, 
the following percentages of wear appear to be suitable for use in specifications 
to control the quality of coarse aggregates Concrete, 50 per cent. Bituminous 
surfacing, 40 per cent, Surface treatment, 40 per cent 

Definite correlations hetv. een the loss in tlie Los Angeles test and the strength 
of concrete are found, the lower the pei centage of wear the higher the concrete 
stiength Definite coirelations aie also found with the results of a circular track 
rollei test and a test for soft or fiiable pieces It appears that the Los Angeles 
test gives accurate indication of the quality of the material under test, and that 
its use in specifications controlling the acceptance of coarse aggregate is 
warranted 

The proposal to adopt the Los Angeles classified under two heads, first, that 
abiasion test as a substitute for the pres- showing a duect comparison between the 
cnt standard methods of determining the Los Angeles test result and the service 
lesistance to abrasion or impact of coarse record of the material, and second, that 
aggregates has raised the question as to comparing the Los Angeles test result 
what relations exist between the results with stiength tests of concrete or with 
of this test and seivice behavior In 1935 wear tests of aggregates which simulate 
the Committee on Coirelation of Re- the action of traffic In presenting the 
search in Mineial Aggiegatcs of the data on seivice behavior effort has been 
Highway Research Board recommended made to present the information from 
that a study of this feature be made and different sources in similar terms in order 
a request for infoimation was sent to all to peimit of ready comparison Also to 
highway engineeiing authorities Con- insure that no error of interpretation 
siderable information was collected in has been made, laboratorj"- reference 
1935 and 1936 by the Board, and this numbeis are given, where available, to 
was supplemented by additional data designate the paiticular materials under 
secured by the Bureau of Public Roads consideration so as to permit ready 
in 1937 checking of the service records reported 

For purposes of discussion the informa- here by the authorities from whom the 
tion which has been secured will be data were obtained 

350 
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COMPARISONS W I T H S E R V I C E RECORDS 

Data comparing the Los Angeles abra
sion test results with service records have 
been obtained from eight State highway-
departments and a highway board in 
Australia In general, the data as pre
sented in Tables 1 to 9 show the type of 
material, the Los Angeles abrasion test 
result, the service record of the mateiial 
when used in concrete, bituminous pave
ment, or surface treatment construction, 
and a laboratory number designating the 
material The letter S indicates that the 

Angeles test results of less than 40 pei-
cent are classed as being satisfactoiy for 
use in concrete, bituminous construction 
and surface treatment The two excep
tions are a slag with a Los Angeles loss 
of 28 8 percent which is considered un
suitable for use in surface treatment, and 
a limestone with a Los Angeles loss of 
38 2 and having a rough open texture 
which IS considered questionable oi un
suitable for all three types of construc
tion Gravel from three sources with Los 
Angeles losses fiom 41 to 48 percent are 

T A B L E 1 
COMPARISON B E T W E E N L O S A N G E L E S T E S T R E S U L T AND S E R V I C E RECORD B Y 

FLORIDA S T A T E ROAD DEPARTMENT 

Sample No Type of 
material Description 

Los Angeles 
per cent 
of wear Concrete 

Service record 

Bituminous 
construction 

Surface 
treatment 

54673 Rock Dolomite 14 8 s s s 
54671 it Chert 15 2 s s s 54577 Slag 80 pound 23 2 s s s 54678 (( 28 0 s s s 54676 (t 

71 pound 28 8 s s u 54670 Rock Limestone 31 0 s s 54675 n (t 34 8 s s 54674 f t it 38 2 Q u u 54672 It It 40 9 Q u 54667 Gravel Quartz 41 2 s s Q 
54669 It It 43 4 s s Q 
54668 <t tt 48 5 s s Q 

results in seivice have, in geneial, been 
satisfactory, the letter Q that the exact 
rating is in question and the letter U 
that generally unsatisfactory results have 
been obtained In a number of cases 
several samples of the same material are 
shown in the original data from which 
these tables were compiled In such cases 
the value shown in the table is the aver
age of all the values reported Also the 
values given as the Los Angeles test 
result are generally averages of the two 
gradings permitted in the test method 

Table 1 piesents scivicc iccords com
piled by tlie Floiida State Roads De
partment AVith only two exceptions ail 
rock and blast fuinace slag with Los 

classed as satisfactoiy for use in concicte 
and bituminous constiuction, .but as 
questionable for use in surface treatment 

Table 2 presents a comparison between 
the Los Angeles test result and the 
service record of materials used in sur
face treatment work based on data 
supplied by the Georgia State Highway 
Board Both rock and blast fuinace slag 
with Los Angeles losses of 40 percent or 
less are found to have satisfactory ser
vice lecoids 

Data fuinishcd by the Kansas State 
Highway Commission giving seivice 
iccoids foi conciete and bituminous con
stiuction aic shown in Table 3 All ma-
tciials had satisfactoiy scivicc iccoids 
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T A B L E 2 

COMPARISON B E T W E E N L O S A N G E L E S T E S T 
R E S U L T AND S E R V I C E RECORD B Y GEORGIA 

S T A T E HIGHWAY BOARD 

Type 
of 

material 
Description 

Los Angeles 
percent 
of wear 

Service 
record in 
surface 

treatment 

Slag Copper 14 6 s 
Rock Limestone 26 1 s Slag Blast furnace 27 3 s Rock Dolomite 38 2 s Granite 40 2 s 
Gravel Quartz 49 1 u 
Rock Granite 61 9 u 

The data indicate that satisfactory re
sults were secured with materials having 
losses as high as 47 4 percent in the case 
of concrete and 40 8 percent in the case 
of bituminous construction 

Data furnished by the North Carolina 
State Highway and Public Works Com
mission regarding the behavior of ma
terials in surface treatment construction 
are shown in Table 4 All materials 
found to be satisfactory for this use have 
peicentages of wear in the Los Angeles 
test of less than 40 

T A B L E 3 

CoMPAUi&ON B E T W E E N L O S A N G E L E S T E S T R E S U L T AND S E R V I C E RECORD B Y 
KANSAS STATE HIGHWAY COMMISSION 

Sample No Type of 
material Description 

Loa Angelei 
per cent 
of wear 

Service record 

Concrete Bituminous 
construction 

27061 
27039 
27069 
27070 
27071 
27099 

Rock Limestone 

Calcareous sandstone 
Limestone 

30 8 
31 8 
32 4 
40 0 
40 8 
47 4 

S 
S 
S 
s 
s 
s 

s 
s 
s 
s 
s 

T A B L E 4 

COMPARISON B E T W E E N Los A N G E L E S T E S T R E S U L T AND S E R V I C E RECORD B Y 
NORTH CAROLINA S T A T E HIGHWAY AND P U B L I C WORKS COMMISSION 

Service'record 
Sample 

No 
Type of 
matenal Descnption Los Angeles Sample 

No 
Type of 
matenal Descnption per cent of wear 

Surface treatment 
Sample 

No Surface treatment 

11 Rock Granite 17 4 s 
9 Limestone 19 9 s 
8 21 3 s 

10 Dolomitic limestone 24 2 s 
7 Granite and diorite 36 4 s 
2 Granite gneiss 37 9 s 

12 Gravel Quartz—gneiss 41 9 Q 
13 tt Quartz 42 6 Q 
3 Rotk Granite gneiss 47 1 u 

16 Gravel Quartz 47 6 Q 
1 Rock Dolomitic limestone 47 8 Q 
4 11 Pegmatitic granite 50 6 Q 

15 Gravel Quartz 
tt 

53 0 Q 
14 t( 

Quartz 
tt 54 1 Q 

6 Rock Granite 57 0 u 
5 ti 62 4 u 
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Table 5 presents data furnished by the 
Ohio Department of Highways showing 
the service recoid of materials in con
crete and bituminous construction With 

foi use in the types of constiuction men
tioned No explanation of the bchavioi 
of these two questionable mateiials was 
furnished 

T A B L E 5 

COMPARISON B E T W E E N Los A N G E L E S T E S T R E S U L T AND S E R V I C E RECORD BY 
OHIO DEPARTMENT OF HIGHWAYS 

Service record 
Type of 
matenal 

Los Angeles 
Sample No Type of 

matenal Description per cent 
of wear Concrete Bituminous 

construction 

9 Rock Limestone 20 5 s s 
10 tl It 23 3 s s 
15 Slag 83 5 lb 27 9 s s 
11 Rock Limestone 28 5 s s 
5 Gravel Crushed 28 7 s s 
1 (1 28 9 s s 
6 tt Crushed 29 6 s s 
2 tt 31 0 Q Q 

16 Slag 72 5 1b 32 0 s s 
13 Rock Limestone 32 7 s s 
3 Gravel 32 8 Q Q 

12 Rock Limestone 33 2 s s 
4 Gravel 37 2 Q Q 
8 tt Crushed 38 8 Q Q 

17 Slag 69 51b 47 8 Q Q 
14 Rock Limestone 58 0 Q Q 

T A B L E 6 

COMPARISON B E T W E E N L O S A N G E L E S T E S T R E S U L T AND S E R V I C E RECORD BY 
SOUTH CAROLINA S T A T E HIGHWAY D E P A R T M E N T 

Service record 
Type of 
matenal 

Los Angeles 
per cent 
of wear 

Sample No Type of 
matenal Description 

Los Angeles 
per cent 
of wear Concrete Bituminous Surface Concrete construction treatment 

A-21778 Rock Granite 33 4 s s s 
A-21781 tt tt 34 8 s s s 
A-23260 tt tl 41 1 s s s 
A-22269 Gravel Siliceous 46 2 S' Q Q 
A-22497 n (( 46 3 SI s 
A-22422 It tl 52 5 SI u u 
A-22421 It It 53 9 S' u u 
A-21198 Rock Dolomitic marble 58 2 s 
A-22492 IC Gneiss 67 4 s u u 
A-22423 Gravel Siliceous 74 0 u u u 

• For structural service only 

the exception of gravel from two sources, 
all materials with Los Angeles losses of 
less than 35 peicent are found suitable 

Service records for materials used in 
concrete, bituminous surfacing, and sur
face treatment are given in Table 6 based 
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on infoimation furnished by the South 
Caiolina State Highway Department 
Tiiese data show materials with Los 
Angeles losses of 41 peicent or less to be 
satisfactoiy for use in suiface treatment 
Matciials with losses to 46 percent are 
considered satisfactory for use in bitumi
nous construction and a rock with a loss 
of 67 percent is considered suitable for 
use in concrete Four samples of gravel 
with losses between 46 and 54 percent 
aie considered suitable for structural 
concrete only 

Data furnished by the Texas State 
Highway Department giving service 

60 

2 S 
z < 20 

AVERAGE 

5 y 
• s 

CONCRETE 

i i 
BITUMINOUS 

CONSTRUCTION 

11 
SURFACE 

TREATMENT 

Figure 1 Maximum Percentage of Wear in 
Los Angeles Test for Material of Satisfactory 
Service Record 

* Traffic Bound Surfacing 

recoids for materials used in conciete 
and bituminous construction aie shown 
in Table 7 With only five exceptions all 
samples of rock and gravel with Los 
Angeles test losses of less than 45 percent 
are found to be satisfactory for use in 
both types The five exceptions include 
three limestones with losses of 30 2, 31 6 
and 37 5 percent, a siliceous gravel with 
a loss of 30 6 percent, and a quartzite 
with a loss of 42 7 percent The lime
stone with a loss of 30 2 percent is con
sidered satisfactoiy for use in concrete 
but questionable foi bituminous surfac
ing The gravel is stated to be laminated, 
and this may account for its poor seivice 
record Two of the three limestones were 
taken from souices which apparently 

contained mateual of vauable quality, 
and it IS possible that the low values 
given represent material of better quality 
than has been supplied for use All ma
terials with losses above 45 percent are 
stated to be unsuitable for bituminous 
construction and those above 51 percent 
to be unsuitable for use in concrete 

Table 8 shows service lecord data for 
concrete, bituminous construction, and 
traffic bound surfacing furnished by the 
Wisconsin State Highway Department 
The data are not complete in that service 
records for all three classes of construc
tion are not shown for a majority of the 
materials However, all materials with 
a Los Angeles loss of less than 40 percent 
are stated to be satisfactory for use in 
those types of construction where a record 
IS available AVith the exception of one 
sample, a dolomite, all materials with 
losses of 47 percent or less were reported 
as satisfactory for use in traffic bound 
surfacing This surfacing was placed 
largely on town or county roads and pre
sumably carried only light traffic 

In Table 9, the seivice record of ma
terials used mainly in surface treatment 
construction is given fiom records fur
nished by the Country Roads Board of 
the State of Victoria, Australia ^ All 
lock and gravel with a Los Angeles loss 
of 35 per cent oi less are stated to have 
excellent to fair service lecords, but the 
Board concludes that a maximum loss 
of 20 percent should be used for the best 
surfacing materials 

A summation of the foiegoing infor
mation IS presented in Figure 1, with the 
findings of the different highway authori
ties grouped according to type of con
struction Some liberties have been 
taken in presenting these data in that 
the values given may include a few ma
terials without satisfactory service rec-

iThe Los Angeles Abrasion Test, by A H 
Gawith, Mam Roads, Vol 8, No 2, Feb 1937, 
p 54 
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T A B L E 7 

CoMPABisoN B E T W E E N L O S A N G E L E S T E S T R E S U L T AND S E R V I C E RECORD BY 
T E X A S S T A T E HIGHWAY DEPARTMENT 

Sample No Type of 
material Deacnpiion 

Los Angeles 
per cent 
of wear 

Service 

Concrete 

record 

Bituminous 
construction 

2979 Rock Rhyolite 16 1 S s 
2992 tt Dolomitic 19 0 s s 
1934 Gravel Siliceous 20 6 s s 
2951 tt 22 2 s s 
3699 Rock Limestone 22 2 s s 
2838 Gravel Siliceous 24 5 s s 
2815 tt tt 25 4 s s 
3557 tt tt 25 6 s s 
3754 tt tt 25 7 s s 
3723 Rock Limestone 26 3 s s 
3672 tt tt 26 9 s s 
3000 Gravel Limestone and siliceous 27 0 s s 
2873 Rock Limestone 27 2 s s 
3698 tt tt 27 5 s s 
2243 Gravel tt 29 0 s s 
3092 Rock tt 29 1 s s 
2898 Gravel Siliceous 30 0 s s 
2767 tt Limestone 30 1 s s 
3670 Rock tt 30 2 s Q 
3538 Gravel Siliceous 30 6 Q u 
2975 Rock Calcareous shale 30 8 s s 
2667 Gravel Limestone 31 3 s s 
3766 Rock " 31 6 u u 
3013 tt 32 2 s s 
3823 tt 33 2 s s 
3668 tt 34 5 s s 
3783 tt 35 1 s s 
3724 tt 36 3 s s 
3803 tc Dolomite 36 3 s s 
3014 It Limestone 37 5 Q u 
2367 Gravel Siliceous 37 9 s s 
2824 Rock Limestone 38 2 s s 
3228 (( tt 39 3 s s 
3111 ti Quartzite 42 7 Q Q 
3824 tt Limestone 42 8 s s 
2368 Gravel Siliceous 42 8 s s 
3229 Rock Limestone 44 4 s s 
3805 tt " 46 9 Q u 
3725 tt 49 2 Q u 
3816 tt 50 5 Q u 
3015 tt 54 3 u u 
2675 tt " 60 1 u u 
3669 tt 62 0 u u 
2674 tt 65 9 u u 
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ords However, the attempt has been 
made to show a maximum value for the 
Los Angeles percentage of wear which 
includes all materials of satisfactory 

trend of the specification limits which 
have already been established for the 
Los Angeles test by several State High
way Departments 

T A B L E 8 
CoMPARrsoN B E T W E E N L O S A N G E L E S T E S T R E S U L T AND S E R V I C E RECORD B Y 

WISCONSIN S T A T E HIGHWAY D E P A R T M E N T 

Sample 
No 

Type of 
material Description 

Los Angeles 
per cent 
of wear Concrete 

Service recon 

Bituminous 
coDStruc-

tion 

Traffic 
bound 

surfacing 

1 Rock Trap 11 1 s s s 
4 Gravel Igneous 18 4 s 
5 Rock tt 18 9 s 
6 Gravel Mixed Igneous 19 4 s s 
7 n tt tt 19 4 s 
8 n tt It 20 2 s 
9 Rock Dolomitic 21 8 s 

10 Gravel Mixed Igneous 22 2 s 
11 11 tt tt 22 3 s 
12 cc Igneous 22 3 s 
13 n tt 22 5 s 
14 It tt 23 5 s 
15 Rock Doloinitic 25 1 s s s 
16 Gravel tt 25 2 s 
18 Rock tt 26 0 s s 
20 Gravel tt 27 3 s s 
21 It Mixed Igneous and sedimentary 27 7 s 
22 Rock Dolomitic 28 1 s s s 
23 Gravel tt 28 2 s s 
24 Rock tt 28 4 s 
25 Rock tt 28 4 s 
27 Gravel Mixed dolomitic and igneous 30 1 s 
28 tt Dolomitic 30 6 s 
29 Rock tt 30 8 s 
30 Gravel tt 31 5 s s 
31 Rock tt 33 7 s s 
33 Gravel Mixed dolomitic and igneous 34 1 s 
34 Rock 35 3 s 
35 Gravel Dolomitic-igneous 35 5 s 
37 tt Mainly dolomitic 36 1 s 
38 Rock Dolomitic 36 3 s 
39 tt tt 38 0 s 
41 Gravel Mainly dolomitic 39 3 s 
43 Rock Dolomitic 43 8 Q-U 
46 tt tt 47 2 s 

service record and excludes the majority 
of materials which have proved unsatis
factory In geneial, it will be noted that 
the values given foi bituminous surfacing 
are somewhat lowci than those for con
crete, and those for surface tieatment 
are still lower This follows the general 

COMPARISONS W I T H OTHER T E S T S 

Figure 2 shows the results of tests 
made by the Michigan State College 
comparing the loss in the Los Angeles 
test with the loss in a circular track 
roller test In both tests all materials 
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were prepared with the following grad
ing. 

Passing li-inch sieve, percent 100 
li-mch " " 80 

" 1- " " " 60 
" l- " " " 40 
It ^_ tt tt tt Q 

The material passing the no 10 sieve 
after each test was considered as the loss 

by several State highway departments, 
and are shown in Figures 3 to 6, inclusive 
In Figure 3 flexural test results repre
senting a large number of tests made by 
the Georgia State Highway Department 
over a period of three years show a very 
good correlation with the results of the 
Los Angeles test Proportions specified 
by Georgia for concrete pavement con-

T A B L E 9 

COMPARISON B E T W E E N L O S A N G E L E S T E S T RESTJLT AND S E R V I C E RECORD B Y 
COUNTRY ROADS BOARD, S T A T E OF VICTORIA, AUSTRALIA 

Sample No Type of 
matenal Description 

Los Angeles 
per cent 
of wear 

Service record 

9534 Rock Basalt 12 4 Excellent 
9708 tt 12 9 tt 

9416 Dolerite 15 3 Very good 
9359 Rhyolite 15 5 Satisfactory 
9483 Basalt 16 8 Very good 
9419 Dacite 18 1 Satisfactory 
9349 Basalt 22 0 Good 
9704 Limestone 23 5 Fau-
9351 Basalt 24 3 Good 
9472 tt 24 3 Fau: to good 
9550 Sandstone 28 6 Fair 
9348 Basalt 28 8 Fair 
9350 30 0 Fan- to good 
9464 Granite 34 6 Fair 
9275 Gravel 35 0 Fair 
9352 Rock 37 0 Poor 
9499 " Quartz 41 0 Fau- (light traffic) 
9573 Sandstone 43 6 tt tt tt 

9345 Quartzite 44 0 tt tt tt 

9265 Shale 46 0 tt tt tt 

9357 Sandstone 54 8 It It It 

Quartz 55 0 Poor 

and was expressed as a percentage of 
the original weight of the material In 
the roller test, the samples were sub
jected to a maximum of 500 passes of a 
cast iron roller loaded to 200 lb per inch 
of width These results show a definite 
correlation between the two tests It is 
interesting to note that 500 passes of the 
roller were required to secure a loss ap
proaching that obtained in the Los 
Angeles test 

Data comparing the loss in the Los 
Angeles test with flexural or compressive 
strengths of concrete have been furnished 

« GRAVEL 

o ROCK 
6 SLAG 

200 PASSES 

o y 20 

100 PASSES 
OF ROLLER 

10 20 30 40 50 

LOS ANGELES PERCENT OF WEAR 

Figure 2 Relation Between Losses in Los 
Angeles Test and Circular Track (Roller) Test 
(Data from Michigan State College) 
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struction were used in this work Figure 
4 presents the results of a laboratory in
vestigation made in Texas with four 
different aggregates a hard limestone 
with a Los Angeles loss of 29 1 percent, 
a blue-gray quartzite with a loss of 33 1 
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Figure 3 Relation Between Flexural Strength 
of Concrete and Los Angeles Abrasion Loss 
(Data from Georgia State Highway Depart
ment) 
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Figure 4 Relation Between Los Angeles 
Abrasion Loss and Flexural Strength of Con
crete. (Data from Texas State Highway De
partment) . 

percent, a red sandstone with a loss of 
70 percent, and a soft limestone with a 
loss of 74 2 percent The materials were 
prepared to approximately the same 
grading, and made into concrete with 
three different mixes using 5, 7, and 9 
gallons of water per sack of cement Due 
to differences in the aggregates, slightly 

different cement factors (sacks per cubic 
yard of concrete) were obtained foi each 
water content The average cement fac
tor for the 9-gallon mix was about 1 0 
bbl , for the 7-gallon mix it was about 
1 2 bbl and for the 5-gallon mix it was 
about 1 7 bbl To permit ready compari
son with other data these average cement 
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Figure S Relation Between Los Angeles 
Abrasion Loss and Compressive Strength of 
Concrete (Data from Texas State Highway 
Department) 
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Figure 6 Relation Between Los Angeles 
Abrasion Loss and Flexural Strength of Con
crete (Data for Crushed Stone from Nine 
Commercial Quarries in N Carolina ) 

factors have been indicated in the figures 
in place of the governing water content 
It will be noted that the effect of quality 
of aggregate is more pronounced in the 
rich mix than in either of the others 
This tendency is also revealed in Figure 
5 which shows the corresponding relation 
between Los Angeles abrasion loss and 
crushing strength 

Figure 6 gives the results of a series 
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of tests involving samples of granite and 
limestone from nine commercial quarries 
in Noith Carolina Similar relations to 
those indicated in Figure 4 are found 
These data emphasize the importance of 
taking into consideration the influence 
of the quality of the coarse aggregate in 
connection with the design of paving 
mixtures In the case of the nine com
mercial crushed stones in North Carolina 
a maximum difference of about 150 lb 
in modulus of rupture resulted when the 
cement content was held constant at 
15 bbl Mixes designed for strength 
would compensate for this as well as 
other variables inherent in the method 
of arbitrary proportioning However it 
should be recognized that characteristics 
of aggregates other than resistance to 
abrasion such as, for example, surface 
texture, will also affect the strength of 
concrete 

Data furnished by the Pennsylvania 
Department of Highways comparing the 
Los Angeles test result with determina
tions of the amount of soft or friable 
particles m gravel are given in Figure 7 
In the test for soft pieces, particles be
tween I in and 1̂  in were loaded with
out impact to a total of 200 lb , and 
larger particles to 400 lb Particles which 
crushed under these loads were consid
ered to be soft or friable A definite re
lationship IS found between the test for 
soft pieces and the Los Angeles test al
though several samples depart somewhat 
from the general trend 

CONCLUSION 

Some difficulty was found in attempt
ing to summarize the data discussed in 
this paper This is due to the fact that 
all states do not have the same range 
in quality of coarse aggregrates, and one 
state with an abundance of hard rock 
will consider certain test values for 
quality as necessaiy which could not be 
used by other states Consequently it 

must be emphasized that recommenda
tions given here are subject to change 
to suit local conditions 

In general, it appears that there is a 
definite i elation between the loss m the 
Los Angeles test and the service record 
of materials used in concrete, bituminous 
construction and surface treatment On 
the basis of the data available, the fol
lowing percentages of wear appear to be 
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Figure 7 Relation Between Percentage of 
Soft Fragments in Gravel and Los Angeles 
Abrasion Loss (Data from Pennsylvania State 
Highway Department) 

suitable for use in specifications to con
trol the quality of coarse aggregates 

Concrete 
Bituminous surfacing 
Surface treatment 

Percent 
. 50 

40 
40 

Definite correlations between the loss 
in the Los Angeles test and the strength 
of concrete are found, the lower the per
centage of wear the higher the concrete 
strength Definite coi relations are also 
found with the results of a circular track 
roller test and a test for soft or friable 
pieces 

In conclusion, it appears that the Los 
Angeles test gives accurate indication of 
the quality of the material under test, 
and that its use in specifications con
trolling the^cceptance of coarse aggre
gates is warranted 
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T H E S I G N I F I C A N C E OF E A R L Y H E A T L I B E R A T I O N O F C E M E N T P A S T E 

B Y R W CARLSON 

Associate Projessor of Civil Engineering, Massachusetts Institute of Technology 

SYNOPSIS 
This paper concerns differences in rates of heat generation of cements during 

the first 24 hours after mixing, and the probable significance of the differences 
A "conduction" calorimeter is described that measures instantaneous rates of 
heat liberation The results from this calorimeter form the basis of the paper 

Plotted cuives of the rates of heat liberation of cements for the first 24 hours 
after mixing show wide differences, suggesting that the early heat characteristics 
may be a sensitive index to the performance of a cement The following proper
ties of cement are shown to be related to early heat of hydration setting times, 
early strength, temperature rise of concrete in thin slabs, and probably bleeding 
of concrete 

The early heat charactei istics of cements are affected by the following factors 
fineness, composition, gypsum content, cooling tieatment of cement clinker, 
temperature of hydration, "conditioning" on ageing of cement, and the presence 
of extraneous materials An example of the effect of these variables is the fact 
that a few per cent of an active puzzolamc material may increase the maximum 
rate of heat liberation by a hundred per cent or more, although it may reduce the 
total heat liberation 

The preliminary studies of early-heat characteristics presented in this paper 
indicate that the conduction caloiimeter is a good tool for research The early 
heat of hydration may provide a guide to improving the quality and uniformity 
of cements when the significance of results is more fully understood 

The purpose of this paper is to present 
the preliminary results of studies on the 
early heat of hydration of cement The 
different heat characteristics of indi
vidual cements will be shown and the 
correlation of these characteristics with 
the performance of the cement will be 
attempted While it is believed that 
early-heat measurements have possibili
ties of worth while applications, the 
present paper is devoted only to indi
cating the apparent significance of the 
early-heat measurements The studies 
thus far are instructive but are not ex
haustive enough to recommend early-
heat measurement for purposes other 
than research 

T E S T METHODS AND APPARATUS 

Because of the peculiar variations in 
early heat liberation of cement, three 
kinds of calorimeters were employed to 
obtain the complete heat-liberation 
record for 24 hours after mixing One 
simple calorimeter was used to determine 

the heat liberated up to one half hour, 
another gave the record from one half 
hour to about four hours, and a third 
gave the record up to 24 hours With the 
guidance of the test results obtained, one 
of these calorimeters may be omitted in 
future work 

The first calorimeter, for immediate 
heat liberation, was simply a Dewar jar 
fitted with a sensitive mercury ther
mometer passing through a thick cork 
Cement was placed in the jar and cold 
water of known weight and temperature 
was added and mixed with the cement 
Temperatures of the paste were observed 
at 3,15*, and 30 minutes The heat libera
tion was computed by comparing these 
temperatures with the initial tempera
tures of the materials, taking account of 
respective weights and specific heats 
This method was not reliable beyond 
about 30 minutes because the heat trans
fer became large in comparison with the 
slow heat liberation at this time 

The intermediate calorimeter was also 
a Dewar jar, but prepared to take a paste 
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specimen &caled in a bottle In oidci to 
equalize the paste tcmpcratuie, a copper 
lod extended thiough the coik to the 
bottom of the bottle An electrical re
sistance thermometer mounted on the 
copper permitted temperature measure
ment to 0 03° C Conversion of tempera
ture rise into heat units necessitated 
knowing the heat capacity of all ma
terials m the jar With this calonmeter, 
measurements could be taken even after 
the paste had hardened, without damag
ing the thermometer unit 

The final, "conduction" calorimeter, to 
extend results to 24 hours, was of a new 
design, similar in principle to the vane 
calorimeter ^ It permitted the instan
taneous rate of heat liberation to be de
termined at approximately constant tem
perature Heat was conducted away from 
a specimen almost as fast as it was lib
erated The rate of conduction was de
termined by observing the small tem
perature difference between the ends of 
a metal tube along which the heat was 
conducted This temperature difference 
could be measured readily to about 
0 02° C with resistance thermometers 
and a test set designed to measure differ
ence directly (If many tests are to be 
made, a recorder can be obtained that 
will make a contmuous record on as 
many as 6 calorimeters simultaneously ) 
A cross section of the conduction calorim
eter I S shown in Figure 1 The figure 
indicates how the heat is taken from the 
specimen by a copper rod, how the oppo
site end of the metal tube is maintained 
at substantially constant temperature, 
and how a Dewar jar prevents heat loss 
except in the direction of the metal tube 
Credit for suggesting this modification 
of the vane calonmeter is due I L Tyler, 
concrete technician for the Tennessee 
Valley Authority 

The water cement ratio for most of the 
tests was 0 35 by weight This value 

iThe Vane Caloninetpr R W Cailson, 
Proceedings Am Soc T M 1933 

made as diy a paste as could be stiried 
leadily for the caily tests It was found 
that the watei content of the paste, 
within ordinary limits, had only a slight 
effect on the early heat liberation 

The temperature of the hydratmg 
paste was approximately 70° F In 
the conduction calorimeter, high-early-
strength cements rose in temperature as 

1 
^DEWARJAR 

WATER 

lyCONDUCriNC TUBi 

, H£AT t 
> INSULATION ^ 

Figure 1 Conduction Calonmeter 

much as 15° F during the period of rapid 
hydration, but the average temperature 
for 24 hours was not much above 70° F 
Proposed improvements in the calorim
eter will reduce the variations in curing 
temperature by about one half 

GENERAL FINDINGS 

Typical Heat Liberation of Hydratmg 
Cement When water is first added to 
Portland cement, there is an immediate 
heat liberation of appreciable amount 
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Only a small poition of the immediate 
licat IS diiectly due to wetting the ce
ment, the major portion is due to the dis
solving of readily-soluble "impuiities," 
such as fiee linie and probably alkalis 
This heat continues to be liberated for a 
numbei of minutes at a decreasing rate 
until, at about two hours, it is imper
ceptible 

Before the "impurities" have ceased to 
libei ate heat at a noticeable rate, the hy-
diation of two of the major compounds, 
tiicalcium aluminate and tncalcium sili-

by plotting curves of the instantaneous 
rates of heat liberation, rather than 
cumulative heat of hydration A few 
such curves for selected standard cements 
are shown in Figure 2 Bearing in mind 
that these curves were all obtained on 
standard portland cements, the differ
ences are striking One need not con
clude that standard cements are neces
sarily of wide variation in quality, but 
rather that the early-heat curves are a 
sensitive index of the early hydration of 
the cement 
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Figure 2 Early Heat Charactenstics of 
Standard Cements 
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Figure 3 Early Heat Curves of High Early 
Strength Cements 

cate, begins to evolve heat at an increas
ing rate Thus, a minimum rate of heat 
generation, at about two hours, is fol
lowed by a maximum rate at about 8 
houis The maximum is usually reached 
an houi or more after final set has been 
attained, and is followed by a gradual 
decrease in rate At the end of 24 hours, 
the rate is only a fraction of the maxi
mum, and if tests are continued for sev
eral days, the rate is found to be only 
about one per cent of the maximum 

Many exploratory tests weie made to 
determine what differences in early heat 
liberation might be expected due to vari
ous causes Standard portland cements 
were found to vary widely among them
selves The differences weie magnified 

Similarly, Figure 3 presents the early 
heat characteristics of selected high-
early-strength cements Note that the 
maximum rates of heat liberation are 
much greater than those of standard 
cements Again, differences between 
cements are apparent 

Even greater differences are exhibited 
by different types of cement In Figure 4 
are shown selected heat curves for five 
types of cement standard, high early 
strength, modified, low heat, and port-
land puzzolan The particular cements 
selected were of nearly the same fineness, 
so the curves show in a general way the 
effect of composition The standard 
cement was one of low tncalcium alumi
nate content, otherwise its curve would 



CARLSON—HEAT OF CEMENT PASTE 363 

differ less from those of the two high-
early-strength cements mcluded The 
low-heat and modified cements repre
sented in Figure 4 were closely similar in 
composition 

Now that curves have been presented 
showing the different early-heat charac
teristics of cements, the questions arise as 
to what their significance may be and 
how the characteristics may be varied 
The effect of a few factors on the early 
heat will first be discussed, and later the 
correlation of early heats with proper
ties of cements will be attempted 

The variables that were found to have 
a pronounced effect on the early rates of 
heat liberation were 

1 Fineness of cement, 
2 Chemical composition, 
3 Amount and condition of retarder, 
4 Rapidity of cooling of cement clinker, 
5 Temperature of hydration, 
6 "Conditioning" or ageing of cement, 

and 
7 Admixtures and impurities 

Most of these variables have not yet 
been studied thoroughly, but some dis
cussion of the effect of each on heat of 
hydration will be given before attempt
ing the correlation of heat of hydration 
with performance 

Ejfect of Cement Fineness The effect 
of finer grinding of cement is to increase 
both the maximum rate and the total 
amount of heat liberated during the first 
day of hydration The shape of the heat-
rate curve I S not greatly affected The 
general effect can be seen by comparing 
the curves of Figure 2 with those of 
Figure 3, because a single clinker was 
used in making each of several pairs of 
the particular standard and high-early-
strength cements included 

Effect of Composition Nearly all. of 
the heat liberated between 15 minutes 
and 24 hours after the mixing of cement 
with water is believed to be due to the 
hydration of only two compounds, tn-

calcium aluminate and tricalcium sili
cate The remaining compounds are 
believed to contribute little to the early 
heat The heat liberation of dicalcium 
silicate, for example, attains a maximum 
rate of only about 0 1 cal per gram per 
hour during the first day, even when 
ground quite fine Of the two com
pounds largely responsible for the early 
heat liberation, tncalcium aluminate 
hydrates the more rapidly and is re
sponsible for the abnormally high and 
abrupt heat liberation that is observed 
m some cements It seems safe to say 
that the majority of the tncalcium 
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Figure 4 Early Heat Characteristics of Vari
ous Types of Cement 

aluminate present m a fairly fine cement 
hydrates within 24 hours Since each one 
per cent of this compound has a potential 
heat liberation of 2 2 calories per gram 
of cement,- the proportion of the 24-hour 
heat attributable to tncalcium aluminate 
can be estimated Tncalcium silicate, 
being present in larger amount, may lib
erate more heat than the tncalcium 
aluminate, but at a more uniform rate 

Effect of Gypsum • A standard-cement 
clinker was ground with different amounts 
of gypsum to make five cements of equal 
fineness but with S O 3 contents ranging 
from 0 5 to 2 5 per cent The early heat 
curves for these cements are presented in 
Figuie 5 

2 Woods, Staike, and Steinoiii, "Heat 
Evolved by Cement During Haidening " Eng 
News-Record, Oct 6, 1932 
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The cement with only 0 5 per cent of 
S O 3 exhibited a flash set with the hbera-
tion of a considerable amount of heat, 
following which there were several hours 
of slow hydration The heat liberation 
then increased slowly and a low maxi
mum was reached at about 15 hours 

With 1 0 per cent of SOj, the rate of 
heat liberation during the first few hours 
was normal (as with 1 5 per cent SO3) 
but a maximum was reached at the early 
age of 5 hours as compared with about 
8 hours normal for this cement The 
maximum rate was only about 60 per 
cent of normal but the rate at 24 hours 
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Figure 5 Effect of Gypsum on Early Heat 
Liberation 

was above normal The total amount of 
heat liberated in 24 houis was far below 
normal 

With 1 5 per cent of S O 3 , the normal 
curve for this cement was obtained Note 
that the heat-rate curve is sharp and that 
the maximum rate of heat liberation is 
higher than for any other amount of 
S O 3 investigated 

With 2 0 and 2 5 per cent of S O 3 , the 
total heat liberation during the first 24 
hours became progressively more exten
sive, but the greater liberation was at
tained through a prolonging of the peiiod 
of rapid libeiation and not by increas
ing the maximum rate 

The effect of different forms of gyp-
sum)v^such as plaster of pans and the 

"anhydride" forms, have not yet been 
investigated I t would seem that the eflB-
ciency of the retarding action of various 
forms might be studied to advantage 
fiom the heat-of-hydration standpoint 

Effect of Rate of Cooling of Cement 
Clinker Only a few tests were made 
with cements of different "glass" con
tents, such as result from different con
ditions of cooling of freshly-burned 
clinker It is indicated, however, that 
while the "glass" content has little effect 
on cements containing small amounts of 
potential tricalcium aluminate, it has a 
large effect where the computed percen
tage of tricalcium alummate is high Due 
to the fact that preliminary tests were 
made on small specimens and therefore 
only qualitative, further tests are neces
sary before detailed comparisons can be 
presented 

Effect of Temperature of Hydration 
The effect of raising the temperature of 
hydration was to increase both the maxi
mum rate and the total amount of heat 
liberated up to 24 hours The time re
quired to leach a maximum rate of heat 
liberation was materially reduced by 
raising the temperature An important 
effect of higher temperature appeared to 
be the reduced hydration at later ages, 
befoie 24 hours had elapsed, cements 
tested at elevated temperature were gen
erating heat at a less rapid rate than 
were cements tested at normal tem
perature 

Effect of "Conditioning" of Cement 
Two cements were treated with super
heated steam so as to allow them to ab
sorb a fraction of one per cent of mois
ture, according to the method developed 
and described by P S Roller^ It was 
found that the maximum rates of heat 
liberation were materially reduced by the 
conditioning, although the total heat lib
eration up to 24 hours was not greatly 

"Roller, Paul S , "Seasooing of Cement at 
Elevated Temperature," Industrial Engineering 
and Chemistry, Vol 28, March 1936 
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affected Further studies are planned on 
conditioned cements 

Effect of Admixtures and Impurities 
Admixtures of certain kinds affect the 
heat-rate curves of hydrating cements, 
while many have no noticeable effect 

one portland-puzzolan cement that is 
more or less typical Note the high, but 
very sharp, maximum rate of heat libera
tion that occurred at about 10 hours The 
puzzolanic material was responsible for 
the sharp peak on the heat-rate curve 

T A B L E 1 

C O M P A B I S O N O F S E T T I N G T i M E A N D E A R L Y H E A T O F H Y D R A T I O N F O R V A R I O U S C E M E N T S 

Cement 
symbol' 

Normal 
conBiBtency 

Specific 
surface* 

24-hour 24-hour 
Time required for 

10 cal 
Cement 
symbol' 

Normal 
conBiBtency 

Specific 
surface* heat of 

hydration' 
tensile 

strength* Initial 
set 

4 cal 
per gm * 

Final 
set 

gm • 

AH 27 0 2280 61 335 2 10 3 10 4 40 4 40 
AS 24 5 1570 43 150 2 00 2 50 4 00 4 20 
BH-a 27 0 2390 69 300 1 50 2 00 3 50 3 30 
BH-b 26 0 2360 60 290 2 10 2 15 4 10 3 40 
CS 24 0 1670 30 105 4 45 4 15 9 30 9 00 
D H 25 0 2010 58 330 3 45 3 10 6 00 5 10 
E H 26 0 1930 64 , 290 2 10 2 45 5 25 5 10 
F H 26 5 2390 62 295 5 25 5 00 7 30 7 00 
G H 26 0 2170 59 320 2 50 3 30 5 35 5 30 
H H 25 0 2250 53 280 1 45 2 00 4 15 4 15 
JS-a 1740 30 (Fla sh set) 
JS-b 24 5 1730 31 95 2 55 3 30 5 25 6 30 
JS-c 24 0 1710 40 180 3 00 3 40 600 6 15 
JS-d 24 0 1730 44 190 3 20 4 00 5 50 6 15 
JS-e 24 0 1740 45 185 3 35 4 10 5 55 6 10 
K P 29 0 26 3 45 3 30 8 45 10 00 
L L 23 0 25 3 20 3 40 6 50 6 55 
MM 23 0 26 3 50 3 40 6 35 6 50 

Notes 
1 Second letter signifies type of cement (H, high-early strength, S, standard, P, puzzolan, L , 

low-heat, and M, modified) 
2 Square centimeters per gram as determined by Klein turbidimeter 
' Calories per gram, exclusive of first 3^ hour 
< Poimds per square inch on standard mortar 
5 Exclusive of first hour 
6 Exclusive of first >̂  hour 

Accelerating agents and retarding agents, 
including retarders other than gypsum, 
have especially large effects, while many 
common chemicals have little effect 

Puzzolanic materials interground with 
cement altered the heat-rate curves, 
while the same materials simply mixed 
with cement had little effect Only puz
zolanic materials that were reactive with 
lime, however, had a noticeable effect 
when interground with cement In 
Figure 4 there is included the curve of 

y 

R E L A T I O N B E T W E E N H E A T C H A R A C T E R 

I S T I C S A N D P E R F O R M A N C E 

O P C E M E N T 

Setting Times and Heat of Hydration 
After examining the cumulative heat 
curves of a number of cements, it ap
peared that initial set usually was 
reached when about 4 calories per gram 
had been liberated Similarly, final set 
usually corresponded to 10 calories per 
gram The immediate heat of hydration 
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seemed to have no bearing on the setting 
times 

In Table 1 are presented the measured 
setting times of a number of cements, and 
the corresponding times required for the 
heat of hydration to reach 4 and 10 calo
ries per gram, respectively It may be 
noted that there is fair agreement be
tween corresponding times In- view of 
the fact that setting times are defined as 
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Figure 6 Relation Between Early Strength 
and Heat 

the times required' for aibitraiy degrees 
of hardness and that they are not easily 
reproducible, the agreement is as good as 
could be expected Actually, the final set 
can probably be determined to a greater 
degree of reproducibility by heat mea
surements than by the usual method foi 
determining final set The initial set is 
less definitely related to the heat mea
surement, because of the difficulty of 
separating immediate heat from the heat 
liberated by the hydration of cementing 
compounds 

24-Hour Strength and Heat oj Hydra
tion The one-day tensile strength of 
standard mortar was compared with the 
one-day heat liberation for a number of 
cements from different plants A plot of 
the results is shown in Figure 6 and the 
data aie also included in Table 1 It may 
be noted that the relation between heat 
libeiation and strength is reasonably 
good, despite the fact that compositions 

and manufacturing methods were dif
ferent The fact that the strength does 
not seem to be directly proportional to 
the heat liberation may be due to the 
somewhat different curing temperatures 
and water cement ratios of specimens for 
heat and strength tests, respectively 

Strength results on the cements con
taining different amounts of gypsum are 
included in Table 1 Note that the in
crease in gypsum content has a large 
effect in increasing the strength and heat 
in the lower range (up to 1 5 per cent), 
but that further increase has little effect 
It I S believed that, except for experimen
tal error, the 2 5 per cent SO3 should show 
slightly higher strength than 2 0 per cent 
because it shows more heat of hydration 
Here, again, the heat measuiement is be
lieved to be the more accurate means of 
determining relative values 

Bleeding of Concrete and Heat oj 
Hydration While no quantitative 
studies have yet been made on the rela
tion between bleeding of concrete and 
heat of hydration, some connection has 
been observed In some cases, those ce
ments that exhibited unusually low rates 
of heat evolution after the immediate 
heat had subsided, were observed to bleed 
freely An early gelation seems to be 
necessary to prevent bleeding No defi
nite conclusions are warranted, however, 
on the connection between bleeding and 
early heat liberation, until test data are 
available 

Temperatuie Rise of Concrete Slabs 
The opinion has often been expressed that 
temperature rise of thin concrete slabs 
due to heat of hydration is not a factor 
worthy of consideration The present 
discussion is not intended to magnify the 
importance of heat generation in thin 
slabs, but rather to evaluate the impor
tance without distortion In view of the 
fact that pavements cast with rapid-
haidening cements but piotected fiom 
drying, have been observed to crack due 
to temperature drop well within 24 hours, 
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the heat of hydration would seem to be 
a f^ctoi in summer concieting 

The manner in which heat of hydra
tion may cause cracking should be borne 
in mind While the temperature is rising, 
the concrete is soft and plastic When 
maximum temperatuie is reached the 
conciete is under almost no stress but has 
attained a fair degree of rigidity and has 
lost much of its ability to deform plasti
cally As the temperature then drops, 
tension tends to develop in a slab of con
siderable length, because contraction is 
pi evented If a temperature drop of 15 
or 20 degree occurs quickly, the concrete 
may ciack 

An important fact is that even though 
a greater temperature is attained during 
subsequent hot seasons than is attained 
during early hardening, the maximum 
temperature during early hardening is 
the reference temperature Drying 
shrinkage and temperature drop from 
this reference temperature determine the 
net tendency of the slab to contract 

AVithout forgetting that seasonal vari
ations in temperature and drying shrink
age are likely to be larger factors, a spe
cific example of the effect of heat genera
tion I S illustrated by the curves of Figure 
7 The curves show the computed tem
peratures, for each of three classes of 
cement, in 10-inch slabs with one face 
insulated and the other maintained at 
uniform temperature A cement content 
of 1 5 bbl per cu yd of concrete was 
assumed The curves are therefore only 
applicable to this single set of assumed 
conditions and should not be construed 
as being general 

The curves of Figure 7 show that in a 

lO-mch slab containing lapid-haidening 
cement a substantial temperature rise of 
ovei 30° F may occur Not every high-
early strength cement would produce 
such .a high temperature use, a cement 
that was above average m abruptness of 
eaily heat liberation was selected for i l 
lustration On the other hand, still higher 
temperatures would be exhibited by a few 
cements The temperature rises shown 
for modified and low heat cements are 

Rapid hardening 

Meiifitd 

e iz le 
Hour» a f t e r Cosfing 

Figure 7 Effect of Cement on Temperature 
Rise in 10-In Slab 

small enough to justify the conclusion 
that when they are used, heat generation 
IS likely to be a small factor 

C O N C L U D I N G R E M A R K S 

The test results and this discussion 
must be considered as preliminary and 
therefore no conclusions are drawn 
Cement research employing calorimetnc 
methods will be continued in the hope of 
having more accurate and useful results 
to report in the future It is only hoped 
that this paper may help to give a better 
understanding of the early hydration of 
cement 
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A S T U D Y OF T R A N S L U C E N T A S P H A L T I C F I L M S 

J R BENSON 

Bituminous Engineer, Kansas Highway Commission 

SYNOPSIS 

Thm films of asphaltic materials have been weatliered naturally and arti
ficially and then studied microscopically by means of transmitted hght One 
reaction, designated as coagulation, occurs in some positive Obensis spot test 
matenals under neaily b1\ test conditions Observations and solubility char
acteristics indicate the coagulated film, at its formation time, to be composed 
of a dispersed solid phase and a continuous liquid phase This reaction is 
believed to be very important in that it gives a method of determining the 
compatibility of an asphalt mixture 

Other characteristics such as hardemng, checking, wrinkling, flocculation, 
precipitation, and the formation of waxy bodies have been observed micro
scopically Photomicrographs of these asphaltic film characteristics are presented 

The determination of the quality and 
durability of bituminous materials is a 
perplexing problem of great economic 
importance 

Low cost roads remain low in cost only 
so long as the elements of construction 
remain in serviceable condition While 
other elements enter, the bitumen re
mains a large factor in determining the 
success or failiu-e of any bituminous 
construction 

Lagging far behind the rapid develop
ment of the use of bituminous materials 
has been the development of accurate 
tests to determine the true quality and 
serviceability of these materials Many 
tests have been proposed to determine 
these factors, which are derived largely 
from the examination of successful ma
terials through their physical character
istics The industry, of necessity, pro
duces material to meet the conditions of 
test With changes of methods, the rela
tionship between the test and quality 
and serviceability changes, and the deter
mination of quality tends to return to 
its former indefinite status 

This paper represents the work under
taken during the past two years to obtain 
a more satisfactory test for quality and 
durability of asphaltic materials A new 
method of attack has been used in a 
study of the reactions occurring in very 

thin translucent film of bitumen when 
exposed to agencies tending to decompose 
or alter the structure of the material 

An examination of the character of 
decomposed material existing in bitumi
nous mat surfaces in 1933 first directed 
attention to the possibilities of a micro
scopic investigation of asphaltic films A 
preliminary survey was begun in 1933 
and was continued at intermittent inter
vals until a more complete investigation 
was started in the Road Materials Labo
ratory of the Kansas Highway Commis
sion in June, 1936 

Films of such thickness as to be trans
lucent to light under the microscope 
permit a direct observation of the physi
cal reactions taking place within the film 
This thinness permits acceleration of de
composition and alteration much greater 
than that obtainable in films of greatei 
thickness 

The reaction of translucent films has 
been studied under six conditions of 
exposure, classified as follows 325° F , 
140° F , mild ultra-violet infra-red, cold 
quartz 140° F , natural weathering and 
by carbon dioxide and oxygen gases at 
325° F The two tests designated by 
temperature were performed in darkness 
with the film in contact with air 

The mild ultra-violet infra-red test 
was performed by use of a 250 watt 
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General Electric C X lamp. This lamp 
is a high temperature incandescent type 
with a special envelope. The character
istics as furnished by the manufacturer 
may be summarized as follows: 

Per cent 

Ultra-violet. 3,500 to 4,000 A.U 0.15 
Visible, 4,000 to 7,500 A.U 17.51 
Infra-red, 7,500 to 26,000 A.U 82.34 

The cold quartz ultra-violet lamp uses 
a combination of mercury vapor and rare 
gases to produce radiations essentially 
those of mercury. The lamp normally 
operates at a temperature of approxi
mately 115° F . The radiation data sup
plied by the manufacturer for the distri
bution between 1849 and 4358 Angstrom 
units may be summarized as follows: 

Per cent 

2.536 A.U 77.97 
2.967 to 3,128 A.U 11.69 
3.657 to 4358 A.U 8.57 

METHOD OF PRODUCING T H E F I L M S 

It was found by experiment that film 
thicknesses of approximately 0.001 in. 
gave the most satisfactory results. This 
film is obtained by the use of a gage 
constructed of stainless steel which is 
drawn across the face of the slide on 
which is a small portion of the material 
to be tested (Figure 1). 

Fluxed and liquid asphaltic materials 
require no heating to produce the desired 
film. Penetration or non-liquid asphalts 
require heating of the slide, asphaltic 
material and gage to the lowest temper
ature at which the film can be formed. 

Film thicknesses greater than 0.001 in. 
have poor light transmission and render 
definition of the reactions difficult. Thin
ner films do not always produce reactions 
with sufficient clearness. 

METHODS OF T E S T 

Heat: The heat tests were performed 
in the dark in constant tenificrature ovens 
with the film in contact with air. The 

first tests were run at a temperature of 
325° F . This temperature represented a 
degree often reached in some paving 
operations and it was believed to be 
the maximum that could be used under 
the conditions of test. 

Tests run at this temperature pre
sented, in some materials, the greatest 
acceleration, reactions becoming visible 
in periods as short as one-half hour. 
Those materials reacting at this tem
perature usually gave strong indications 
of the reactions in 5 hr. and were well 
developed or completed in 24 hr. 

Figure 1. Gage for Forming Film 

The second test was at 140° F . It was 
believed that this represented the maxi
mum commonly reached by pavements 
in service, and that reactions presenting 
themselves at this temperature might be 
expected to give similar results in service 
with similar exposure. 

The development of reactions at this 
temperature is slow in comparison with 
the time necessary at the 325° F . test. 
Tests at this temperature have been car
ried on over periods up to 2040 hr. 
Films presenting reactions in from two to 
five hours at 325° may require from 200 
to more than 500 hours to present the 
reaction at the lower temperature. Ma
terials have been found which present a 
reaction at one temperature and not at 
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the other The reason for this is not 
definitely known 

Infra-Red, Mild Ultra-Violet, 140° 
to 170° Test A General Electric C X 
Therapeutic lamp of 250 watt rating was 
used as a convenient method of obtaining 
mild ultra-violet radiations The large 
heat and visible radiation output of this 
lamp made temperature control difficult 
with the apparatus available It was not 
possible to hold the temperature at 140° 
as desired, but temperatures rose to 170°, 
which probably tended to accelerate re
actions beyond that due to the ultra
violet radiations present 

Cold-Quartz Ultra-Violet Test The 
fused quartz lamp, operating at approxi
mately 115° F , uses as the radiation 
generating medium mercury vapor and 
a combination of gases which produce a 
strong radiation at 2536 Angstroms Ini
tial tests run with this lamp at room 
temperatures of 70° to 90° F over a 
period of 60 days gave little distinctive 
reactions This lamp produces copious 
quantities of ozone In the initial experi
ment, the lamp was placed at a distance 
of 12 in from the specimens, with a 
cellophane shield placed 4 in above the 
tray The presence of large quantities 
of ozone above the shield may have 
effectively absorbed much of the ultra
violet present 

A second investigation in which the 
specimens were placed 1̂  in from the 
generating tube, fully exposed to the 
ozone present and maintained at a tem
perature of 140°, developed accelerated 
reactions in many materials, some of 
which presented no reactions at the other 
test conditions 

Weathering Specimens were exposed 
to sunlight and outdoor air temperatures 
in a celluloid covered wooden box One 
group of specimens was run during the 
winter months, with a second series run 
during the summer months The tem
peratures m the box leached a maximum 

of 185° F , dropping to between 50° and 
90° F during the night in summer ex
posure The winter exposures varied 
from about 70° to 10° F , 

(rases and Heat Gas experiments 
were conducted at 325° F Oxygen and 
caibon dioxide were used, the gases enter
ing one end of the sealed metal box and 
leaving at the other, controlled by a 
bubble flask on the outlet tube 

The reactions as observed have been 
classified as follows A Clear, B Coagu
lated, C Flocculated, D Waxy bodies, 
E Checked, F Hardened The presence 
of scums, pits and wrinkling, when 
formed, has also been noted 

Of these leactions, coagulation is the 
most interesting m the forms in which 
it occurs, in the consistency with which 
it appears in certain types of material, 
and m the observations which have been 
made on its behavior This paper is 
therefore concerned largely with this 
reaction 

Coagulation may be considered as the 
curdling or drawing together into nodular 
stringy form a pait or the whole of the 
film The coagulation may consist of 
either a coagulated scum on the surface 
of the film, a single coarse structure, or 
it may be a lacy structure of great fine
ness composing the entire film 

The formation of coagulation does not 
appear to be dependent on the presence 
or absence of the particles of carbon, 
sand, dirt oi waxy bodies 

O B S E R V A T I O N O F T H E C O A G U L A T I V E 

R E A C T I O N 

Development of the Reaction at 
325° F The development of coagulation 
in a positive Oliensis SC3 material is 
shown by progressive photomicrogi aphs 
at 430X in Figure 2 The new specimen 
has a considerable quantity of suspended 
flocculent and caibonaceous material 
These materials have partially dissolved 
and partially coalesced at the end of 30 
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New Sample 30 Minutes 

90 Minutes 135 Minutes 

255 Minutes 12 Hours 

Figure 2 
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mm at 325° F The beginning of the 
coagulative reaction is also visible in the 
formation of numerous small light areas 

Coagulation has begun to assume defi
nite form at the end of 90 mm of heat
ing by the appearance of stringy dark 
matter At the end of 135 mm this 
material has increased both in quantity 
and in size Portions of the coagulated 
material appear to form within the body 
of the film 

A large portion of the film is in coagu
lated form at the end of 255 min The 
structure has become coarse A thin film 
of material remains on the surface of 
the slide This film is of a light yellow 
color and careful observation reveals that 
this film also presents a very fine coagu
lated structure 

The reaction is complete at the end 
of 12 hr with the material in a very 
coarse, nearly opaque structure 

Coagulation as a Separation Into Two 
Distinct Phases It is believed that 
coagulation is caused by a separation of 
the asphaltic material into two distinct 
phases One phase, that producing the 
actual stringy or lacy structure, appears 
to separate from the body of the material, 
and I S of more consistency than the 
original or the remaining material The 
separation of this phase causes the re
maining material to become more fluid 
and lighter in color 

The second phase, the light yellow 
fluid, is not so evident in the tests run 
at high temperatures as it is in those 
run at lower temperatures and especially 
under the cold-quartz-140° test Coagu
lative specimens under the 325° temper
ature, if observed during the formation 
of the coagulation, will usually show 
clearly the separation of the solid phase 
The second phase appears to decrease 
after formation is m an advanced stage, 
appearing as a light colored layer of 
thin material on the surface of the slide 
Careful observation will usually show 
this material also to have assumed a 

coagulative form The decica&'c in the 
quantity of the liquid phase may be due 
partly to a change into coagulated ma-
teual and partly to evaporation or to 
some other leaction at high temperature 

Coagulative specimens at low temper-
atuies (140° F ) and natural weathering 
may show considerable separation into a 
solid and a liquid phase The presence 
of two phases is observable in the lacy 
or granular structure obtained in some 
coagulative materials under the cold-
quartz-140° test as in Figure 3 Observ
ing the grooving of the film under the 
microscope, the structure is evident 
throughout the film with the solid phase 
as a very fine, delicate material 

When coagulated films of cutback 
asphalts are disturbed with a needle, the 
liquid phase quickly flows into the cracks, 
and moie slowly into the groove produced 
by the needle The observations, made 
at room temperature, indicate a liquid 
phase of very low viscosity 

Many coagulated films produced under 
a temperature of 140°, natural weather
ing or the quartz lamp exhibit a two 
phase system consisting of a continuous 
fluid phase and a discontinuous solid 
phase The solid phase appears to be 
composed of numerous small round or 
oval shapes which stick together and 
give the appearance of a lacy structure 
The fluid phase fills the interstices, but 
on prolonged exposure, tends to collect 
in an exceedingly thin layer between the 
suiface of the slide and the film of 
granular coagulated material 

Effect of Solvents on Coagulated 
Films The coagulative reaction during 
the development period is reversible by 
the addition of such solvents as CS2, 
C C I 4 , or benzol Both phases are soluble 
in these solvents during the development 
stages, but become insoluble or difficultly 
soluble after prolonged treatment The 
action of the solvent is to recombine the 
phases, or to dissolve the coagulated 
matter On evaporation of the solvent, 
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the film IS smooth and clear, with little 
or no evidence that the material had 
previously been in the coagulated state 
When subjected to the test conditions the 
film again develops coagulation 

Effect of Gases The tests with vaii-
ous gases at 325° F are given in Table 1 

It I S evident that oxygen may cause a 
slight acceleration while CO2 causes con
siderable negative acceleration, or pos
sibly prevents coagulation, as in samplcb 
96 and 97, when the formation is com
pared to air Some samples have been 
observed which have coagulated when 

tion Both positive and negative Oliensis 
matciials are represented 

Group 2 Eleven samples of special 
material to investigate methods of manu
facture and the effect on the reactions 

Grou-p 3 Fourteen samples, consisting 
of two series of tests made up of the 
originals and blends of the originals to 
produce both negative and positive Oli
ensis material 

In addition to these groups, more than 
150 samples of material, including origi
nal samples of asphaltic oils used since 
1932 and 43 samples of asphalt extracted 

T A B L E 1 

Sample No 
Oxygen—O2 Carbon dioxide—CO2 

Sample No 
2 houra 4 hours 2 hours 4 hours 0 hours 11 hours 

92 Clear Clear Clear Clear Clear Clear 
93 Clear Clear Clear Clear Clear Clear 
94 Clear Clear Clear Clear Clear Clear 
95 Clear Clear Clear Clear Clear Clear 
96 Coag Coag Clear Clear Clear Clear 
97 Coag Coag Clear Clear Clear Clear 
98 Coag Coag Clear ? Coag Coag 
71 Clear Clear Clear Clear Clear Clear 
66 Clear Clear Clear Clear Clear Clear 
70 Clear Clear Clear Clear Clear Clear 
73 Coag Coag Clear Clear Clear Coag 
74 Clear Clear Clear Clear Clear Clear 

heated, protected by a cover glass and 
therefore not m contact with air It 
appears that air and oxygen acceleiatc, 
but are not essential for coagulation of 
some materials This may be important 
in asphalt-aggregate structures where 
coagulation of the asphaltic material 
may occur without the presence of air 

M A T E R I A L S I N V E S T I G A T E D 

The materials investigated may be 
classified as follows 

Group 1 Seventeen samples, com
posed of R C , M C and SC type materials, 
produced at seven refineries and repre
senting asphaltic material used in Kansas 
during 1936 for bituminous mat construc-

from existing pavements and mats, have 
been investigated by two or more of the 
methods given in this paper 

Group 1 

This group (Table 2) is composed of 
nine negative Oliensis and eight positive 
Oliensis spot test materials The Kansas 
specifications for positive Oliensis ma
terials contained a special low-penetra
tion ductility clause as follows the S C 
type of material and the distillation 
residues of the cutback type materials 
M C and R C shall be reduced to the 
designated penetration for that type by 
the method A S T M D243-28T The 
ductilities at the given penetration shall 
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be 50 cm + at 77° F , 5 cm pci minute 
The materials shall be reduced as follows 

R C Cutback 
M C Cutback 
S C Asphaltic oil 

40-50 penetration 
25-35 penetration 
15-25 penetration 

Results All of the nine negative 
Oliensis materials remained clear at the 
end of the 325° and 140° heat tests 
With one exception, all of the negative 
material remained clear at the end of 
the C X , cold-quartz and natural weather-

It I S therefore apparent that some 
positive material will show considerable 
resistance to coagulation It is interest
ing to note that the three positive 
Oliensis materials which show the great
est resistance to coagulation are of the 
SC type 

Group 2 

Samples Nos 77, 78, 79 and 80 are 
penetration asphalts produced from 

T A B L E 2 
GROUP 1 

325° 140° G E -
140°-

C X 
170° 

Cold quartz 
140*» Weather 

No Type Source Spot No Type Source Spot 

Clear Coag Clear Coag Clear Coag Clear Coag Clear Coag 

Hours Hours Hours Hours Hours Hours HOUTB Hours Hours Hours 

59 MC2 K - l N 278 2,040 250 250 1,176 
60 RC2 K-1 N 278 2,040 250 250 1,176 . 61 SC5 K - l N 278 2,040 250 250 1,176 
62 MC2 K - 2 P 18 

2,040 
528 67 17 192 

63 RC2 K - 2 P 18 528 84 17 192 
64 SC3 K - 2 P 18 528 67 17 192 
65 SC3 T-1 P 278 2,040 250 17 1,176 
66 SC3 Mo-1 P 278 

2,040 
648 190 17 75 

67 MC2 Mo-1 N 278 2,040 250 250 1,176 
1,176 68 MC2 T-2 N 278 2,040 250 250 
1,176 
1,176 

69 RC2 T-2 N 278 2,040 250 250 1,176 
70 SC3 0-1 P 278 2,040 310 35 27 
71 SC5 T-2 N 278 2,040 142 97 1,176 
72 MC2 K - 3 P 18 

2,040 
628 67 17 192 

73 RC2 K - 3 P 2 528 48 17 24 
74 MC2 K - 3 N 278 2,040 482 149 1,176 
75 RC2 K - 3 N 278 2,040 250 250 1,176 

mg tests One sample. No 71, coagulated 
at the end of 142 hr under the C X lamp, 
at the end of 97 hr under the coldrquartz 
lamp and was coagulated at the end of 
1176 hr of natural weathering 

The positive Oliensis material presents 
more variation in behavior Five samples 
piesented coagulation on all tests, three, 
Nos 65, 66 and 71, gave clear reactions 
at the end of the 325° test, two of these, 
Nos 65 and 71, gave clear reactions at 
the end of 2040 hr at 140° F No 65 
also remained clear at the end of 1176 hr 
of natural weathering 

Venezuelan crude Two samples, 77 
and 78, are negative Oliensis materials 
of 150 and 10 penetration respectively 
The others, 79 and 80, also of 150 and 
10 penetration, are positive Olienses ma
terials produced at a different refinery 
The difference in behavior of these ma
terials with respect to either the Oliensis 
or the penetration test is not great The 
one difference is exhibited m sample No 
80, the 10 penetration positive Oliensis 
material which had coagulated at the 
end of 1792 hr at 140° F 

Samples 92 to 98 are asphaltic ma-
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terials produced by different processes. 
Samples 92, 93 and 94 are vacuum 
processed asphalts which have been pro
gressively blown. No. 95 is a mixture 
of blown vacuum processed and blown 

less resistance and had coagulated at the 
end of 149 hr. under the cold-quartz-
140° test. No. 95 indicated still more 
susceptibility to coagulation, and had 
coagulated at the end of 149 hr. under 

Figure 3. Lacy Coagulated Structure. 200 X Figure 4. Coagulated Unblended Asphalt. 430 X 

Figure 5. Coagulated Blended Asphalt. 430 X Figure 6. Flocculation and Coagulation. 430 X 

fire-distilled materials. No. 96 is a 
cracked unblown asphalt; No. 97 is the 
same material blown. No. 98 is a mixture 
of a cracked and a blown fire-distilled 
asphalt. No. 92, the straight negative 
Oliensis material, resisted coagulation in 
all tests, as did also No. 93. No. 94, 
more highly blown than No. 93, showed 

the cold-quartz-140° test and also at the 
end of 238 hr. under the C X lamp. 

Samples 96, 97 and 98 coagulated 
under all tests. The effect of blowing 
and blending is noted in the very rapid 
coagulation obtained in samples 97 and 
98, where coagulation had taken place 
at the end of one-half hour at 325°. An 
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acceleiation may also be noted in the 
time required for coagulation under the 
C X lamp and weathering 

Group 3 , 

Results "A" Series This series pre
sents coagulation beginning with sample 
A4, although the spot is still negative 
All samples containing more positive 
material than No A4 present coagulation 
at the end of the test 

The condition noted in sample No 5B, 
which did not present the coagulative 
reaction at the end of 1052 hr at 140°, 
was checked by additional samples It 
appears that an equilibrium of blending 
occurred at this point It was noted that 
the spot from this sample appeared less 
positive than those immediately preced
ing, with smaller quantities of positive 
material in the blend It was first be
lieved that an error had occurred in 

T A B L E 3 
GHOUP 2 

No Type Source Spot 
325° 140° G E -

140°-
- C X 
-170° 

Cold quartz 
140° Weather 

No Type Source Spot 

Clear Coag Clear Coag Clear Coag Clear Coag Clear Coag 

Hours Hours Hours Houra Hours Hours Hours Hours Hours Hours 
77 150 Pen Venz N 118 1,792 482 149 268 
78 10 Pen Venz N 118 1,792 482 149 268 
79 150 Pen Venz P 118 1,792 482 149 268 
80 10 Pen Venz P 118 1,792 482 149 268 
92 Vac Not blown N 118 1,152 482 149 268 

proc 
268 93 Vac Blown N 118 1,152 482 149 268 

proc slightly 
268 94 Vac Medium N 118 1,152 482 149 268 

proc blown 
94 + Blown P 118 1,152 238 149 268 94 + 

fire-distilled 
96 Cracked Unblown P 4 72 94 17 75 
97 Cracked Blown P 72 46 17 24 
98 Cracked Blown P Vi 72 46 17 24 

+ fire-dis tilled 

"B" Series The "B" series tests were 
extended to include 1052 hr at 140° F 
The asphaltic materials are from a dif-" 
ferent source from those used in the 
series "A" tests In this series, series "B," 
two samples, 4 2B and 4 5B, presented 
coagulation at the end of 16 hr at 325° 
although the spot remained negative 
The 325° test was consistent, giving 
coagulative reactions on all samples after 
4B 

Coagulation did not develop in the 
140° test until the spot had changed to 
positive in sample 4 7B The long ex
posure necessary to develop the icaction 
at this temperature is to be noted 

the quantities involved, but additional 
samples of the same quantities corrobo
rated the original results No coagulation 
resulted on this sample at the ^ end of 
test, but a dark scum had formed on 
the surface 

The results of this test make evident 
the differences in the behavior of ma
terials when subjected to the two tests 
of 325° and 140° It will be noted that 
other materials have at times given dif
ferences m the other diiection, being 
clear at the end of the 325° test and 
coagulated at the end of the 140° test 

The effect of blending on the charactei 
of the coagulation is of interest as shown 
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in Figures 4 and 5 Figure 4 is a photo
micrograph of sample 9AB, the straight 
positive material Coagulation is of a 
fine gram and the material is of a light 
yellow color (32 hr at 325°) 

Contrast Figure 4 with Figure 5, ex
posed the same period under the same 

wi inkling (Figure 10) The latter leac-
tion often appears in films presenting no 
coagulative reaction, particularly under 
low temperature tests The wrinkling 
leaction is distinguished by the lack of 
any evidence of a separation into differ
ent constituents such as occurs in the 

T A B L E 4 
DATA, S E R I E S A, GROUP 3 

Specimen Positive 
% 

Negative 
% 

Spot 325" 
32 hours 

AO 0 00 100 00 Neg Clear 
A2 9 00 91 00 Neg Clear 
A3 13 00 87 00 Neg Clear 
A4 16 00 84 00 Neg Coag 
A5 18 00 82 00 Pos Coag 
A5 5 19 00 81 00 Pos Coag 
A6 20 00 80 00 Pos Coag 
A6 5 21 50 78 50 Pos Coag 
A7 23 00 77 00 Pos Coag 
A8 26 00 74 00 Pos Coag 
AlO 100 00 0 00 Pos Coag 

T A B L E 5 
DATA, S E R I E S B , GROUP 3 

Specimen Positive 
% 

Negative 
% 

Spot 325° 
10 hours 

325° 
116 hours 

140° 
836 hours 

140° 
1,052 hours 

lAB 0 00 100 00 Neg Clear Clear Clear Clear 
I B 6 48 93 52 Neg Clear Clear Clear Clear 
2B 9 00 91 00 Neg Clear Clear Clear Clear 
SB 12 02 87 98 Neg Clear Clear Clear Clear 
4B 15 00 85 00 Neg Clear Clear Cleai Clear 
4 2B 16 00 84 00 Neg Coag Coag Clear Clear 
4 5B 17 00 83 00 Neg Coag Coag Clear Clear 
4 7B 17 50 82 50 Pos Coag Coag Clear Coag 
4 8B 17 75 82 25 Pos Coag Coag Clear Coag 
5B 18 00 82 00 Pos Coag Coag Clear Scum 
6B 20 05 79 95 Pos Coag Coag Clear Coag 
7B 22 53 77 47 Pos Coag Coag Clear Coag 
8B 25 00 75 00 Pos Coag Coag Coag Coag 
9AB 100 00 0 00 Pos Coag Coag Coag Coag 

conditions This material, sample 8B, 
has presented a much coarser coagulation 
than the original positive material This 
condition has been noted in other blended 
materials and points to such blending as 
one source of seveie coagulative reactions 

Wrinkling The coagulative reaction 
must be diffcicntiatcd from that of 

13 

coagulative reaction Wi inkling appears 
to be caused by the foimation of a tough 
scum on the surface of the film, which, 
due to subsequent shrinkage of the 
mateiial below the scum, develops a 
wrinkled appearance Films which are 
wiinkled, but show no evidence of coagu
lation, are designated as clcai 
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Pits: Clear films may also contain 
numerous pits of the type shown in 
Figure 9. The cause of the pitting, which 
has been observed in several films, is not 
known. When this reaction is present, 
careful observation and an extension of 

vestigators, one of the latest by Lewis 
and Hillman,^ the term "carbonaceous 
flecks" being applied. Due to the re
versible solubility of this material, i t 
appears that the material approaches an 
asphaltene in character. 

Figure 7. One Form of Coagulation. 430 X Figure 8. A Grooved Coagulation Film. 200 X 

Figure 9. Clear Film with Pits. 200 X Figure 10. Wrinkled Clear Film. 200 X 

the test is often necessary to determine 
whether the reaction is pitt ing, waxy 
bodies or the beginning of a coagulative 
reaction. 

OTHER REACTIONS DESCRIBED 

Flocculation: This material has been 
observed and photographed by other in-

Tlie flock appears more commonly in 
positive Oliensis asphalts, particularly 
fluxed materials having high percentages 
of light distillates, such as the R C 2 . An 
increase in the amount of flock present 
has been noted in material of this type, 
RC2, which has been stored over a period 

I Public Roads, Vol. 18, No. 5, July 1937. 
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of several months. When coagulation 
takes place in the |irescnce of tlie flock, 
the flock is incorporated in the coagula-
tive reaction. This is evident in Figure 6. 

Waxy Bodies: This reaction was one 
of the first to be observed in the original 

is best observed under a cover glass, the 
crystals collecting on the under side of 
the glass in a fa i r ly uniform layer. The 
crystals are optically active under polar
ized light, as shown in Figure 11, taken 
by this means. 

Figure 11. Wax by Polarized Light. 200 X Figure 12. Wax Crystals. 200 X 

200 X 430 X 

Figure 13. Crystalline Wax Form at Two Magnifications 

investigation. The appearance of this 
material is evidently due to the crystal
lization of the waxy material into various 
forms and sizes. The waxy material is 
apparently of less gravity than the sur
rounding asphaltic material and forms 
on the surface of the f i lm. The reaction 

Waxy material seems to be present in 
negative Oliensis materials to a greater 
extent than in positive Oliensis asphalts. 
Some negative Oliensis materials give 
considerable amounts of the crystals, as 
is evident in Figure 12. This material 
had a ductil i ty of 100 cm. -|- on the pene-
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tiation distillation icsicluc It is apparent 
that the presence of the material is not 
indicated to a large extent by the duc
tility of the material I t also appears 
possible that the amount of crystal pre
cipitated IS not closely related to the 
amount of waxy mateiial present, but 
to the solubility of the waxy material in 
the asphaltic medium Other forms of 
the waxy bodies after crystallization are 
shown in Figure 13 

The material may be crystallized out 
by heating to temperatures as low as 140° 
for a short period and then cooling to 
room temperatures The crystals do not 
immediately appear on cooling, but will 
show halos or ciicles of lighter cglor than 
the surrounding film after from 10 to 
20 mm , and form crystals after perhaps 
30 mm The formation is slow 

Checking This leaction consists of 
the development of checks and cracks 
which usually extend through the thick
ness of the film The reaction is not 
legarded as having any relationship to 
the coagulative reaction Checking usu
ally occurs as straight or smoothly curved 
lines which divide the film up into 
comparatively large geonietiical figures 
Checking may occur in either clear or 
coagulated films Checking in a coagu
lated film IS shown in Figure 4, checking 
in clear films is shown in Figuie 14 

The most severe checking appears in 
naturally weathered specimens, particu-
laily those exposed during winter months, 
wiieie all the specimens developed severe 
checking Temperature change and film 
biittleness appear to be the major factors 
causing checking 

Similar reactions have been used as 
a determination of failure by some in
vestigators ^ The importance of the re
action has not been determined in this 
investigation 

Hardening As to the relative rates 
of hardening, a number of materials have 

- Strieter, Proceedings, A S T M , July 1936 

been investigated by observing the con
dition of the film when grooved at room 
temperatuies by a sharpened needle, the 
operation being performed under the 
microscope at 200 X Several degrees of 
plasticity may be noted in the soft films, 
the consistency varying from sticky and 
adhesive to gummy and dead The ulti
mate point of bnttleness may be observed 
by the chipping and cracking of the film 
when grooved The appearance of a 
plastic and a brittle film is shown in 
Figures 15 and 16 respectively 

SUMMARY 

The study of translucent asphaltic 
films as presented in this paper is in
tended more as a survey of the reactions 
and the possibilities of the methods as 
a medium for further research, than as 
an intensive investigation into the factors 
involved 

It is believed that the coagulative re
action IS a form of actual decomposition 
of the asphaltic structure, and as such, 
its observation has possibilities as an 
accelerated weathering test The test 
also appears indicative of incompatible 
blends of asphaltic materials, and may 
be of assistance in securing more efiBcient 
blending operations m production 

Correlation with actual performance of 
coagulative susceptible and coagulative 
lesistant materials, particularly with re
gard to the positive Oliensis materials, 
IS not complete It is known that some 
coagulative susceptible niaterials have 
given poor service m road construction, 
paiticularly in penetration type treat
ments 

Tests performed on SC type positive 
Oliensis asphaltic materials extracted 
from bituminous mats which have given 
excellent service for periods of from six 
to seven years, have shown considerable 
resistance to the coagulative reaction 
Materials extracted from two sheet as
phalt pavements m service 20 and 26 
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years, respectively, with excellent service 
records, were also highly resistant to 
coagulation. 

Several materials of the SC positive 
Oliensis type in which both the original 

between the reaction and actual service
ability. 

The reaction of solvents in reversing 
the coagulative reaction may be impor
tant in the analysis of coagulative ma-

430 X 200 X 

Figure 14. Checking in Clear Films 

Figure 15. Plastic Film. 200 X Figure 16. Brittle Film. 200 X 

and extracted materials were highly sus
ceptible to coagulation, have given fair 
service in dense crushed limestone bitu
minous mats for periods up to four years, 
with sealing operations performed during 
the last two years. More research is 
indicated to establish definite correlation 

terials extracted from bituminous mats 
and pavements. The refluxing of the 
material by solvents may give an ex
tracted material which would bear li t t le 
relationship to the material existing in 
the aggregate-asphalt structure with the 
bitumen in a coagulated state. 
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The separation of the asphalt material 
into two phases, one with a veiy low 
viscosity, increases the oppoitunity foi 
preferential adsorption into certain ag
gregates such as limestone The material 
remaining as a binder would have few 
characteristics of the original material, 
and perhaps of the extracted material if 
the second phase were also extracted 

The formation of the coagulative re
action in darknpss and out of contact 
with air, at elevated temperatures, in
dicates the possibility of a similar reac
tion occurring in pavement structures 
with those materials 

Flocculation of some materials appears 
to be due to solubility equilibriums The 
formation of the flocculent material may 
be either accelerated or reversed by the 
addition of carbon tetrachloride I t has 
.been noted that materials having appre
ciable quantities of flocculent matter 
usually are susceptible to coagulation 

The effect of the presence of waxy 
bodies has not yet been determined 
Several materials which possessed good 
ductility character when subjected to 
regular laboratory tests, have been noted 
to have poor adhesive qualities when 
used m construction These materials, 
when investigated in translucent films, 
presented considerable quantities of 
waxy bodies Figure 12 is a photomicro
graph of one of these materials 

From theoretical considerations, the 
presence of this material appears objec
tionable The waxy material, being of 
less specific gravity (from 31° to 34° 
API)^ than the asphaltic medium, tends 
to accumulate on a surface above the 
film From observations of this forma
tion, it appears possible that actual dis
placement of asphaltic material may 
occur in favor of the waxy material The 
ultimate development of a waxy layer of 
material effecting more or less complete 
separation of the body and the asphaltic 

3 Nelson, W L , Petroleum Refinery Engineer, 
McGraw-Hill, p 581 (1936) 

material is, from this view point, quite 
possible 

This condition would lesult in a loss 
of bond between the constituents of an 
asphalt-aggregate structure with resul
tant failure, with the cause of failure 
not evident in any standard adhesive or 
ductility test The behavior of this ma
terial IS being investigated 

Checking of films is apparently ac
celerated by film bnttleness and rapid 
temperature change Very brittle films 
often do not check if cooled slowly, but 
will check if cooled quickly The reac
tion might be used to indicate bnttleness 
of the film under constant rate of cooling 
conditions The value of the reaction has 
not been determined in this investigation 

The rate of hardening of the asphaltic 
material may be determined by observing 
the time required for reduction to a 
brittle film It is believed that this 
method may be of value in determining 
more accurately the true rate of harden
ing of asphaltic material when used in 
service, conditions approaching the test 
condition This condition is approached 
closely in asphaltic material used for 
sealing or-surface treatments, where thm 
films are exposed to the action of the 
elements 

There does not appear, at the present 
time, to be very much correlation be
tween the rate of hardening as observed 
in the film investigation, and that secured 
from the material in service when mcoi-
porated m an asphalt-aggregate struc
ture It has been noted that some ex
tracted materials from pavements and 
bituminous surfaces which have given 
excellent service, and are still in excel
lent condition, have very high rates of 
hardening when in thin films at elevated 
temperatures It is evident that the ag
gregate structure is protective to a high 
degree, in the prevention of volatilization 
of the asphaltic material The very fine 
material present in some types of asphalt-
aggregate structures, particularly with 
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fluid or semi-fluid asphalts, appears to be 
of as much, or perhaps more importance 
m the protection of the asphaltic material 
than m the mechanical stability which 
this material gives to the completed 
structure 

CONCLUSIONS ON T H E COAGULATIVE 
REACTION 

1 The coagulative reaction, as ob
served in some forms, is a separation of 
the asphaltic material into two phases, 
one tending towards hardness, the other 
towards liquefaction 

2- The coagulative reaction may be 
produced in some materials by heat in 
darkness and out of contact with air 

3 Coagulation may be produced by 
exposure to sunlight 

4 Coagulation is acceleiated by con
tact with air and oxygen and retarded 
by carbon dioxide 

5 Coagulation is accelerated by ex
posure to ultra-violet radiations 

6 Coagulation occurs more frequently 
in positive Oliensis materials than m 
negative 

7 Some positive Oliensis materials 
have a high resistance to coagulation 

8 Certain types of blending increase 
the tendency to coagulate 

9 Coagulation may be produced at 
temperatures normally reached by pave
ments in service 

10 The coagulative reaction is reversi
ble at certain stages by the addition of 
solvents 
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R E P O R T O F C O M M I T T E E ON M A I N T E N A N C E COSTS 

By H K BISHOP, Chairman 

Chief, Division of Construction, U S Bureau of Public Roads 

SYNOPSIS 

The project consists of compiling and classifying maintenance costs for the 
purpose of establishing a fair basis for comparison among the various States 
Through the facilities of the U S Bureau of Public Roads, 47 States have 
cooperated in a uniform study of the cost of maintainmg various types of 
surfaces, comprising a total of 18,716 miles Reports are now tabulated for a 
three-year period for 30 States, a two-year period for 11 States, and a one-year 
period for 6 States Variations m costs were found to be pronounced Assuming 
proper design and construction, factors largely responsible for this variation are 
listed as budget limitations, differences in cost of labor and materials, trafiBc, 
climate, quality of maintenance and width of pavement Because figures over 
so short a period are apt to be misleading, the Subcommittee will continue to 
accumulate these costs over a period of years 

The problem of the Subcommittee is 
to present comparable highway mainte
nance costs with carefully defined con
tents The principal value of such data 
among agencies charged with highway 
maintenance, and material men inter
ested m the economy of products, lies in 
their being available for comparison on 
a fair basis. Maintenance costs must, 
therefore, be accumulated over a period 
of years as averages and weighted to a 
common base for quality of maintenance, 
difference in labor, material and equip
ment prices and other factors affecting 
the data, such as character and weight of 
traffic, classification of maintenance op
erations, deferred maintenance work, in
adequate design, drought, wind erosion, 
frost action, poor subsoil conditions, in
adequate drainage, slides and floods 

The work of the Subcommittee started 
in 1933 with a survey, through the facili
ties of the U S Bureau of Public Roads, 
of maintenance costs available at State 
highway departments, the principal agen
cies charged with highway maintenance 
I t was found that the meaning and con
tents of the maintenance dollar had as 
many variations as there are States In 
order to secure uniformity it was pro
posed that each State select about twenty 
representative sections, each section com
posed of one type of pavement and cross 

section, and report the cost on a form 
having a uniform classification of main
tenance operations and other pertinent 
data necessary to give uniform meaning 
and interpretation to the maintenance 
costs Forty-seven States expressed a 
desire to cooperate in the study and 1,233 
sections were selected, comprising 18,716 
miles of highways These sections are 
representative of the various types of sur
faces now m use 

We now have reports under these 
standards for a three-year period from 
30 States, for a two-year period from 11 
States and for a one-year period from 6 
States These reports were reviewed and 
tabulated during the past year In some 
instances they were returned with sug
gestions for revisions when not prepared 
with the uniformity desired Correspon
dence and conferences were had with re
spect to omissions and revisions in reports 
and clarification of abnormal costs At 
the same time the comparative weight 
of the various conditions affecting main
tenance costs were studied Maintenance 
engineers of the U S Bureau of Public 
Roads also made inspections and reports 
with respect to the quality of mainte
nance on the sections for correlation with 
the costs It IS felt that this work focused 
attention on the need for uniform classi
fication of maintenance operations and 
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definition of nomenclature and is bung
ing about a better understanding by 
maintenance men of the distribution and 
meaning of costs 

The period for which the information 
has been collected is too short to give rep
resentative figures for the different high
way surfaces Reference to our cost sum
mary sheets at this stage of the study, 
however, indicates that there are large 
variations in cost per mile for projects of 
the same type Also there are consider
able variations in the detail items mak
ing up the total cost per mile on projects 
of the same type Traffic density does 
not appear to have a consistent effect on 
the costs, probably due to the fact that 

In 01 del to illustiate the difficulties en
countered in attempting to make com
parisons of costs between States and 
types of surface, we will quote some of 
the data obtained from the study to date 

LABOR COSTS 

Let us first take the question of labor 
costs in six of the States which re
ported maintenance costs for a two-year 
period Table 1 gives some interesting 
information 

The average rate for common labor in 
the first group is 45 and 23 cents per 
hour, respectively, in the second group 
50 and 40 cents, and m the third group 

T A B L E 1 
H I G H T Y P E PAVEMENT 

Maximum traffic Average annual 
Group Location of State maintenance coat Group 

CarB Trucks per mile 

1 Central State 6,160 757 3355 36 
South Atlantic State 816 349 116 02 

2 Pacific Coast State 4,077 780 640 15 
Central State 1,548 143 150 87 

3 North Central State 2,845 427 240 86 
North Central State 801 149 104 51 

other conditions overshadow the effect of 
volume of traffic 

Assuming a proper design in the origi
nal construction including drainage, sub-
grade, base support and thickness of sur
face, there are several factors probably 
responsible for the large variation of costs 
for similar types, mentioned in order of 
their importance, as follows 

1 Budget limitations 
2 Variations in labor, material, equip

ment and overhead costs 
3 Traffic, amount and weight 
4 Differences in climate, including 

drought, moisture, temperature and 
snowfall 

5 Quality of maintenance and efficiency 
of maintenance organization 

6 Width of pavement and nature of 
shoulder materials 

55 and 30 cents Apparently labor rates 
have a very important effect on the main
tenance costs It is, however, also evi
dent that labor rates are not entirely 
responsible for the widespread differences 
in costs between the three groups of 
States m this tabulation Traffic has a 
decided influence, the quality of main
tenance has an influence and, of course, 
climate and available funds must be 
taken into consideration 

T R A F F I C 

Now let us take the question of traffic 
A study of Table 1 gives some indication 
of the influence of this factor on main
tenance costs Take for instance the first 
group of two States where the maximum 
traffic is 6,160 cars and 757 trucks against 
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816 cars and 349 trucks We have an an
nual maintenance cost per mile of $355 36 
against $116 02 In the second group 
where the maximum traflSc is 4,077 cars 
and 780 trucks against 1,548 cars and 
143 trucks, we have a maintenance cost 
per mile of $640 15 against $150 87 In 
the third group of States where the maxi
mum traffic is 2,845 cars and 427 trucks, 
the maintenance cost per mile is $240 86 
against $104 51 It appears from these 
data that traffic has a direct influence on 
maintenance costs Some indication of 
the influence of weight of traffic may also 
be had from observing that m the States 
with high maintenance costs, truck traffic 
IS about two to four times the truck traf
fic in the States with low maintenance 
costs 

The comparison just made refers to one 
type of pavement Let us examine other 
types and observe whether a similar traf
fic influence is apparent Comparing a 
liigh type of pavement in a New Eng
land State on which the maximum traffic 
is 8,349 cars and 604 trucks against a 
Central State with a traffic of 598 cars 
and 51 trucks we have an annual main
tenance cost per mile of $329 65 against 

' $154 26 On a medium type pavement in 
a Western State having a maximum traf
fic of 1,941 cars and 216 trucks against 
a South Atlantic State with a traffic of 
606 cars and 255 trucks we have a main
tenance cost per mile of $131 60 against 
$334 34 On a low type pavement in a 
North Central State with a maximum 
traffic of 1,299 cars and 153 trucks against 
a Central State with 387 cars and 166 
trucks the maintenance cost per mile is 
$355 12 against $951 72 The last two 
groups of States show inconsistencies as 
far as traffic is concerned 

The high maintenance costs on the low 
traffic roads just cited are undoubtedly 
due to other factors which can be de
scribed only after a more extensive anal
ysis of the data submitted Weight must 
be given to the fact that in some States 

considerable loadside maintenance work 
having no direct relation to traffic is in
cluded in the maintenance costs I t is 
also necessary to consider that some of 
the high traffic roads with high costs are 
located in States having severe winter 
climatic conditions requiring expendi
tures for snow removal, ice treatment and 
othei traffic service charges included in 
the maintenance costs These may alter 
an apparent relation between traffic and 
maintenance costs Therefore in the final 
analysis of expenditures by types of sur
face the cost of the pavement and shoul
ders will have to be segregated from the 
total expenditures for all maintenance 
operations Regardless, however, of the 
inconsistencies shown in some of the cases 
cited it IS felt that the remaining main
tenance costs presented and other cases 
not referred to herein for which data are 
available justify a conclusion that traffic, 
particularly weight, does have an impor
tant influence on maintenance costs 

In order to bring out more forcibly the 
difficulty involved in a study of this 
nature and the variations that occur let 
us take the yearly costs in the same 
State In a Central State the weighted 
average maintenance cost per mile of all 
sections having a high type of pavement 
was $363 07 per mile in 1934 while the 
cost per mile on the 23 sections included 
within the average figure ranged from 
$213 41 to $1,017 72 per mile In 1935 
the weighted average cost per mile in the 
same State was $347 66 while the range 
was from $215 74 to $1,094 44 per mile 
On one section of high type pavement in 
a AVestern State the cost per mile varied 
from $513 19 in 1934 to $1,197 25 in 1935 
In another AVestern State the cost per 
mile on a section also having a high type 
of pavement varied from $341 37 in 1934 
to $1,045 00 in 1935 

AVhen routine maintenance of any ele
ment considered in this study has been 
more or less neglected for a year, or per
haps two years, it usually follows that 
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the defei red maintenance in the succeed
ing year shows a cost that would seem 
out of all proportion, while at the same 
time, if the job is well done in the third 
year, there may be only slight charges 
against the same element for a year or 
two following To illustrate this point 
we cite a section of highway m a South
ern State No expenditure for drainage 
appears to have been made on this sec
tion in 1937 while is was necessary in 
1936 to expend $212 05 for cleaning out, 
widening and lowering ditches m addi
tion to extensive repairs to drains which 
amounted to $388 02 The reason for the 
heavy expenditure m this case was due to 
the fact that the particular element had 
been neglected for some time prior to 
1936 These variations in cost illustrate 
the importance of analyzing maintenance 
data over a long period of years and the 
danger of drawing conclusions from such 
information gathered over a short term of 
years 

WIDTH OF SURFACE 

Now let us take the width of surface 
and see what influence it has on mainte
nance costs We have a Western State 
with 18-ft pavements and an average 
cost per mile of $348 00, three Central 
States, one with 18-ft pavements and an 
average cost per mile of $363 00, a second 
State with 18-ft pavements and a cost 
of $333 00 per mile, a third State with 
20-ft pavements and a cost of $155 00 
per mile, two North Central States, one 
with 20-ft pavements and $189 00 per 
mile and the second State with 20-ft 
pavements and $344 00 per mile, and one 
Pacific Coast State with 20-ft pave
ments and an average cost of $706 00 per 
mile The above figures lefer to a high 
type of surface I t may be well to note 
that the high maintenance cost in the 
latter State is largely due to extensive 
shouldei patching The shouldei mainte
nance cost on one section with a 20-ft 
pavement included in the average was 

$777 33 per mile, practically all expended 
for patching The traflSc on this particu
lar road was 2,991 cars and 835 trucks 
AVe might conclude from the information 
reported that this extensive shoulder re
pair was due to heavy traflBc, particularly 
trucks getting off the pavement How
ever, we take another section in this same 
State with a traffic of 5,254 cars and 
1,219 trucks and we find that the shoul
der maintenance is only $66 53 per mile— 
again showing inconsistency 

Let us examine a little more into the 
subject of width of pavement , Let us 
take a North Atlantic State which has 
a considerable mileage of 16, 18 and 
20-ft pavement 

From Table 2 it will be noted that the 
cost for maintaining a 16-ft pavement is 
$341 82 per mile, the cost for maintaining 
an 18-ft pavement is $398 02 while the 
cost of a 20-ft pavement is $592 25 Con
sidered on the basis of width alone this 
must mean that the greater the width of 
pavement the higher the maintenance 
cost, which IS certainly erroneous 

The figures again show that the 16-ft 
pavement has an average traffic of 999 
vehicles per 24 hours while the 18-ft 
pavement has an average traffic of 1,269 
vehicles for 24 hours This is in approxi
mate proportion to the cost On the 20-ft 
pavement we have an average traffic of 
3,043 vehicles per 24 hours which is about 
three times the traflic on the 16-ft width 
and 2^ times the traffic on the 18-ft 
width, while the cost of maintenance for 
the 20-ft pavement is about 1 7 times 
the cost for the 16-ft width and about 1̂  
times for the 18-ft width Undoubtedly 
the 20-ft width being of later construc
tion and on the heavier trafiic roads re
ceived more intensive maintenance than 
tlie 16 and 18-ft widths located on the 
lesser important loute From the infor
mation we now have there is still a ques
tion of the extent of the influence of width 
of pavement on maintenance costs 
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While the Subcommittee is able to re
port progress and that a large amount 
of available data are being accumulated, 
the period of time has been too short to 
present information that would be of 
value in answering the question before us 

To give out at this time mfoimation lela-
tive to comparative maintenance costs 
would be misleading and of no particular 
value The Subcommittee, therefore, 
must ask for further time for study of 
this complicated and perplexing question 

T A B L E 2 
NORTH ATLANTIC S T A T E 

HIGH T Y P E PAVEMENT 

Cost 
Traffic count 

Year Width •• • 1 Cost Year Width 
per mile per mile 

Average Highest Lowest 

1935 16 22 76 S237 28 945 1,350 450 
18 98 64 304 25 1,274 3,600 621 
20 50 48 465 25 2,200 4,100 398 

1936 16 13 09 467 55 1,016 1,350 620 
18 92 59 529 30 1,269 3,950 417 
20 50 55 729 94 4,133 8,973 ' 1,819 

1937 16 13 09 397 86 1,075 1,350 750 
18 78 10 360 80 1,262 4,345 650 
20 41 80 579 12 2,744 4,895 1,050 

3-year weighted average 16 16 31 341 82 999 1,350 576 
18 89 78 398 02 1,269 3,936 559 
20 47 61 592 25 3,043 6,057 1,092 

D I S C U S S I O N ON M A I N T E N A N C E COSTS 

- CHAIRMAN D I C K I N S O N One element 
which IS very important and which was 
not covered in the report is the question 
of inventory We must know what we 
have left over at the end of the year For 
instance in determining maintenance 
costs of an automobile it does not do 
much good to keep track of what is spent 
unless we can also determine the real 
value of the vehicle at the beginning and 
end of the year There is no good way of 
determining the current value of the road 
which we have had at the beginning and 
again at the end of the year and yet it 
seems that is an important element in the 
determination of current cost A store 
has to make an inventory once a year of 
what it has on the shelves or else it can
not tell very much where it does stand 

M R B I S H O P We realize that the ques
tion of depreciation has to be taken into 
consideration In the sections chosen we 
took pavements in good condition and 
with good foundations and of practically 
the same age in each case, and still the 
cost figures barely reflect the cost of 
maintaining that pavement in its original 
condition during its life We realize that 
at the end of that life it must be replaced 
but the great trouble at the present time 
IS that the pavements have to be replaced 
before they are worn out because they 
are obsolete While we build pavements 
to last 10, 15 or 2 5 years, by changing 
the automobile types which last two or 
three years, we are running 1937 auto
mobiles over 1922 or earlier constructed 
pavements 
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SYNOPSIS 

The puipose of this study is to lay before public officials the reasons foi and 
the effects of the designation of existing two-way streets for the use of traffic in 
one direction A municipality may provide for increased traffic volume in this 
mannei at practically no cost Other reasons for one-way streets may be re
duction of accidents, proMsion' for heavy diiectional flows of tiaffic at certain 
hours, or the control of progression at desirable speed One-way streets practically 
ehminate head-on colhsions and side-swipe accidents between vehicles proceeding 
in opposite directions It restricts the necessaiy scope of attention for both 
operators and pedestrians, reduces probability of tuining accidents and ehminates 
headlight glare 

Among the disadvantages arising fioni one-way stieet traffic is the necessity for 
additional travel distance to reach certain destinations, the increased accident 
exposure to vehicles and pedestrians by reason of traversing two or moie 
additional intersections, and the probability of accidents and confusion wheie 
streets are not one-way throughout 

A "one-way stieet" may be defined as demand is made to absorb the traffic dis-
one upon which all vehicular traffic flows placed fiom the first street, or failing 
in the same direction at the same tnne that, shall be designated foi one-way 
within the entire width available for such traffic in opposite direction fiom the other' 
traffic street 

For the purpose of this investigation A combination of two one-way streets, 
the scope is limited to those streets that though separated by a city block, should 
were originally designed and used for have effects upon accident hazards and 
two-way traffic but later restricted to facility of movement similar in many re-
movement in one direction spects to those of the rural highway upon 

In geneial, a one-way street may be which opposing traffic is separated by 
thought of as one-half of a two-way divisional islands Modifying elements 
street Obviously, the traffic stream in m this direct comparison, are the prob-
the opposite direction, displaced by the able presence of parked vehicles on city 
restriction to one direction, must be pio- streets and i educed sight distances at in-
vided for on some immediately a'djacent tersections as compared to divided high-
street It follows that an adjacent stieet, ways However the same general effect 
01 stieets, must be available to accommo- on accidents should follow even though 
date the displaced flow, which shall have the sui rounding conditions aie quite 
sufficient unused capacity at the time the different 

389 
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REASONS FOR ONE-WAY STREETS 

1 To provide foi increased volume of 
traffic without prohibiting parking by 
segregating opposing streams 

2 To afford immediate relief to traffic 
congestion at substantially no cost 

3 To facilitate movement on service 
streets or alleys, on which parking is of 
primary consideration, and which may 
be too narrow to accommodate two-way 
traffic 

4 To discouiage the use of nariow or 
residential streets by burden vehicles oi 
thiu traffic to by-pass a signalized inter
section 

5 To conform to street car movement 
6 To 1 educe the accident hazard 
7 To meet demand for heavy diiec-

tional flows of tiaffic at ceitain hours, or 
undei certain conditions 

8 To provide means of contiollmg 
piogression at desiiable speed 

9 To facilitate or simplify signaliza-
tion of a complicated intei section wheie 
one or moie streets may be of minor im
portance or little used 

Other Advantages are 

1 Piactical elimination of head-on 
collisions 

2 Elimination of the discomfort of 
glaic at night and the accidents caused 
thereby 

3 Practical elimination of sideswipe 
collisions between vehicles proceeding m 
opposite directions 

4 Piobable i eduction of sideswipe col
lisions with parked vehicles 

5 Restriction of scope of attention of 
opeiator on the one-way street and foi 
operators and pedestrians crossing it 

6 Reduction of hazards to pedestrians 
crossing the one-way street, both at m-
tei sections and between intersections 

7 Reduction of piobability of turning 
collisions 

8 Better control of progressive signal-
ization at speeds approaching theoretical 
capacity 

9 More nearly complete use of street 
area through alternation of directional 
flow 

Some of the Disadvantages to be Con
sidered are 

1 The necessity for additional travel 
distance to reach certain destinations 

2 Additional accident exposure by 
reason of travel sing two or more addi
tional intersections to (a) vehicular 
ti-affic, and (b) pedestiians 

3 Unless a street is designated for one
way tiaffic thioughout, there is proba
bility of accident and confusion at the 
termination of the two-way movement 

FACTUAL DATA 

Little factual data to support the 
opinions advanced appeals to be avail
able 

Philadelphia Figures Seem to Indicate 

1 That speeds have been materially 
increased 

Chestnut Street when two-way (1929) 

Westbound 
Eastbound 
Eastbound (1928) 

M !• II 
17 6 
179 
17 3 

Since made one-way 
Eastbound (1937) 21 1 

An inciease of 20-22 peicent 

Walnut Street when two-way (1929) 

Westbound 
Eastbound 

Since made one-way (1937) 
Westbound 

M p H 
16 8 
18 6 

24 8 

2 That traffic volumes cairied have 
inci eased entirely out of proportion to 
the increase in general traffic 



DISCUSSION—ONE-WAY STREETS 391 

1920 19'54 Per 
(two- Coiio cent 

7 a in 7 p 1)1 waj) way) increase 
Chestnut at 52nd 7,137 12,938 81A 
Walnut at 52nd 4,052 12,098 200 

Motor vehicle registi atlons in Phila 
delphia and adjacent Delaware County 
in same yeais weie 

322,685 
328,358 

1929 
1934 

Increase 1 75 pei cent 

Gasoline taxed m Pennsylvania in 
same years were 

1929 900,495,620 
1934 1,136,343,197 

Incio.isD 26 peicent 

3 That accidents between intersec
tions on one-way sticcts aic matenally 
reduced 

At Betw een 
intor inter 

sections sections 
Chestnut Street (One-way) 108 10 
Walnut Street (One-way) 162 7 
Market Street (Two-way) ' 302 82 
South & Spruce (Two-way) 284 52 

OPEN QUESTIONS 

1 AVidth of cartway 
2 Effect upon ( a , ) Business areas, 

(b) residential areas 
3 Objections advanced by the public 

D I S C U S S I O N ON ONE-AVAY S T R E E T S 

CHAIRMAN MORRISON Perhaps some 
of the conclusions that Mr Canning has 
not been able to get from other sources 
would be available from those in the 
audience This report is open for dis
cussion 

M R M 0 E L D R I D G E , Department of 
Vehicles and Traffic, District of Colum
bia We have tried rush hour one-way 
operation on four different streets in 
AVashington and in that way we have in 
some cases doubled the traffic, and I be
lieve in one case almost quadrupled it 
On Sixth Street we not only operate on 
a rush houi one-way basis but the traffic 
lights have been arianged with triple off
sets so as to give a true progression so 
that when one enters that street and 
moves through at 22 to 23 miles per hour, 
one can move from one end of the street 
to the other without stopping 

We are now trying an experiment with 
neon lights The neon light is arranged 
with an airow which is turned on by a 
clock at 4 o'clock and lemains in opera
tion, indicating the direction m which 
traffic should move until 6 o'clock Then 
the allow goes off In addition to the 
arrow the letters "one-way" are shown 

and the arrow flashes, indicating clearly 
to those who appioach the intersection 
that this is one-way operation and the 
direction in which the traffic should go 
I know that wo have had considerable 
reduction in accidents on those streets 

Very recently one-way operation has 
been developed through the driveways in 
the Parks also with greatly increased 
volume of traffic 

The big advantage in rush-hour one
way operation over parallel one way 
streets is that everybody seems to be in 
favor of it and the drivcis themselves 
help to enforce it When they meet a 
man going m the wiong diicction they 
indicate veiy clearly that he is on a one
way street and so we have no difficulty 
at all in enforcing the rule AVe are 
increasing our volume, increasing our 
speed and reducing our accidents by this 
means 

M R CANNING Recently in Phila
delphia we had plenty of experience with 
a directional one-way stieet You might 
have heard about the Army and Navy 
game theie AVe made Broad Street and 
most of the north and south stieets m 
Philadelphia diiectional one-way south-
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waid becoming noithwaid aftci the CHAIRMAN MORRISON Mr Canning, 
game There weie some 5,000 cais more do I undeistand that all of the traffic 
this year than last year and I am told moved in that direction at the same time' 
that approximately 9,000 vehicles per 
hour were handled on Broad Stieet dur- M R C A N N I N G All traffic moved m 
ing the lush hour southbound the same direction at the same time 
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PERCEPTION A N D V I S I B I L I T Y OF A U T O M O B I L E LICENSE PLATES 

By MILTON H ALUBICH 

Assistant Professor of Civil Engineering 
University of Vermont 

SYNOPSIS 

Increasing motor vehicle speeds and interstate travel have emphasized the need 
for easy and accurate identification of vehicles under various traffic conditions, 
while gi owing i egistrations have tended to cause crowding of license plates and 
the use of legends difficult to perceive and retain Tests have accordingly been 
devised to compare the merits of plain numeral and letter-numeral systems, 
various sizes and styles of legends, and various groupings, including the so-called 
"Devine" system Based on observations by 50 persons of specially designed 
black and white cards, 2,500 carefully controlled readings were obtained Among 
the conclusions drawn, it was found that all six-character combinations were 
superior to seven-digit numbers, that the use of letters increases the difficulty 
of perception, and that grouping of characters by twos or threes improves per
ception A gain in visibility seemed to result with six and seven-character plates 
when the "Devine" system was used No appreciable difference was noted be
tween round and block numerals, but open-type numerals were superior to 
both Numerals with a width one-half their height were more visible than those 
with a smaller ratio of width to height The flat-top three was very frequently mis
taken for 5, while 8 and 9 also caused considerable confusion 

During recent years, the improvement 
of both automobiles and roads has pro
duced a concurrent rise in average travel
ing speeds This m turn, causes a need 
for license plates of higher visibil i ty, yet 
suflBciently restricted in size so that they 
w i l l not be unduly expensive, nor im
properly illuminated by the tai l light at 
night Regardless of its size, the plate 
should be as efficient as possible The 
very large number of cars registered 
by some states has created legends ap
parently difficult to perceive and retain, 
and in many cases, has resulted in crowd
ing of the plate I n some cases, var i 
ous letter-figure combinations are being 
employed in an attempt to remedy 
this condition—with varying degrees of 
success 

REQUIREMENTS OF LICENSE PLATES 

License plates should identify the ve
hicle in such a manner as to be easily 
and accurately read under various traffic 
conditions and should show that the 
proper plate is being carried County 
name, symbols, advertising matter, and 

other extraneous items tend to reduce 
legibility and to cause confusion 

The identity of the state is usually 
given by the color combination and the 
state name Since cars now travel freely 
among the states, this identification has 
become of growing importance Profes
sor Wiley in his bulletin "License Plates 
for Il l inois," suggests that the state name 
should be visible at least half as far as 
the license number, and in any case, i t 
should be visible for at least 70 feet A t 
present, most plates are very deficient in 
this respect 

I t is essential that enforcement officers 
be able to recognize the proper yearly 
plate This information is ordinarily 
given by the color combination and the 
year in numerals The year should be as 
visible as the state name, and the color 
combination should be changed f rom 
the previous year Identification of type 
of vehicle is accomplished usually by key 
letters in the license number, or by the 
words "truck," "commercial," "dealer," 
etc, placed on the plate 

The intrinsic legibility of a license 
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plate will depend 111)011 the coinljined 
effect of the following items: 

(a) Size and shape of plate. 
(b) Height and width of characters. 
(c) Style and width of xtrolvc of characters. 
(d) Spacing and groui)ing of character.-i. 
(e) Color combination. 
(f) Amount of glofw on the figures and back

ground. 
(g) Area ratio of legend to backgro\ind. 
(h) Content and arrangement of the items on 

the plate. 
(i) Number of characters in the legend. 
(j) The letters selected for use in comliinations. 

(k) The number of letters used in the legend. 

WSHM '''''•f'''!'ti ESSZI'I 

ITRSUSI ntRTifl lliUi'llJII • S K T - a i mutam Himi-riil 

m m B]m easzî  
Figure 1 

External conditions which wi l l also 
affect the legibility are: 
(a) 
(b) 
(c) 
(d) 

Distance of the observer from the plate. 
Angle at which observer views plate. 
Intensity and color of plate illumination. 
Angle at which most of the light strikes 

the plate. 
(e) Conditions of vehicle movement (i.e., sta

tionary, slow or high speed, receding or 
approaching, smooth or rough road, etc.) 

(f) Amount of dirt or moisture on the plate. 
(g) Atmospheric conditions. 
(h) Po.sition of the plate on the vehicle. 
(i) Amount of dust which is thrown up by 

the car, or by passing traffic. 

Many of these later items are beyond 
the control of the plate designer. I t has 
been assumed that the plate which is 
most legible and most easily perceived 
when stationary and under varying con
ditions of daylight wi l l be the most satis
factory under the many varied traffic 
conditions. This wi l l probably be ap
proximately so except for the matter of 
color combination. Dr. A. R. Lauer 
found that certain color combinations 

which were satisfactory in daylight were 
indistinct under artificial illumination.^ 

I n this pa])cr, investigations are re
ported with particular reference to: 

1. A comparison of the perceptibility 
t)f the various systems of numbering used 
by states whose registrations exceed one 
million passenger cars. 

2. The effect on perception of the di f 
ferent methods of grouping the charac
ters, including the proposed "Devine" 
system. 

3. The effect on perception and re
tention of introducing one or more letters 
in the legend. 

4. A comparison of the visibil i ty of 
different styles of numerals. 

5. Limited studies of width of stroke, 
and its effect on the visibil i ty. 

PERCEPTION T E S T S 

Purpose: The object of these tests was 
to compare the merits of the plain nu
meral and the various letter-numeral 
systems grouped in different ways. The 
effect of using letters the same size, or 
either larger or smaller than the numerals 
in the group, was experimented with. So 
far as possible the many variables with 
which the experimenter finds himself 
confronted in this type of investigation 
were eliminated. 

Apparatus: For significant compari
sons, i t was necessary that the variables 
of size, style and stroke of the characters, 
spacers, borders, symbols, and color com-
minations be eliminated in the tests. The 
use of actual plates, therefore, was not 
possible. Cards were made using black 
characters 2 in. high on a white back
ground. A few of the cards used are illus
trated in Figure 1. 

The device used for displaying the 
cards to the observer for a carefully con
trolled interval of time is illustrated in 

1 Unpublished Bulletin, "A Psychological 
Analy.sis of the Legibility of Automobile L i 
cense Plates." 
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Figures 2 to 4. A 4- by 6-ft. piece of 
| - i n . plywood is held in a vertical posi
tion by strap iron braces. The display 
window was cut out, and slotted guides 
were attached to the rear side of the 
board to permit the insertion of the 
cards. The arm " A " (Fig. 2) was cut 

])ivot ' 'E ." A bushing in the rocker arm 
permits the shaft " F " to revolve. This 
shaft losses through a short curved slot 
in the board (not visible in the pictures) 
thus allowing a small vertical movement 
of the rocker arm. A plywood cam " G " 
is rigidly attached to the shaft on the 

Figure 2 

Figure 3 

from hard wood, and mounted to the 
board by means of the pivot " B . " The 
lef t end of the arm travels in a guide to 
prevent any tendency to horizontal move
ment. The screen " C " is attached to the 
arm, and by this means, the display 
cards are concealed and exposed as de
sired. The rocker arm " D " (Fig. 4) is 
attached to the board by means of the 

front side of tlie board, and a 5-inch 
pulley is similarly attached on the rear 
side. 

I n Figure 4 can be seen the apparatus 
for operating the device. A ^ H . P. 
110-volt direct current motor was con
nected to the 16 to 1 speed reducer "J," 
by means of a flexible shaft. A 5-in. 
pulley was mounted on the vertical shaft 
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of the reducer, and belted to the 5-in. 
pulley " H " at the rocker arm. A rheo
stat in series with the armature of the 
motor permitted control of the motor 
speed.from about 200 r. p. ni. to 1200 
r. p. m. 

The spring " K " (Fig. 4) normally 
iiolds the rocker arm in its extreme high 
position. I n this position, the cam com
pletely clears the tracer on the right end 
of the shield arm so that the shaft may 
revolve continuously without exposing 
the card. An arrow inscribed on the 
back of the board together with the 

tion, thus reducing the maximum num
ber of characters to six. The total num
ber of characters on Pennsylvania and 
Ohio plates is reduced to five by the 
use of two letters in combination with 
numerals. 

I n a system proposed by M r . A. W. 
Devine, Assistant Registrar in Mas
sachusetts, license numbers would be 
grouped in threes, and the second grou]) 
placed below the first. Thus the number 

123 

123,456 would appear . Similarly, 

this could be applied to seven-digit 

Figure 4 

shaded portion of the pulley (Fig. 4) 
indicates to the operator when the small 
circumference of the cam is directly 
over the tracer on the shield arm. A t 
this instant, the operator may press 
down the rocker arm to its low position. 
The arm is held down for one revolution 
of the cam, and then released. The card 
is thus exposed for a carefully controlled 
interval of time depending upon the 
speed of the motor. 

Combinations Tested: Several states 
have registrations which total over a m i l 
lion passenger cars. Illinois employs the 
straight numerical system, thus having 
many plates with seven digits in the 
legend. New York, California, Michigan 
and Texas use one letter in a fixed posi-

numbers, such a legend appearing as 
1234 
gg^. An application of the "Devine" 

system has been proposed in which two 
groups of three characters each would 
appear on all plates. The upper group 
would always consist of letters, and the 
lower group of numerals. I n this way, 
certain letters could be used to give in 
formation as to the passenger car or 
truck classification. A t least two sam
ples of each of these types were tested. 

Arrangement of characters was investi
gated. Six-digit numbers were grouped in 
twos, threes, and spaced equally. Seven 
digits arranged in the form 12-34567 
were included. This occurs on Iowa 
plates since each of the 99 counties is 
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allotted a "county number," which is 
followed by the car number Seven 
digits as arranged on Illinois plates were 
also included 

The effect of the lelative positions of 
the letter- and number-groups was tested 
by placing the letter-group both first 
and last, and also by inserting the num
ber group between the letters (as in Ohio 
and Pennsylvania) Some other com
binations were included for companson 
purposes 

Method of Testing- A n attempt was 
made to preclude or at least reduce to a 
minimum all the possible variables that 
enter into a psychological investigation 
of this kind I t wi l l be understood, for 
example, that one group of six digits 
might be much more difficult to perceive 
and retain correctly than another group 
of six, due to the particular digits used 
in the two groups I n testing the effect 
of systems of grouping, therefore, i t 
would be erroneous to compare the num
ber 698 968 grouped in threes with the 
number 11-22-33 grouped in twos, or 
with the number 654321 spaced equally 
To eliminate this condition, the fifty 
caids were carefully arranged in two 
groups, designated " A " and "B " For 
testing the effect of grouping, one num
ber would appeal as 638 492 in the " A " 
group, and the same numbei would ap
pear differently grouped in " B , " viz , 
63 • 84 • 92 The two groups were per
ceived by the same observers, wi th an 
interval of approximately a week between 
the two tests to obviate the possibility 
of memory affecting the results Differ
ences in perception could then be at
tributed mainly to the effect of the 
grouping 

As an observer proceeds through the 
test, he wil l gradually improve some
what in his perception due to practice 
I t IS hoped that this factoi was mini
mized to a negligible amount by start
ing the series of cards at different points 
for various observers, so that what might 

be the first card for one observer would 
come near the middle or end of the series 
for another Also, about half of the 
observers were given the " A " group first, 
and then the " B " gioup the following 
week The other half viewed the two 
series in the reverse older To further 
eliminate this factoi, and also furnish an 
additional check on the results, a counter 
number was used for each item tested 
Foi example, if the number appeared 
in the form 382 • 465 in the " A " series, 

382 
and the form in the " B " series, then 

4o5 

a different number would appear as 963 
287 

in the " A , " and as 963 • 287 in the "B " 
Similar procedure was employed for 
the various items that were to be in 
vestigated 

Preliminary tests were made with 
several different observers to determine 
a suitable speed at which to operate the 
mechanism I t was decided to operate 
the motor at 640 r p m , theieby produc
ing a cam speed of one revolution in 
1^ mm The cam was designed to ex
pose the card during 45 per cent of its 
revolution The interval of card exposui e 
IS thus calculated to be 0 67 sec 

The observer was seated at such dis
tance from the boaid that the cards 
would be easily visible A test sheet 
numbered from 1 to 25 was provided 
The following instructions were read 

"Various numbci and Jcttei gioupings as 
appear on existing license plates and some pio-
posed groupings will be placed in the opening 
behind the shield The shield will be opened for 
a short inteival of time, and you are to ob-
sene and recoid the legend which appcare" 

"Regardless of the anangement on the card, 
vou are to record the legend in a straight line 
Foi example (showing a sample of Connecti
cut plate ^288) this should be recorded as 
BX288, and (showing a sample of the Devine 
system ^^^) this is to be rocoided as 377398 

Any dots oi dashes which may appeal aie to be 
neglected " 
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T A B L E 1 

SUMMARY OF R E S U L T S OP PERCEPTION T E S T S 

"A" group ••B" group 

Number C N %w %c Number C N %w %c 

36 286 2 1 2 98 6 8 L F 4 9 5 10 90 

F 4 8 3 9 2 42 20 40 60 6 0 J 8 0 0 0 100 

593 652 25 15 30 70 468 053 15 7 14 86 

D Q 953 32 16 32 68 193 J Q C 16 11 22 78 

1 652 937 98 35 70 30 1686 
398 

108 40 80 20 

68LF4 5 5 10 90 D 953 Q 22 9 18 82 

306 829 3 3 6 94 698 968 69 23 46 54 

L Z P 
047 43 20 40 60 H Q F 

493 
42 20 40 60 

46 80 53 23 11 22 78 284 P J 2 2 4 96 

P 284 J 8 5 10 90 16 52937 72 31 62 38 

T 
^ 3 8 5 5 3 6 94 3 2 9 E 1 1 2 98 

514 076 13 6 12 88 683 869 48 20 40 60 

3 E 2 9 1 1 2 98 68 723 2 1 2 98 

5 9 P V 6 10 4 8 92 ^ 4 2 6 9 5 10 90 

1686 398 113 39 78 22 1936 573 98 35 70 30 

9 Z T 6 3 18 10 20 80 9ZT63 19 12 24 76 

H Q F 493 67 29 58 42 514 
076 

2 2 4 96 

683 
869 

31 14 28 72 L Z P 047 48 2 5 50 50 

J 6 0 8 2 1 2 98 59 36 52 34 16 3 2 68 

1306 
536 

23 13 26 74 T D 3 8 5 6 4 8 92 

9 E 27 04 11 7 14 86 1306 536 44 19 38 62 

19 36573 107 34 68 32 4 F 83 92 28 16 32 68 

I B 426 2 1 2 98 306829 11 7 14 86 

698968 81 3 2 64 36 5 9 P V 6 12 6 12 88 

J Q C 193 41 23 46 54 E 9 2 7 0 4 28 15 30 70 

K E Y 
C = Total number 
N = Total number 
%W = Per cent of 
% C = Per cent of 

of mdividual characters wrong or omitted 
of times the legend was perceived incorrectly 
the time the legend was perceived incorrectly 
the time the legend was perceived correctly 
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"I will call 'READ-S' as a warning each time 
hcfoie the shield )s to be opened You will 
observe the card, and then I will give you suffi
cient time to record the number Trj' your best 
to get the correct legend " 

The 25 cards were successively m-
serted in the opening and the recordings 
made A week later, the same procedure 
was followed with the remaining series 
of cards F i f t y individuals were tested in 
this way, making a total of 2,500 read
ings Most of the observers were stu
dents at the University of Vermont, but 
some older people from various walks of 
l ife were also included 

Table 1 gives a summary of the re
sults obtained f rom the 100 test sheets 

Effect of the Number of Characters 
As wi l l be observed from these data, the 
particular combination of digits used in 
a group wi l l greatly affect its correct 
perception and retention Certain num
ber groupings possess inherent character
istics which render them difficult to 
perceive correctly Thus, the number 
"306,829" was correct 90 per cent of the 
time, while the similar group "698,968" 
fell as low as 55 per cent The large 
number of errors m the latter were due 
mainly to the fact that the observer 
tended to record the same digits of the 
two groups in similar sequence, namely, 
"698,698 " However, in comparing the 
relative perceptibility of 5-, 6-, and 7-
digit groups, the use of several groups 
of each kind wi l l tend to reduce this 
efTect, and seem to jus t i fy the following 
discussion 

The percentage of coirect readings of 
the all-numeral groups are given in 
Table 2 

Thus, for the short observational 
period of a fraction of a second, which 
would be the case when attempting to 
obtain the license number of a speed
ing car, i t may be seen that the diff i 
culty of perception increases greatly 
with the inciease m the number of char
acters The 5-digit groups were lead 

correctly piactically all the time while 
those with 6 digits were perceived coi-
rectly only three-fourths of the time 
When the digits were increased to seven, 
the coriect readings fell off to consid
erably less than half the total Other 
things being equal, 6-digit plates are de
cidedly superior to those wi th 7, and 
5-digit plates in turn are much more 
easily perceived than those with 6 

Assuming an observational period of 
0 67 second, l i t t le benefit apparently 
would be gained by an attempt to reduce 
five-digit plates to four 

Effect of Use of Letters Many states 
have introduced letters into license num
bers, either for classification purposes, 
or to reduce the number of characters 

T A B L E 2 

Number of Per cent read 
groups tested correctly 

5-digit 2 98 
6-digit 12 74 
7-digit 8 39 

Some disadvantages may lesult f rom this 
practice Supposing, for example, that 
one character has been missed in an 
attempt to catch the number of a speed
ing car I f the plate contains numerals 
only, the car must be one of ten I f 24 
letters are also used, the vehicle may be 
one of 34, thus greatly increasing the 
difficulty in tracing the car The simi
lari ty of some letters to certain other 
letters and numerals introduces more ele
ments of possible confusion Obviously, 
certain letters are inherently poor for 
this reason, and should not be used 

License numbers are frequently re
ported by telephone or radio Hence, 
the question of audible confusion be
tween letters of similar sound should be 
considered The selection of proper let
ters for use wi l l be discussed later 

I t IS claimed that letters on license 
plates increase the perception time This 
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was tested by comparmg gioups con-
tammg one, two, oi three letters with 
all-numeral groups Again, the variable 
due to the different characters used can 
be minimized only by employing several 
groups of each type for comparison 

The average percentages correct for 
all the groups of each type were com
puted, and found to be as m Table 3 

I t appears reasonable to conclude that 
the introduction of letters increases er
rors in perception, and that the errors 
increase in proportion to the number of 
letters used 

To study further the combined effects 
of the number of chai acters in the legend, 

of giouping wil l to some extent affect the 
peiception of any one type However, 
since approximately the same methods 
of grouping were employed for the num
bers in either the 5-, 6-, or 7-character 
class, the above comparative results 
seem justified 

From these data, i t may be noted 
that any 6-character group is superior 
to all 7-character groups Six-char
acter plates containing one letter (used 
by California, Michigan, and New York) 
should be perceived correctly 32 per cent 
more of the time than the 7-digit plates 
(used by Illinois, and to some extent by 
Iowa) Five character plates with two 

T A B L E 3 

Characters used in the group Number of 
groups tested 

Read 
correctly 

Error increase 
due to letters 

6 numerals—0 letters 
5 numerals—1 letter 
3 numerals—3 letters 

12 
4 
6 

% 
76 
71 
57 

% 

5 
19 

5 numerals—0 letters 
3 numerals—2 letters 

2 
14 

98 
87 11 

3 numerals—1 letter 4 98 

and the use of one or more letters, Figure 
5 was constructed From Table 2, the 
percentages correct for the all-numeral 
groups were plotted and connected with 
a f u l l black line From Table 3, i t was 
found that the inclusion of one letter in 
a 6-character group increased the percep
tion error 5 per cent I t was assumed 
that the introduction of one letter in a 
5- or 7-character group would have a 
similar effect This may not be sti ictly 
tiue, but probably is nearly so Groups 
including one letter are plotted with a 
dotted black line Similar procedure was 
followed with groups containing two and 
three letters, and plotted with the dash 
line and the dot-dash line respectively 

I t should be remembered that these 
are average values for several numbers 
grouped in diffeient ways The method 

letters (Ohio and Penn) show 16 per 
cent improvement over the 6-character 
style just mentioned, and are 48 per cent 
better than the 7-digit groups No ad
vantage in perception would be gained by 
the introduction of a letter to reduce 5-
digit plates to four characters Both 
types were read correctly 98 per cent of 
the time The disadvantages involved 
with the use of a letter seem to outweigh 
any advantage of possible plate size 
reduction 

Effect of Method of Grouping Wi th 
the use of the straight numerical sys
tem, the normal method of grouping 
has been by threes Thus, the 7-digit 
Illinois plate appears as "1 • 234 • 567 " 
The system of employing distinguish
ing county numbers followed by the ve
hicle number has brought about a 
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different grouping in some states The 
same number would appear on Iowa 
plates as 12 34567 The introduction 

T A B L E 4 

Group 
Number of 
times read 
incorrectly 

Per cent 
read 

correctly 

698 968 23 54 
698968 32 36 

306 829 3 94 
306829 7 86 

593 652 15 70 
59 36 52 16 68 

468 053 7 86 
46 80 53 11 78 

I 

Average for the legends spaced equally 61% 
Average for the same legends grouped in 

threes 74% 

Average for the legends grouped in twos 73% 
Average for the same legends grouped m 

threes 78% 

"̂ N̂̂ - 1 

M 
\ \ 

* ^ \ 

\ 
\\ 
\ 
\\ 

• 

V 
s e 

Number ofCtiaroclers in Legend 

Figure 5 Curves Showing Effect on Correct 
Perception of Number of Characters in Legend 
and Number of Letters Included in the Legend 

T A B L E 5 
! 

State Group Number of times 
read incorrectly 

Per cent read 
correctly 

Michigan 
N Y and California 

F 48392 
4F 83 92 

20 
16 

60 
68 

Michigan 
N Y and California 

E 92704 
9E 27 04 

15 
7 

70 
86 

Average for Michigan type 
Average for N Y and California type 

65% 
77% 

of letters has led to other variations 
California and New York use three 
groups of twos, thus "5E 46 • 82," while 
Michigan separates the letter f rom the 
numerals, thus "F 17785" (not consis
tently, as there is no separation on many 
Michigan plates) On the 2 letter-3 nu
meral Ohio plates, one wi l l note the fo l 
lowing arrangements A B • 345,345 • A B , 
A - 3 4 5 - B , 3 - A B - 4 5 , and 3 4 - A B - 5 
Pennsylvania and New Jersey do not 
separate the characters into groups 

A comparison was made of the per
ception due to different ways of group
ing I n order to eliminate the variable 
due to the particular characters appear
ing in the group, one arrangement of 
certain characters was used in series 
" A , " and a different grouping of the 
same characters was placed in series 
" B " The results of 6-digit numbers 
grouped in twos, threes, and equally 
spaced are in Table 4 

The best grouping for 6-digit num-



402 TRAFFIC AND SAFETY 

bers appears to be by threes This re
sult would be expected, as this is the 
normal method of grouping derived from 
our decimal system However, the d i f 
ference between grouping by threes and 
by twos may not be enough to be sig
nificant Preference between these two 
ways probably varies with the indi
vidual, some remembering easier by twos, 
and others by threes Six digits grouped 

Table 6 shows a comparison of the 7-
digit groupings used on Illinois and Iowa 
plates 

The small diffeience between the two 
seems to warrant no definite conclusions 
Suffice i t to state that 7-digit numbers 
grouped in any way are not readily 
perceived 

Connecticut plates are unique for two 
reasons First, they are "permanent," 

T A B L E 6 

State Group Number of times 
read incorrectly 

Per cent read 
correctly 

Illinois 1 652 937 35 30 
Iowa 16 52937 31 38 

Ilhnois 1 936 573 35 30 
Iowa 19 36573 34 32 

Average for Ilhnois type 
Average for Iowa type 

30% 
35% 

T A B L E 7 T A B L E 8 

Group 
Number of 
times read 
incorrectly 

Per cent 
read 

correctly 
Group 

Number of 
times read 
incorrectly 

Per cent 
read 

correctly 

I B 426 1 98 (Penna ) 68LP4 5 90 
^426 5 90 68LF4 5 90 

TD385 4 92 (Penna ) 9ZT63 12 76 
T 
^385 3 94 9ZT63 10 80 

Average for conventional form 
Average for Connecticut form 

95% 
92% 

59PV6 
59PV6 

4 
6 

92 

88 

either by twos or threes are quite su
perior to the same equally spaced 

A comparison of the groupings em
ployed by California, New York, and 
Michigan is shown m Table 5 

Some advantage is to be gamed by 
gioupmg in twos rather than merely 
separating the letter f rom the numerals 
This seems in accord with the previous 
findings, as the Miclugan type is in 
effect a 5-digit number spaced equally, 
with an additional chaiactei to observe 

and are not renewed annually Sec
ondly, the system of numbering is differ
ent f rom that of any other state, the 
legend consists of two letters, one placed 
over the other, followed by three numer
als A serious objection to this arrange
ment is that the letters are made much 
smaller than the numerals, thus ma
terially reducing visibi l i ty 

Compausons weic made with gioups 
auanged in this manner, and the same 
groups ai ranged in the conventional 
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fo im The numbeis used \\cie as given 
m Table 7 

The results aie insignificant as fai as 
perception is concerned 

Pennsylvania uses combinations of 
letters and numerals A maximum of two 
letters appear on the plate These are 
always placed together, but may appeal 
m any position in the legend The letters 

No appieciablc diffeicnce was noted m 
the pciception of the legend due to the 
lelative size of the letters From the 
standpoint of legibility, they should be 
made at least as large as the numerals 

Devine System of Grouping I n 1936, 
M r A \V Devine, Assistant Motor Ve
hicle Registrar in Massachusetts, sug
gested a form of grouping which departs 

T A B L E 9 

Number of Percent 
Group times read read Group 

incorrectly correctly 

.514 076 6 88 
514 2 96 
076 

96 

683 869 20 60 
683 
869 14 72 

1686 398 39 22 
1686 
398 40 20 

1306 536 19 62 
1306 
536 13 74 

LZP 047 25 50 
LZP 
047 20 60 

HQF 493 29 42 
HQF 
493 20 60 

6 characters—all numerals conventional 
6 characters—all numerals Devine 
7 characters—all numerals conventional 
7 characters—all numerals Devine 
6 characters—mcluding 3 letters—conventional 
6 characters—including 3 letters—Devine 
All groups with conventional arrangement 
All groups with Devine arrangement 

are made smaller than the numerals 
Such practice is diametrically opposed 
to the recommendations of Professor 
Wiley I t IS claimed that letters are in
herently less legible than numerals, and 
therefore should be made larger Com
parisons of the perception of such groups 
were made, employing letters laiger than, 
smaller than, and the same size as 
the numerals These are tabulated m 
Table 8 

Average 
% read 

correctly 
74 
84 
42 
47 
46 
60 
54 
64 

considerably from conventional methods 
now used Essentially, the license num
ber is arranged in two lines of three char
acters each The year and state name 
are placed vertically at the ends of the 
plate I t IS suggested that letters only 
be used in the top row, and numerals in 
the bottom, but there seems to be no 
reason why the arrangement could not be 
applied to all numeral legends The fo l -
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lowing advantages aie claimed for this 
system 

1 The plates would be considerably 
shoiter, but somewhat wider than most 
of the piesent ones This should piovide 
for more satisfactory illumination from 
the ta i l light 

2 A l l plates would be the same size— 
an advantage in manufacture, mailing, 
and mounting on the car 

3 This license number is arranged 
on a "spot" form instead of an extended 
line I t should be more easily taken in 
by the eye 

4 The group of letters is distinctly 
separated from the group of numerals 
People would soon learn that letters only 
appear in the upper row, hence transpo
sition of letters with figures would be 
reduced 

Comparisons between the "Devine" 
and the conventional grouping were made 
to determine whether accuracy of per
ception would be increased by this pro
posed form The numbers tested, and 
the results are given in Table 9 

There are indications that some ad
vantage in ease of peiception is to be 
gained by the use of the suggested De-
vme system The difference is not over-
w helming, aveiagmg 10 per cent for all 
the groups I t should be noted, however, 
that this radical depaiture from the con
ventional method of displaying numbers 
might show a decided increase in ease 
of perception when people became more 
accustomed to seeing this method of 
grouping Wi th the other advantages of 
plate size previously mentioned, the sys
tem may have considerable merit, and 
deserves serious consideration The chief 
objection to the 3 letter-3 numeral form 
IS its low perception value I n this le-
gpect, i t would be fa i inferior to any 
existing plates, save the 7-digit numbers 
of Illinois and Iowa Furthermore, many 
three-letter combinations would ause 
which would form ludicrous or undesir
able words, and should be omitted 

SUMMARY OF T E S T DATA 

1 A l l combinations of 6 characters 
were superior to 7-digit numbers Five-
character legends, in turn, were better 
than those with 6 There is a greater 
average diffeience between 6-character 
and 7-character groups (34%) than be
tween those wi th 5 and wi th 6 (22%) 

2 The presence of letters in the group 
increases the difficulty of perception, this 
difference increasing with the number of 
letters appearing 

3 There is not much difference be
tween 6-digit plates grouped by threes 
01 by twos, but either is superior to those 
with the digits spaced equally 

4 Six-character plates containing one 
letter are better when grouped by twos 
than when the letter only is separated 
from the rest of the number 

5 On 5-character plates containing 2 
letters and 3 numerals, i t may be slightly 
preferable to place the letters and 
numerals m separate groups, although 
no marked difference was observed 

6 An attempt to contrast the letters 
with the numerals by the use of small 
letters (Penna and Conn ) does not aid 
in the perception of the number From 
the standpoint of legibility, the letters 
should be made at least as large as the 
numerals 

7 Some advantage in perception seems 
to be gained with 6- and 7-character 
plates i f the "Devine" system of group
ing IS employed The greatest difference 
occurs when letters are used in the top 
row, and numerals in the bottom I t is 
doubtful i f any benefits would accrue i f 
used for plates with less than six char
acters 

S E L E C T I O N OF L E T T E R S FOR U S E ON 
L I C E N S E P L A T E S 

I n many states, the use of letters on 
license plates is a necessary expedient i f 
the legends are to be restricted to a rea
sonable length The use of key letters 
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also aids materially in the identification 
of certain classes of vehicles. Their use 
seems to offer no serious objections, pro
vided the letters to be so employed are 
selected with care. Confusion arises be
tween letters more frequently than be
tween numerals because there are many 
more of them and because many bear a 
resemblance to other letters, or to cer
tain numerals. No extensive investiga
tion on letter confusion seems to have 
been made, but Dr . Lauer says the 
letters A, F, H , K , M , R, S, U , W, X , Y , 
and Z appear to be best. 

V I S I B I L I T Y T E S T S 

I n connection with a study of Vermont 
license plates made for the Motor Vehicle 
Commissioner of that State, limited tests 
were made of the visibi l i ty of. several 
styles of numerals. This was done es
sentially for the purpose of comparing 
the numerals used on the present Ver
mont plates with others of the same 
height designed for greater legibility, but 
the results seem to be of sufficient gen
eral interest to be included in this paper. 

Types of Numerals Compared: Four 
styles of numerals were tested for visi
b i l i ty : round, block, open, and round as 
used on the Vermont 1937 plates. To 
eliminate variables of color, size, spac
ing, etc., cards were used having black 
figures on a white background. Figure 6 
illustrates some of the combinations used 
in the test. A l l numerals were made 3 in. 
high, the present height of figures on Ver
mont plates. Numerals are 1^ in. wide, 
wi th the exception of the Vermont style 
which are 1^ in . Two widths of stroke 
^ in. and ^ in. were employed. The round 
and block numerals represent the styles 
in most common use at the present time. 
The open style is an attempt to design a 
style which wi l l emphasize the distinc
tive features of each numeral wi th the 
hope of reducing possible confusion of 
various digits to a minimum. Styles 

somewhat resembling this open type have 
already been used by several states, 
notably New York, Pennsylvania, and 
the District of Columbia, but in most 
cases, the figures would seem to be too 
narrow for their relative height. 

Method of Testing: The figures were 
arranged in groups of five or six to simu
late the arrangement on the majori ty of 
license plates, and placed on a back-

20741 
529461 
52813 
360958 
903685 

467509 
1580371 
63-895 

169538 
395081 

Figure 6. Showing Styles of Numerals Tested 

In the order illustrated, they are as follows; 

1. Round style, 5^-in. stroke 
2. Open style, ^ - in . stroke 
3. Open style, ^ - i n . stroke 
4. Block style, Ys-in. stroke 
5. Round style, %-ia. stroke 
6. Open style, yg-in. stroke 
7. Open style, '/i-in. stroke 
8. Vermont 1937, yg-in. stroke 
9. Round style, yg-in. stroke 

10. Block style, ^ - in . stroke 

ground as shown in Figure 6. Stakes were 
placed at 10-ft. intervals from the dis
play of figures up to a maximum distance 
of 200 f t . , and marked with the proper 
distance. The observer was first placed 
at the 200-ft. point, and asked to read 
the groups of digits as they appeared to 
him at that distance. Those that were 
very indistinct were omitted. His read
ings were recorded. He then moved up 
to the 190-ft. point and repeated the 
process. A t each point, however, the 
readings were made in a different order 
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to eliminate as fai as possible vauations 
due to the effect of memoiy oi cye-
fatigue This pioccss was continued until 
any one groujj was i ead correctly at two 
consecutive stations Said gioup was 
then considered to be visible to the ob
server at the more distant of the two 
points, and was not considered further 
The obseiver thus moved forward in 10-
f t incicments unti l all groups had been 
lead coiiectly 

in jilacc of the coirect digit which ap
peals at the head of the column I n the 
open type groups, both a flat top three 
and the rounded three were included I n 
one of the open type and one of the round 
type groups, the digit " 1 " both with and 
without a base was included Block and 
Vermont type numeials not listed m this 
table were not included in the test 

Style of Numerals I n order to deter
mine the effect of the style of numerals 

T A B L E 10 

SHOWING T H E MAXIMUM DISTANCES AT W H I C H T H E .VARIOUS NUMERAL GROUPS W E R E 
R E A D B Y E A C H O B S E R V E R 

Observer number 
Open 
style 

stroke 

Open 
style 
Ji-in 
stroke 

Round 
style 
H-in 

stroke 

Block 
style 
%-m 

stroke 

Block 
style 
M-in 
stroke 

Round 
style 
M-in 
stroke 

Vermont 
style 
Jfrin 

stroke 

It // /( /< It /< 11 
1 150 150 130 120 130 120 120 
2 190 190 160 170 160 140 160 
3 100 100 100 80 90 90 80 
4 160 140 150 130 130 130 110 
5 160 150 120 130 130 120 120 
6 180 170 160 160 150 160 160 
7 160 150 150 150 160 140 150 
8 130 130 130 120 120 110 120 
9 160 150 160 150 150 150 140 

10 160 150 150 150 140 150 130 
11 160 160 140 140 150 140 140 
12 130 140 120 120 120 110 120 
13 150 150 150 150 140 140 130 
14 170 160 160 160 150 150 130 

Average 154 150 141 138 137 132 129 

These tests were made outdoors undei 
varying conditions of weather, to corre
spond somewhat with actual traffic condi
tions in daylight No tests were made 
with artificial illumination Fourteen ob
servers weie tested in this way 

Tabulation of Results Table 10 was 
compiled from the test sheets I t shows 
the maximum distance at which a group 
of each style and width of stroke was 
visible to each observer From these 
readings, the average visibil i ty distance 
for each type of numeral was calculated 

The confusion of digits is shown in 
Table 11 The numbers appearing in the 
columns arc those given by the observers 

on visibili ty, variations of height, width, 
and stroke must be eliminated These 
factors were the same for the open, 
round, and block types with | - m stroke, 
and also for the same three styles with 
i - i n stroke From Table 10, the average 
visibility distance of these groups is as 
given m Table 12 

No appreciable difference m visibil i ty 
IS found between the round and block 
styles This result might be expected, as 
the angular corners of the block figuies 
become rounded to the eye when viewed 
at a distance, and the numerals then 
closely resemble the round type in ap
pearance 
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The open style seems to show a decided 
advantage in visibil i ty for the numerals 
with both the f - and -J-in stroke Other 
factors being the same, the open type of 
numeral is more visible than either of 
the much-used round or block types 

The digit one with a base was found 
to be visible at an average distance of 
194 f t as compared with 174 f t for the 
one without a base The former should 
be used The rounded three was visible 
at a greater distance than the flat top 

T A B L E 11 

COMPARISON OF CONPDSION B E T W E E N T H E DIGIT& OF T H E VARIOUS S T Y L E S OF NUMERALS 

Numerals heading the columns are the ones that should have been given Below each of these are 
listed the digits that were actually given by the observers 

Open type H-'n stroke Open type K-'n stroke 

1 2 3 3 4 5 6 7 8 g 0 1 1 2 3« 3" 4 5 6 7 8 9 0 

1 1 5 5 6 1 3 7 6 4 1 6 4 0 6 
1 5 6 1 7 8 5 0 4 6 
1 5 8 1 7 8 5 4 6 
3 5 0 0 9 8 5 8 6 
3 5 9 0 5 8 
3 5 5 
7 5 5 
7 5 5 
8 5 5 

5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
6 

Round type %-\n stroke Round type }i-in stroke 

1 1 2 3 4 5 6 7 8 9 0 3 5 6 8 9 0 

3 1 0 3 6 3 2 3 6 8 4 1 
5 1 0 6 9 3 7 8 8 5 2 
8 1 9 3 7 5 3 
8 1 9 8 7 5 3 
8 2 9 8 8 6 

5 9 8 6 
7 9 9 6 
7 9 9 6 
7 9 9 
7 
7 
7 
7 

» Flat top 
Round 
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T A B L E n—Continued 

Block type %-m stroke Block type K -in stroke Vermont type H-'n stroke 

3 6 8 8 9 0 3 5 8 9 0 3 S 6 8 9 

8 4 1 5 8 8 9 3 1 1 1 4 
4 6 8 9 9 3 1 3 4 4 1 
8 6 8 0 9 5 1 4 4 1 

9 8 9 5 1 5 1 
9 0 9 5 1 7 1 
9 0 9 5 1 9 1 
9 9 5 1 0 1 
0 0 5 1 0 2 
0 5 1 0 3 
0 5 1 4 
0 5 2 5 
0 7 7 5 
0 8 7 7 
0 8 7 7 

8 7 7 
7 7 
7 8 
7 8 
7 8 
7 8 
7 8 
7 8 
7 8 
7 8 
7 8 
7 0 
7 0 
7 0 
7 0 
9 0 
9 0 
0 0 

0 
0 
0 

T A B L E 12 

H-in stroke M-m stroke 

Type Average 
visibihty Type Average 

visibihty 

Open 
Round 
Block 

ft 
154 
141 
138 

Open 
Round 
Block 

ft 
150 
132 
137 

three, although the low legibility of the 
latter was due chiefly to its confusion 
with "5 " 

Width of Stroke I n all cases, the 
numerals with | - i n stroke were superior 

to those of the same style wi th : i - in 
stroke The difference was not phenom
enal, however, being only 4 f t for the 
open type, 9 f t for the round, and 1 f t 
for the block numerals Since only two 
widths of stroke were employed in this 
experiment, nothing can be concluded as 
to the best width of stroke for a given 
set of numerals The optimum stroke 
doubtless would vary wi th the style, 
height, and width of the numerals, the 
ratio of height to width, and possibly 
other factors I t is a question which 
could well be investigated further 

Ratio of Width to Height: Only two 
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widths of numerals were employed The 
round style with | - in stroke are l^-in 
wide, and the Vermont type are similar 
jn all respects except their width, which 
I S 1̂  m The round style were visible 
at an average distance of 141 ft while 
the Vermont numerals dropped to 129 ft 
Therefore, 3 by 1^-in numerals are quite 
superior to 3 by l̂ Ĵ -m numerals 

From a practical standpoint, the op
timum ratio of width to height for license 
plate numbers involves other items such 
as the available plate size, and the spac
ing and grouping of the numerals Quite 
extensive tests would be required to in
vestigate this matter For the space 
available on the Vermont plate, whose 
size IS prescribed by law, it was found 
that numerals 1^-in wide were definitely 
superior to the l-J-in ones used at 
present 

Confusion of Digits In all the groups 
tested, little confusion was found to re
sult with the digits 2, 4, 5, 6, 7, and 0 
The digit "2" was confused to some ex
tent, being given several times as 1, 3, 5, 
7, and 8 The block "2" was not confused 
at all There seems to be no explanation 
why this should be more distinct than 
either the open or the round "2 " 

The flat top three is very bad I t ap
peared only twice in the display of fig
ures, and yet it was given as "5" a total 
of 28 times It is certain that this type 
of three should never be used The more 
rounded three was infrequently confused 
except m the case of the somewhat nar
row Vermont numerals In this case, it 
was given frequently as "1" or "7," prob
ably due to the compressed nature of 
these figures These same digits were 
given to some extent for the round style 
three with | - in stroke, a fact which is 
not easily explained 

The digit "8"' was confused consider
ably, being given most often as "9 " This 
was particularly true for the block and 
round types where the "9" is diff'erenti-
ated from the "8" only by the small 
opening near the bottom of the "9 " The 

14 

open style "9" should tend to reduce this 
confusion 

The digit "9" was confused more often 
than any other It was given most fre
quently as "5" or as "8 " For the narrow 
Vermont numerals, it was also given 
frequently as 1, 7, and 0 It is a very 
curious fact that "9" is the digit most 
frequently confused, while "6" is one of 
those least confused D r Lauer obtained 
the same results m his tachistoscopic stu
dies with numerals, and explains this 
apparent paradox in this way "It may 
seem strange that nine is the most con
fused and S I X , which is an inverted nine, 
the least confused This very interest
ing result may be explained by the fact 
that most cues in reading are secured 
from the upper half of the letters or 
characters One can observe this for him
self by placing a paper over the upper 
half of the letters and attempting to read 
By reversing it so the lower half is 
covered, no disturbance is noted Modi
fication of the upper portions of the 
confused digits may make them more 
legible " 

Since all numerals were spaced one 
half inch apart, no comparisons of legi
bility due to spacing can be made In 
this regard, Dr Lauer says, "The 
correlation with legibility was -f- 2186 
This would be interpreted to mean that 
greater spacing between the numbers 
would greatly increase their legibility 
Based upon measurements of sizes of 
plates now being used, these letters 
should not center closer than 2 in It 
w ould be better to increase this distance 
if possible " 

It was observed that digits in the end 
positions of the groups were more legible 
than when placed elsewhere This fact 
tends to confirm the argument that wide 
spacing promotes greater visibility Un
doubtedly, the widest spacing of nu
merals consistent with a reasonable size 
of plate will be the best 

Summary The open type numerals 
are more visible than either the round 
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or block types. There is no appreciable 
difference in visibility between the latter 
two styles. 

For numerals 3 in. high and 1^ in. 
wide, a ^ - in . stroke is preferable to a 
^-in. stroke, although the difference is 
not momentous. Further study should be 
made on the question of best width of 
stroke. 

Numerals whose width is half their 
height are more visible than those with a 

Figure 7 

Figure 8 

smaller ratio of width to height. For 
good visibili ty, license plate numerals 
should be made wider in respect to height 
than is generally the practise at present. 

The digits 1, 4, 5, 6, 7, and 0 are not 
seriously confused. The flat top three 
is very frequently confused with "5" and 
should never be used. The digit "8" is 
often confused, especially with ' '9." Nine 
is the digit most frequently confused, and 
is often given as "5" or "8." Since i t is 
hardly feasible to omit any digit even 
though i t may be confused fre<iuently, 
numerals should be designed to em])ha-
size their distinguishing characteristirs. 
The o])en type 5, 6, and 9 should be of 
some aid in this direction. The digit " 1 " 

should have a base, but the top should 
be small lest this digit be confused with 
"7." 

License Plate Design: Illustrations of 
a few sample license plates submitted to 
the Motor Vehicle Commissioner of Ver
mont are here included to show what 
may be done in the way of plate design 
to increase visibili ty. Figure 7 is a 
replica of the plate used in Vermont for 
1937. Its chief objections are: numerals 
too narrow in proportion to their height, 
year and state name too crowded and 
compressed, border unnecessary and cuts 
down the effective size of the plate, char
acters along the bottom of the plate par
tial ly obscured by the fastenings. The 
numerals were visible at an average dis
tance of only 129 f t . 

The numerals used on the plate shov.'n 
in Figure 8 are of the open type, the 
most legible of the four styles tested. 
Numerals are spaced ^ in. apart, wi th a 
I f in. space between the groups. The 
border has been omitted, which increases 
the effective size of the plate. The letters 
used for the state name and year are 
much superior to those shown in Figure 7, 
but they are still somewhat obscured by 
the fastenings. The numerals are very 
well shaped and spaced for high visibili ty. 
This type of figures was visible at an 
average distance of 154 f t . 

Figure 9 illustrates the arrangement 
of the plate which has been adopted in 
Vermont for 1938. The border has been 
omitted, however, in order to increase 
the effective size of the plate. The visi
bi l i ty of the state name and year is thus 
appreciably increased. This arrangement 
of these items also possesses the desirable 
feature that no part of either is iiartially 
obscured by the plate fastenings. From 
all aiipearances, these plates are far su-
])erior to those used last year. 

The remaining five digits of the open 
style are shown on the jilate in Figui'e 10. 
These may also be used for the round 
tyi)e with the excejition of "0" which 
should be designed with semicircular top 
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:uul bottom and ntraislit .sicics?. A base 
has been retained on the " 1 " as this was 
found to be more visible than the disit 
• • 1 " with base omitted. By omitting the 
border and abbreviating the state name 
and year, i t was possible to increase the 

size of the eliaracters used for the name 
and year. Their legibility is considerably 
increased in tiiis way. 

Al l plates aiv (i hy 121 in., the size 
prescribed for Vermont. A l l numerals 
are 3 in. high. 

Figure 9 Figure 10 

DISCUSSION ON A U T O M O B I L E LICENSE PLATES 

M R . Jos. B A R N E T T , f . S. Bureau of 
Public Roads: The visibil i ty of license 
plates is associated with tail lights and 
their location. The present location of 
tail lights is about two feet above the 
ground, whicli appears to be very un
desirable. Why i t was put there possibly 
is a throwback to the lantern hung from 
the buckboard when horse-drawn ve
hicles predominated, but more likely is 
a throwback to the era of open body 
types when the top of a vehicle put back 
against the rear made i t necessary to 
place ta i l light and license plate low 
enough to be visible. 

A t the jiresent time only about one-
ti i i rd of one jier cent of vehicles are con
structed with open bodies so that the 
open body type as a factor may be dis
regarded. Tai l lights and license plates 
on closed body types ought to be placed 
near the top of the vehicle. In their 
present location they are in the way of 
the fenders which appear to require re-
jilacing or repairing with increasing fre
quency; they are in the way of the gas 
tank; they are in the way of the trunk 
rack; they are in the way of the spare 
tire when at the rear; and tliey fre-
fiuently are spattered with mud, re

ducing tlie efficiency of the tail light and 
visibility of the license plate. 

There also is the important matter of 
safety. Many night accidents are re
corded in which tlie driver or a passen
ger obscured tlie tai l light by standing 
at the rear of the vehicle either to change 
a tire or to get at the trunk rack, at 
which time they were ploughed into by 
following vehicles. Accidents of this 
character generally result in serious in
jury or fatal i ty. One of the danger spots 
on a highway is the crest of a hi l l over 
which the sight distance generally is 
limited. A tai l light at the top of a ve
hicle first is seen at a considerably greater 
distance than one near the pavement. 
This safety feature is recognized for 
trucks and busses on which some kind 
of light nearly always is located at or 
near the top. There is just as much jus
tification for this practice for passenger 
vehicles. 

Of course these observations do not 
detract from the value of Professor 
Aldrich's excellent work because, re
gardless of where i t is put, the desir
ability of a license plate which is highly 
visible cannot be questioned. I t does 
ai)i)car, liowevcr, that the automobile in-
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dustry ought to take cognizance of the 
fact that license plates and tail lights 
are much moie visible at the tops of ve
hicles than where they now are located 

M H C M JOHNSTON, U S Bureau of 
Public Roads • I should like to make one 
observation on Mr Barnett's remarks 
and that is, sometimes the tail light goes 
out Hence, if you put a tag at the top 
of the car, the driver of a vehicle ap
proaching from behind might not see the 
license plate if he wanted to. If you have 
the plate a little lower, say chest height, 
then the lights of the approaching ve
hicle should at least shine on it and thus 
illuminate it for identification purposes 
In other words, it is my opinion, that the 
maximum height of the license plate 
above the ground should be governed by 
the maximum elevation of the lieadlight 
beam permitted by law and the legible 
distance of the tag 

It might also be observed that an ex
tinguished tail light makes a very good 
danger signal when reflecting rays of an 
oncoming headlight This is another rea
son for not elevating the tail light too 
high 

D R A R L A U E R , Iowa State College 
Professor Aldrich and I corresponded on 
this point before Two years ago we suc
ceeded in measuring the reflection factor 
of different colors on the standard license 
plates used about 1929-30 A number of 
factors were studied relating to legibility 
Professor Aldrich has taken up certain 
of these more in detail One or two ob
servations may be made relating to his 
paper While the f-in may be better 
than the i-m stroke we found that if the 
stroke gets much larger than f-in , there 
IS a tendency for the number or letter 
to blur This lowered the efficiency a 
great deal 

Another observation is that his model 
plates showed the state identifications at 
the bottom We found this a decided 
advantage over vertical state identifica
tions In such cases the small letters 

tended to run togethei and resemble a 
letter I or number 1 This point is re
lated to another regarding technique In 
the tachistoscope shown the shutter 
moves from the bottom of the number 
to the top then drops This gives a 
longer exposure time for the lower part 
of the number As a matter of fact the 
upper part of the letter or numeral is 
used most m visual perception of printed 
characters Try laying a white card along 
the bottom line of letters You will note 
that it does not affect your ease of read
ing the line Now try covering the upper 
part of the line and notice how much it 
interferes with reading Thus, the method 
of exposure might affect the results con
siderably, altho this may not be a factor 
in the present study 

It suffices to say that anything at the 
top of the license plate is likely to re
duce the efficiency in visual perception 
of the number on the plate Smaller 
identifications should be reduced to a 
minimum but if put on at all should be 
at the bottom 

Regarding the matter of tail lights 
placed over the numbers, we found in 
our studies that the amount of impinging 
light did not make a great deal of differ
ence, within reasonable limits, when num
ber plates of sufficient contrast between 
numbers and background were used 
However, when black numbers were used 
on a dark green background the illumi
nation had to be quite high for reason
able efficiency of the plates In the 
latter plate the reflection factor of the 
numbers was about 4 per cent and that 
of the background only about 2 0 per 
cent The difference was around 15 per 
cent The best plates for low illumina
tion were those with wide differences 
between background and number I t 
seems to me that the color combinations 
of the plates are of even more impor
tance than the shape of letters or num
bers, and slight differences in illumina
tion which it is possible to throw upon 
them. 
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B Y W A SHELTON 

Senior Transport Econovml, U S Bureau oj Public Roads 

SYNOPSIS 
It has been assumed by many that if sample records of highway traflBc be con

fined to certam houis of the day, days of the week, and months of the year, 
the dispersion will be less than if the observations are taken at random through 
the year For Holland Tunnel and George Washington Bridge calculations show 
that from 8 to 12 in the mommg and from 3 to 7 in the afternoon are the best 
hours of the day For the months, July, June, August and March are the most 
nearly constant in hourly vanations, while April and May and September through 
Novembei are more highly variable Of the days of the week Wednesday and 
Saturday are best and Monday and Tuesday most variable 

confined to measures of the sub-popula
tions of the same parent populations 
The sub-populations considered are (1) 
each hour of the day for the 365 days 

Attention has been given to methods 
of sampling highway traffic volume and 
to characteristics of the traffic popula
tions of Holland Tunnel and George 
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HOURS 
Figure 1 Dispersion of Number of Vehicles by Hours for the Calendar Year 1933 in 

Chronological Order 

Washington Bridge m previous papers ^ 
In the last of these the analysis of the 
constants was confined to those measures 
of the total populations of the routes 
here named In this article attention is 

1 Proceedings, Highway Research Board, Vol 
14, p 398 (1934), and Vol 16, p 239 (1936). 

of the year, (2) all hours of each day 
of the week (1,248 hours) for the year, 
and (3) all hours of each month of the 
year 

The object of computing the measures 
of these 24 sub-populations of the hours 
of the day, the seven sub-populations 
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of the days of the week, and the 12 of 
the months was to sepaiate the factors 
of total dispersion of volume of tiafiic 
by houis for the 43 separate sub-popu
lations of each paient population If 
the dispersion, or scatter, in volume of 
traffic for each sub-population can be 

calcndai ycai 1933 in chionological ordei 
for Holland Tunnel and George Wash
ington Bridge The curves rcpiesent the 
coefficients of variation, oi the aveiagc 
houily dispersion for each iiour of the 
day measured in percentage of the mean 
For Holland Tunnel the smallest dis-

T A B L E 1 
DISPERSION OP NUMBER OP V E H I C L E S B Y HOURS OF T H E D A Y FOR T H E 

CALENDAR Y E A R 1933 IN CHRONOLOGICAL O R D E R 

Hour, a m 

b- 7 
7 - 8 
8 - 9 
9 - 10 

10- 11 
11- 12 
12- 1 

1- 2 
2 - 3 
3 - 4 
4 - 5 
5 - 6 
6 - 7 
7 - 8 
8 - 9 
9 - 10 

10- 11 
11 - 12 
12 - 1 

1- 2 
2 - 3 
3 - 4 
4 - 5 
5 - b 

Holland Tunnel George Washington Bridge 

Standard 
deviation' 

Coefficient of 
variation* 

Standard 
deviation! 

Coefficient of 
variation' 

{vehicles) (percent) itehicUs) {percent) 
179 33 78 168 68 28 
294 33 34 258 52 10 
405 27 99 293 38 01 
368 21 62 297 36 41 
308 17 27 380 44 02 
341 19 51 446 52 09 
379 23 19 451 54 26 
358 21 79 459 52 78 
354 20 62 529 58 22 
325 17 65 525 52 93 
306 16 29 469 43 52 
336 15 98 461 38 30 
399 21 32 530 46 22 
501 32 92 490 51 77 
581 45 48 584 70 52 
645 58 22 650 87 65 
659 60 64 590 86 43 
609 51 74 479 74 69 
392 45 58 253 54 14 
232 41 05 155 53 97 
168 39 48 113 63 43 
158 45 56 97 75 74 
101 36 03 79 78 18 
109 32 98 104 78 34 

' Stand ird dsviation of the 365 hours of each hour of the day for the year 
2 The coefficient of variation is the standard deviation divided by the mean of the 365 hours for 

each hour of the day 

separated, those of smallest dispersion 
can be ascertained and used as sources 
of samples with the result of greater 
precision of estimate than could be ob
tained from the total population at 
random 

HOURS OF T H E DAY 

In Figure 1 is shown the dispersion of 
the number of vehicles by hours for the 

pcision IS for the hours from 9 in the 
morning to 7 at night, a total of 10 hours, 
with a coefficient not varying far from 
20 percent of the mean For George 
Washington Bridge the corresponding 
group extends from 8 in the morning to 
7 at night, a total of 11 hours, but the 
dispersion ranges from 36 to 58 percent 
compared with 16 to 28 percent for 
Holland Tunnel, the scattei being very 
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great from 11 in the morning to 3 in the 
afternoon For both routes the greatest 
dispersion is from 9 in the evening to 
12 midnight From 8 to 9 in the evenmg 
it IS almost as great, and for George 
AVashington Bridge it is also large from 
3 to 6 m the mornmg The dispersion 
for the worst hours extends from 45 to 
88 percent of the mean, and yet from 

for luncheon) and 1 to 7 in the afternoon 
(Figure 1 and Table 2) For George 
Washington Bridge the best period of 
8 hours I S from 8 to 12 in the morning 
and from 4 to 8 in the evening, but it 
might be changed to 3 to 7 with only 
slightly more error 

Since George Washington Bridge re
ceives part of the overflow from Holland 

T A B L E 2 

DISPERSION OF NUMBER OF V E H I C L E S BY HOURS OF T H E D A Y FOR T H E CALENDAR 
Y E A R 1933 IN ASCENDING O R D E R OF T H E C O E F F I C I E N T OF VARIATION 

Holland Tunnel George Washington Bridge 

Hour 
Standard Coefficient of 

Hour 
Standard Coefficient of 

deviation variation deviation variation 

{vehicles) {percent) ivehtclea) (percent) 

5- 6 p m 336 15 98 9-10 a m 297 36 41 
4- 5 p m 306 16 29 8- 9 am 293 38 01 

10-11 am 308 17 27 5- 6 p m 461 38 30 
3- 4 p m 325 17 65 4- 5 p m 469 43 52 

11-12 am 341 19 51 10-11 am 380 44 02 
2- 3 p m 354 20 62 6- 7 pm 530 46 22 
6- 7 p m 399 21 32 7- 8 pm 490 51 77 
9-10 a m 368 21 62 11-12 am 446 52 09 
1- 2 p m 358 21 79 7- 8 am 258 52 10 

12- 1 p m 379 23 19 1- 2 pm 459 52 78 
8- 9 am 405 27 99 3- 4 p m 525 52 93 
7- 8 p m 501 32 92 1- 2 a m 155 53 97 
5- 6 a m 109 32 98 12- l a m 253 54 14 
7- 8 a m 294 33 34 12- 1 p m 451 54 26 
6- 7 am 179 33 78 2- 3 p m 529 58 22 
4- 5 a m 101 36 03 2- 3 am 113 63 43 
2- 3 am 168 39 48 6- 7 am 168 68 28 
1- 2 a m 232 41 05 8- 9 pm 584 70 52 
8- 9 p m 581 45 48 11-12 pm 479 74 69 
3- 4 a m 158 45 56 3- 4 a m 97 75 74 

12- l a m 392 45 58 4- 5 a m 79 78 18 
11-12 pm 609 51 74 5- 6 a m 104 78 34 
9-10 p m 645 58 22 10-11 p m 590 86 43 

10-11 pm 659 60 64 9-10 p m 650 87 65 

8 to 10 in the evening has usually been 
included in the day period for estimation 
of traffic volume 

The small dispersion of hourly volume 
of traffic from 9 in the morning to 7 at 
night makes it feasible to sample from 
them with materially smaller error than 
if samples are diawn from the more 
widely dispeised houis For Holland 
Tunnel the best period of 8 hours is fiom 
10 to 12 in the moining (with 12 to 1 

Tunnel, the traffic of the former is more 
dispeised and that of the lattei less dis
persed because of the overflow during 
congested periods of Holland Tunnel 
The average dispersion is therefore 
shown for the hours of the day for the 
two loutes in Table 7 The best average 
peiiod of 8 hours is from 8 to 12 in the 
morning and fiom 3 to 7 in the afternoon 
A 7-houi peiiod can be had by omitting 
the last houi, 6-7, oi 11-12 in the morn-
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mg The variation of the coefficient of 
variation from 27 14 to 73 54 percent of 
the mean for the hours of the day 
indicates that there would be a large 
saving m error of estimate by taking 
samples from the hours m the lower per
centage ranges 

Saturday (52 23) and the largest for 
those of Tuesday (56 43) For George 
Washington Bridge the smallest is for 
Wednesday (61 14) and the greatest for 
Monday (70 65) The average for the 
two routes is smallest for Thursday 
(57 92) and largest for Tuesday (63 34) 

T A B L E 3 

DISPERSION OF NUMBER OF V E H I C L E S B Y HOURS FOR E A C H D A Y OF T H E 
W E E K FOR T H E CALENDAR Y E A R 1933 IN CHRONOLOGICAL O R D E R 

Day of week 

Holland Tunnel George Washington Bndge 
Day of week 

Standard 
deviation' 

CoefiBctent of 
variation' 

Standard 
deviation' 

Coefficient of 
vanation' 

Sunday 
(vehtclea) (percent) (vehiclea) (pereejil) 

Sunday 851 54 30 807 67 97 
Monday- 644 52 66 433 70 65 
Tuesday 616 56 43 368 70 26 
Wednesday 620 54 83 325 61 14 
Thursday 602 53 32 333 62 52 
Friday 674 55 30 383 65 89 
Saturday 685 52 23 502 66 91 

• Standard deviation of the hours of each day of the week for the year 
2 The coefficient of variation is the standard deviation divided by the mean of the sub-population 

of hours for each day of the week for the year 

T A B L E 4 

DISPERSION OP NUMBER OF V E H I C L E S B Y HOURS FOR E A C H D A Y OF T H E W E E K FOR T H E 
CALENDAR Y E A R 1933 I N ASCENDING O R D E R OF T H E C O E F F I C I E N T OP VARIATION 

Day of week 

Holland Tunnel 

Day of week 

George Washington Bndge 
Day of week 

Standard 
deviation 

Coefficient of 
variation 

Day of week 
Standard 
deviation 

Coefficient of 
vanation 

Saturday 
(vehtclea) {percent) (rehulea) (percent) 

Saturday 685 52 23 Wednesday 325 61 14 
Monday 644 52 66 Thursday 333 62 52 
Thursday 602 53 32 Friday 383 65 89 
Sunday 851 54 30 Saturday 502 66 91 
Wednesday 620 54 83 Sunday 807 67 97 
Friday 674 55 30 Tuesday 368 70 26 
Tuesday 616 56 43 Monday 433 70 65 

DAYS OF T H E W E E K 

Although some of the hours of the 
day have very small coefficients of dis
persion and others very large ones, all 
days of the week have relatively large 
coefficients of hourly dispersion but with 
no veiy great range of difference among 
the 7 days For Holland Tunnel the 
smallest dispersion is for the hours of 

For Holland Tunnel Saturday is most 
nearly constant and Sunday stands m 
the middle of the array For George 
Washington Bridge Saturday is fourth 
from the smallest and Sunday fifth This 
test shows that neither Saturday nor 
Sunday stands at the top m dispeision 
for either of the two routes (Tables 3 
and 4 and Figure 2) 
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The common custom of eliminating 
Saturday and Sunday as the most widely 
dispersed days by hours is therefore not 
supported by the coefficients of varia
tion Based on the two routes Tuesday 
and Monday show the greatest average 
dispersion of hourly traffic, while Satur
day stands third from the smallest and 
Sunday third from the largest in disper
sion (Table 7) The difference in dis
persion, moreover, is not great among 
any of the days. The results indicate 

that a very- slight advantage would be 
gained by sampling from Thursday, 
Wednesday, and Saturday or by omit
ting at least Tuesday and Monday. The 
variation in dispersion is so small, how
ever, that all days may well be included 
with little increase in error of estimate 

MONTHS OF T H E YEAR 

The dispersion of hours by the months 
of the year is rather closely similar for 

T A B L E 5 

DISPERSION OF NUMBER OF V E H I C L E S B Y HOURS FOR E A C H MONTH OP 
T H E CALENDAR Y E A R 1933 I N CHRONOLOGICAL O R D E R 

Alonth 

Holland Tunnel George Washington Bridge 

Alonth 
Standard 
deviation' 

Coefficient of 
vanation' 

Standard 
deviation' 

Coefficient of 
variation' 

January 
(vehtclet) [percent) (vehtclea) (percenO 

January 626 56 11 364 72 04 
February 585 56 94 323 71 37 
March 586 55 23 309 67 28 
April 737 56 05 483 75 96 
May 700 53 46 523 73 76 
June 683 50 52 546 69 99 
July 674 48 44 614 65 78 
August 690 51 11 615 68 3 5 
September 752 54 77 623 74 33 
October 745 57 33 571 78 11 
November 698 57 79 461 74 29 
December 653 61 15 396 75 25 

' Standard deviation of the hours of each month of the year 
2 The coefiBcient of variation is the standard deviation divided by the mean of the sub-population 

of hours for each month of the year 

most of the months, and the scatter of 
the coefficients among the months is not 
wide (Tables 5-7 and Figure 3). This 
indicates that no great increase in pre
cision can be made by choosing among 
the months in timing traffic surveys 
Because the spring and fall months he 
between the extreme seasons of the 
winter and the summer in volume of 
traffic, it has been assumed by many 
that better brief surveys could be made 
by taking the counts m the spring and 
fall months, the means of which are near 
the annual monthly mean It is not the 
average size of the hour within the 

rCEOBCC W UHlNCTtWI 

V HO XAND TUN EL 

suHWY HOKWv lucsuv wEOUSi» TnuKuv FHIUY smmM 

DAY OF W E E K 

Figure 2 Dispersion of Number of Vehicles 
by Hours for Each Day of the Week for the 
Calendar Year 1933 m Chronological Order. 
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T A B L E 6 

DISPERSION OF T H E NUMBER OF V E H I C L E S BY HOURS FOR E A C H MONTH OF T H E CALENDAR 
Y E A R 1933 IN O R D E R OP ASCENDINO C O E F F I C I E N T OP VARIATION 

Month 

Holland Tunnel 

Moiitli 

George Washington Bridge 

Month 
Standard 
deviation 

Coefficient of 
variation 

Moiitli 
Standard 
deviation 

Coefficient of 
variation 

{vehicles) {percent) {tehtctes) (percenO 
July 674 48 44 July 614 65 78 
June 683 50 52 March 309 67 20 
August 690 51 11 August 615 68 35 
May 700 53 46 June 546 69 99 
September 752 54 77 February 323 71 37 
March 586 55 23 January 364 72 04 
April 737 56 05 May 523 73 76 
January 626 56 11 November 461 74 29 
February 585 56 94 September 623 74 33 
October 745 57 33 December 396 75 25 
November 698 57 79 April 483 75 96 
December 653 «1 15 October 571 78 11 

T A B L E 7 

A V E R A G E C O E F F I C I E N T S OP VARIATION OF HOURS FOR E A C H SUB-POPULATION OF HOLLAND T U N N E L 
AND G E O R G E WASHINGTON B R I D G E GROUPED BY T H E T H R E E T I M E FACTORS OP VARIATION, N A M E L Y 

(1) HOURS OP D A Y , (2) D A Y S OF W E E K , AND (3) MONTHS OF Y E A R IN 
ASCENDING O R D E R OP C O E F F I C I E N T 

Hour of Average Day of Average Month of Average 
day coefficient ueek coefficient year coef^cient 

{percent) {percent) {percent) 
5- b p m 27 14 Thursday 57 92 July 57 11 
9-10 a m 29 02 Wednesday 57 98 August 59 73 
4- 5 p m 29 90 Saturday 59 57 June 60 26 

10-11 am 30 64 Friday 60 60 March 61 26 
8- 9 a m 33 00 Sunday 61 14 May 63 61 
6- 7 pm 33 77 Monday 61 66 January 64 08 
3- 4 p m 35 29 Tuesday 63 34 February 64 16 

11-12 a m 35 80 September 64 55 
1- 2 p m 37 28 April 66 00 

12- 1 p m 38 72 November 66 04 
2- 3 p m 39 42 October 67 72 
7- 8 p m 42 34 December 68 20 
7- 8 am 42 72 
1- 2 a m 47 51 

12- l a m 49 86 
6- 7 a ra 51 03 
2- 3 am 51 46 
5- 6 a m 55 66 
4- 5 a m 57 10 
8- 9 p m 58 00 
3- 4 a m 60 65 

11-12 pm 63 22 
9-10 p m 72 94 

10-11 pm 73 54 
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month with which we are concerned in 
precision, however, but the dispersion of 
volume of traffic among all the hours of 
the month April has frequently been 
considered a month near the mean in 
average volume of traffic, but in dis
persion it is seventh for Holland Tunnel 
and eleventh for George Washington 
Bridge among the months (Table 6) 
October has been a favorite for traffic 
surveys, but that month is tenth for 
Holland Tunnel and twelfth for George 
Washington Bridge in dispersion of 
hourly traffic September is fifth for 
Holland Tunnel and ninth for George 
Washington Bridge 

Surprising as it may seem the ex
tremely heavy traffic of the summer 
months has the smallest hourly disper
sion, and it IS from the-summer months 
that samples can be drawn with the 
smallest error of estimate The very 
best months for sampling based on the 
average for Holland Tunnel and George 
Washington Bridge are July, August, 
June, and March in the ordei named 
(Table 7) On the contrary the worst 
months for precision of estimate are 
December, October, November, and 
April in the order named 

If the facts shown m these seven tables 
had been known when the Holland 
Tunnel and George Washington Bridge 
were sampled, the precision of estimate 
could have been increased materially by 
eliminating from the day period the 
hours from 6 to 8 in the moining and 

8 to 10 at night If that survey had been 
made in the field, the men could have 
been given a six-hour day almost all 
in daylight and the precision of estimate 
would have been increased 

But among the days of the week and 
the months of the year, there is little 
choice AVe may, therefore, allow the 
field men the freedom of the whole year 
for their work program instead of con-
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fining them to certain months or certain 
days of the week If we do find it feasi
ble or necessary to restrict a survey to a 
short period, however, it is clear that 
the summer months and March are 
preferable to the other months and that 
October to December and April are the 
worst 
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S E E I N G ON T H E H I G H W A Y 

R E C E N T RESEARCHES ON L I G H T I N G REQUIREMENTS 

B Y K I R K M R E I D , Illumiiialing Engineer 

Nela Pwh Engineering Department, General Eloctnc Company 

SYNOPSIS 

Since 1930 theie lias been a 32 per cent increase in night traffic fatabties, 
whereas deaths during the daytime have decreased 4 per cent A substantial 
majority of mght accidents on lural highways occurs on a ^ery small percentage 
of the total highway mileage 

Poor visibility has proved to be one of the most important single factors m the 
abnormal hazaid at nittht Experience indicates that on urban streets and on the 
more dangerous portions of highways, improved illumination has reduced mght 
accidents one-tliird to one-half, at a cost less than one-third of the losses from the 
accidents prevented by the lighting The available data suggest the desirabihty 
of obtaining larger scale experience for the more complete analysis of the efTect 
of bghting upon night accidents and traffic volume on heavily traveled and 
hazardous highways 

Extensive researches have for the first time given us the instruments and 
techmque for measuring the end-product, visibihty, as affected by color of hght, 
glare, light distnbution, pavement brightness, and obstacle bnghtness Startlmg 
advances have come about in light sources and their control to provide the 
maximum seeing and safety per dollar of total cost 

On a very high percentage of the highway mileage the lower traffic density 
and accident expenence indicate that fixed hghting would be uneconomic On 
these roads more adequate motor car headlights and their proper use will have 
to be depended upon for better visibility at night New data have recently been 
added to the available knowledge of the relation between visibility distance and 
headlamp beam candlepower under typical driving conditions Measurements 
have been made of the effect upon visibility distance of variations m speed, glare, 
and reflection factor of obstacles Of particular significance are data obtamed 
with observers unaware of the fact that they were engaged in a test, providing for 
the first time quantitative information on the effect of the driver-attention factor 

The alarming growth m traffic fatali- visibility has proved to be one of the 
ties IS an after-dark increment Analysis most important single factors in the ab-
recently made by the National Safety normal proportion of night accidents 
Council leveals that since 1930 night Other factors, such as fatigue, drinking, 
fatalities throughout the United States carelessness, all play an appreciable part 
have increased 32 per cent as compared m the greater hazard at night, but dark-
with a 4 per cent decrease m day fatali- ness— l̂ack of adequate visibility—is the 
ties At night, with only about one- major difference in the night condition 
quarter of the total 24-hour traffic on Good visibility mitigates even the effects 
the road, 60 per cent of the traffic fatali- of the other factors named 
ties take place This means that the This conclusion is based upon exten-
average fatality rate per vehicle mile at sive experience on urban streets and 
night is well over four times that by day main highways where vanations in i l -
On the more hazardous stretches of lumination—and visibility—have per-
highway the differential is much greater mitted studies of the effect of this fac-
The urgent problem, then, is to re- tor On these stieets and highways, 
duce the abnormal and rapidly increas- analyses of accidents in relation to the 
ing night hazard visibility provided have been made by 

Information on the causes of traffic insurance companies, by safety organi-
accidents is becoming more specific Poor zations, and by city and state officials 
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Many of these analyses have been 
presented at your annual meetings or 
have been published in your "High
way Research Abstracts " For example, 
Schrenk (1)* reported a doubling of the 
ratio of night to day fatalities when 
the Detroit thoroughfare lighting was 
cut one-third, followed later by a pro
portionate decrease in night accidents 
when the lighting was again improved 
Schrenk has just issued his latest find
ings (2) on 31 miles of Detroit thorough
fares where through modernized illumi
nation the night fatalities over an eight-
month interval have been reduced to one-
fifth of the former rate Specifically, this 
means that there are now some 28 people 
who are alive and going about their daily 
pursuits who, by all reasonable computa
tion, would be dead if the visibility had 
not been improved on those Detroit 
streets This striking reduction in fatali
ties—at the rate of some 40 lives a year 
on only a limited mileage of Detroit's 
thoroughfares—is something to give 
pause to anyone who may doubt the 
primary effectiveness of good seeing in 
safeguarding traffic 

Vey has reported experience (3) on 
main New Jersey highways where the 
night accident rate on lighted sections 
was only one-third that on adjacent un-
lighted sections Other analyses have 
been published by such organizations as 
the Travelers Insurance Company (4) 
and the National Bureau of Casualty 
and Surety Underwriters (5, 6) 

These studies have shown that one-
third, one-half, and often more of the 
night accidents are prevented where rea
sonably good visibility is provided On 
urban streets and on those portions of 
highways with high night-accident ex
perience, the cost of providing good visi
bility by means of modern street and 
highway lighting has been found to be 

* Figures m parentheses refer to list of refer
ences at end 

less than one-third of the losses from the 
accidents prevented by the lighting (4, 
5, 6) 

Mr T H . MacDonald, Chief of the 
Bureau of Public Roads, has pointed out 
the importance of developing the reve
nues derived from the "earning roads" 
If good illumination—^through greater 
safety and comfort—increases the traffic 
on a main highway only a small per
centage, the taxes on the increased use 
of gasoline will pay a substantial part or 
all of the lighting cost Where the in
creased revenue exceeds the lighting cost 
—a reasonable expectation on many 
highways—^there is a net cash profit, m 
addition to the above-mentioned divi
dends accruing through conservation of 
life, limb, and property. These consid
erations suggest the desirability of ob
taining larger scale experience for the 
more complete analysis of the effect of 
fixed lighting upon night accidents and 
traffic flow on heavily traveled and haz
ardous highways 

The problem of providing safe seeing 
on streets and highways is being attacked 
on two fronts—fixed street and highway 
lighting, and automobile headlighting 
The latter will, of course, always have 
to be depended upon for by far the 
greater part of the road mileage On city 
streets, due weight should be given to 
the requirements of pedestrians not only 
from the point of view of safety but also 
from the point of view of convenience 
and comfort m the use of the public 
ways 

FACTORS OF SAFETY I N S E E I N G 

In the development of both methods 
of lighting, knowledge is first of all 
needed of the illumination required for 
safe seeing And then we need to know 
something about requisite factors of 
safety to insure quick, certain seeing 
while driving Factors of safety are in
corporated in the design of all other parts 
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of the car and highway. Unfortunately, 
few people have had a sufficient knowl
edge of the science of seeing to apiireciate 
the elements that make factors of safety 
in visibil i ty imperative under actual con
ditions of driving at night. 

A factor of safety of 1 in visibil i ty 
might be defined as the illumination 
wliich, under favorable conditions of 
road and weather, enables an observer— 
stationary, wi th normal eyesight, and at 
fixed attention—barely to see, at a safe 
distance away, an obstacle which he 
knows is there. Contrast these ideal con
ditions with those actually obtaining in 
seeing on a liighway. In the first place 

Figure 1. The Luckiesh-Moss Visibility 
Meter permits for the first time quantitative 
measurements of the end-product sought-visi-
bility. 

i t takes time to see. Therefore with the 
car in motion one first sees an obstacle 
at a shorter distance than when standing 
sti l l . Dr iv ing a car, i t has been found, 
is not an automatic operation; i t uses 
up part of the driver's sense capacity and 
thereby reduces his ability to see. As the 
.speed increases, more sense capacity is 
used up in driving and the less he can 
see—and 'also the time element in seeing 
becomes more important. External fac
tors—engine noise, radio, conversation, 
scenery—reduce the distance at wliicli 
hazards are recognized. So do internal 
factors, such as preoccupation, inatten
tion, and fatigue. The driver's eyesight 
may not be normal. Weather and road 
conditions may not be favorable. Nearly 
always an obstacle on the highway is not 
expected; it takes one by surprise. 

Hrcausc seeing is such a complex physi
ological and psychological function, any 
considerable body of quantitative in
formation directly applicable to the prob
lem of safe driving has only recently be
come available. There had been a lack 
of instruments and techniques adequate 
for such quantitative measurements. 
Fortunately we now have them and are 
getting really significant data. Reference 
wil l be made later to some of these 
studies. 

R E S E . A R C H E S I N H I G H W A Y L I G H T I N G 

Of the night accidents on rural high
ways, samplings show that a substantial 
majority occurs on a very small percen
tage of the total highway mileage. On 
these main highways, as on city thor
oughfares, the traffic conditions are such 
that fixed highway lighting offers the 
most practical and effective means of 
providing safe seeing. 

The possibilities of this approach to 
traffic safety have unti l recently had lit t le 
attention from highway and safety or
ganizations. This is not surprising be
cause it is only within the last few years 
that there has been an adequate scientific 
and technical basis for a rational devel-
oinnent of lighting for main highways. 

The new instruments and techniques 
for measuring the end-product, visi
bility—as affected by color of light, glare, 
light distribution, pavement brightness, 
and obstacle brightness are themselves 
products of extensive researches. For 
example, the Luckiesh-Moss Visibi l i ty 
Meter (Fig. 1) now makes possible ciuan-
titative measurement of visibi l i ty. The 
Luckicsh-Taylor brightness meter (Fig. 
2)—a telescoiiic jihotometer with highly 
restricted field—permits, for the first 
time, measurement of the brightness of 
limited areas of pavement at tiie grazing 
angles at which a roadway is viewed by 
a motorist. AVe are also using the Holst-
Bouma meter, recently developed by the 
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Philijjs Laboratories in Holland, for mea
suring minimum percejitible brightness 
contrasts. 

Recent years have made available 
new light sources, and marked improve
ments in former sources. Developments 

on streets and highways so as to achieve 
greatest value to the public—that is, 
maximum seeing jier dollar of cost. 

So several years ago we undertook to 
attack this whole problem of highway 
seeing really fundamentally. Our first 
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Figure 2. The Luckiesh-Taylor Brightness Meter has a magnified and restricted field ideal for 
measurement of the brightness of small pavement areas at grazing angles of viewing 

Figure 3. This realistic and flexible Labora
tory Test Model Highway was employed in 
studies of fundamentals of street and highway 
illumination. 

of new materials and new processes of 
fabrication have extended former l imita
tions in light control and luminaire de
sign. I t was imi)ortant to find out the 
relative merits of the new sources from 
the standpoint of safe seeing. I t was im
portant to find out how to utilize light 

studies (Fig. 3) were conducted on an 
elaborate one-eighth scale test-model 
iiighway whose actual length was 250 f t . 
Through the flexibility and accuracy of 
this large scale model, researches (7) 
were completed in one year which would 
have re()uired over ten years if conducted 
on actual streets. 

Measurements were made of visibility 
(Fig. 4) with lighting systems employ
ing sodium-vapor, mercury-vapor, and 
incandescent lamps. I t was found that 
for equal amounts of light, equally dis
tributed, one cannot see obstacles any 
sooner or any farther away with one color 
of light as compared with others. 

An exploration of methods of discern
ment (Fig. 5) revealed that at four out 
of five locations on a lighted highway 
obstacles are seen chiefly as silhouettes— 
that is, darker rather than lighter than 
the pavement background. Therefore, 
i t is important to have substantial uni
formity of pavement brightness, because 



424 TRAFFIC AND SAFETY 

one cannot silhouette a dark object 
against a dark area of pavement. 

We found that glare from representa
tive lighting systems may waste as much 
as half of the illumination provided, in
sofar as its seeing value is concerned. 
That is certainly not good engineering. 

m 

SODIUM mUNOESCENT MERCURY 

Figure 4. For equal amounts of light, equally 
distributed, these spectral qualities of light 
were found not to affect safe visibility. 

Figure 5. Glare from representative former 
lighting systems may waste half the illumina
tion insofar as its seeing value is concerned. 

"Spotty" lighting effects (Fig. 6) have 
been all too common. Contrary to popu
lar impression, uniform illumination does 
not eliminate spottiness. This is what a 
uniformly lighted road looks like—to the 
driver of a car, not to an aviator. The 
model highway offered an opportunity 
(Fig. 7) for experiments in light distri

bution to produce the desired results of 
uniform pavement brightness. 

Our researches have not been confined 
to the laboratory (Fig. 8) . Measuri'-
ments of visibil i ty and related factors 
(8) have been made on streets and high
ways having various lighting systems. 

Further studies, of a particularly com
prehensive nature, are now nearing com
pletion. Measurements are being made of 
the candlepower from luminaires var i -

W v t M E N T BRIGHTNESS TC MOTOftfST NCmjMTOftM Puno»TO' 
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LIGHT W L £ C T « U«HT « n j C T t p 
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Figure 6. This uniform horizontal illumina
tion does not produce the desired uniformity of 
pavement brightness. 

ously placed which must be directed to
ward different points on representative 
pavements—concrete, asphalt, and brick 
—to produce the desired substantial uni
formity of pavement brightness. Mea
surements are also being made of visi
bi l i ty of obstacle and pavement as 
affected by variations in pavement 
brightness, in obstacle brightness, and 
in glare. 

These studies have influenced the de
sign of modern luminaires for streets 
and highways. One by-product has been 
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the development of the new High-Visi
bi l i ty luminaire (Fig. 9) for two and 
three-lane highways. I t employs a new 
type of incandescent lamp, admirably 

B * € M E N T 8«<5HTNESS TO MOTORIST UNIFORM - RATIO U T O I 
MOHtlOWTAL fUiJWIHJOrtW - R*TlO * TO I 

lUMIT OOM 

NO AREAS Of U C * W13HTNESS 
ucMT mrL£crt» ro»*»i& MOTORIST FROM ALL *>«rs » iwAow« suoru f 

Figure 7, Obstacles are seen as silhouettes 
at 80 per cent of the locations on a lighted 
roadway; uniformity of pavement brightness 
is therefore of first importance. 

1. The proportion of light reaching the 
pavement is two to three times as 
great aa that wi th former equip
ments. 

2. Glare is suppressed by shielding the 
light source to approximately 10 
degrees below the horizontal. 

3. The road surface presents an alto
gether higher order of uniformity of 
brightness. 

Through tiiese gains in effectiveness, the 
seeing and safety obtained on the nar-

Figure 9. A direct result of researches in 
highway seeing is the new High-Visibility 
luminaire and improved incandescent lamp 
employed with it. 

Figure 8. Measurements of visibility and 
related factors have been made on lighted 
streets and highways, as well as in the 
laboratory. 

suited both mechanically and optically 
for road illumination. This lighting sys
tem (Fig. 10) has three outstanding 
features: 

rower highways could have been equalled 
under past systems only by providing 
four or five times as much generated 
light. 

The features of the sodium lamp (Fig. 
11) were reported by Loewe (9) at the 
1933 meeting. Because of its high effi
ciency of light production and the neces
sarily broad distribution of light from 
the large source, this lamp is particularly 
effective on the wider highways. I t might 
be of interest that there are now over 
5,000 of these in service in this country, 
for the most part on main highways and 
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bridges. Two of tlic largest rcecnt in
stallations are on the Golden Gate Bridge 
and the San Francisco-Oakland Bay 
Bridge (Fig. 12). 

Figure 10. High-Visibility incandescent 
lighting system near Albany. The seeing and 
safety provided by this type of lighting on 
2- and 3-lane roads is greater than that from 
any other light source or lighting system now 
employed. 

Figure 11. The new sodium-vapor lamp and 
luminaire. This lamp, because of its high 
luminous efficiency and its inherently broad 
distribution of light, is particularly efiective 
on wide highways. 

R E S E A R C H E S I N A U T O M O B I L E H E A D -

L I G H T I N G 

On a very high percentage of the 
highway mileage the lower traffic density 
and accident experience indicate that 
fixed highway lighting would be uneco
nomic. On these roads, as well as on 

many urban streets, more adequate mo
tor car headlights and their proper use 
wil l have to be depended upon for better 
visibility at night. 

New data have recently been added to 
the available knowledge of the relation 
between visibility distance and headlamp 
beam candlepower under typical driving 
conditions. Measurements have been 
made by Roper and Howard (10) of 
the effect upon visibil i ty distance of 
variations in speed, glare, and reflection 
factor of obstacles. 

Of particular significance are data 
(Fig. 13) obtained with observers un-

Figure 12. Among the outstanding installa
tions of sodium lighting are the two new 
bridges at San Francisco. 

aware of the fact that they were engaged 
in a test, providing for the first time 
ciuantitative information on the effect of 
the driver-attention factor. The data 
indicate that the average driver per
ceives the unexpected obstacle only half 
as far away as he sees the expected one. 
A l l of the drivers saw the unexpected 
obstacle at least 20 per cent as far as 
the expected obstacle, whereas none saw 
it at more than 80 per cent of the dis
tance. Over two-thirds of the observers 
were grouped within a range of 40 to 60 
per cent, and the over-all average is 51 
per cent. The lower values indicate less 
than average attention, while the higher 
ratios indicate unusual attention or a 



REID—SEEING ON THE HIGHWAY 427 

chance fixing of the eye on the location 
of the obstacle at the critical time These 
data reveal that a seeing factor of safety 
of at least 2, and more logically 5, is re
quired through variations m driver-at
tention alone Here is a guide to the 
practical adaptation of data obtained in 
the usual manner—that is, by observers 
who know they are taking part in a test 
of visibility distance 

Figure 14 shows the i elation, for sev-
eial driving speeds, of beam candlepowci 
to visibility distance for a dark ob-

DISTANCE AT W H I C H ORIVEIt PERCEIVES 
UNEXPECTED O B S T A C L E 

m «NI Of DISIANCE AI WHiCH D«IVt« PtKtMS IXPtCItD OSSIACU 

Figure 13 On the average, a driver perceives 
an unexpected obstacle only half as far away 
as he sees the expected one 

stacle Perception distance increases 
very rapidly for the first few thousand 
candlepower, but more slowly at the 
higher values The variation of visi
bility with candlepower as found in these 
tests IS a straight-linc relation between 
the logarithms of the two variables This 
conforms to the well established fact 
that the visual sensation—seeing—in
creases proportionately to the logarithm 
of the stimulus—illumination 

These tests show a definite decrease 
m perception distance with increasing 
car speeds As would be expected, the 
spread among observers and among the 
determinations of a given observer was 
lather large But higher speeds always 

resulted m decreased visibility distance— 
for it does take time to see The over-" 
all average shows a 20-ft loss in visi
bility distance for each increment of 10 
miles per hour in speed, for observer-
drivers not expecting the obstacle This 
loss, so far as these tests go, applies ir
respective of beam candlepower and re
flection values 

Of course, m the case of light-colored 
objects, seeing distances increase nia-
teiially Figure 15 shows the variation 
of visibility distance for obstacles of 
se\ eral reflection factors It is to be noted 

VISIBILITY DISTANCE A S AFFECTED BY 
REFLECTION FACTOR O F O B S T A C L E 
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Figure 14 The distance at which a driver 
perceives an unexpected obstacle decreases 
about 20 feet for each increment of 10 miles 
per hour m speed 

that visibility distance does not increase 
directly with reflectivity of the object, 
but more rapidly in the lower range than 
in the higher Changes in contrast or 
background and the angular size factoi 
come in to affect the result 

The type of road suiface seems to have 
relatively little effect upon perception 
distance for an obstacle projecting above 
the road, though the road surface itself 
IS visible for a greater distance ahead for 
the more diffuse, highly reflective sur
faces such as concrete or crushed stone 
Under normal driving conditions, and 
with no light from behind the obstacle, 
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_the driver sees the unexpected obstacle in 
almost every instance by reflected light 
and contrasted with a darker back
ground, even when the obstacle has a 
very low reflection factor and the road 
surface is light It was observed that 
when the driver knows that he will en
counter an obstacle, he will frequently 
"pick up" the dark obstacle while it still 
appears darker than the background 
This change in the method of discern
ment accounts for greater spread in test 
results with dark obstacles, since the 

R E L A T I O N O F VISIBILITY DISTANCE T O 

B E A M C A N D L E P O W E R AND CAR SPEED 
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Figure 15 For a given beam candlepower,' 
dark-colored obstacles are seen only about half 
as far away as light-colored obstacles 

range of distance through which low con
trast obtains is a considerable one 

The tests confirm the conclusions of 
careful observers that, contrary to popu
lar assumption, perception distances for 
obstacles projecting above the road are 
not reduced when the road surface be
comes wet, even though the visibility 
of the road is radically reduced This is 
logical in the light of the test results 
reported m the above paragraph Fur
thermore, while wetting may in some 
instances reduce the reflectivity of the 
obstacle, the more specular wet road 
surface will reflect more light to the 
obstacle 

Figure 16 presents the relation of per
ception distance to that required for 
stopping a car travelling at 50 mph Re
sults are given for four values of beam 
candlepower The value of 20,000 beam 
candlepower is equal to or more than the 
average for headlamps found in service, 
50,000 beam candlepower is the initial 
value for which most headlights have 
been designed in recent years, 75,000 
beam candlepower is the maximum speci
fied m the Uniform Code The stopping 
distance used in the chart is that pub
lished by the National Safety Coimcil 
and applies to average driver reaction 

RELATION O F PERCEPTION DISTANCE T O THE DISTANCE 
REQUIRED FOR STOPPING A CAR TRAVELING A T 50 MPH 
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Figure 16 Under average conditions, about 
75,000 candlepower in the driving beam is 
needed for bare seeing at a distance to insure 
safety This includes no factor of safety for 
unfavorable conditions of road, car, or driver 

time, average brakes and tires, and to 
smooth dry pavements 

This chart shows that about 75,000 
candlepower is needed, on the average, 
for bare seeing at a distance to insure 
safety It must be kept in mind that the 
data apply to average people, cars and 
road conditions There is no factor of 
safety whatsoever for impaired vision, 
older eyes, unfavorable atmosphere, ab
normal distractions or inattention, fa
tigue, slippery roads, subnormal voltage, 
or brakes below par 

It IS well known that glare from ap
proaching headlamps materially reduces 
visibility, and should be compensated 
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for in the design of the meeting beam 
AVhen an object is between the driver 
and approaching headlamps, it is usually 
fairly well revealed in silhouette against 
either the bright road surface or the 
headlamps themselves The most criti
cal condition is that of an obstacle which 
moves onto the road after the approach
ing car has passed that location, in which 
case it must be discerned by reflected 
light In the Roper-Howard study, data 
applying to that condition are consistent 
with those reported by Moon and War
ring (11) The average results of a 
series of tests with eight observers are 
shown in Figure 17 The candlepower 
of the headlamps illuminating the ob
stacle appears to have little effect upon 
the percentage by which glare reduces 
the visibility distance Roper and Howr 
ard expect to extend their testing in this 
aspect of the problem 

It IS apparent that visibility is re
duced very rapidly for the first few hun
dred candlepower toward the eye, but 
walls off less rapidly as candlepower is 
further increased One thousand candle-
power directed toward the driver is about 
the value from the well-adjusted lower 
or meeting beam of modern head-lamps 
I t is seen to reduce the perception dis
tance roughly one-third Seven thousand 
candlepower reduces the distance by 
about two-thirds 

These glare data were obtained with 
a dark dummy placed behind the ap
proaching car and at a lateral distance 
of 10 feet to the right of its headlamps 
If the obstacle is nearer the glare source, 
perception distances are still further re
duced The location selected is, how
ever, the most typical 

You will have observed that the fore
going seeing data reveal the inadequacy 
of present headhghtmg for drivers ob
serving model ate and legal speeds It is 
clear that under existing headlamp regu
lations motorists cannot always see with 
safety on unlighted streets or highways 

This fact accounts for the recent recom
mendation of the Eastern .Conference of 
Motor Vehicle Administrators—already 
in effect in some states—^that legal speed 
limits be lower at night than by day I t 
IS disturbing to consider what influence 
this might have (if enforced) in reducmg 
the night traffic and therefore the reve
nue derived from the "earning roads", 
and also what effect it might have in 
diverting traffic from night to day, 
thereby adding to the present daytime 
congestion I t is heartening, however, to 
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Figure 17. The decrease in perception dis
tance due to glare from oncoming headlamps 
emphasizes the importance of using the de
pressed or meeting beams when meeting other 

find the data indicating unmistakably 
that an adjustment m the terms of the 
headlamp regulations now imposed on 
the car manufacturers, undertaken in the 
light of the more complete knowledge, 
would permit them to make a very im
portant contribution to the safety of 
night motoring 

The car and headlamp manufacturers 
are now cooperating as a unit m the de
velopment of a superior system of head-
lighting They are coordinating theu: 
researches, and are taking other measures 
necessary to eliminate obstacles which 
might interfere with the broad program 
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of providing safe lighting AVhilc still in 
its earlier stages, this program gives 
promise of an important contribution to 
traffic safety 

In order to make a definite gain in 
safety there must be a radical forward 
step in headlighting The objectives of 
headlamp performance aie clearly shown 
by the new knowledge of the require
ments Driving beam candlepowers must 
be materially greater than at present, 
and the high-intensity portion of the 
beam must cover a wider spread The 
passing beam must direct very much 
more light at the right edge of the road, 
as Dickinson (12) and others have 
urged, it will then afford such obviously 
superior seeing when meeting other cais 
that the dnvei will choose to turn to it 
for his own protection as well as that of 
the approaching drivei Means are being 
developed for more exact light control, 
A\hich should be utilized in any new 
headlighting system instead of accepting 
compromises in beam patterns as in the 
past AVith the cooperation of all con
cerned it IS possible to take the major 
btep of providing headlighting which 
fuinishes safe seeing initially and with 
maintained effectiveness 
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DISCUSSION ON H I G H W A Y L I G H T I N G 

DR H C DICKINSON, iVohonai BwreoM 
of Standards There is one point that I 
would emphasize—that is the need of 
more roadside illumination when one is 
using the medium or depressed beam 
We do not want bright roadside illumi
nation when using the driving beam be
cause that will detract from the visi
bility On the other hand, we do need 
loadside illumination when meeting other 
cars or making sharp turns 

Such roadside illumination is incom

patible with the means now used foi 
going from one beam to another I t can 
not be secured with two headlights which 
aie alike—using two filaments in the 
same bulb and shifting from one fila
ment to the other by a switch, that will 
require some other device We have not 
done anything experimentally By using 
two headlights which are not alike it is 
possible to get that kind of light beam 
However, that is not a very good 
solution 
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I hope in this ])rograin of research 
going on, that the companies wi l l succeed 
in developing lights which wi l l give ade-
ciuatc roadside illumination—that is, a 
spread of at least 100° when using the 
depressed beam and of at least 20 or 25° 
when using the driving beam. 

C H A I R M A N M O R R I S O N : I wonder i f 
M r . Reid wi l l say something about street 
lighting. A l l the talks I have heard re
fer to rural highways. The streets of 
most cities are inefficiently and inade
quately lighted. Is there any suggestion 
you can make about that? 

M R . R E I D : The research findings re-
jjorted in my paper have been embodied 
in modern lighting equipments for urban 
streets. These equipments are capable of 
providing adequate visibil i ty for safety 
at moderate cost. The authoritative 
guide to proper installation practice is 
the Illuminating Engineering Society's 
Code of Street Lighting. 

The Detroit experience is striking evi
dence of what can be accomplished with 
modern lighting equipments, properly ap
plied. On many of the Detroit streets 
where the lighting was improved, there 
was no increase in the number or wat
tage of the lamps employed. The only 
change was replacement of obsolete by 
modern equipments, at adequate mount
ing heights and transverse positions. Yet 
the amount of light on the street was 
more than tripled by this change in 
equipment. 

I n many cases, of course, i t is not pos
sible to correct inadequate illumination 
so simply. Where the lamp size is too 
small or the mounting height is too low 
or the lamp spacing is too great, these 
basic deficiencies must be corrected in 
order to obtain safe visibil i ty for night 
traffic. 

The major street lighting problem, in 
my opinion, is no longer one of engineer
ing. Efficient lurainaires are available, 
and the requirements of proper installa

tion are known. The problem is to arouse 
the public to a realization that adequate 
street illumination is an essential factor 
in night traffic safety, and that poor 
street lighting (with its iireventable acci
dents and crime) really costs at least 
three times as much as good lighting. 

Most municipal officials understand 
the value of good lighting and would like 
to provide i t . But they are reluctant to 
spend the necessary money without as
surance of the public approval. 

Figure 18. Research findings are embodied in 
this new and radically improved luminaire for 
street lighting. 

Progressive officials—in Detroit, Syra
cuse, Akron, Troy, Hornell, Lynn, and 
other municipalities—have found an 
effective solution. They have selected 
those streets or portions of streets having 
the worst night-accident record and have 
lighted them adequately as "safety dem
onstrations". The first-hand observation 
and the invariable reduction in night 
hazard have crystallized public support 
of further lighting improvements needed. 

C H A I R M A N M O R R I S O N ; I am thinking 
of an intersection where there have been 
a number of pedestrian fatalities and in 
juries. There were four light standards, 
one on each corner, and each had five 
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lights A bundled feet away in every 
direction there was another one They 
were like so many Christmas trees—all 
kinds of illumination—but not on the 
pavement Is not a boulevard system of 
lighting inefficient so far as safety is 
concerned? It is all right to make a 
pretty picture, but what about safety? 

M R REW Professor Morrison asks 
about the five-lamp clusters This is an 
ineffective and inefficient type of light
ing equipment introduced during the 
early years of the century, when the 100-
watt vacuum type was the largest prac
tical incandescent lamp The develop
ment of the gas-filled type of lamp, m 
1913, permitted manufacture of lamps of 
greater light output and of much higher 
efficiency Improved luminaire designs 
followed, with the result that the ball 
cluster became obsolete some twenty 
years ago The cluster served to give the 
street a festive appearance, but it can
not provide safe visibility for modern 
conditions of traffic 

The illumination of intersections for 
pedestrian safety is an interesting prob
lem, and one which is not as simple as 
it appears at first thought I t is logical, 
of course, to provide more light at inter
sections than between intersections, and 
the Code of Street Lighting so recom
mends But if the street areas between 
intersections are poorly illuminated, even 
though the intersections themselves are 
quite well lighted, the pedestrian hazard 
at the intersections is usually found to be 
abnormally high 

The reason for this situation is that 
obstacles on a roadway are seen predorcji-
nantly as silhouettes—that is, as darker 
than the pavement beyond If the mid-
block pavement areas are dark, this im
portant silhouette method of discernment 
of obstacles at the intersections is largely 
lost The conclusion is that for pedestrian 
protection the entire street length should 
be lighted adequately, with somewhat 

increased illumination at the intersec
tions It might be noted that the visi
bility requirements for vehicular safety 
are the same 

The sodium-vapor lamp has two fea
tures which suggest that it may prove 
particularly valuable for use at such 
points as railroad grade crossings and 
dangerous intersections, both rural and 
urban First, the sodium lamp can be 
made successfully only in the larger 
sizes, which means that wherever it is 
used there will be a substantial amount 
of light Second, the light from the 
sodium lamp has a characteristic yellow-
orange color which one associates in
stinctively with caution Installations 
now in service m several states—on rail
road crossings and dangerous intersec
tions—will probably permit evaluation 
of the practical effectiveness of these 
features 

DR, a R LAUER, O/ Iowa State Col
lege I would like to ask several ques
tions about highway lighting 

(1) How much light, measured in 
footcandles, is needed? 

(2) How much does it cost to light a 
mile of highway? 

(3) After driving under sodium light
ing for an hour, would not the adaption 
of the eyes to the yellow-orange color 
destroy the value of the caution feature? 

(4) I s not the monochromatic color of 
sodium light fatiguing to the eyes? 

(5) Does not the greater cost of the 
sodium lamps fully offset the saving due 
to their lower wattage? 

M R REffi- I shall try to answer D r 
Lauer's questions in the order asked 

(1) For pavements light in color, the 
Illuminating Engineering Society's Code 
of Highway Lighting calls for 0 2 to 0 5 
lumens per square foot delivered on the 
pavement These values correspond to 
0 2 to 0 5 footcandles, measured on a 
horizontal plane at the street surface 
For the darker pavements, the Code 
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recommends an increased amount of 
light 

(2) The cost of lighting a highway 
varies rather widely with the conditions 
to be met Under average conditions, 
installation costs for a utilitarian sys
tem are usually in the range of $2,500 to 
$3,000 per mile; and operating costs, ex
clusive of investment charges, are usually 
in the range of $600 to $1,000 per mile 
per year 

These costs are high enough to make 
it apparent that the place for lighting is 
on the heavily traveled and hazardous 
highways As stated in the paper, sam
plings have shown that a substantial ma
jority of the rural night accidents occurs 
on a very small percentage of the total 
highway mileage On this limited mile
age, studies by insurance organizations 
and highway departments indicate that 
the cost of good lighting is only about 
one-third the cost of the accidents pre
vented by the lighting 

(3) After driving under sodium light
ing continuously for an hour one's eyes 
would undoubtedly become so adapted 
that the light would appear to have lost 
its characteristic yellow-orange color to 
an appreciable extent This condition 
would not lessen the "caution" value of 
sodium for the lighting and marking of 
danger points along streets and highways 
where the great majority of the illumi
nation is supplied by incandescent lamps 

(4) Several tests have shown that 
monochromatic light has no disadvantage 
as regards eye-fatigue In one study, 
conducted by the Port of New ~ York 
Authority, critical office work was per
formed for several weeks under sodium 
light, with no measurable effects upon 
the workers' eyes 

(5) It is correct that the greater cost 
of the sodium lamps just about offsets the 
saving due to their lower wattage, for 
the average energy rates As production 
on the sodium lamp increases its cost 
will undoubtedly come down 

For lighting highways the choice be
tween illummants depends largely upon 
the pavement width On wide roads the 
inherently broad distribution of light 
from the sodium lamp is particularly 
effective On the narrower roads the ac
curate control of light possible with the 
concentrated incandescent-lamp sources 
results in greater seeing per dollar of 
total cost On urban streets the color of 
the light from vapor sources is generally 
considered to limit their use to special 
conditions—such as dangerous intersec
tions for sodium, and business areas for 
mercury in combination with incandes
cent lamps to modify the color. 

PROF GREENSHIELDS • On city streets, 
the brightness and moving patterns of 
electric signs are often a handicap rather 
than a help to visibility for traffic safety 
In New York City, where the traffic 
signals are sometimes three blocks apart, 
confusion between traffic signals and 
colored signs is particularly serious 
What do you think is the best solution to 
this traffic signal problem? 

M R REID Where a traffic signal is so 
located as to be viewed against an un
favorable background, its visibility can 
be improved by using a larger lamp or 
by putting an opaque shield a foot or 
more in width around the signal Good 
practice calls for signalization of each in
tersection where traffic control by signals 
IS warranted 

M R MAURICE HOLLAND, Director of 
Engineering and Industrial Research, 
National Research Council I would like 
to identify the major groups, social, 
economic or public, which are throwing 
hurdles in the way of what the highway 
engineer and the technician would like to 
do For example, where is the centre of 
economic interests in this whole job? 
Whether they like it or not, that would 
be the automobile industry itself At 
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their last show the emphasis was on the 
technical subject of safety—having to do 
with the safety of steel body, safety glass, 
and things like that That is for the 
automobile population 

Now about the pooi old pedestrian 
The automobile industry, the Automobile 
Manufacturers Association, the Sloan 
Foundation, the insurance companies or 
some group who have a real interest in 
Mr and Mrs America walking around 
the streets, should give some encourage
ment and support, morally, politically or 
by pressure groups m municipalities, to 
put in force some of the recommendations 
which you have made 

M R REID It is true that inadequate 
illumination takes its major toll, not 
among motorists, but among pedestrians 
on city streets and along main highways 
If the public will demonstrate a sincere 
desire for traffic safety, as you suggest, 
we can have it The requirements of 
safety are well known—proper judgment 
in driving and walking, rigid enforce
ment where needed, and provision of 
effective safety facilities (of which good 
lighting IS one) The amount of expense 
involved is not great—undoubtedly less 
than the present accident cost But the 
public must show a real interest in safety 

As to the lighting of heavily traveled 
and hazardous highways, there has been 
some opposition For the most part I be
lieve the objections have come from 
groups which feared wholesale and un
warranted lighting of highways, or which 
have questioned whether the lighting of 
selected mam highways is eff'ective as a 
safety measure and economically sound 

Reliable data are limited, although more 
IS known about the average cost of pre
venting an accident by lighting than by 
most of the other safety features of 
highways Larger scale experience is 
needed to settle any doubts of the value 
of properly applied highway lighting in 
reducing accidents and increasing traffic 
at night 

M R V J BROWN, Publishing Direc
tor, Roads and Streets I have a lot of 
night driving to do and I notice one thing 
with respect to lighting that I think we 
are overlooking as highway engineers, 
and that is the wasted headlight value 
of our own cars on cuives and on certain 
intersections As I drive around I have 
noticed that reflected light from certain 
types of roadside signs gives me as much 
value as the light of a street lamp, some
times better, because the light so strikes 
the surface as to silhouette without the 
interference of the light source This re
flected light can be gotten from our own 
headlights by the proper application of 
some kind of reflectors along the road
sides—take our own headlight beams and 
throw them back on to the road several 
hundred feet ahead of us 

M R REID I am inclined to think the \̂  
additional amount of light obtained on 
the pavement from such reflectors would 
be small Except where used in con
junction with guard rails, reflectors might 
interfere with shoulder development and 
maintenance Trial is being made m 
Michigan of a row of reflector buttons 
along a highway to mark the shoulder 
edge 
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A C C I D E N T R E C O R D S AND T R A F F I C R E G U L A T I O N 

S O M E I M P L I C A T I O N S O F COST VND O R G A N I Z A T I O N 

Chte}, Division o} Highway Transport, U S Bineau of Public Roadi, Department of Agncullure 

S Y N O P S I S 

There is a fairly de\ eloped consensus that the means for secuiing the gieatest 
re«ults in the diiection of safer and more efficient highway operation include 

(1) The control of hcensing through training and examination, 
(2) The inspection of motoi vehicles and their proper conditioning, 
(3) A detailed knowledge of when where and flow accidents occur, 
(4) A record of accidents so maintained as to facilitate the determination of 

proNimate and contnbutoi-y causes, 
(5) A system of highway patiol , 
(6) Methods of detecting violations of tiaffic legulations and of fair, reasonable 

and certain enforcement, 
(7) A method foi determining the drner having moie than his share of accidents, 
(8) A system of records suited to statistical analysis of essential facts relating to 

accidents 

The development of these oi othei means consideied necessary for securing the 
results desired is exemplified m similai auxiliary services alieady developed for 
the other recognized modes of transport—marine, rai\ and air 

In connection with marine tiansport, there aie the Coast and Geodetic Survey, 
the Hydrographic Office of the N a \ y Depaitment, the Bureau of Lighthouses, the 
Bureau of Marine Inspection and Navigation, the Division of Marine Hospitals 
of the Public Health Ser\ice, the Coast Guard, and the North Atlantic Iceberg 
Patrol, and admiralty woik in the Department of Justice 

For railroad transportation, there are the block signal system, the interlocking 
and other safety devices on the permanent way, car and air-brake inspection, 
railroad telegraph and telephone systems a complicated financial and accounting 
service, and most of the Interstate Commeice Commission 

And, for the air service, we find the same sort of services being developed, 
such as the established service of beacons and signals including radio direction 
contiol, a mcteoiological ser\ ice and increasing requirements for mote iigid 
inspection 

Without undertaking to cover all the minor developments, we find the 
principal senice* lepre^ent laige investments in capital plant and heavy annual 
operating cost's, as follows 

Maritime transport Capital in\estment of auxiliary seivices 8142 650,000, 
annual opeiation of such services 846,625,000 

Rai l transport Capital investment, 8480,000 000, 
annual operation, 862,400,000 

All tianspoit Capital investment, 834 400,000, 
annual operation, 81 740,000 

In the field of highway transport, corresponding though not similar auxiliary 
ser\ices will probably de\elop and an approximation of their possible cost is 
indicated based on the present apparent tendencies 

Assuming that present indications as to the prerequisites cited are sound, and 
that these will be e\entually represented by more or less uniform adoption and 
organization throughout the United States, it appears that the costs may amount 
to the following 

(1) For capital investment in the needed plant depending on extent of develop
ment, from 876 600,000 to 8124,000,000 

(2) Fo i annual operating charges from §169,000,000 to 8366,200,000 
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AVhile we aic at the moment considei-
ing principally the details of methods 
and means of securing greater safety and 
efficiency in highway transport as a 
utility for moving persons and goods, it 
is time we paused to study the implica
tions of a general extension of the de
tailed operations that may finally be 
considered necessary and adequate 

Recent studies made by the Bureau of 
Public Roads and the Highway Research 
Board in the general field of highway 
safety under a special authorization of 
Congress disclosed that many States are 
making an attack on the accident prob
lem along similar lines, but in most cases 
the methods adopted are so differently 
administered that there is comparatively 
little cumulative advantage in the work 
being done because of its variety and 
incompleteness 

We may agree, as most States do, that 
prerequisites of accident prevention are 
(1) The control of licensing through 
training and examination, (2) inspec
tion of motor vehicles and their proper 
conditioning, (3) a detailed knowledge 
of when, where and how accidents occur, 
(4) a recoid so maintained as to facili
tate use in determining proximate and 
contributory causes, assigning responsi
bility, indicating especially hazardous 
locations, conditions, or driving prac
tices, (5) a system of highway patrol 
operating similarly to a rural police or
ganization, but in addition capable of 
making an intelligent study of accident 
data, (6) methods of detecting viola
tions of traflSc regulations and of fair, 
reasonable and certain enforcement, 
(7) the determination of the habitual 
violator of traffic regulations and of the 
accident-prone driver, and (8) a system 
of statistical analysis that will disclose 
the true significance of accident facts 
Without considering further the custo
mary present administrative details of 
the usual State motor vehicle depart

ment, such as licensing, icgisteimg, ac
counting, theft detection, et cetera, or 
the promotion of bettei and uniform 
legislation that falls to the lot of most 
agencies administeiing legulatory activi
ties, we sense at once that the list of 
prerequisites lecited is such as may de
velop into a very costly organization 

Every State today recognizes the need 
for one or moie of these services in con
nection with highway or motor vehicle 
administration, and several States have 
organized agencies to meet several of 
these prerequisites to a greater or lesser 
degree How far such agencies are to 
develop will depend upon the extent to 
which their partial application favor
ably affects the accident record Whethei 
these activities toward accident contiol 
and reduction, now generally accepted, 
are expanded or not, we may expect to 
have corresponding services developed, 
because the safe and efficient growth of 
motor transport is a vital matter in the 
general field of transportation The 
annual accident record incident to motor 
transport and the consequent losses in 
life and property are clear evidence that 
highway transport today is neither as 
safe nor efficient as it should be, nor as 
it probably can be made If we turn to 
marine, rail, or air communication, we 
find that ceitain auxiliary services have 
grown with the development of each of 
these major forms of transport, and the 
number and magnitude of these activities 
are impressive 

For example, along with the expansion 
of marine transport, which historically is 
man's earliest form of an artificial means 
of communication, we have as auxiliary 
services, the Coast and Geodetic Survey, 
the Hydrographic Office of the Navy 
Department, the Bureau of Lighthouses, 
the Bureau of Marine Inspection and 
Navigation, the Division of Marine Hos
pitals, the Coast Guard and the North 
Atlantic Iceberg Patrol, and admiralty 
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work in the courts None of these agen
cies is needed for the mere operation of 
a ship, but each has been developed in 
an effort, which at times has had spec
tacular and tragic impulses, to make 
marine transportation of passengers and 
goods reasonably safe and efficient 

Corresponding services are operated in 
connection with railroad transportation 
There is the organized car and air-brake 
inspection, the signal service, the rail
road telephone and telegraph, the use of 
safety devices on the permanent way, a 
complicated financial and accounting 
service, and the greater part of the Inter
state Commerce Commission which is 
devoted to railroads The railroads could 
operate trains without any of these aux
iliary services, and did so for years until 
there developed a really hostile public 
sentiment But in the interests of safe 
and efficient operation, all of these appur
tenant details have been added with 
great improvement to rail transport 

The same process is going on in connec
tion with air transport There is the es
tablished beacon and signal service in
cluding radio direction control, meteoro
logical service, and an increasing set of 
requirements for safety devices and a 
more rigid inspection Air transport ser
vice, however, is comparatively new, but 
as it expands it is exemplifying the same 
course of development as the others with 
respect to appropriate adjuncts to pro
mote safety and efficiency 

There can be no doubt that in connec
tion with highway transport correspond
ing auxiliary activities will be provided 
on an equivalent scale, and eventually 
become just as permanent and integral a 
part of this method of communication as 
these varied services are a part of the 
other accepted and established modes of 
transport The fact that many States are 
in more or less close agreement as to the 
prerequisities and have in many cases 
established the nucleus of some of the 

sei vices that appear worth while is evi
dence of the inevitable tendency. 

It will be interesting to examine for a 
moment the cost of some of these side 
lines to safe and efficient transportation 
and point out the sources of revenue for 
meeting the charges 

Considering those auxiliary services 
associated with marine transport, we find 
first the Coast and Geodetic Survey with 
an operating plant costing, with ships 
and real estate, approximately $6,550,000, 
and an annual operating charge, aver
aged over the last five years, of $2,675,-
000 The Hydrographic Office of the 
Navy Department spends about $550,000 
a year and has a relatively small amount 
of plant which I have neglected The 
Bureau of Lighthouses has a capital in
vestment difficult to determine, but it 
seems to be approximately $50,400,000 
and requires an average annual mainte
nance and operation charge of $9,500,000 
The Bureau of Marine Inspection and 
Navigation, handling steamship and 
boiler inspection, has a small plant in
vestment of $300,000, and an annual 
charge averaging $1,500,000 What we 
know as the Marine Hospital Service 
runs a plant costing $25,400,000, at an 
annual cost of $5,750,000 Originally the 
charges for marine hospital services were 
met from so called "hospital money" col
lected as port dues against ships, and 
today "light money" is still collected 
under certain conditions, although such 
receipts are no longer directly assigned to 
the upkeep of the lighthouse service 

The next adjunct to be mentioned is 
the Coast Guard, with a total investment 
on land and sea of $60,000,000 and an 
average running cost of $26,650,000 

These services, appurtenant to marine 
transportation, by no means exhaust the 
charges that accrue to that mode of 
transport, but they do cover the larger 
and more important items 

We have in these services a total capi
tal investment of approximately $142,-
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650,000 and an annual opciating chaige 
of $46,625,000 These figures are not 
exhaustive 

There is a consideiabic amount of ad-
11111 alty business in oui couits, but it 
cannot be differentiated as regaids costs 
without extensive analysis There are 
the Federal Communications Commis
sion, the U S Maritime Commission, 
Bureau of Customs, Bureau of Narcotics, 
Immigration Service, and the quarantine 
stations connected with the Public Health 
Service, some oi all of which agencies 
may perform duties properly assignable 
as services auxiliary to marine transpor
tation No attempt is made to segregate 
such activities or appraise them 

Turning now to an tiansportation, we 
find a similar set of investment and oper
ating costs, but so far on a much smallei 
scale There is a mapping service, instal
lation of beacons, et ceteia, and the capi
tal costs to date approximate $34,400,000 
and the average annual charges are $1,-
740,000 

When we consider the rail situation we 
find a somewhat different set-up, but the 
purpose and the results aie essentially 
the same as in the cases of marine and 
an communication The fundamental 
difference is that in these modes of trans
port, practically all the auxiliary services 
we have been considering are public in 
their nature—that is, they are main
tained and operated at public expense 
and by public officials The correspond
ing services in connection with railroads 
are installed and operated generally by 
the public utilities themselves as a direct 
charge against that form of transport 

These services include first the use of 
block signal systems for control of train 
movements In some cases, these signals 
were introduced voluntarily, and are now 
compulsory on first class railroads by 
law Track circuits for safety signals and 
devices have generally been voluntary 
installations, as have also the introduc

tion and use of railioad telegiaph and 
telephone lines The cieation by the rail
roads of special accounting and statisti
cal sections to meet the requirements of 
the Interstate Commcicc Commission 
has been under legal requirement, while 
car and brake inspection services have 
been largely voluntary 

Considering first the automatic block 
signal system, we find the approximate 
cost on the mileage at present controlled 
IS $190,000,000 The track circuits, inter
locking and other safety controls repre
sent a present cost of $177,000,000 Rai l 
ioad telephone and telegraph installa
tions on owned lines amount to $113,000, 
000 These auxiliary services represent 
in total $480,000,000 

Annual operating charges are com
bined for the first two of these items in 
the only source of information immedi
ately available For operating the block 
signals and all tiack circuits, inter-
lockeis, et cetera, in 1936, the annual ex
pense was $41,250,000, foi telegraph and 
telephone operation and maintenance 
cost, $13,750,000 Carrying on the ac
counting and valuation work incident to 
the requirements of the Interstate Com
merce Commission has amounted to an 
annual average of $7,400,000 for a 20-
year period Other probably large items 
cannot be easily ascertained These in
clude charges foi car, locomotive and 
brake inspection for safety purposes, 
track inspection, safety campaigns, et 
cetera The total of the annual charges 
recited is $62,400,000 

The illustiations I have used are not 
for the purpose of comparing piobable 
costs or means of adequately improving 
highway transport Obviously, the means 
will vary as they do among the other 
modes of communication and be appro-
pi lately developed to meet the particulai 
requirements of highway transportation 
The railroads have no service which cor
responds to the Coast Guard or the Divi-
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sion of Marine Hospitals Shipping has 
no service corresponding to the block 
system for control of train movements 
The prerequisites I have cited, which are 
at the moment accepted by many States 
as the most promising means of increas
ing the safety and efficiency of highway 
transport, have little resemblance to any 
of those means which are now m ad
vanced development in marine, rail or 
air transport The cost of corresponding 
and appropriate auxiliary activities in 
highway transport may not be indicated 
by that of the services in the other modes 
of transport The cost may eventually 
be greater or less, depending entirely 
upon what line of giowth is followed It 
will be interesting, however, to follow 
thi ough some of the lines at present indi
cated foi highway transport and see what 
the costs may be 

Considering our first pierequisite of 
training and examination for drivers, we 
find some interesting proposals In Penn
sylvania, a plan has been put forward foi 
constructing eight training grounds with 
a road layout involving much the same 
variety of conditions met on public roads, 
such as, curves, sharp turns, narrow 
loads, and many types of intersections, 
stop, slow and caution signs, speed signs, 
and stop and go signals Arrangements 
are provided in the layout for parking in 
various ways, and others compelling 
backing and turning in both wide and 
narrow spaces There will be a small lec
ture room in which group instruction can 
be given and where the essential details 
of the vehicle mechanism will be taught 
to prospective drivers 

Auxiliary to this field there is pioposed 
a 5-mile section of road with similai 
variety of conditions including hills and 
vertical curves, long and short sight dis
tances, et cetera, on which the driveis 
will receive final instructions in driving 
on the open road It is estimated that 
these installations will cost $2,000,000 

If we assume that car registration is an 
index of the number of drivers to be in
ducted, and if the proposal for eight fields 
is sufficient and adequate for Pennsyl
vania, a corresponding development of 
similar training fields throughout the 
United States would cost approximately 
$29,000,000 In Chicago, a similar train
ing field has been proposed and designed, 
and without the 5-mile section of open 
road IS estimated to cost $3,000,000 If 
maintenance and operation costs are as
sumed to be ten peicent, the annual up
keep will amount to $3,000,000 

In Connecticut, a scheme has been 
operated m connection with certain town 
schools, under which initial instruction 
and training have been given to promis
ing pupils of suitable age If such a plan 
IS followed through, it will mean ex
panded school facilities, both for equip
ment and additional teaching staff AVe 
will not venture an estimate of cost, but 
this item in any case would probably not 
be large 

The second preiequisite of adequate 
vehicle inspection is one on which theie 
IS fundamental disagreement as to ad
ministration machinery An estimate 
made in New York for a sufficient and 
adequate State inspection service with 
stations and equipment was figuied to 
involve a cost of $4,000,000 The same 
service plant for the United States would 
cost $47,600,000,- and the inspection of 
28,000,000 vehicles annually would cost 
at least $35,700,000, semi-annual inspec
tions at least $70,000,000, and quarterly 
inspections $140,000,000 Inspections 
standardized in line with the question
naire sent out under the auspices of Com
mittee D-7 of the American Standards 
Association have been used in this rough 
approximation of costs, but it is question
able whether such short intervals as 
quarterly, oi even semi-annually, aie 
physically practicable I doubt also 
wlicthci the estimate foi equipment and 
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plant made for New York contemplated 
a sufficiently large installation to handle 
5,000,000 or 10,000,000 vehicles annually, 
which is the approximate number in
volved in semi-annual ,and quarterly in
spections, respectively Perhaps the in
stallation costs should be doubled or 
quadrupled 

The third prerequisite of a detailed 
knowledge of when, where and how acci
dents occur ties in with the other re
quirement that an adequate highway 
patrol or police organization be de
veloped At the present time, all but one 
State has some form of highway patrol 
or State police force organized or pro
vided for On the basis of 24-hour ser
vice, the mileage covered indicates that 
one man is responsible for from 38 to 
1,250 miles The corresponding figures, 
if present State controlled mileage only 
were covered, would be, 24 to JL,137 miles 
per man These lower figures indicate 
that m some States more than the so-
called State roads are already covered by 
the patrol system We may carry this 
examination a step farther, to cover the 
latest available mileage figures for all 
rural roads AVe find m this case that the 
coverage ranges from one patrolman to 
78 miles to one man to 28,700 miles This 
latter figure is, of course, fantastic, but 
there are at least 29 States where the cov
erage on this basis is one man to 1,000 
miles or more This fatft is an indication 
of the great expansion in organization 
necessary ultimately if all roads are 
covered 

If we assume that the best present 
coverage appearing m the above figures 
represents the end to be sought in a 
highway patrol organization, we can 
estimate roughly the cost of such an 
agency covering the entire United States 
on the same basis If we provide for 
24-hour service, using in the night shift 
one half as many men as during the day, 
that IS, using 2^ men for the 24-hour 

patrol of each section, we shall need 
31,000 men The average salary paid a 
patrolman from our record of 43 States 
is $137 per month Patrolmen alone 
would cost then $51,000,000 per year 
Most States allow expenses estimated at 
approximately $50 per man per month, 
or $18,600,0()0 Captains, Lieutenants, 
sergeants, et cetera, will add to this and 
at least 10 percent will have to be added 
for office supplies, equipment, overhead, 
et cetera This means about $78,000,000 
for a uniform country-wide organization 
to cover the present patrolled mileage 
on a basis of one man to 38 miles of road 

If we are of the opinion that 38 miles 
IS too much for a single patrolman to 
cover, our figures will be raised In 
Pennsylvania there is a plan afoot to 
combine the State police and highway 
patrol, creating a force of about 1,600 
men Even this force would on the basis 
assumed require each man to cover 58 
miles, as against the best present cover
age of 38 miles If we place the limit 
at 25 miles, the cost would be $118,-
500,000, and if developments required 
sections as short as 10 miles per man, 
the cost would be $296,250,000 per 
annum 

This last figure is extravagant, but the 
special traffic officers in the District of 
Columbia average 33 miles per man, and 
if we consider the entire police force as 
active in traffic control as they in fact 
are when needed, the coverage is only 
1 2 miles Somewhere between these two 
figures may be the desired one, and 25 
miles to each man is not, therefore, so 
unreasonable Should we extend the 
coverage to all rural mileage as an ulti
mate goal on the basis of one man for 
25 miles, the annual charge becomes 
$700,000,000 But no one expects that 
such intensive policing would ever be
come necessary 

This IS by no means the end of possi
bilities A proposal has been made sen-
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ously in Michigan to establish special 
accident squads covering territory so 
limited that they can operate practically 
as do the accident squads in such cities 
as Cleveland and Toledo, Ohio, and 
Wichita, Kansas Such squads would re
quire at least two men each, and if they 
were to operate as indicated, their radius 
of operation would be not more than 15 
miles, or about one squad to an average 
county The creation of such a force 
would probably permit a reduction in 
the regular patrol foice, but this would 
by no means be so great as to offset 
the added cost of 83 such squads to 
cover the counties of Michigan Such 
an organization would cost at least 
$875,000 per year in that State A na
tion-wide organization would cost prob
ably $26,000,000 

AVith all the accumulated data that 
our field organization would collect, we 
should simply be swamped unless we 
had a trained and suflBcient office force 
to handle it and determine what it all 
meant, and so we come to our accepted 
prerequisite of a properly maintained 
record and a system of statistical analy
sis to disclose the true significance of 
the information assembled What this 
organization would cost can only be 
guessed At present the annual cost of 
maintaining motor vehicle registration 
and licensing agencies, which also do 
such statistical work as is done, amounts 
at present to approximately $17,500,000 
for 32 States The estimated cost for 
the United States is $26,250,000 We are 
now beyond the point of doing any 
estimating We can only guess what an 
adequate accident recording and analyz
ing office would cost Perhaps it would 
be twice or even three, times the above 
figure, for the amount of material to be 
handled would be very great, and at 
the start the most expert ^ statisticians 
would be required At least a part of 
the force would be high salaried and 
expert in nature 

15 

We need take no more time in present
ing details There would be a great deal 
of court work and special courts may 
be necessary We have the illustration 
of admiralty cases before us as a part 
of the development around maritime 
transport Special traffic courts already 
exist m some jurisdictions These would 
have to be much more numerous and 
would sit most of the time 

This whole presentation may appear 
fantastic to some But let us summarize 
the salient facts 

(1) AVe know that the other com
monly accepted forms of transportation 
of passenfgrs and goods in the course 
of their development have required cer
tain auxiliary services to make them 
reasonably safe and efficient 

(2) These services have cost in plant, 
considering only the outstanding items, 
sums running into hundreds of millions 
of dollars In maritime transport, $142,-
650,000, in rail transport, $480,000,000, 
and in air transport, $34,400,000 

(3) The annual operating charges of 
these agencies represent an aggregate 
of $110,765,000 

(4) We are slowly coming to an 
agreement that certain corresponding 
auxiliary services are necessary for the 
safe and efficient operation of highway 
transport 

(5) These agencies may cost tens of 
millions to install and hundreds of 
millions annually to operate 

Assuming a uniform development on 
a minimum basis, the installation of 
training fields and inspection stations 
alone will cost approximately $76,-
600,000, and the annual cost of operating 
these, patrolling the highways, gathering 
accident statistics and analyzing them 
will amount to $169,000,000 annually 
If the organization is extended, the 
hguies may be increased to $124,000,000 
for plant and $366,200,000 for operation 
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The problem as it presents itself is 
First, to determine the particular forms 
which the auxiliary highway services 
are to take, second, to ascertain the 
extent to which these services will be 
organized and operated, and, third, to 
decide just how they will be paid for 

These services will become a -third 

grand division of highway costs, added to 
the present divisions of construction and 
maintenance Whether these costs are 
to be met directly from highway user 
revenues or indirectly from the highway 
users and others through general reve
nues will be an important question to 
be decided at a later time 
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D I S C U S S I O N ON A C C I D E N T R E C O R D S AND T R A F F I C R E G U L A T I O N 

M R L W MCINTYRE, American 
Mototisfs Association I think Mr 
James liit, tlio nail on the head, where 
are we going to find the money? 

CHAIRMAN MORRISON AVe usually 
find the money for the things we want— 
we find the money for movies and we 
find the money for lipsticks 

M R BURTON MARSH Mr James has 
done something that needed to be done 
and that is to face something that we 
must look at squarely and not sidle 
away from as we appear to be doing 
It is going to cost money, but if the 
public wants these things they are going 
to buy them 

M R J S BuRCH, Noi th Carolina State 
Highway and Public Works Commis
sion I think the Chairman was right 
a moment ago when he said we buy any
thing we want Our rather limited ex-
pciience has demonstrated that so far 
the people do not want it, and if they 
do, they do not say so Individually a 
man is for safety, but at the same time 
it is very much like taking a drink, he 
wants his speed and he wants to have it 
in comfoit and have everyone else get 
out of the way I think so far the prac

tical answer to the question is that the 
people do not want it just yet 

CHAIRMAN MORRISON I wonder if 
Mr James has reduced any of these 
figuies to cost per passenger 

M R JAMES That figure of 124,000,000 
dollars for operation means $ 5 00 per 
car 

CHAIRMAN MORRISON I mean on 
marine and air 

M R JAMES I did not cover that point 
with respect to maiine transpoit The 
figures I have given after all repiesent 
only the part paid by the United States 
foi marine transport We take care of 
the marine transport of the world so far 
as it comes to our coast, and the other 
laige maritime nations are also provid
ing similar services If you wish to get 
the entire figure you must add these 
foreign sei vices to the cost that I have 
set up here for marine transport You 
would not do so for railroads, of course, 
but for marine transport there are corre
sponding charges by the other countries 
which in large part should be added to 
these figures Because of our tremendous 
coast Ime, our marine services lap those 
of other nations and the reverse also is 
true 
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T H E D E T E C T I O N OF A C C I D E N T - P R O N E D R I V E R S 
B Y D R H M JOHNSON 

Highway Research Board 

SYNOPSIS 

Study has been made of the accident histories of 29,531 Connecticut drivers, 
selected at random, each of whom has been licensed in that State for a period of 
S I X years It was found that reported accidents were not distributed among tliese 
drners according to the laws of chance, and that the discrepancy between fact 
and chance-expectation cannot be attributed to chance 

The drivers whose records weie examined had an average of 1 accident among 
25 drivers in one year, which does not mean the same as one accident per operator 
in 25 years The contribution of accident-repeaters to the total number of ac
cidents was quite large, and far in excess of what the laws of chance permit In 
fact, a group of less than 4 per cent of the operators had 40 per cent of the fatal 
accidents, 36 per cent of the non-fatal personal-injury accidents, and 38 per cent 
of the accidents which in\ olved no personal injuries 

By dividing the accident experience into two periods, it was found that operators 
who were accident-free during either period had the lowest rate during the othei, 
those who had one accident during one period had twice as many accidents during 
the other period as those who went accident-free during the first Those who had 
four accidents each during one period had between 7 and 9 times as many ac
cidents during the other period as those who went accident-free during the first 
period 

Drivers younger than 21 years had a disproportionate share of all classes of 
accidents Their fatal-accident rate was nearly twice the average, and their non
fatal rate about l i times the average A census of the whole dnver-population 
of the State showed, with respect to fatal accidents, the same disproportions 
tliroughout each of five years, the critical age was about 21 If these relations 
are nation-wide we could have saved about 3,100 lives in 1937 by bringing the 
fatal-accident rate of persons under 21 to the average rate of their elders About 
7,800 hves could have been saved by bringing down the rate of drivers undei 25 
to the average rate of those o\ er 25 

Thus two classes of drivers have been found who are now accident prone those 
who are now young, and those who have had a high rate in the past 

Consider a given population of auto- fused insurance or be required to pay 
mobile drivers From it you are asked to an excessively high premium It is there-
select a class that will include the largest fore important whom you select 
possible number of those who will have How shall you proceed' Two meth-
more than a prescribed number of ac- ods are now under consideration The 
cidents within a specified period, and the first takes account of the drivers' pres-
smallest possible number of those who ent behavior, the second of their past 
will not You will call these selected Let us call them the examination-method 
drivers "accident-prone " They will then and the biographical-method, respec-
undergo some special treatment They tively. We do not have to choose be-
may be discharged from employment, or tween them, according to their merits, 
transferred to non-driving duties, they we may adopt either, neither, or both 
may be lectured to, psychoanalyzed. The examination-method takes two 
sympathized with, they may be reproved, forms, direct and indirect The direct 
exhorted, rebuked, they may be for- form lequires you to take each person 
bidden to drive upon the public high- out to a standard course, which pre-
ways, they may be subjected to incon- sents the same hazards to all Let the 
venient restrictions, they may be re- hazards correspond to those of actual 
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tiaffic as nearly as possible Note how 
he deals with each Of them and rate his 
performance accordingly Assume that 
those who are most inept m the test arc 
also tiiosc who arc most likely to cause 
trouble on the road This diagnosis pre
supposes, first that each person drives 
today in the test as he would drive to
day on the road, second that he drives 
on the road today as he will habitually 
drive during the period within which his 
accident-record is to be predicted To 
state these presuppositions is enough to 
cause them to be doubted The diagnosis 
depends on them 

Consider now the examination-method 
in its indirect foim Instead of having 
the driver operate a car under obser
vation and under standard conditions, 
you subject him to a set of tests of par-
ticulai skills, each of which is presup
posed to be "necessary to safe driving", 
you subject him also to an interroga
tion about his "attitudes" or intentions 
Then, by combining his scores in the 
several tests in some manner which the 
testers have agreed upon, and by com
paring the rating of each subject with 
that of every other, you formulate some 
luie, according to which you undertake 
to select those drivers who habitually 
drive the worst This procedure em
ploys the same presuppositions as the 
direct method uses, and more besides If 
the rule of selection is valid, then there 
must be a usefully close association be
tween the scores on the test and the ac
cident-rates of the subjects Thus far, 
I have found no published report of a 
comparison which warrants the conclu
sion that test-performance is thus closely 
associated with accident-rate 

In particular, the published reports 
of J - M Lahy, W Stern, Slocombe and 
Brakeman, Bingham, Sachs, and Tramm 
contain material which contradicts such 
a conclusion, even though some of these 
authors asserted it, while the published 

reports of Munsteiberg, Miles and Vin
cent, C S Myers, and H M Vernon do 
not give the kind of evidence that is 
ncccssaiy to evaluate their conclusions 
tiiat this IS the case 

In the United States, A R Lauer, at 
Iowa State College, and H R DeSilva 
and T W Forbes, at the Harvard Bu
reau for Street Traffic Research, have 
been developing different sets of tests 
which it is hoped will be related to ac
cident rate Their reports published be
fore this article was written do not en
able one to conclude that they have yet 
succeeded, nor to conclude that they 
never will Our hopes, of course, are for 
their final success But in order to ap
praise the validity of any test or "bat
tery" of tests, one must be able to com
pare the test-scores with some depend
able criterion of driving performance 
which IS independent of the test The 
best criterion, perhaps, is the operator's 
driving history—the duration of his ex
perience, the amount and kind of his 
driving or his rate of encountering haz
ards, his accident-rate, etc To enable 
one to judge the tests requires records 
on some thousands of drivers; to collect 
and assemble the data ready for the 
statisticians is expensive, in one recent 
investigational series of tests about $6 50 
per driver, the money has to be raised, 
and thus far there has been no rush of 
would-be contributors Hence, these in
vestigators require time 

Some attempts toward acceleration of 
these pre-appraisal activities have been 
made With the cordial and able co
operation of these investigators with the 
Highway Research Board, the U S Bu
reau of Public Roads, and the Commis
sioner of Motor Vehicles of the State 
of Connecticut, some 3,600 drivers were 
recently subjected to the Iowa State 
and the Harvard Bureau tests, in whole 
or in part The test-scores are now being 
correlated with one another, and also 
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with the annual number of reported ac
cidents, determined from the official 
records of the Department of Motor Ve
hicles This study cannot be reported 
until it IS completed and the remaining 
work will require several months Mean
while, the most that should be said is 
that the appraisal of the tests is no 
simple matter 

Strong claims have been made for 
the validity of certain sets of aptitude-
tests designed for taxicab drivers—some 
by A J Snow, and others by David 
Wechsler, and for street-car drivers by 
Morns Viteles Inquiries addressed to 
the presidents of the employing com
panies brought out that A¥echsler's tests 
have been abandoned by the company 
which first sponsored them, that Viteles' 
tests are still in use and highly regarded 
by the personnel department, on grounds 
which the correspondent did not analyze 
The inquiry about Snow's tests has not 
been answered On the whole, one should 
strive to be open-minded and skeptical 
about the value of all indirect tests, being 
predisposed neither toward premature 
rejection nor toward precipitate accep
tance of the claims that have been made 
for their merits 

Consider now the biographical method 
Instead of trying to ascertain how each 
individual drives on a given date, and 
thence to infer how he habitually has 
driven, now drives, or will drive, one 
may try to find out how he habitually 
drove in the past This presupposes a 
reliable accident-history 

Some psychologists assume that one 
can get this information from the driver, 
by asking him questions, on one date, 
about a long history They presuppose 
that he has good intentions, but also a 
good memory—that his recall of past 
events will not be affected, for example, 
by an inconvenient tendency to forget 
all that might upset his belief that he is 
an excellent driver But in many drivers 

this belief is piactically a systematic 
delusion, on this subject they are para
noic A much better way is to choose a 
population whose accidents have to be 
leported m detail, very soon after they 
occur, the testimony of more than one 
person, and also of the objective cir
cumstances, being recorded Some large 
fleet-operators lecord these data, few, 
apparently, have made good use of them 
Among those who record and use them 
are certain utility companies and cer
tain departments of the United States 
Government 

These records, if properly kept, serve 
to identify a class of driveis who have 
repeatedly had accidents m the past, 
and the operators who are thus classifie'd 
tend very strongly to give predictable 
histories, not so much as individuals as 
classified groups 

Can such records as a state obtains 
enable one to select a class of drivers 
whose group-performance can be reliably 
predicted? The question is important 
To answer it, we chose the state which 
kept its records m the form most con
venient for our purposes namely, Con
necticut From a list of about 408,000 
drivers known to have been licensed in 
1931, our workers selected every 10th 
name This gave a "random" selection 
of 40,800 names From this selected list 
all drivers were eliminated unless the 
records of the department showed that 
they were licensed in every year in the 
period 1931-1936 This left a population 
of 29,531 drivers, for whom the official 
reports were complete for these six years 
Among them there accrued, 7,082 acci
dents, which involved 5,650 operators 
If the accidents had been distributed 
among the operators irrespective of their 
personal identities and histories, then the 
distribution could be described by Pois-
son's law of small chances, for which the 
sole parameter is the rate of accidents 
per operator, within limits of inaccuracy 
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which are defined by the parameter itself 
If, within those limits, the law is not 
satisfied, then the distribution of acci
dents per operator is not impartial, but 
IS subject to some systematic influences 
which remain to be determined ex
perimentally 

Table 1 shows that the actual distribu
tion of these accidents does not follow 
the laws of chance Note that there is 
an excess of accident-free operators, and 
also an excess of repeaters, with a cor

ing to the number of accidents which 
they had m 1931-1933, and show their 
accident-rates for 1934-36 Bear m mind 
that three years is a short time in which 
to establish an accident-history if we 
consider, as in this case, only those acci
dents which occur, in the average, once 
m 25 years of an operator's experience 
And yet, those who had one accident each 
in the first three years have twice as 
many accidents per operator m the sec
ond three years, as those who went 

T A B L E 1 

ACTUAL AND E X P E C T E D DISTRIBUTION OF ACCIDENTS, INCLUDING C A S U A L T I E S AND PROPERTY 
DAMAGE E X C E E D I N G $25, R E P O R T E D TO T H E COMMISSIONER OF MOTOR V E H I C L E S OF 

CONNECTICUT, 1931-36, IN A L I C E N S E D D R I V E R SAMPLE S E L E C T E D AT RANDOM 

Accidents 
per 

operator 
dunng 

experience 

Operators having these accidents Accidents accruing to these operators Accidents 
per 

operator 
dunng 

experience 
Actual 
number 

Expected 
number Difference Actual 

number 
Expected 
number Difference 

0 
1 
2 
3 
4 
5 
6 
7 

Totals 

23,881 
4,503 

936 
160 

33 
14 

3 
1 

23,234 
5,572 

668 
53 

1 • 
647 

- 1 , 0 6 9 
268 
107 

1 -
0 

4,503 
1,872 

480 
132 

70 
18 

7 

0 
5,572 
1,336 

159 

1 " 
0 

- 1 , 0 6 9 
536 
321 1 212 

0 
1 
2 
3 
4 
5 
6 
7 

Totals 29,531 29,531 0 7 , 0 8 2 7 , 0 8 2 0 

Note The probability that the differences between the actual and expected distributions is due to 
chance = 1 6 (10)"'^', which is insignificant 

lesponding deficiency of operators hav
ing a moderate accident-rate We ana
lyzed nine other populations in the same 
manner, and found that eight of them 
showed this characteristic Table 2, 
based on the driver-population studied 
by Slocombe and Brakeman, brings out 
the discrepancy in a more striking fash
ion These authors included all acci
dents, regardless of damage, and thereby 
obtained a much higher rate of acci
dents per operatoi than obtained in our 
population 

Figure 1 shows wliat kind of predic
tions can be made fiom these histories 
Here we classify the operators accord-

through the first three years accident-
free The probability is only (10)"^* that 
the difference between these two rates is 
due to chance And those who had more 
than one accident in the first period have 
correspondingly higher rates in the sec
ond period 

Figure 1 shows the converse relation
ship also Here we may see that not 
only can we predict the future perform
ance of these classified groups from 
knowledge of their past performance, we 
can also infei their performance in the 
remote past fioiu knowledge of what 
tiicy have done in the less remote past 
In fact, the second kind of prediction 
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T A B L E 2 

ACTUAL AND E X P E C T E D DISTRIBUTION OF A L L ACCIDENTS R E P O R T E D TO E M P L O Y E R , R E G A R D L E S S 
OP PERSONAL AND PROPERTY DAMAGE, OF OPERATORS OP E L E C T R I C R A I L W A Y C A R S AND MOTOR 

B U S E S , EMPLOYED CONTINUOUSLY THROUGH T H E O N E - Y E A R E X P E R I E N C E (1927) 

REPORTED B Y SLOCOMBE AND BRAKEMAN 

Accidents 
per 

operator 
during 

expenence 

Operators having these accidents 

Actual 
number 

Expected 
number Difference 

Accidents accruing to these operators 

Actual 
number 

Expected 
number Difference 

0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 

217 
326 
569 
458 
258 
145 

99 
86 
46 
27 
24 
2 4 

7 
5 
2 
2 
2 
2 
1 

101 
315 
493 
514 
402 
252 
131 

59 
23 

10 

116 
11 
76 

- 56 
- 1 4 4 
- 1 0 7 
- 32 

27 
23 

86 

0 
326 

1,138 
1,374 
1,032 

725 
594 
602 
368 
243 
240 
264 

84 
65 
28 
30 
3 3 
34 
18 

0 
315 
986 

1,542 
1,608 
1,260 

786 
413 
184 

i 103 

0 
11 

152 
-168 
-576 
-535 
-192 

189 
184 

935 

Total 2,300 2,300 7,197 7,197 

Note The probability that the differences are due to chance = 4 (10)"'" 
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Figure 1 Relation of numbers of accidents 
m each half of the six year expenence with 
the accident rates of the same groups in the 
other half 

IS more accurate than the fiist, peihaps 
because the younger drivers performed 
worse m their early experience, and so 
gave us more to predict 

The accident-repeaters in this popu
lation were 3 88 per cent of the total 
Together they caused 39 per cent of the 
fatal accidents, 36 per cent of the non
fatal personal accidents, and 38 per cent 
of the non-personal accidents Thus, 
they have nearly the same proportion of 
every kind of accident For this reason 
the employer, the insurance company, 
and the licensing authority ought, if pos
sible, to have a record of all accidents 
whether their consequences aie impor
tant or trivial, in order to establish a re
liable basis of prediction as early as 
possible 

The accident-repeaters tend to shorten 
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the time between accidents as their ac
cidents accumulate the fourth accident, 
for example, tends to follow the third 
more closely than the third follows the 
second 

RELATION OF AGE TO ACCIDENT RATE 

In this census the operators were 
classified according to then ages, which 
yielded some important information 
which IS not evident in former com
pilations 

Figure 2 shows that the drivers who 
were under 16-20 years old at the be
ginning of the experience and under 22-
27 years old at its close had 1 47 times 
as many of the non-personal accidents 
as they would have had if the distribu
tion of accidents were independent of 
age That this difference is not acci
dental IS evidenced by the fact that the 
probability of the independency-hypothe
sis being true is less than (lO)--* Fig
ure 2 shows likewise that this same group 
had 1 53 times as many non-fatal per
sonal injury accidents as the indepen
dency-hypothesis allows Moreover, this 
age-group had 1 83 times as many fatal 
accidents in this period as the indepen
dency-hypothesis allows Here the prob
ability IS as great as 1 m 250 that the 
hypothesis is true But, it is still a very 
conservative bet that the driver's acci
dent-rate IS influenced by his age That 
the odds are easier in tiie case of fatali
ties than in the othei classes of accidents 
is due to the smaller number of individu
als involved in fatal accidents 

Thus, it looks as if those accidents 
which involve the youngest class of driv
ers are likely to be more severe than those 
which involve the older drivers 

These findings led to a request for an 
age-census of all licensed drivers and all 
identified drivers involved in fatal ac
cidents in Connecticut through the period 
1932-36, that being the only period for 
which the individual accident-records 

had not been destroyed No state had 
made and published such a census up 
to that time The results are extremely 
valuable Figure 3 shows the age-distri-
bution of the licensed drivers of Con
necticut for 1929, and for each of the 
years 1932-36 Plainly, the average age 
IS increasing, the proportion of youths 
becomes smaller in every year The 
probability that the populations of 1932 
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Figure 2 Relation of age to traffic accidents 
from histories of 29,531 operators selected at 
random from those licensed in Connecticut in 
every year from 1932 through 1936 

and 1933 are homogeneous is only 1 in 
250 m the next closest instance the prob
ability IS (10)-==-' 

Figure 4 shows the ages of 2,467 identi
fied drivers who were involved in fatal 
accidents in Connecticut during the 
period 1932-1936 In this figure one year 
was chosen as the range of each age-class, 
in order to ascertain whether a critical 
age exists, especially in the youngest 
group Whether the data will bring out 
such a fact or not depends partly on the 
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number of persons in each of the neigh
boring age-classes This condition is 
satisfied for the earliest ages, and it is 
manifest from the giaph that a ciitical 

Year o//^qe Census 

Figure 3 Relative number of drivers of various 
ages in Connecticut 
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Figure 4 Drivers involved in fatal accidents 
per 100,000 drivers registered, Conn 1932-1936 

period lies somewhere between the ages 
19 and 21 Certain psychiatrists have 
suggested that the female population 
ought to show similar crises in the late 
20's and the late 30's We have consid-

cied the two sexes separately, but since 
of the 2,467 identified drivers who were 
involved m fatal accidnts, only 136 were 
women—a little more than one-half of 
one per cent—and since the number of 
all drivers is by no means large for the 
purpose, it IS not easy to make out any 
age-trends among the women, if such 
trends exist 

Because the population is still rather 
small, we have grouped its members into 
5-year age-classes, and have expressed 
the actual number of fatal accidents in 
each of these classes as a ratio to the 
corresponding number to be expected on 
the hypothesis that the rate per operator 
in each age-group is the rate for the 
population as a whole The black circles 
in Figure 5, and the curve fitted to them, 
indicate the result Thus, the age-group 
16-20 years contains 1 73 times as many 
fatal-accident drivers as the hypothesis 

"implies, the 21-25 year group contains 
148 times as many, and so through 
The groups which contain the smallest 
proportion of involved drivers are 46-50 
and 51-55 years The probability that 
these discrepancies between fact and 
hypothesis are jointly due to chance is 
4(10)"*', which indicates practical cer
tainty that the diffeiences are statisti
cally reliable 

Disproportions of this same order 
appeared in every year of the experi
ence taken singly, they also appear 
in three experiences from Massachusetts 
—in which, however, the basis of expec
tation IS less reliable than in the pres
ent instance 

The open circles in Figure 5 show the 
latios between the actual and expected 
numbers of drivers suspended for speed
ing m the District of Columbia in the 
first five months of 1936, according to 
their ages This does not prove that 
these youths who have fatal accidents 
aFC the same youths who drive at ex
cessively high speeds, but it does sug-
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gest that the manner in which these 
youths drive may deserve looking into 

In 1936 the youngest age-group had 
2 10 times as many fatal accidents per 
1,000 drivers as the whole population 
had, and 2 26 times as many per 1,000 
drivers as their elders had This ratio is 
the highest that appeared m any of these 
years But there is no evidence that their 
rate is increasing, or diminishing, except 
according to chance The rates for the 
older drivers, however, declined m every 
year of the experience, in the average by 
about four per cent of the rate for the 
preceding year Thus, the youngest driv
ers are growing relatively worse, because 
their elders are driving better or driv
ing less 

If the age-relations among the drivers 
in Connecticut hold on a nation-wide 
scale, it would have been possible to 
save the lives of 3,085 persons who were 
killed on the highways m the United 
States in 1936, if by any means what
ever, we could have brought the fatal-
accident rate of the drivers under 21 
years of age to the rate of their elders, 
likewise, it would have been possible to 
save about 7,787 of the 37,800 who were 
killed, if we had reduced the rate of the 
drivers under 25 to that of their elders 

These findings point to the weakest of 
all spots in safety-education and in ad
ministration According to all tests of 
separate skills which are believed to be 
used in handling a motor vehicle, the 
highest average scores usually belong 
to the age-groups in which we find the 
highest rates of fatal accidents and also 
of personal injury accidents Moreover, 
it seems to be true that most drivers 20-
22 years of age are able to handle a car 
on the road more skillfully than their 
elders It therefore seems that the ques
tion IS not so much how skillfully a per
son can drive, as whether he will use the 
skills that he has Some skillful drivers, 
relying on their agility and alertness, 

may enter hazardous situations that are 
a little beyond their ability, whereas less 
skillful drivers, being aware of their 
weaknesses, may stay out of them The 
fact that the youths are the ones who 
have been most often and most inten
sively preached to in recent years ought 
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Figure 5 Companson of ages of motor-
vehicle drivers suspended for speeding m the 
Distnct of Columbia with ages of dnvers in
volved in fatal accidents m Connecticut 

to suggest that oui efforts in safety-edu
cation may be improvable 

To summarize our biographical in
vestigation has identified two classes of 
drivers who are now accident-prone 
They are, namely, those who are now 
young, and those who have had many 
accidents in the past 
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D I S C U S S I O N ON A C C I D E N T - P R O N E D R I V E R S 

D R A R LATJER, Iowa State Col
lege There are a few points in Dr John
son's paper on which I think it might be 
well to elucidate further relative to the 
methods involved D r Johnson has pre
sented the two methods, indirect and 
direct The biographical method would 
be all right if we had unlimited time to 
determine who should and who should 
not have a license We have had thrust 
upon us this problem which one cannot 
solve as has been suggested 

I have never gone on record as sup
porting any of these tests Having ana
lyzed several sets of similar data before, 
I venture a guess that when our final 
analysis is made we will find no high 
validity coefficients This is to be ex
pected from the conditions and the phe
nomena with which we are working 
Human nature is unstable and highway 
conditions are highly variable Yester
day we heard talks on studies made of 
the maintenance costs of highways in 
different parts of the country As you 
remember, those maintenance figures 
varied from $100 to $500 or $600 a unit 
on different types of highways which ap
parently were comparable This is to be 
expected For similar reasons validity 
coefficients will never be high as long as 
we lump accidents into a unitary cri
terion They will not be high even if we 
segregate our accidents according to de
fective manipulation, defective vision, 
or how ever you may care to analyze 
them One reason for this is that there is 
some evidence that most accidents are 
caused by more than one condition In 
any one accident you may have three or 
four directly significant factors to con
sider We might mention the test for 
glare and accidents allegedly caused by 
glare The fact that one was blinded by 
glare would not mean necessarily that it 
caused the accident, but it is simply a 
factor which may or may not operate 

One may meet a thousand animals on the 
highways at night at such times that on
coming headlights are less blinding One 
will never get high validity coefficients 
so long as numerous factors produce the 
same end 

Another point is this I have for many 
years maintained that the best test of 
a driver is 50 years of driving This 
would be the ideal test The best test of 
highway surface wear would be to lay 
the highway down and see how long it 
will last In the meantime your motor 
vehicle departments and others are faced 
with the practical problem of trying to 
keep certain groups of drivers from hav
ing so many accidents We can't wait 
until each one kills a few people to con
trol his driving habits 

I had lunch today with a man who 
lost his son He said go ahead and do 
what you can to reduce accidents but 
it IS too late for me as I have lost my 
son If it IS necessary to wait until a 
driver kills several people we certainly 
are not using the most economical method 
of dealing with the problem. What 
would we do with these young drivers? 
We cannot eliminate them from the 
highway for the simple reason that it is 
unconstitutional A remedy which might 
have some merits as practicable and 
which we will leave with you is that of 
legislation to reduce the speeds of cer
tain persons or restrict their driving as 
some states have done at the present 

"time Let a man drive accoidmg to his 
limitations 

Now I have no brief to hold for tests 
as given by myself or anyone else As 
a matter of fact we have been changing 
our equipment constantly and you will 
find our clinic quite different than it 
was last fall We eliminate as soon as 
we find the test has no practical value 
However, as long as we are giving ex
aminations and drivers are being charged 
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for them at the rate of $5 or so per ex
amination, as some states are doing, 
why not do the best job we can? 

AVe should be interested in this prob
lem from the standpoint of trying to pro
tect persons from injury rather than to 
dictate to drivers whether they can or 
cannot drive The medical profession 
do not guarantee to cure any ailment, 
they merely examine a person, tell him 
what his physical characteristics are, 
and with their experience, may be able 
to tell, within reasonable limits, what his 
chances are of living for a certain num
ber of years There is never certainty, 
it IS a matter of probability The insur
ance companies have been building up a 
rather thriving business based upon prog
nostic examinations of this type In a 
Similar way I fully believe a scientific 
examination will help drivers stay out of 
trouble 

The final point concerns the matter of 
expense In the present instance we have 
been given a big problem and it is neces
sary to be rather careful in everything we 
do It is not exactly typical of the ex
penses necessarily incurred from regu
larly examining drivers m large groups 
AVe examined 2,500 persons in the State 
of Iowa at a cost of little more than 60 
cents per driver A year before we ex
amined 1,000 commercial drivers cover
ing 4,000 miles for $1 50 apiece The 
cost depends somewhat upon the number 
of people you are examining and the 
economical use of the equipment One 
should try to be open-minded I should 
say that we should ask people who offer 
any test for sale or rent, regardless of 
what it is, to show that it does better and 
is more economical than what has been 
used before If it does better than what 
has been used before, it is justified, if 
not, there is no reason to change This 
18 a simple and unbiased answer as to 
the value of any licensing procedure 

M R C M JOHNSTON, Bureau of Pub
lic Roads I should like to ask D r John
son if both people m an accident were 
counted in tabulating the statistics 

D R JOHNSON These were involved 
drivers taken without regard to the dis
tribution of responsibility I think most 
administrative authorities agree that you 
cannot distribute responsibility I t is 
very seldom a man is involved in an ac
cident except by doing something or 
failing to do something that would have 
kept him out of it 

M R C M JOHNSTON, Bureau of Pub
lic Roads What I am trying to get at 
IS, if you add the one who is 16 to 25 in
volved in the accident—he might have 
lun into someone m the 40-year old 
group? 

D R JOHNSON Then you have two in
volved, each one being counted 

M R C M JOHNSTON, Bureau of Pub
lic Roads If you can take that accident 
from the 40-year group and leave it in 
the 16-year old group, then how would 
the picture look? 

D R JOHNSON I do not know, that 
would require going back of the records 
that are available You would have to 
go into the analysis of the particular 
accidents which would take an expert 
to do and the facts are not available 
The number of deaths is about 0 97 times 
the number of involved drivers There 
are some few accidents that involve more 
than one driver and a few accidents in
volve more than one death for a given 
driver, but the ratio is very close to 1 to 
1,—one accident, to one identified driver 

D R LAUER I don't beleve these data 
shaped up as well as they deserved You 
did not have mileage on any of them 
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P R JOHNSON Not on any of them 
In another study of course v\e are re
cording some data that you obtained 
from nearly 3,000 drivers, namely their 
own reports of miles traveled I think 
that you will get an interesting age dis
tribution You have already got that 
for that matter in your own work, but 
I don't believe I trust the reliability of 
those reports In the first place, if a man 
does not keep a record of his gasoline 
or of his speedometer, he does not know 
how many miles he drives in a year In 
the second place, he answers questions 
under circumstances that may invite him 
to exaggerate or to suppress and in the 
third place, everybody knows that a 
driver's hazards do not depend simply 
on his mileage In the fourth place, a 
very large portion of his hazards are 
hazards of his own creation 

D K LAUER There is of couise no 
doubt that it is reasonable to suppose 
that a salesman 30 or 40 years old who 
travels daily travels more miles per year 
than a youngster 

D R JOHNSON Increased exposure may 
have something to do with increased 
rate, but I doubt very much if you can 
plausibly assume that children under 21 
have a higher exposure rate than the 
average 3 0 - 3 5 year old group 

D R LATJER I was assuming they had 
less 

D R JOHNSON Then the youngsters 
are relatively worse than they now ap
pear to be 

PROFESSOR MORRISON T O me there is 
no mystery as to why young dnveis 
have many accidents, and I doubt if it 
has much to do with their driving ex
perience, in years or miles Even casual 
observation shows that when a car 
shoots ahead in traffic the chances arc 
at least ten to one that the driver is a 
young person These young drivers are 
usually skillful but they do not have, or 
at least do not exercise, judgment Youth 
has always been impetuous, daring, and 
rather careless of consequences Also, 
it IS usually young people, rather than 
their elders, who go out for a good time 
at night, visit roadhouses and have 
enough drinks to cause accidents 

The general assumption is that in all 
traffic accidents it is the drivers who are 
to blame, but I believe that in the ma
jority of pedestrian accidents the pri
mary fault lies with the pedestrians In 
one city half the pedestrians killed in 
1936 were either crossing streets against 
red signals or crossing between intersec
tions, usually in the dark It takes a very 
careful and alert driver to avoid hitting 
an old man in daik clothes crossing in 
the middle of a block on a poorly lighted 
stieet at night, and hardly anyone can 
avoid hitting a child who suddenly darts 
out in front of him from between parked 
cars 
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T H E H I G H W A Y S A F E T Y P R O B L E M 

B-i B W CHUM 

Duector, Highway Reseaich Boaid 

SYNOPSIS 

It is apparent that there is no panacea for the hazards that have grown up 
along with the development of highway transportation No single corrective 
measure can solve the problem of highway safety 

Recent research indicates the presence in tlic driving population of three classes 
of drivers a considerable gioup of accident fiee individuals, a relatively 
small group of accident pi one or high accident individuals and a large number 
of drivers who participate in a large number of accidents more oi less according 
to the laws of chance 

While a first objective should be to segregate the accident prone operators 
and either eliminate them or change their habits by educational methods, it is 
evident that to reduce highway accidents to the lowest possible terms a long 
pull must be directed toward reduction of the total number of mishaps suffered 
by the great number of drivers who may be considered normal 

To do this, it is equally apparent that sustained effort directed against many 
accident causative factors must be put foith The roads and vehicles must be 
built and maintained in the safest possible condition for normal use, uniform 
rules and control methods must be adopted throughout the nation, and the 
driving public must in some way be brought to adopt better driving habits and 
a better attitude towaid the use of motor vehicles Owing to the statistical fact 
that the average driver's expectancy of being in a serious accident is only about 
one in twenty years, there is an indifference on the part of individuals that must 
be overcome Two factors which would lepay immediate attention are the dis
proportionate share of highway accidents involving young drivers and the high 
rate during the houis of darkness 

While the objectives can be clearly seen and the piincipal lines of approach 
are to some extent indicated, much more information on many phases is needed 
to make the attack all along the line effective The hazards of the road must be 
studied m relation to driving practice and motorists' behavior under all con
ditions must be exhaustively studied before the characteristics of good driving 
behavior can be authoritatively stated Definite information on the relation of 
intoxicants to highway hazards must be secured 

Much money and well directed effort jointly by the Buieau of Public Roads 
have already been expended in combat- and Highway Research Board m cooper
ing the hazards of highway travel Al - ation with many other organizations for 
though substantial reduction in the ratio the purpose of collecting definite mfoi-
of accidents to traffic as measured by mation about some factors which are 
gasoline consumption has been effected, suspected of being near the core of the 
still with increasing travel the total of situation From study and observation 
mishaps is growing I t is generally recog- during the progress of this work and 
mzed that something more is needed But study of the data secured, I have de-
what? veloped a picture of the situation that 

To devise corrective measures logi- has clarified the matter for me Although 
cally, knowledge of the facts is required nothing startling or revolutionary can be 
Before any problem can be solved it said the analysis of the facts so far as 
must be broken down into its component they are known brings into sharper focus 
parts and the available pertinent facts some of the things that can be done now, 
determined and some upon which further light must 

During the past year a large amount be shed 
of work and study has been earned on The picture in broad outline is simply 
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this Only a minoi pait of the accidents 
can be assigned to definite groups in 
the population that can be identified as 
such The majority of the accidents 
happen to the great bulk of the drivers 
who cannot be segregated into indepen
dent groups This means that although 
definite measures are indicated in the 
cases of two groups, the young drivers 
and the accident prone, both of whom 
have more than their share of accidents, 
the attempt to reduce the accident rate 
in the great undivided class must make 
intensive and continuous use of every 
weapon that can be thought of This 
majority has every conceivable kind of 
person in it and they have traffic acci
dents in every imaginable kind of way 
There is no panacea The problem can
not be solved by attack along any one 
line 

I propose to discuss the problem in 
three parts Facts, What can we do 
about i f and Needed Information 

FACTS 

Individual Indifference 

To me a most significant fact is the 
indifference we all display as individuals 
to this serious situation True, we talk 
about it, we hold meetings, we make 
speeches, and sometimes we even give 
money, but to get right down to it and 
apply everything we hear about bad 
drivers to ourselves is not done When 
we drive, all of us—drunk or sober— 
think we are good drivers and none of 
us expects to have an accident The 
reason for this is understandable- Of 
28,270,000 motor vehicles about 43,470 ^ 
were involved m 37,800 fatalities in 
1936 and proportionately there were 
probably about 1,400,000 vehicles in
volved in the 1,200,000 personal injuries 
in traffic accidents of 1936. The chance 
of my car or yours being m one of these 

1 Accident Facts 1937, National Safety 
Council 

accidents is slight I f the average vehicle 
IS driven 10,000 miles per year there are 
approximately 283 billion vehicle miles 
traveled or 202,143 for each vehicle in
volved m a personal injury accident 
This means, if you drive your car 10,000 
miles per year, your chance, if you are 
an average driver, is one serious accident 
m 20 2 years. The plain mathematics of 
the situation is that no driver either 
consciously or subconsciously expects to 
have an accident now, but the possibility 
of only one personal injury accident in 
a lifetime is something to be concerned 
about 

Accident Prone and Accident Free 

It IS well known that some individuals 
have the unhappy faculty of being on 
hand when accidents happen Recent in
vestigations of the Bureau of Public 
Roads and the Highway Research Board 
in cooperation with the Connecticut 
Commissioner of Motor Vehicles demon
strates the presence in the driving popu
lation of a relatively small group of high 
accident individuals, a larger group of 
comparatively accident free individuals 
and the residue, which comprises the bulk 
of the drivers among whom the larger 
part of the accidents are distributed more 
or less according to chance The distri
bution is no doubt affected by ages of 
drivers, liquor, lecklessness, physical 
conditions and m fact by all of the 
myriad factors that figure in accidents 

A random sample of every tenth one 
of 408,000 drivers re-licensed to operate 
in Connecticut in 1932 resulted m a list 
of 29,531 drivers who were licensed 
through the six-year period 1931-36 and 
whose accident records were known In 
the six-year period these 29,531 drivers 
had 7,082 accidents that were reported 
However, 23,881 drivers had no accidents 
and 4,503 had one accident leaving only 
1,147 who had two to seven accidents 

According to Poisson's law of small 
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chances, if the 7,082 accidents had been 
distributed among the 29,531 drivers 
without regard to identities and personal 
histories, 23,234 of them would not have 
an accident, 5,572 would have had only 
one accident and 725 would have had 
two or more accidents There were, there
fore, 647 more drivers who had no acci
dent and 1,069 fewer drivers who had 
only one accident than would be expected 
if the accidents were distributed on this 
basis The better-than-to-be-expected 
results m these two groups indicate that 
there must be a fairly large group of 
drivers m the population who are more 
than ordinarily free from trafiSc accidents 

And on the other hand, the fact that 
there were 422 more drivers who had 
2 to 7 accidents than expected indicates 
the presence of a smaller group who are 
more than ordinarily susceptible to traffic 
accidents 

The significance of these facts is not 
so much that there is an accident prone 
group, for that has long been recognized, 
but that this group is relatively small 
In the SIX-year period studied, only 1 5 
per cent of the population appeared to 
be accident prone With longer experi
ence this figure would presumably in
crease since no doubt some accident 
prone mdividuals might luckily escape 
with only one accident in such a short 
period as six years But even if we esti
mate that one quarter of the one accident 
group are also accident prone, we have 
accounted for only 5 per cent of the 
population and 30 per cent of the 
accidents 

Of course, it is imperative that this 
group of accident breeders be reduced 
but even if they could be "liquidated" 
altogether, the larger part of the accident 
problem would still remain 

It I S true that these figures are based 
on study of a limited population in a 
single locality for a comparatively short 
period Other populations, accident defi

nitions, and times would produce other 
figures However, I believe that this 
experience is sufficiently close to a cross 
section of the accident situation to justify 
the rather broad conclusions I have here 
set down 

Identification of the Accident Prone 

Comparison of the first three years of 
the six-year period with the last three 
years showed that, given the histories of 
a group of drivers in one half of an ex
perience such as this, it is possible to 
predict the performance in the second 
half This demonstrates that if adequate 
driver histories are recorded they can be 
used to sort out the high accident indi
viduals m a comparatively short period 
even though an average individual's 
chance of being m a personal injury 
accident is only once in 20 years 
, Far better than detecting accident 
prone drivers from their records after 
they have done much damage, would be 
to examine prospective drivers and deter
mine in some way whether or not they 
might be expected to have this pro
pensity To this end scientists have 
experimented with tests that require the 
operator to use skills that presumably 
are necessary or related to those that are 
necessary for good driving With the 
cooperation of the Iowa State College, 
the Harvard Bureau for Street Traffic 
Research and the Connecticut Depart
ment of Motor Vehicles the tests devel
oped by Lauer at Iowa State College 
and DeSilva at Harvard were applied to 
about 3,000 drivers in Connecticut where 
their records could be ascertained The 
analysis of the data has not been com
pleted but so far it appears that a sub
ject's reaction to the whole of either set 
of tests will not indicate his propensity to 
accidents in general Whether or not in
dividual tests may show leanings toward 
particular kinds of accidents has not yet 
been determined 
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Younger Dnvers 

Data from Connecticut, Massachu
setts and the District of Columbia dem
onstrate that the younger drivers, ages 
16 to 25 years, have nearly twice as 
many accidents involving death or per
sonal injury as would be their share 
according to their number m'the popula
tion In the Connecticut study of 2,467 
fatal accidents it appeared that if the 
fatal accident rate among the drivers 
less than 25 years in age could have 
been reduced to the average rate of the 
whole population 291 fatalities or 11 8 
per cent would have been avoided This 
fact points to a definite part of the 
population which needs and should be 
susceptible to educational methods Of 
course there is some overlapping of the 
accident prone and young driver groups 

Multiple Causes of Accidents 

No one can read even a part of the 
1,715 case histories of fatal accidents 
collected by the Bureau of Public Roads 
and the Highway Research Board with 
the cooperation of the Yale Transporta
tion Committee without being impressed 
by the innumerable combinations of con
ditions and circumstances relating to 
vehicle, road, driver, passenger, and by
stander, which are involved in highway 
traffic mishaps It is seldom that a single 
cause can be assigned, in most cases at 
least three important factors contribute 
to the unfortunate result 

Reports, Records, Laws, Rules, Signs 

It would seem, without argument, that 
a primary requisite for traflSe control 
would be accurate and complete reports 
and records of accidents, continuous ac
cident histories of all licensed drivers, a 
reasonable, sensible and helpful system 
of laws and rules; and an adequate 
system of signs and signals for the 
information of the traveling public It 

would fuithermore seem, in view of the 
total lack of significance of state lines 
to motor ^ ehicle traffic that these various 
functions should be uniform throughout 
the United States In spite of the ele
mentary nature of these postulates, and 
in spite of the fine work for a numbei 
of years of the Conference on Street 
and Highway Safety the report of the 
Secretary of Agriculture to the Congress 
exhibits a truly chaotic condition in these 
important safety requisites 

Day and Night Accidents 

If night driving could be made as safe 
as daytime driving, highway accidents 
would be reduced by one third and al
most half of the lives lost might be saved 
As reported by Arnold Vey ̂  in New 
Jersey in 1933, 44 per cent of the total 
accidents and 55 per cent of the fatalities 
occurred at night This is corroborated 
by the National Safety Council's "Acci
dent Facts" for 1937 which reports that in 
26 States 48 per cent of all personal in
jury and 60 per cent of all fatal accidents 
occur at night Approximately half of 
all accidents occur at night when the 
traffic I S much less than m the daytime 
According to Vey, night traffic in New 
Jersey is about 20 per cent of the 24 hour 
tiaffic These facts mean, therefore, that 
daylight traffic must be four times as 
dense as that at night in order to make 
travel by day as hazardous as by night 

In New Jersey m 1933 there were 1,185 
fatal accidents, of which 651 occurred at 
night By elimination of the hazards due 
to darkness, 488 of the night fatalities 
or 41 per cent of the total deaths might 
have been avoided 

In view of our groping efforts to lessen 
the traffic toll the conclusion that by 
overcoming the hazards of darkness the 
problem can be reduced by one third or 

2 "The Relation of Highway Lighting to 
Highway Accidents," Arnold Vey, Proceedings, 
Highway Research Board, Vol 14, Part I , p 429 
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more is startling Here is a point of 
attack that warrants almost any expen
diture of time or money 

There is evidence to indicate that for 
roads where the density of traflfic justifies 
the cost, effective oveihead lighting is 
being developed Data from New Jersey 
in Table 1 show that the lighting of one 
heavy traffic road did make day and 
night diiving comparable 

dent rate of only 4 25 per million vehicle 
miles with fatalities at the rate of only 
one per 7̂  million vehicle miles 

W H A T C A N B E D O N E A B O U T I T 

Having thus assembled certain facts 
which are particularly pertinent to a 
broad picture of the condition that con
fronts us, what do they indicate can be 
done to improve the situation? 

T A B L E 1 
CoMPARlbON O F D A Y A N D N i G H T A C C I D E N T S O N L I G H T E D A N D U N L I G H T E D 

R O A D S I N N E W J E R S E Y 

Route Miles 
A V N O of 

vehicles 
per 24 hours 

Day accidents 
per million 

vehicle miles 

Night accidents 
per milhon 

vehicle miles 

No 25, Lighted 4 22 32,000 3 10 2 61 

No 26, Unlighted 6 52 8,800 2 42 7 70 
No 26, Unlighted 2 27 8,400 2 08 8 80 
No 26, Unlighted 3 90 8,400 2 79 7 55 

Safeguarding the Highways 
The type of highway that can be built 

in any given location depends funda
mentally upon its earning power through 
charges against highway users and in 
some cases other beneficiaries In con
gested regions reasonable charges will 
provide four lane divided roadways, 
grade separations, limited access, lighting 
and all the other safety arrangements yet 
devised, but on thousands of other miles 
of main roads, raising the cost of such 
improvements would tax the highway 
user out of business As not even an 
approach to this condition is likely to be 
tolerated by public opinion, it remains 
that the only hope of impioving the 
accident situation on huge mileages of 
roads and streets lies in persuading the 
drivers to operate carefully, and m im
proving those features that constitute 
hazards to reasonably careful drivers It 
is a fact that our so-called "inadequate 
highway system" somehow manages to 
carry an annual traffic of 300 billion 
vehicle miles with a personal injury acci-

The United States, if not the whole 
world has enthusiastically adopted this 
form of speedy personal transportation, 
in which, I think, all will agree there are 
some inherent risks Our problem is to 
learn how to live with it in such a way 
as to minimize the hazards to life and 
limb« 

It 18 apparent that there i s no panacea 
for the hazards of highway transporta
tion No single corrective measure can 
satisfy the'need The majority of the 
accidents happen to the great body of 
the drivers m myriad ways and through 
almost infinite combinations of circum
stances 

It I S evident that m so far as millions 
of drivers are concerned there is a large 
element of chance The long-time objec
tive, therefore, must be the lowering of 
the accident rate level for those drivers 
that aie not accident prone nor suscep
tible to accidents on account of lack of 
experience 

= Aftei T H MacDonald 
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But before discusing that problem, let 
us consider the cases of the youthful 
drivers and the accident prone 

Youthful Drivers 
There is no evidence as to why it is the 

younger drivers have so much more than 
their share of the accidents Whether it 
is because of lack of manual skill or 
lack of good judgment in the pinches we 
do not know It is probably some of 
both However we do know that in most 
States new drivers are required to demon
strate some degree of manual proficiency 
before being licensed and that very little 
attempt is made to make sure that they 
are taught those more extensive attri
butes of judgment and attitude that are 
necessary for good driving 

However, one treatment is plain, better 
training for new drivers Just how this 
I S to be accomplished is not to be gone 
into here It is enough to say that train
ing and examination of new drivers must 
be undertaken on a hitherto unthought 
of scale The fine pioneer work in this 
field of the American Automobile Asso
ciation must be vastly extended 

Accident Prone Drivers 
The case of the accident prone is not 

so plain First he must be isolated as an 
individual, then he must either be elimi
nated or reeducated so that his hazardous 
tendencies will disappear As has been 
shown it I S possible from adequate 
records to select the group of drivers 
which contains the accident prone indi
viduals How to select the individuals 
and what to do about them is a problem 
for continued psychological research 
Tests and measurements of physical and 
mental attributes that may affect a per
son's driving ability have been under 
intensive investigation, notably by Lauer 
and DeSilva for some time Although I 
do not think the applicability of these 
tests to pre-identification of hazardous 

drivers and to granting of driving licenses 
has been defined, there can be little doubt 
of their educational value, in that anyone 
should profit from knowledge of his own 
characteristics If one has defects in 
skills that are related to driving a car, 
knowledge thereof should at least tend 
to make him more careful 

It I S at least evident that an adequate 
system of accident reporting and record
ing is essential for control of the high 
accident drivers To do anything at all 
on this situation administrative authori
ties must have at their finger ends the 
histories of all drivers who have partici
pated in accidents 

Lowering the General Accident Level 

The only apparent fact about the prob
lem of reducing the accident rate for the 
great mass of unsegregated drivers is that 
to affect this situation intensive and con
tinuous work on every possible angle 
must be prosecuted for a long time The 
brunt must be borne by the highway 
transportation industry (which takes in 
most of the population m one way or 
another) and government Neither can 
handle the situation alone and both will 
have to put some very large scale money 
and effort into it before the accident rate 
can be reduced to its lowest level 

To discuss all of the possibilities would 
require a volume I shall only mention 
in passing what seem to me to be some 
of. the fundamental factors in the 
situation 

Drivers An entirely new attitude of 
mmd toward the use of highways by fast 
moving vehicles is needed We still retain 
too highly individualistic a concept of 
our rights and duties Highway transpor
tation at the speeds that are bound to 
prevail will always be hazardous and 
community safety as well as personal 
safety must become a first concern of 
the individual 
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It would help if we could all adopt 
the frame of mind that we must be in 
some way at fault ourselves whenever 
we get into a risky situation or are in
volved in a mishap There is considerable 
truth m the thought that "Good drivers 
do not get into tight places " There are 
some people—I do not know how many, 
I have only met a few—who have a 
judicial attitude toward their own acts 
and can adopt that point of view, but 
there are plenty to whom it is mentally 
impossible to take that position Never
theless continual bearing down upon such 
points should ultimately have some effect 

Better driving habits must m some 
way be inculcated It is obvious that we 
cannot be frightened or intimidated into 
better habits The apathy of the indi
vidual, previously mentioned as being 
accountable for by the low accident ex
pectancy of the average driver, demon
strates this The only answer I can think 
of I S , better training of the new drivers 
and reeducation of the old ones Better 
training of new drivers will in the course 
of time account for the whole population 
and I S therefore of tremendous impor
tance In the case of the present older 
drivers some system of tests that will 
ahow them their weaknesses in places 
that may affect their driving ability may 
prove to be effective Of course it would 
be a huge task to test 28 million drivers, 
but if such ideas are found to be effective 
we must cease talking about costs being 
prohibitive 

Pedestrians Two out of five traffic 
accident deaths are pedestrians* Cer
tainly attack on this phase of the problem 
I S clearly indicated The record * shows 
that 52 per cent of the pedestrian acci
dents occur between 6 P M and mid
night, which indicates that light must be 
an important factor m their occurrence 
A significant fact reported recently by 

Accident Facts 1937, National Safety Coun
cil 

Michael A Conner, Connecticut Com
missioner of Motor Vehicles is that, of 
1,238 pedestrians killed in Connecticut 
during 1932-1936 (inclusive) only 48 
were operators of motor vehicles This 
shows the necessity of impressing upon 
the non-drivmg public the difficulties of 
handling motor cars in heavy traffic and 
the fact that although a walker may 
clearly see an approaching vehicle, con
ditions may be such that the driver may 
not see him It is quite possible that a 
man may be within the visibility range 
of a car's headlights and still the driver 
may actually not see him until it is 
too late All drivers are aware of this 
possibility 

The fine work being done with school 
children should be supported and ex
tended. It will not only save the lives 
of juveniles now but should lower the 
accident rate when those who are chil
dren now are grown up 

Vehicles • It is perhaps needless to say 
that the driver is entitled to a vehicle 
which is originally safe for reasonable 
use, and that thereafter he has a respon
sibility to others as well as to himself to 
keep it in safe condition The producers 
of motor cars are well aware of the neces
sity of embodying in their design every 
practicable feature likely to contribute 
to safe operation, and improvements in 
this respect are made continually I shall 
only mention three items that seem to 
me to offer possibilities (1) Better 
range of vision for the driver, (2) Obvia-
tion of the time lost in moving the foot 
from the accelerator to the brake pedal 
in emergencies, and (3) Elimination of 
headlight glare along with increase in 
visibility at night On thousands of miles 
of road the vehicles must continue to 
carry their own illumination and the need 
for something better than we have is 
obvious Although many headlighting 
improvements have been made, it is still 
dangerous to meet another car at night 
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when all one can see is the lighted space 
between the two cars and that made 
indistinct by the glare of "the approaching 
headlights 

Roads The normally careful driver is 
entitled to roads safe for reasonable use 
He I S entitled to more than that, he is 
entitled to a factor of safety that will 
give him some measure of protection 
against the hazards over which he has 
no control Of these I know of thiee ^ 
(1) The acts of other drivers, (2) The 
acts of pedestrians (particularly when 
one steps into your path from behind a 
parked car), and (3) blind intersections 

Much has been learned about elimi
nation of hazardous features of high
ways, width of lane, sight distance, 
super-elevations, shoulder width and 
treatment, ditch sections, skid resistant 
surfaces, and gradient are details of de
sign that are now studied much more 
carefully in relation to safety than m 
the eaily days of the motor vehicle If 
what we now know is desirable could be 
applied at once to all old as well as new 
roads highway accidents could be greatly 
reduced 

Since the greatei part of the rural roads 
cannot be made accident-proof, or even 
fool-proof, the only road solution to the 
accident problem is to build into the type 
of road justifiable on economic grounds 
at a given location, all of the known 
safety features applicable to its type or 
class This will involve due attention to 
the prevailing and to be expected customs 
as respects speed and vehicle character
istics On existing improved roads it will 
involve careful study and treatment of 
specific locations potentially and actually 
hazardous from the standpoint of modern 
operating practice Dependent on traffic 
conditions improvements for safety 
should lange from treatment of hazard
ous spots to the construction of limited 
access super-highways 

5 After H C Dickinson 

Traffic Control Much can be done to 
lower the accident rate through proper 
control of the traflSc, but there is an 
urgent need for unification of practice 
throughout the nation The driver is 
certainly entitled to uniform rules, regu
lations and practices m everything that 
affects driving habits he is entitled to 
freedom from conflicting and meaningless 
laws and regulations Certainly when 
this objective is reached it will be rea
sonable to expect improved conditions 

Law enforcement is a necessary ad
junct to trafiic control but it is axiomatic 
that no law affecting the entire popula
tion can be enforced without popular 
support It follows therefore that regula
tory measures that are needed for safety 
must be sold to the public In this con
nection it must be recognized that most 
of the acts in violation of motor vehicle 
laws or ordinances are not criminal m 
nature, and that treatment of such of
fenders from the criminal standpoint 
will not promote popular support for law 
enforcement 

Remarkable results have been secured 
in Evanston and several other cities by 
using the police power from the stand
point of accident prevention, and it is 
through this type of activity that the 
law enforcemeht agencies may contribute 
most toward lowering the accident rate 

More patrolmen on rural highways are 
urgently needed Drivers en masse can
not be influenced much by reading the 
record of arrests, convictions, and license 
revocations in the daily papers, but most 
of us can be impressed into carefulness 
by frequent sight of uniformed policemen 

R E S E A R C H 

In discussing corrective measures little 
was said about the details of how they 
might be accomplished This was partly 
because in many respects little or nothing 
can be said until more knowledge is 
available Foi instance it was said that 
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better driving practice should be incul
cated, but who knows with certainty 
just what constitutes the best driving, 
or who knows what should be done to 
solve the problem of vehicle headlightmg 

It would be easy to go ahead and 
generalize on the subject of needed re
search and compile a long list of matters 
that should be studied Howevei, what 
is needed at this time are concrete sug
gestions for research projects that can 
be undertaken now with hope of con
structive results 

From the research point of view the 
driver is the most interesting factor as 
he I S the element about which we know 
the least and which is the least under 
control, but there are several aspects of 
the road and vehicle that should be 
mentioned 

Road Factors 

Design In drawing plans for a given 
road the designer must take into account 
as best he may the volume of traffic and 
the expected speeds Better understand
ing is needed of the inter-relations of 
speed, traffic volume and day and night 
visibility, and such roadway character
istics as gradient, curvature, surface fric
tion, sight distance, width, and cross 
section Some suggested research projects 
are 

(1) Observations of vehicle behavior 
on curves of different radii and super
elevation at different speeds 

(2) Study of road conditions and 
accident records m every highway juris
diction to locate hazardous spots 

(3) Observations of conditions and 
distances by which objects variously 
placed can be seen or not seen at night 
by drivers of moving vehicles 

(4) Experimental lighting of a suffi
cient number of roads and hazardous 
spots of known accident history to estab
lish criteria for the use of overhead 
lighting 

Surface Slippenness The resistance 
of pavements to skidding is of great im
portance Recently apparatus has been 
devised by which the frictional resist
ance between surfaces and tires can be 
measured, but only comparatively few 
surfaces have been tested Every road 
building authority could improve its 
practice by measuring the frictional 
properties of the surfaces it has built 
and is now building, and by constructing 
experimental sections for the purpose of 
determining upon the best design 

Guard Rail Tests Numerous uncor-
related tests have been made of different 
types of guard rails There is need for a 
correlation study of all of them with a 
view to devising a standard method of 
-test by means of which guard rail designs 
can be evaluated 

Warning and Informational Signs 
There is a great lack of uniformity in 
the methods used to convey important 
information to the speeding driver The 
standards of the Association of State 
Highway Officials do not go far enough, 
stripes and other markings on the pave
ment should be included as well as road
side signs There are great differences 
of opinion over the use of stop signs, 
and over the locations and spacing of 
all signs A national survey is needed 
of the use and observations of all kinds 
of signs with a view to producing a 
complete standard code 

Vehicle Factors 

Headlightmg The need for portable 
lighting equipment that will eliminate 
glare and give greater visibility has 
already been stressed This is a form of 
research for which the reward of success 
will be very definitely in lives saved 

Fleet Accident Records The prelimi
nary survey of fleet accident records 
made by the Bureau of Public Roads 
and the Highway Research Board in co
operation with the Society of Automotive 
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Enginccis and the Haivard Buieau for 
Street Traffic Research, indicates that 
valuable information concerning the re
lation of vehicle characteristics to safety 
could be secured from detailed study of 
such records 

Inspection of Vehicles It is generally 
agreed that lack of maintenance of cer
tain mechanical details may create haz-
aids However, the extent to which 
vehicular details have contributed to 
accidents is not known, nor has the value 
of the compulsory inspection of vehicles 
carried on in many jurisdictions been 
demonstrated A thorough study of all 
information bearing upon this factor is 
recommended 

Operators 
Here we come to the factor that is 

complicated by all the idiosyncrasies of 
the human race It is a field of research 
that will tax the ingenuity of the psy
chologist, the physicist, the engineer, and 
many other scientists 

Before better driving habits can be 
inculcated we must know what consti
tutes good driving practice, and the 
obvious place to start to learn that, is 
to study drivers' behavior as it is to be 
found now. 

Drivers' Behavior. AVithout attempt
ing to exhaust the possibilities the follow
ing studies are suggested 

(1) Study of a large number of drivers' 
histories, both good and bad m older to 
ascertain the attitude of mind displayed 
toward the job of handling a motor car 
m traffic—suggested by Dr Ralph Lee 

(2) Study means of identifying reck
less and hazard creating drivers. Dr. H 
C Dickinson has suggested that if in a 
given area a large corps of observers 
note the license numbers of all cars they 
see doing one or more of a short list of 
dangerous acts, it should be possible to 
sort out many repeaters who habitually 
cause hazardous situations A brief pre
liminary study has indicated the validity 
of this assumption. This method should 

be checked extensively enough to deraon-
stiate whether it is a feasible method of 
identifying bad drivers before they have 
accumulated a costly accident record If 
the method should prove to be sound 
the next step would be a study of what 
to do about them 

(3) Studies of motorists' habits with 
respect to speed under specific conditions, 
reactions to signs and signals, and re
actions to various physical conditions 
such as steep hills, sharp turns, narrow 
roads , 

(4) It has been suggested by Dr H C 
Dickinson that valuable insight could be 
secuied into what constitutes good and 
bad driving by equipping cars with 
automatic speed lecordmg devices and 
running extensive tests with drivers of 
known lecords, both good and bad This 
idea was extended by Dr Ralph Lee 
who suggests that the automatic record
ing device be arianged to give a record 
of the movements of the steering wheel, 
brake, clutch and accelerator 

Driver Training- Considermg its in
fancy much good work has been done on 
this educational problem Well developed 
methods of demonstrated efficacy are 
available^ However, it is hardly to be 
expected that the last word has been 
said and if development of educational 
methods m this field follows the usual 
course, it will only reach perfection over 
a term of years through the research and 
experimentation of many individuals 
The most pressing need at this time is 
for the application of what we know 
today 

Driver Tests The early detection of 
accident prone and hazardous drivers is 
so important that investigators should 
be encouraged to go ahead and exhaust 
the possibilities of physical and psycho
logical testing 

Alcohol and Motor Vehicles • Although 
all jurisdictions have drastic penalties 
for driving while under the influence of 

"American Automobile Association 
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liquor and m spite of the fact^ that 
accidents traceable to this influence have 
been increasing, the penalties are not 
often applied 

This is not necessarily due to laxness 
of enforcement, but rather to the diflS-
culty of proving in court that the person 
was intoxicated at the time the accident 
occurred Unfortunately, the moral cer
tainty of the arresting officer is not suffi
cient proof in the eye of the law For 
this reason the charge is often changed 
so that the offender can be convicted of 
some lesser offense rather than be per
mitted to go scot free 

Although it I S practically impossible 
to prove intoxication from symptoms 
alone, in the lesser degrees, the debatable 
cases make driving dangerous for the 
sobei drivers Even before a person is 
intoxicated, in the common interpretation 
of the term, there are effects that decrease 
driving ability—slower reactions, lesser 
coordination, narrowing of attentional 
field and that increased self-assurance 
which makes one think he is performing 
brilliantly while in fact doing anything 
but that 

A definite method of determining the 
degree to which a person's actions are 
influenced by a ceitain amount of alcohol 
I S needed Thiee methods of test are 
receiving research attention Analysis of 
the blood, the urine, and the breath The 
blood test I S the most positive but it 
requires the voluntary cooperation of the 
subject The other two need further cor
relation with the blood test And for all 
three the percentage of alcohol found 
present must be more definitely related 
to traffic hazards Also the problem of 
making use of such scientific methods in 
judicial procedure needs thorough study 

Reseaich is needed to determine the 
real part played by alcohol in traffic 
accidents "During 1936 the repoited 
percentages m 26 States of 'had been 

Cll 
' Accident Facts 1937, National Safety Coun-

drinking' or 'intoxicated' participants 
in fatal accidents averaged 7 per cent 
for drivers and 11 per cent for pedes
trians Cities reported an average of 
8 per cent for fatal accident drivers, and 
10 per cent for pedestrians killed That 
these percentages understate by an un
known amount the true situation is the 
belief of most traffic authorities How 
high I S the true percentage' That is the 
question " ^ 

S'pot Investigations 

Cutting across all of the divisions of 
the accident problem—roads, vehicles, 
drivers, pedestrians—is the need for 
study of accidents themselves After all 
it I S the combinations of circumstance 
which cause accidents that we must 
learn about in order to devise remedial 
measures 

Much has been learned from the recent 
study of public records of fatal accidents, 
but it I S felt that much more can be 
learned from study of the reports of 
technical investigations of accidents 
made on the spot immediately after the 
occurrence A competent technical ob
server should note many details, the 
significance of which would escape the 
police officer 

Since the combinations of factors caus
ing accidents seem to be countless, ade
quate prosecution of such a research 
project will require examination of a 
large number of cases 

C O N C L U S I O N 

In conclusion let me merely repeat 
that the big job will be to lower the 
accident rate among the great body of 
drivers, most of whom are reasonably 
careful, and whose serious accident ex
pectancy I S slight but whose nuinbeis 
aie so great that in the aggregate they 
produce a heavy toll in serious injury 
and loss of life 

This is no small problem 
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DISCUSSION—THE HIGHWAY SAFETY PROBLEM 

M R MAURICE HOLLAND, Director, 
Division of Engineering and Industrial 
Research, National Research Council 
Mr Chairman, I have knowledge of this 
specific subject before you I am the 
voice of the pedestrian I live in New 
York City I have never driven a car 
I don't own one I have driven airplanes 
during the war and later I have defi
nitely enlisted the sympathies of a group 
of pedestrians to form a Pedestrians' 
Protective League and although some of 
you plutocrats may be automobile owners 
or drivers, you are also pedestrians I 
do not know how many of you have 
tried to get across the streets of New 
York City when a taxi comes tearing 
round a corner with blast of horn or 
screeching brake Your life is not worth 
a nickel I gather that if we could 
mobilize in New York a considerable 
group, we could get a bunch of lawyers 
to defend our cases and to also educate 
our group in how much of that road is 
open to us, the pedestrians, as is the 
traffic for the motorist—that i n a good 
many instances we would have New 
York's "Finest"^ on our side 

I had an experience recently at Sixth 
Avenue and Thirty-Ninth Street In try
ing to get across the street with the green 

1 New York City Police 

light—I never cross except with a light— 
half a dozen impatient automobile drivers 
had to beat the gun before the traffic got 
across, but there was an alert cop there 
who put those boys where they belonged 
Everybody got across the street safely 
It was my particular pleasure to cite that 
man to the Commissioner of Police of 
New York City and shortly after he was 
promoted for his vigilance m the interest 
of pedestrians I do not know how the 
ratio IS of pedestrians, automobile owners 
and drivers m New York City, but I have 
only to walk some 30 blocks in New 
York City twice a day and I am here to 
put on record the voice of the pedestrian 
who IS going to rise in his wrath and use 
the same protective measures that you 
have on automobiles—safety devices, or 
organizations to see that he gets a square 
break 

M R C M JOHNSTON, Bureau of Public 
Roads Pedestrians, particularly in the 
South with its colored people, should 
wear lights or some sort of reflectors 
when walking on the highways at night 
It IS not always the motorist's fault 
when he fails to see a pedestrian in the 
dark The pedestrian takes the attitude 
that the motorist can always see him It 
IS not true, not even when the automobile 
has bright lights 
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C A H O G E N T O G L E R , Climrman 

Progress has been made during the 
past year in the following lines of en
deavor (1) Stabilized roads, including 
both base and surface courses, (2) Fill 
construction, and (3) Tests of soils for 
foundation purposes 

Specifications have been prepared and 
submitted to the American Association 
of State Highway Officials The follow
ing have been approved by the Com
mittee on Materials of the Association 

(1) Standard Specifications for Ma
terials for Stabilized Surface Course, 
including 

Type A—Sand—clay mortar 
Type B—Coarse graded aggre

gate 
Type C—Gravel, stone or slag 

screenings or sand 

(2) Standard Specifications for Ma

terials foi Stabilized Base Course, in
cluding 

Type A—Sand—clay moitar 
Type B—Coarse graded aggre

gate 
Type C—Gravel, stone or slag 

screenings or sand 
(3) Standaid Specifications for Ma

terial for Use in Embankment Con
struction 

The essential features of these develop
ments are given in the following seven 
plates which are taken from the exhibit 
prepared by the U S Bureau of Public 
Roads for the convention and Road Show 
of the American Road Builders' Associa
tion in Cleveland, Ohio, in January 1938 

Four reports presented at the open 
meeting of the Department on Tuesday, 
November 30, are appended to this 
general report 

467 
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Type No l -GR-ADED MIX, FOR LIGHT TRAFFIC. BUILT WITH BEST LOCAL 
MATERIALS AVAILABLE. The main purpose of the type is to provide an inexpensive 
all-weather surface for the light traffic on the land-service roads. This surface 
may liecome dusty or muddy and portions may get rough or remain smooth. It may 
be built to serve all-year-round travel at costs ranging up.to *L500 a mile. 

Type Na2.-GRADED MIX, FOR MEDIUM TRAFFIC, BUILT WITH A DESIGNED 
AND PROPORTIONED MIX. This type provides adequate service for heavier traffic 
than Type No. I because the surface is wider and thiclcer, the mixture is designed 
cansfully, and the various steps in the construction are controlled so as to produce 
a dense mix.This surface may be built for costs varying from »L500 to $Z500 a mile 

Type Na3-GRADED-MIX BASE WITH A BITUMINOUS SURFACE TREATMENT 
FOR HEAVIER TRAFFIC THAN TYPE No.2. This is a compacf smooth-riding 
surface, with considerable resistance to skidding, which is free from mud or dust 
at all seasons of the year. This substantial surface treatment on a properly-
constructed base may be built for la.BOO to t 5 . 0 0 0 a mile. When all 
new material is used the costs may exceed iB.OOO 

Type No 4.-STABILIZED SOIL BASE WITH A BITUMINOUS MAT SURFACE 
TREATMENT-FOR HEAVIER TRAFFIC THAN TYPE No. 2. The poorly 
graded soil base is stabilised with bituminous binder or Portland cement. This 
surface when property buiit is suitable for relatively heavy traffic The meager 
data available indicates that it may be built for prices varying from • 4 . 5 0 0 
to •7 ,000 a mile. If new aggregate is required to improve the grading of 
the fine-grained material, the cost may exceed •7,000 a mile 

TYPES NUMBER L 2, AND 3 require WEU-GRADED MATERIALS such as art indicated on the chart 
below, within the typical grading band, for road surfaces with clay binders enclosed within ttie RED dashed 
lines. The grading band tor good base materials with clay binders is enclosed by the BLUE full lines 

5 .. 5 .. 

P A R T I C L E - S U E ACCUMULATION CURVE PARTICLE • SIZE ACCUMULATION CURVE 

B E W A R E G O O D S U R F A C E S MAY BECOME UNSTABLE BASE C O U R S E S 

BASE COURSES.-All good surfaces do 
NOT make good tases because the plas
ticity index and liquid limitiie generally 
LOWER for a base than for a surface'. 
Except for those gradings shown within 
the overlapping bands on the chart above, 
good base soils are coarse and contain 
smaller amounts of silt and clay. Hlghty 
stabilized surfaces often become unstable 
when covered with impervious t>ituminous 
surface mats and used thus as bases 

THEREFORE. TftE DESIGN OF A BASE 
COURSE IS DIFFERENT FROM A SURFACE 

SURFACES - In the construction of surfaces, 
especially Type No I. more latitude may be 
used in ttie selection of matenals than in ttic 
base courses for h i ^ type surfaces The reason 
tar this is that an error in Itie design may be 
corrected later by proper maintenance rneasurcs 
In contrast an error in thie design of a tase 
course means failure of ttic pavement laid thereon, 
A road surface, exposed to evaporation, requires 
more clay to hM suffKient film moisture to 
insure adtwsen of the partirJes On Itie contrary, 
evaporation from a base course is cut off by 
the impervious surface THEREFORE. THE IN
CREASED MaSTURE in a GOOD SURFACE 
used as a base course causes all but the best 
of clays to swell and BECOME UNSTABLE 

Figure 1, Four Types of Low Cost Surfaces which May Be Stabilized by Proportioning the 
Materials or by Treating with Admixtures 



HOGENTOGLER—REPORT OF SOILS DEPARTMENT 469 

The poorly-graded bases under the Type No. 4 surfacing, 
described on the previous panel, may be stabilijed by 
asphal+ic, tar, and Portland-cement binders 

THESE BINDERS S E R V E A DOUBLE P U R P O S E : 
I - They prevent the clay fraction from absorbing water and thereby softening the soil mass 

^ " t e t h ; ' 'produce a'^DENSESuBLE, WATERPROOFED SLAB, but NOT a rig,d sbb 
* • ^ Binder 

0* c»p>lljry w«*er 

Portland 
Cernent 

COMPACTION T E S T S , described in a previous panel, are used to determine. (1) fhe 
proportions of the impregnating materials and. (2) the densities to which the slabs are 
to be compacted 

PROPER MIXING is possible when the materials are dry and 
powderlike so that when brought info close contact by mechanical 
manipulation, the Fbrtland-cemenf particles thoroughly coat the soil 
grains. This may be accomplished by road or plant mixing 

NEXT the predetermined OPTIMUM AMOUNT O F WATER is 
added and the mixture is made dense by C O M P A C T I O N with the 
aid of sheepsfoof multiple wheel and similar types of rollers 

BITUMINOUS MATERIAL COATS THE SOIL PARTICLES MORE READILY 
after the air films have been removed BY WETTING THE SOIL G R A I N S 
THEREFORE WATER IN VARIOUS AMOUNTS IS USED TO AID IN THE PROPER 
DISTRIBUTION OF TARS. ASPHALTS, AND EMULSIONS THROUGHOUT SOIL MIXTURES 

Road-mix machine bottding an emulsion 
gravel base on US. Route I. in Georgia 

Bituminous surface treatment on 
U S Route 90. in Florida 

Figure 2. Stabilization of Poorly Graded or Fine Graded Soils 
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NATURALLY-GRADED DEPOSITS, which make excellent sand-clay and topsoil 
surfaces are distributed extensively throughout the southeastern States 
Where the CLAY in local aggregates is DEFICIENT IN BINDING POWER, a 
number of admixtures may be used such as: calcium, magnesium, or sodium 
chloride, the sulfite-liquor byproduct of the ywjod-pulp industry, Ihe "blackstrap' waste from 
molasses refineries, and the waste sizes from the manufacture of mineral aggregates 

THE COLLOID FRACTION IS THE PORTION OF THE SOIL 
MOST SUSCEPTIBLE TO SHRINKAGE AND SWELL 

' In this properly graded sand - clay mixture, the 
COLLOIDAL FRACTION .s only 6 PER CENT of 
the total soil volume but its SURFACE AREA may be 
146.000 SQUARE FEET per cubic toot of the mixture 
The SAND. SILT and CLAY comprismq 9 4 PER CENT 
of the mixture by volume, may have a SURFACE AREA 
of onV 33,000 SQUARE FEET per cubic fool of the mixture 

SMtU-ClAV MIXTMKE In other words the COLLOIDS, representing only 6 PER CENT 
of the total volume. ARE RESPONSIBLE FOR 85 PER CENT 
OF THE SWELL OF THE SAND-CLAY MIXTURE 

NATURAL GRAVELS COATED WITH CALCITE and other cements 
produce better results than similar materials without' such coating 

Where BITUMINOUS TOPS^a^g^sSiSeSi^mgm *° ^ ^PP''̂ "^ POSSIBLE JO USE 
CHEMICALS to aid m the compachoo of the base course under traffic 

• • • • IRON and ALUMINA CLAYS containing colloidal cements MAY BE 
• . • • USED WITH GREATER TOLERANCE, especially in base courses than 

^.o-X-C-.^ •- the silica clays which have a greater affmrty for water 
WASTE AGGREGATES such as limestones slags and other SOLUBLE MATERIALS in 
combination with water, develop a gelatinous surface coating which hardens upon dryinq and 
3 L c e s a STABLE SURFACE. THEREFORE. SOLUBLE MATERIALS POSSESS A WIDER 
^ANOE OF GRADING THAN INSOLUBLE MATERIALS AS INDICATED ON THE CHART BELOW: 

The SLIGHTLY SOLUBLE limestone falling within 
the typical grading band at the left and the SUGHTLY 
SOLUBLE slag lying outside the band were sampled 
both from chemically-treated and sattsfaclory road surfaces 
The INSOLUBLE granite, although chemically treated, 
was unsatisfactory until limestone screenings were 
added THIS DEMONSTRATES THE FACT THAT 
GRADING FAILS TO PRODUCE A STABLE SURFACE 
UNLESS ADEQUATE BINDER IS PRESENT 

FOR BEST RESULTS MATERIALS OF GOOD QUALITY MUST BE HANDLED 
DURING THE CONSTRUCTION OPERATIONS SO AS TO INSURE PROPER MIXING. 
COMPACTION. AND CONTROL OF THE MOISTURE CONTENT ESPECIALLY WHERE 
PORTLAND CEMENT AND BITUMINOUS ADMIXTURES ARE EMPLOYED 
ROAD OR EVEN PLANT MIXING may produce graded mixtures such tha' the VARIATION 
IN THE PLASTICITY INDEX of the finished surface SHALL NOT EXCEED 3 
ADEQUATE COMPACTION seems to be atfained ir> chemically treated mixtures WITH 
A MOISTURE CONTENT OF 8 TO 12 PER CENT 
DENSITY of road surfaces INCREASES UNDER TRAFFIC after construction As applied to 
BASES TO BE IMMEDIATELY SURFACED, an effort should be made to reach a HIGH 
DEGREE OF COMPACTION DURING CONSTRUCTION 
DRY WEIGHT OF 130 POUNDS PER CUBIC FOOT of compacted malenals would seem to 
be the MINIMUM before application of the bituminous surface treatment 

Figure 3. For Stability and Long Life Use the Best Materials Available within the 
Allowable Cost Per Mile of the Road 
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Consider the typical soil sample shovm in 
the diagram at the left 
Up to 207 per cent moisture-The soil is damp 
and the moisture films are higtily- cotiesive 
but have sufficient fnction to prevent high 
density From 207 to 311 per cent moisture-
The soil reaches maximum density 
The moisture films have less cementing value but 
greater lubricating properhes From 3u to 477 
per cent moisture "Swell occurs, but stability 
and density drop The sample is wet 
Above 477 per cent moisture-Water gradually 
replaces the air content until at 54 3 per cent 
moisture, the soil becomes completely saturated 

RELATION BETWEEN DENSITY MOISTURE CONTENT, AND STABILITY 
In. the typical diagram at the left 
stability drops off rapidly as moisture 
contents are increased above the 
optimum and vice versa 
At every density less than the maximum 
there is a moisture content below the 
optimum at A corresponding to one above 
the ophmum at B. which the wet soil 
can attain without ctunging volume 

BUT THE CORRESPONDING STABIUTY 
AT A IS 1900 AND AT B IS 270 
POUNDS PER SQUARE INCH 

SlWIUty -791 

too i m MOO BOO ] 
ST*»IUTV 

POUNDS P « SOOAU l«CH 

SUITABILITY OF SOILS FOR FILL CONSTRUCTION D^EPENDS UPON THE 
DENSITY TO WHICH THEY MAY BE COMPACTED 

H E I G H T O F F I L L S 
lO F E E T O R L E S S * M O R E THAt A lO F E E ' r 

Approximate 
Bureau IVMcRaal) 

Cbssiftcalvn 
Ral*ig 

Maximun Raid 
CotT^tion 
ftequ-rements 

Itenum ft> INfciqW 
Appro* iTiate 

Classircatsin 

Maximum Field 
Compadnn 

Ruifa per cube led hrceitc'l>ylfc^ ftwids pcroiKfaol 

89 9 eni leu A-S A-8 Ur\salisfddorY 

900 - 9ft9 A-S A -e Very pocr 95 999 and less A-5 A -e Unsatisfsdory 

00.0 - K)9l9 A-6 A-7 Poor 95 nOO - 109.9 A-6 A-7 Very poor 1000 

110 0 - 119.9 A-4 Fa.r 90 1100 - 119.9 A-4 Poor 95.0 

1200 - 129.9 A-3 A-2 Good 90 I2a0- 1299 A-3 A-2 F . i r 900 

1300 and more A - l 90 130.0 and more A - l Cood 

» for fills lU reer or less in n c i y m ii'o 
plasticity indexes not less than 06 L L minus 90 

Figure 4 Density of a Compacted Soil Depends upon the Thickness of the Moisture Film 
Surrounding the Soil Particles 
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I - Stresses in earth masses must be determined by the design engineer 

Z - Information as to the strength of the soil must be supplied by ttie testing engineer 

3.- Strength data must be qualified by an appropriate factor of safety 

BUT Soil differs from other structural materials in the following respects: 
It has less strength 2 - I t s deformations ane enormously larger 3.-The factor of safety 
st be based on the allowable settlement or displacement of ttie structure instead of u| pon the ultimate strength of the soil, as is the case wifh other" structural materials 

ESSENTIALS O F F O U N D A T I O N D E S I G N O F A B R I D G E P I E R 

fn the diagram at the left tfie natural deposit of earth, resting upon a porous 
layer of sand on a sdid rock foundation is old enough to have reached 
complete consolidation by its cwn weight 
Any pier placed in such a shallow foundation that it produces greater 
pressure than the weight of the excavated earth causes the soil tseneath 
to either, a- consolidate vertically or. (b) displace laterally, the combined 
movement causing the pier to settle vertically 
The distribution of the soil pressure under the pier, according to Boussines<is 
theory is represented graphically by the iso-pressure lines shown in the 
figure at the left The effective pressure distribution is considered to be 
lineal from top to bottom 

In the design of the typical bridge abutment shown at the left 
provision must be made to prevent excessive settlement as m the 
case of the pier and also to insure that the abutment will not be. 
(I) displaced laterally or.(2) rotated because of the subsoil slipping 
along some sliding plane as indicated in the accompanying figure 

TERZAGHI C O I ^ P R E S S I O N T E S T S I N D I C A T E T H E A M O U N T A N D R A T E O F S E T T L E M E N T 
CAUSED BY THE C O N S O L I D A T I O N O F T H E S A T U R A T E D C O M P R E S S I B L E F O U N C A T I O N S O I L L A Y E R 

' Sol.d Rocl. 

.1 lA»O«*T0«v <v^li 

The AI^IOUNT and RATE of settlement of the pier caused by the consolidation of the saturated 
compressible soil layer is indicated by the Terzaghi compression tests. The essentials of the 
device are shown in the figure above Accordinj.^ to the pressure-deformation curve at ttie left 
a pressure of .5 tons will compress the sample to a moisture content of 79,5 per cent 
According to the time-deformation curve 28 per cent of the consolidation will occur in one minute 

The periods of load application which produce equal percentages of compression in soil 
strata, sandwiched between two porous layers and in ttieir representative laboratory 
samples. VARY AS THE SQUARES of the thicknesses of the strata and the samples 
respectively A soil stratum free to dram from but ONE face requires FOUR TIMES as long to 
consolidate as a similar stratum tree to dram from both faces all ottier conditions being ttie same 

Figure 5. Soil Test Data Yield Like Information when Analyzed in Accordance with the 
Same Engineering Principle Used for Other Structural Materials Such as Concrete, Wood 
and Steel. 
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The shear strength of the soil depends upon the cohesion c, the angle of internal friction 0, 
and the pressure p upon the plane of shear, in accordance with the basic equafioni 

s - p tan (> + c v (I) 

The soil must be deformed before shear strength is developed. In some soils, the horizontal 
deformations required to develop ttie ultimate shear strength indicated by test, causes ttie sample 
to be deformed as much as 60 per cent of its thickness. The characters of these deformations 
are shown below in the upper right hand figure 

THEREf^ORE, the ultimate c + ̂  determined by test cannot be used but instead values at which 
ALLOWABLE deformatioms occur, and consequently relations of deformation to c + • arc necessary 

The essential features, of a simple 
device used for determining the 
shear strengths of cohesive soils 
is shown in the diagram below 

The chart below shows the data 
obtained for the maximum honzontal 
deformations of 0.1, 0.2. 0.3 and 0.44 
inches in tests of samples 1-inch thick 

IHtSM WL 

u * * 

; ; : / 
",'/ 

foRECTP'ToF SHEAR ' 

i!»eij»<«Mii.T c# vt"Tir*«. v«* ••tuts 

criD AN A r r i J R A T P CONCEPTION O F T H E E F F E C T O F T H E S T R E S S - S T R A I N 
^H^fe^SAMPLE T^\SeSS MaV̂ bI TAKEN IN̂ ^̂ ^̂  

EXPRESSING T H E HORIZONTAL DEFORMATIONS A£ PERCENTAGES OF TIHE VERTIG\L 
THICKNESSES O F THE SAt^PLES BETWEEN THE E D G E S O F THE FINS OR GRIDS 

soor-
UlT KATt VMAJI PF C AS DI^IH| ,*rD (IV TEST 

it 

PERCENT OP EPFECTTVe TMtrKHESS D E K » n » T n l N IN PtKVa OF EFFECTtve THlCKHESS 

The curves in the two figures above represent test values on a sample of clay soil 
0 2 of an inch thick between fins; moisture content of 27 per cent; liquid limit 
of 43: and a plasticity index of 2 4 

IT IS E V I D E N T T H A T T H E P O S S I B L E L A T E R A L D I S P L A C E M E N T O F A 
B R I D G E A B U T M E N T O N A S O I L L A Y E R 6 I N C H E S THICK M I G H T N O T B E 
D A N G E R O U S W H E R E A S T H E L A T E R A L D I S P L A C E M E N T ON A S O I L L A Y E R 
6 F E E T T H I C K MIGHT. B E D I S A S T R O U S 

Figure 6. Shear Strength Determines the Resistance of Soil to Lateral Displacement from 
Beneath Piers and Along Planes Beneath Abutments 

16 
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The SHEAR STRENGTH of the soil depends upon the COHESION and the 
ANGLE OF INTERNAL FRICTION of the soil according to the basic equat ion 

s - p tan • • c • 
I which s= shear strength or stress m pounds pe r square t f i ch 

p ' - p r e s s u r e n o r m a l to shea r ing plane p o u n d s p e r s q u a r e mc^i 
• - a n q t e o f m t e r r a l f n c t . o n in d e q r p e ? 
c > cohes ion m pounds per square inch 

(0 

nWE DEFORMATION CURVE 

under a n o r n 
and at a smqle 

rtw titne 
horizontal de( 
Ihorijontal) loa 
IB computed b 
by ttie area of 
of dppiicahon t 

010 

OOS 

0 1 2 3 , 
Shear.ng stress m pc 

SHEAR STRENGTH-1^01 LOAD RELATIONS 

a O'-**^-^ ^ i ' • ^ ' 
0 1 2 3 4 5 6 7 

Normal s tress in pounds per square inch 

DEFORMATtON cur. 

f-Cises to hon 

strength to normai 
sho"rfi by the TOP 1. 
The relations for de 
are shown by the In 

The p h o t o g r a p t i above shows how a 
ver t ica l plarte.in a sample b e f o r e a test, 
was d i s to r t ed af ter the sample was 
sheared to fa i lu re 

Design data for all other engmfenr 

spondwv) arKjte of »iterr«l f n c t o n and tt>e cohesion As a result entirety 
erroneous conclusions have been reached with regard ki the shear-strength 
relations where ttie deformations were (ess ttwn ttie ultimate' 

AvaiiaWe data Txiicate that the horijonta* deformat-ons of a soit under tes ' 
are caused largely by accumulations of distortions distributed vertfcally 
through the sample CONSEQUENTLY, THE MAGNITUDES OF THE 
RECORDED DEFORMATIONS APT DEPENDENT MAINLY ON THE THICK
NESS OF THE S A M P L E 

Figure 7. Shear Tests Show the Ulimate Strengths and Deformations at which Failures Occur 
as Well as the Stress-Deformation Relations Less than the Ultimate 



CONVERSE—SOIL SAMPLING 475 

R E P O R T OF COMMITTEE ON METHODS OF EXPLORING, 
S U R V E Y I N a AND SAMPLING SOILS FOR 

HIGHWAY PURPOSES 
B Y FREDERICK J CONVERSE, Chairman, 

Assistant Professor of Civil Engineering, California Institute of Technology 

SYNOPSIS 

Methods of obtaining undisturbed soil samples are described in detail for eight 
States Cahfomia, Iowa, Kansas, Louisiana, Michigan, New York, Ohio and 
Wisconsin Allowing for altering circumstances in various parts of the country, 
there is still widely diffenng opinion as to what constitutes satisfactory sampling 
The two principles of sampling always applicable are that the explored prism 
should be adequately covered, and that samples should be as nearly as possible 
undisturbed Because there is no truly satisfactory equipment yet available, it is 
hoped that highway departments will include a study of the problem in their 
programs of research 

The methods of exploring, surveying 
and samphng soil for highway purposes 
may be divided into two general classes 
The first includes the determination of 
the physical characteristics of the soil as 
1 elated to its performance in a reworked 
or compacted condition The second di
vision includes principally the determina
tion of the bearing capacity and perme
ability of the undisturbed foundation 
material 

The first division has received a great 
deal of attention from research workers 
in the highway departments, and methods 
of surveying and samphng have been 
developed to a very satisfactory state 
The need for extensive work m the second 
division has not yet been so important m 
most States, but the development of high 
speed highways, with their deep cuts, 
high fills and larger bridges, is making 
the question of stability of foundations 
one of ever increasing importance to the 
highway engineer 

Stability determinations are based on 
tests of undisturbed soil, and consist 
mainly of the determination of shear and 
compression strengths, density, and per
meability These are laboratory tests, 
and are usually not performed on the 
material in place It is necessary, there
fore, either to obtain undisturbed samples 
for use in the tests, or to devise new 

methods of getting equivalent values for 
the material in place Although the lat
ter procedure has great possibilities of 
ultimate success, the former is farther 
developed at this time, and is giving 
results which are at least approximately 
accurate 

The work of the committee this year 
has been directed toward extension of 
the general knowledge m this latter field 
By means of a questionnaire, a survey 
of the existing equipment now in use by 
the highway departments of the various 
States was made, particular emphasis 
being placed on critical analysis of 
equipment for determining undisturbed 
samples 

The generous response from the State 
highway departments indicates much in
terest in the subject, but reveals that 
few have found it possible to extend 
personnel and equipment to include such 
investigations Of those reporting, Cali
fornia, Iowa, Kansas, Louisiana, Michi
gan, New Mexico, Ohio, and Wisconsin 
attempt to obtain undisturbed samples 
The methods used by these States will 
be described in detail 

T E S T PITS 

For shallow depths the practice of 
digging pits and carving out a sample is 
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followed in several States Tiie practice 
in Ohio, as reported by Mr Litehiser, 
IS as follows 

"In obtaining undisturbed samples, a test pit 
of dimensions approximately 6 ft by 6 ft is 
excavated and samples taken at the desired 
depths When a sample is to be taken, a mound 
of undisturbed soil is left in the center of the 
pit and the remaining portion excavated to a 
depth of 11 in below the top of the mound 
This mound is then carefully trimmed until 
a cylinder of undisturbed soil 11 in high and 
5i m in diameter is left standing in the bottom 
of the pit A cardboard cylinder mold 12 in high 
and 6 m in diameter is placed over the cylmder 
of soil, and the space between the soil and the 
cardboard filled with hot paraflSn When the 
paraffin has cooled, the cylinder of soil is cut 
loose from the base, inverted, and the other end 
sealed with paraffin 

"When the test pit reaches a depth of greater 
than 6 ft , cribbing is used It is sometimes 
necessary to use pumps to keep the water out of 
the test pit 

"Undisturbed samples are stored and carved 
for testing in the moist room at the laboratory 

"Taking samples by this method insures get
ting as true undisturbed samples as possible 
Disadvantages are that this method of obtain
ing undisturbed samples is quite slow and 
expensive 

"It is impractical to obtain samples from 
depths greater than 20 or 25 ft by this method " 

Mr Kushing of the Michigan State 
Highway Department reports that" 

"Where undisturbed samples are required, it 
has been the Department's practice to obtain 
these from a test pit rather than from a boring 
In the case of clays a large sample (1 to 1 cu 
f t ) IS carved from the body of soil, trimmed, 
and coated with paraffin The sample is packed 
carefully to avoid breaking the paraffin seal and 
taken to the laboratory The sample is weighed 
in the field before and after coating with paraf
fin and these weights checked when the labora
tory tests are run 

"In the case of granular materials undisturbed 
samples have been successfully obtained by 
carefully forcing a seamless tin sample can mto 
the sand or gravel until it is completely filled 
The can is raised on a square pointed shovel 
or tiowel, inverted, and the top struck off with 
a straightedge The sample is weighed and 
sealed and taken to the laboratory for testing 
This method of obtaining undisturbed samples 
of granular materials has been used successfully 

even in gravel deposits, but is particularly 
suited for sand 

"The methods used for obtaining undisturbed 
samples require the digging of a test pit for 
deep foundations, but in the case of subgrade 
investigation where samples can be taken at or 
near the surface, the expense is very small It 
IS then possible to take a much larger number 
of samples and obtain a more comprehensive 
picture of the soil conditions " 

It is recognized by all that this method 
of sampling, while satisfactory for occa
sional samples near the surface, is slow 
and expensive where many samples are 
required and deep pits are necessary 
Pipe samplers of many forms have been 
used extensively for deep sampling The 
present stage of the development and 
practical use of such devices is disclosed 
by the results of the Committee's survey 

DRIVEN T U B E SAMPLERS 

Mr Roettiger reports that in Wis
consin: 

"Attempts have been made to obtain undis
turbed samples by driving sharpened sections of 
pipe with the idea of cutting a core from the 
soil This has not been satisfactory because it 
compresses the soil at the circumference of the 
sample It also squeezes out some of the 
moisture and the sample is not representative 
of the natural condition of the soil " 

"The regular practice of the Michigan State 
Highway Department has been described m 
some detail in a paper entitled "A Penetration 
Method of Measuring Soil Resistance" m the 
Proceedings of the A S T M for 1935, Part I I 
Samples are taken in a H-in steel core barrel 
driven by a falbng weight The core barrel 
has a removable cutting edge of hardened steel 
The primary purpose of obtaimng samples in 
this way is to measure the resistance to pene
tration However, the samples obtained are 
sealed m the core barrel with paraffin and taken 
to the laboratory for testing The core is 
punched out of the core barrel and a transverse 
shear test, also described in the above article, is 
run The comparison of the laboratory shear 
test and the field penetration indicates that 
for plastic soils the sample obtained is relatively 
undisturbed In the case of more porous soils, 
it IS believed that the core is compressed some
what and the two shear tests do not compare 
favorably " 
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Louisiana obtains its deep samples by 
hiring a drilling contractor with a rotaiy 
drilling rig having a core barrel of 4 in 
mside diameter and approximately 36 in 
long Mr Lehmann reports that this 
method is very satisfactory 

Mr Allen reports that Kansas uses two 
types of drive tube samplers 

" One of the samplers has a tube which is 
split in halves and hinged at the top The two 
halves are held together by means of a special 
collar This tube has been used for taking 
samples of moderate depths (20 to 30 f t ) and 
has been successful except where the soil has 
been in a very soft saturated condition (satu
rated silt) having little cohesion and a compara
tively low density 

"A second type of sampler consisting of a 
tube which is open only on the cutting end 
(except for a small air vent) has also been 
used 

"The only advantage gained by the use of the 
split tube IS ease of removing the sample with 
the minimum disturbance The advantage of 
a tube with a cutting edge properly tapered and 
a thin side wall is greater ease in driving, less 
disturbance to the layer as well as to the soil 
density The disadvantage is, of course, reduced 
strength 

"The disadvantage of the spht tube is in 
withdrawing the sample, especially m soils 
which are low m cohesion, or which are very 
wet and soft 

"It is felt that in order to remove very wet 
samples we must resort to the use of a suction 
pump in order to obtain a partial vacuum on 
the top of the sample Obviously this cannot 
be done with a split tube The use of a tube 
which has a slightly elliptical bore would aid in 
shearing off the sample by turning the tube with 
the initial lift The tube should have a mini
mum wall and cutting edge thickness to pre
vent disturbance It should also have a mim-
mum mside diameter of four and one-half (4i) 
in and preferably six (6) m The greater 
the diameter of the core the more nearly is it 
possible to obtain a mimmum disturbance in 
the four and one-quarter (4i) in diameter 
sample for the consolidation test Also, the 
depth of the sample should be at least three 
(3) times that required for the sample for 
consolidation " 

Iowa uses a drive sampler consisting 
of a 4 in diameter tube 8 in long, made 
of 14 gage material The tube is beveled 

inwaid J" on the cutting end, and 
slips over a driving head at the top It 
IS secured to the diiving head by four 
3% m by i in cap screws A bead, ^ in 
by i in in section and extending the 
full length of the tube, projects from the 
outside of the sampler The driving head 
is provided with a ball valve for the 
release of air, and is tapped to receive 
the I f in diameter driving rod This 
device is used in auger drill holes to 
depths of 25 ft 

The advantages of this sampler are 
listed by Mr Myers as (a) core bit can
not be pulled off, (b) bit is easily re
moved from head, (c) cores are easily 
removed from bit, (d) air is given access 
to bottom of core as the core is being 
pulled, (e) bits can be replaced at small 
cost, (f) air valve permits the escape of 
air above the core as the sampling device 
IS driven The valve closes when the core 
is pulled 

The chief disadvantages of the device 
are (a) the fact that it will not bring up 
very plastic soils, and (b) too much time 
IS required m the field to assemble the 
extension rod Mr Myers suggests that 
the connection threads should be mside 
of the rod, so that the workman can see 
when the rods are butted against each 
other 

California has the most elaborate 
equipment for drive tube sampling and 
apparently is doing more of that type 
of work than other States The "Cali
fornia Sampler," developed under the 
direction of Mr T E Stanton, Jr and 
Mr 0 J Porter, has been described in 
detail in the Engineering News Record 
of June 4, 1936, in the Proceedings of 
the Intetnational Conference on Soil 
Mechanics and Foundation Engineering, 
June 1936, vol 1, and in other periodicals 
The details will not be repeated here, 
since they are well known to all inter
ested m the subject Essentially it con
sists of a soil sampling tube into which 
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a plug can be inseited at the lower end 
permitting it to be driven through diffi
cult soil without filling the tube The 
plug may then be withdrawn and the 
sampler driven further into the soil The 
whole equipment is then pulled out of 
the soil and the sampling tube removed 
Three sizes of soil samplers are sepa
rated, 1-in for hand woik up to depths 
of 50 ft, 2-in for piactically all other 
types of sampling up to depths of 250 ft , 
and a 5-in sampler is occasionally used 
where there is considerable coarse sand 
and gravelly material 

Mr 0 J Porter, Associate Physical 
Testing Engineer for the State of Cali
fornia Division of Highways, in direct 
charge of the sampling, states that the 
equipment is in almost constant use and 
IS proving very satisfactory 

The advantages of this equipment may 
be listed as follows 

1 No casing is necessary except when 
the skin friction is too high and it is 
impossible to withdraw the sampler This 
may occur m the case of deep loose sand 
It has been found necessary m some cases 
to put the casing down through such 
material, but below that depth driving 
may be continued without the casing 

2 The sampler is adaptable to all 
types of penetrable soils, including some 
not usually sampled by this type of 
equipment It has been used at the 
bottoms of churn drill holes, in shales, 
sandstone and other soft and broken bed
rock formations and is considered by 
Mr Porter superior to core drilling in 
such material 

3 Even in cases where churn drilling 
or other methods are fiist used to sink a 
hole, it is not necessaiy to clean the hole 
carefully before lowering the samplei 
The plugged end can be diiven a shoit 
distance through the broken soil at the 
bottom of the hole and the garapler then 
extended This is a distinct advantage 
over many other types of samplers where 

distuibed soil at the bottom of a hole will 
enter the sampling tube 

4 The samples go to the laboiatory 
in the containers in which they were 
exti acted The job of tnmming the ends 
of the cylindeis, capping, taping, and 
coveiing with paraffin lequires a mini
mum of time and handling and the 
samples therefore usually reach the 
laboratory m satisfactory condition 

5 The positive air seal above the 
sample obtained by backing off the plug 
makes it possible to withdraw nearly 
any type of plastic soil satisfactorily 

6 The cost of operation is relatively 
low, so that undisturbed samples may be 
obtained by this method at about the 
same price as is usually paid for disturbed 
samples 

7 By keeping a driving record, it is 
possible to determine the variation of 
lesistance to penetration, thus making 
it necessary to take samples only at 
points where the resistance changes 

Disadvantages 
1 Possibly the greatest objection to 

this sampler has been the size of samples 
which it obtains From long experience 
with the equipment Mr Porter thinks 
the samples are plenty large enough He 
points out that if larger samples are 
desired, the 5-m sampler can be used 
at the bottom of drilled holes, as is 
ordinarily done with other samplers In 
general the highway department feels 
that many feet of small sized samples 
aie more valuable to them than a few 
feet of larger diameter cores 

2 The equipment will not satisfac
torily sample clean sand or gravel These 
materials tend to run out of the bottom 
on withdrawal and are generally loo.sened 
and not in the original form 

DISCUSSION 

From the examples of practice de
scribed, it IS evident that there is con-
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siderable difference in opinion as to what 
constitutes satisfactory sampling Cir
cumstances naturally alter cases, and 
equipment which may be satisfactory in 
one part of the country may be inade
quate in another However, there are two 
principles of sampling for bearing capac
ity which should always be kept in mind 
The first of these is that the prism being 
explored should be adequately covered, 
and the second is that the samples should 
be as nearly as possible in the original 
undisturbed condition Unfortunately it 
IS impossible to obtain the ideal of com
plete coverage and perfect samples The 
question of cost is vital, and increases 
with the number, depth, and size of 
samples, as well as with the care with 
which they are taken and prepared for 
the laboratory 

The decision as to what represents 
adequate coverage must, of necessity, be 
left to the engineer, for each job is a 
problem in itself Thorough exploration 
IS essential Wide variations in density 
are the rule rather than the exception, 
even in relatively small areas where the 
soil IS of the same general character as 
far as mechanical analysis is concerned 
A single sample, even though very care
fully taken, may not be at all lepresenta-
tive of conditions throughout the prism 
In order to meet the requirement of 
thorough coverage without involving pro
hibitive costs, Michigan and California 
have developed the equipment previously 
mentioned, in which the sampler may be 
used for measuring resistance to pene
tration Samples need then be taken only 
where change in resistance indicates a 
variation m character oi density of the 
soil Another simple method of logging 
the subsurface above ground water is to 
drill 28-in holes with a well drilling rig 
and send a man down the hole to take 
penetration readings with a Proctor 
needle This is of no value in gravelly 

soil, but is very effective in fine-grained 
material 

The second principle of sampling, that 
of obtaining good samples, is beset with 
many difficulties According to those 
most experienced m this work, it is im
possible to transfer the soil from its posi
tion m the ground to the testing machine 
without some disturbance taking place 
which alters the test results The ques
tion of how much disturbance can be 
permitted and still obtain test results of 
practical value, is one upon which there 
is a wide variation of opinion For re
search work, perfection is desiied, and 
any amount of pains in sampling is 
justifiable For settlement analysis of 
large structures on beds of saturated 
clay, where differential settlement of one 
part relative to another is critical, it is 
necessary to have truly representative 
samples in order to get accurate results 
For the ordinary highway bridge abut
ments, much less accuracy is required 
For highway fills, approximate bearing 
values for the foundation material are 
frequently satisfactory Excellent ex
amples of sampling equipment which 
may be adapted to the problem' at hand 
have been presented by the highway 
departments of Michigan and California 

For accurate sampling no truly satis
factory equipment is yet available Clay 
samples cannot be cut from beds at con
siderable depths and transferred to the 
laboratory testing machines without dis
turbance Loosely consolidated granular 
materials are almost certainly compacted 
by the jarring which occurs in the present 
methods of driving samplers Clean sand 
can seldom be brought to the surface in 
anything like its original form There is 
need for study and development work on 
this problem, and it is to be hoped that 
some of the highway departments will 
find it of sufficient importance to include 
it in their lesearch programs 
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Whatever the type of equipment used, 
there is one important item which should 
never be omitted In the words of Mr 
L C Campbell of the New Mexico State 
Highway Department, "Equip the samp
ling devices with men to whom sampling 
IS an important function, rather than 
with men to whom sampling is merely a 

lot of work " With such equipment the 
sampling devices now available are 
capable of producing samples which are 
adequate for most present-day highway 
problems Without such men, dependable 
samples cannot be produced no matter 
how fine the equipment 
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DESIGN OF A C E L L U L A R COFFERDAM 

B Y HARRIS E P S T E I N 

Designing Engineer, Bureau of Yards and Dorks, U S Navy Department 

SYNOPSIS 
This paper presents the theory for design of a cellular cofferdam consisting 

of a number of steel sheet pile cells, circular in cross section, and filled with earth 
The theory is illustrated by a practical design for a specific location showing 

computations for determining the diameter of the cyhndrical cells, the necessity 
for and the amount of foreign fill required within the cell, the depths to which 
the sheet piles forming the cells must be driven and the required section of the 
piles In this case the piles must be 79 5 ft long and driven through 45 ft of 
tule mud, 10 ft of blue clay and penetrate 3 ft of a 35 ft stratum of yellow 
clay which rests upon hardpan The excavation inside the cofferdam is carried 
54 5 ft below the top of the sheet piles 

The cofferdam is a gravity retaining wall and is designed accordingly The 
overturning moment of the fill outside the cofferdam, the resting moment of the 
cylindrical cells, pressures at toe and heel of cells, resistance to sliding and 
horizontal shear are computed and from these the design is made 

PROBLEM 

An 800-ft long graving dock is to be 
built at a site whose average soil forma
tion IS as given in Figure 1 It is assumed 
that due to the proximity of existing 
buildings and the very flat angle of re
pose of the tule mud, the site of the dock 
cannot be pre-dredged lower than eleva
tion 90 

Dredging to elevation 90 is desirable 
not only from the standpoint of reducing 

sheet piles forming the cofferdam cells 
are to be in the yellow clay if possible, 
but, for reasons of economy, not down to 
the hardpan, unless found necessary 

The original site material m the cells 
of the cofferdam may be replaced with 
fill material having an angle of internal 
friction of 30°. 

The characteristics of the soils at the 
site as determined from laboratory ex
periments are given in Table 1 

T A B L E 1 

Matenal Weight in water, 
lb per cu ft 

Angle of internal 
fnction, deg 

Cohesion 
lb per sq ft 

Tule mud 36 25 150 
Blue Clay 45 15 420 
Yellow clay 60 30 500 
Fill (100 lb per cu ft in air) 60 30 400 

the pressures on the cofferdam structure 
in which the dock is to be built, but also 
to enable floating equipment to be used 
in constructing the cofferdam 

The dock is to be founded on piles A 
cofferdam free of internal bracing is de
sired in order to facilitate proper driving 
of the bearing piles, and the placing of 
the concrete in the dry 

The use of a cellular steel sheet pile 
cofferdam surrounding the site of the 
dock IS indicated The bottoms of the 

The maximum allowable interlock 
stress m steel sheet piles is 6,000 lb per 
lin inch 

It IS required to find the diameter of 
the cylindrical cells, the depths to which 
the sheet piles forming the cells will have 
to be driven (depth required both at 
front and at back), as well as the re
quired section of the sheet piles 

The design of the cofferdam becomes 
unique and somewhat complicated due to 
the various soil strata of widely differ-
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ing chaiactcristics through which the 
cells pass and also to the fact that it is 
desirable to stop the cells, for leasons of 
economy before reaching the hard-pan 
The discussion of the problem may ap-

the fill mside the cell aiound the toe of 
the cell M, is the resisting moment The 
resisting moment must be larger than the 
overturning moment The ratio of the 
resisting moment to the overturning mo-

Ce//y o/ co/'/erdam 
•S^ruc/ure 

GENERAL V I E W 
No .Scale 
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, , / 
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\£)( H £1 IO&6 

Tu/e Afud 

0/ueC/oye/.3S 
\\\\\\\^ 

' \ \ \ v \ \ 

HorcfFbn 
T Y P I C A L C R O S S S E C T I O N 

Enlorqed 5cale 

Figure 1 

pear lengthy, but for clarity the solution 
IS picsented step by step 

The cellular cylindrical cofferdam is in 
fact a giavity wall retaining the earth 
fill behind it and has to be designed as 
such The moment of the retained fill 
aiound the toe Mo is the overturning 
moment, the moment of the weight of 

ment is the factor of safety against 
overturning The overturning moment 
pioduces pressures on the base which 
are assumed to vary uniformly from a 
minimum at the heel to a maximum at 
the toe Ordinarily the pressure at the 
toe IS limited to a certain maximum 
value, while the pressure at the heel is 
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assumed to be 0 The last condition, 
iiowcver, is not a condition sine qua non 
It is true that the soil cannot take any 
tension but this condition can also be 
fulfilled with the neutral axis passing 
through any plane within the circular 
area 

Let R=radius of cylindrical cell 
M = overturning moment of the fill 

around base in kip ft per ft 
of wall 

P = intensity of veitical pressure 
at bottom of cell per sq ft 
m kips 

ThenMo=2RM, The overturning mo
ment on one cylindrical cell 

Po=PjrR=, Total vertical load in
side one cylindrical cell 

Mr=P7rR^, Resisting moment of 
one cell 

- I / C ~ TTR^ 
= unit pressure due to bending 

In order that the stress at the heel of 
the cylinder shall be zero, we must have 
the intensity of vertical pressure equal to 
the unit pressure due to bending, thus 

:16\/^ (1) 
wheio 

e= 
M 
P 

Factor of safety against overturning 
•;rR= _ Mr _ P^R" 

Mo~2RM 2e (2) 

The radius, R, lequired for a given factor 
of safety, fo, is then obtained from 

R = 0 8\/ef; (2a) 
When R is as given by equation (1) we 
get, 

fo=4 (3) 
and maximum compression at the toe in 
kips per sq ft is 

P + Sb=2P (4) 
The minimum stress at the heel = 0 

In order that the cylinder should not 
slide on the base we must have the re
sistance to the sliding either equal to or 
greater than the horizontal force Ho of 
the fill behind the cylinder The resis
tance of cylinder to sliding on the base 
IS made up of the frictional resistance 
plus the cohesive resistance 
Let /i=tan <̂  = tan of the angle of in

ternal friction of the ma
terial at base 

and C=coefficient of cohesion in kips 
per sq ft, 

H„=2RH 
where H=horizontal force of retained fill 

m kips per lin ft of wall 
Then 2RH=7rR=(P/* + C) 

and R = 2H 

Factor of safety against sliding 

(5) 

^ ^R'(P/.+C) ^R(P/.+C) 
2RH 2H 

The maximum intensity of horizontal 
shear for a circular beam occurs at the 
neutral axis and equals 

Vm 4V 8H 
• - It - 3 . R ^ - 3 . R ^ ' P ^ P ^ ' ^ ^ 

where V = total shear for one cell = 2HR 
The-resistance of material at base in 

kips per sq ft =P/x + C 

8H Then 

and 

37rR = P^ + C 

R = 0 85H 
(7) P/^+C 

Factor of safety against horizontal sheai 

. 37r(P/x+Cm 
fv- gg (8) 

The radius, R, required for a given factor 
of safety, fv, is then obtained from 

R = 0 85Hfv 
P/^+C (8a) 
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Comparing equations (5) and (7) we con
clude that the controlling factor m de
termining the radius of the cylindrical 
cell is the maximum shear intensity rather 
than the sliding resistance 

Using formula (1) and (8a) we can 
find the radius of the cylindrical cells to 
satisfy the given conditions However 
before proceeding with the actual design 
of the cofferdam, we will derive the ex
pression for horizontal active and pas
sive pressure exerted by a soil possessing 
an angle of internal friction <f> and a co-

Figure 2 

hesive strength of C per sq unit The 
rupture is assumed to occur along a plane 
as is done by Coulomb In Figure 1, 
let AB be the plane of rupture and let 
x=angle which this plane makes with 
the horizontal Let also r=tanx and 
/i=tan <̂  The forces acting on this plane 
are given in Figure 2 

Force tending to slide down 

Fs=Fw — F H 

But Fw=Wsinx and FH=HACOSX 
.'. F3=Wsinx-HACOsx 

where W=the weight of ABC 
wĥ  , wĥ  = _ c o t x = - 2 ^ 

and HA=horizontal force required to 
stop W from sliding down 

w=density of material 

The forces resisting sliding FR = force of 
friction F F + resistance due to cohesion 
Fc 
Now FK=Nja and Fc = CA 

WhereN=normal pressure on 
AB=W cos X + HA sin x 

h 
and A=AreaofAB = 

smx 
. • . F „ = F K - F F C = / X ( W C O S X 

+ HA sin x) + 

I 
Ch 

sinx 
At the point of sliding we have FS = FR 
or AVsmx—HACOSX 

= (W co8x-l-HASinx)/x + 

HA(cosx+/tsin x) 
=W(sinx-/iC0S x ) -

Ch 
sin X 

Ch 
sm X 

or H A = 
W(sinx—/xcos x) 

cosx-H/tSinx 
Ch 

sin x(cosx-|-/ismx) 
Dividing numerator and denominator by 
cos X we get 

W (tan X-III) 
HA = 

1-1-/1 tan X 
Ch 

or H A = 

sin X cos X (H- tan x) 
W(r-/x) Ch 

l + iii smxcosx(l-|-/ir) 

TVT sin x 
Now = r . . sm X = r cos X 

cosx 
But sin'x-|-cos=x = l 

. . cos'x(l-|-r2) =1 . . cos^x= 
and sin X cos X=r coŝ  x 

r 

l-|-r= 

. sinxcosx = 1 + 

. _ W{T-^) Ch(l+r==) 
• ^^--JWr ^^^^ 
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wĥ  

Substituting for W= we get 

„ wh' (r - / . ) -2Ch( l + r'') 
In order to find for what value of r, H 

will be a maximum we make-^P^ =0 
dr 

dHx or dr 

=0 

_wh/t(l + 2 ; j - r ' ) + 2 C ( l + 2 / j - r ' ) 
4rMl+/tr) = 

.•. (l + 2^r-r=) (wh/i+2C)=0 

or l + 2fiT-r-=0 

and r= VT+7?+/i=tan (45 + <#)/2) 

Substituting this value in equation (a) 
and simplifying we get 

wh2 
H;,= ^ t a n ^ (45-<#,/2) 

^ -2Chtan (45-</./2) (9) 
The weight of sliding wedge is 

wĥ  
W = - ^ t a n (45°-<^/2) 

. ^ = ( l - ^ ) t a n (45-<;,/2) 

andHA=(AV-2Ch)tan(45°-<^/2) (10) 
The intensity of the horizontal active 
pressure IA at any depth h from the sur
face IS 

v̂ edge of earth is on the verge of moving 
up 

wh" 
H p = - ^ tan^ (45 + <#./2) 

^ +2Chtan (45 + .#./2) (13) 
or Hp= (W + 2Ch) tan (45 + <;./2) (14) 
The intensity of the horizontal passive 
pressure Ip at any depth h from the sur
face IS 

Ip= =wh tan^ (45'' + <#./2) 
°" +2Ctan (45 + </./2) (15) 

IA = =whtan2 (45-<#./2) 
dh -2Ctan (45-.^/2) (11) 

The vertical intensity at the same point 
Iv = wh The ratio of the intensity of the 
horizontal active pressure to the vertical 
intensity is 

KA=^=tan= (45-</,/2) 
2Ctan (45-.^/2) ^j^) 

Iv 
Proceeding in a similar manner for the 

passive pressure we find that when the 

£xf HIV £1 I0A6 

1 o 

41 ^ 
Diamefer on 

£1 S70 

Cell 

Figure 3 

The latio of the intensity of the hori
zontal passive pressure to the vertical in
tensity IS 

Kp= ^ =tan= (45 + </,/2) 

-t-
20 tan (45 + <̂ /2) (16) 

DESIGN OF COFFERDAM 

Assume cofferdam to stop at elevation 
57 and fill inside cofferdam from eleva
tion 90 to surface with a drain at eleva
tion 90 The pressures inside and outside 
of cells are plotted on Figure 3 accord
ing to Table 2 which gives the strength 
characteristics of the various soils en
countered The pressure at rest for the 
tule mud was determined by laboratory 
test and found to be the equivalent of a 
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Oiam 70 

SS3 

4 Of, 
Yellow C/ay 

U 
Figure 4 

liquid weighing 85 pounds per cubic foot 
This was used in figuring the pressure 
behind the cell The pressure inside of 
the cell was taken as the active pressure 
In both cases the cohesion was neglected 
as it is on the side of safety 

The forces and their locations are indi
cated in Figure 3 fiom which 

H = 96 7kips M:=1591kip-ft 
P=21 5x100 + 33x36 

= 3 34 kips per sq ft 
Using a factor of safety against hori
zontal shear of 1 5 we have from formula 
8a and Table 2 

The tension on the interlock, T, of the 
steel sheet piles at base, 

T = IR 2 22x721 
12 12 = 13 3 kips per lin in 

This value is more than twice the value 
allowed, hence we must replace the tule 
mud inside the cell by the same fill used 
at the top and make a drain at elevation 
(57) to reduce the inside pressure The 
inside and outside pressures on the cell 
will be as shown on Figure 4 

For this case 

R = 1 5 x 8 5 H _ 1275x96 7 
P^-l-C 3 34(466)+ 15 = 72 1 ft e= 

:54 5x100 = 5 45 kips per sq ft 
1591 
5 45 = 292 
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Using a factor of safety against horizon
tal shear of 1 5 as before we have 

R = 
1 275x96 7 

5 45(577)4-4 =35 ft 

For R=35 ft we have Factor of safety 
against overturning (formula 2) fo = 6 6 
Maximum compression under toe 

=P-f- ^ =8 76 kips per sq ft 
TrXv 

Maximum tension on interlock 

T = 18x35 
12 =5 3 kips per lin in 

At the allowable 6 kips per linear inch we 
have allowable 1 = 2 067sq ft 

The actual I due to fill is 1 8, the differ
ence therefore is 2 06 -18= 26Vsq ft 
which allows for a head of water inside 

the cell of 26 =4 0' in case the drain 
064 

does not act temporarily 
However, if we stop the sheet piles at 

elevation 57, the pressure of 8 76Vsq ft 
at the toe will cause the bottom of the 
excavation to blow up In order to pre
vent this blowing we have to drive piles 
in the front to such a depth as to make 
IA, the active intensity of the horizontal 
pressure from inside the cell at that 
depth, at least equal to the passive in
tensity in front of the cell at the same 
point However, before determining the 
depth to which the front piles will have 
to be driven, we will determine how far 
below elevation 57 the fill inside the cell 
will have to be earned We can not stop 
it at 57 for in that case the intensity of 
the active pressure immediately below 
57 in the tule mud is 

1= 406 x 5 45 = 2 227sq ft 

.'. T = 6 5 kips per linear inch, which is 
more than the allowable 

Assume that we will carry the fill to a 
distance x below elevation 57 Then 
Iv=5 45 + 06x, 060 being the weight of 
the fill in water and IA=0 406(5 45 
+ 06x) =2 22-|-0 024x (neglecting cohe
sion) The passive intensity at x below 
elevation 57 for tule mud 

Ip= 089x (neglecting cohesion) 

and the resultant intensity 

L = I A - I P = 2 2 2 - 065X 

L R _ ( 2 22 - 065x)35 
12 12 

Substituting for T=6 0 kips per inch, 
we get 

x=2 5ft 

We will carry the fill down 5 ft below 
elevation 57 

Now let us assume that we will drive 
the piles m the front of the cell a distance 
y in the yellow clay. 

Neglecting at present the increase in 
the toe pressure due to the increased over
turning arm, the vertical intensity, Iv, at 
the toe inside the cell is 

Iv = 8 76-h5x 06 + 7(036) 

+ 10x 045-1- 06y (see Fig 4) 

or Iv=9 76+ 06y / 

Now I A = I V K A 

From Table 2 
677 

KA for yellow clay is 3 3 -
i-v 

I A = (9 76+ 06y) 33 - 577=2 64- 02y 
The vertical intensity, Iv, at the same 
point on the excavated^ side is 

Iv=12x 036 +10X 045+ 06y 
= 882+ 06y 

. Ip=Kpiv 
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From tlie table we get 

173 
K p = 3 + 

Iv 

Ip=(882+ 06y)3 + 1732 
= 4 378+ 18y 

In Older to be safe against blowing of 
bottom we must have 

IA = IP 

or 2 6 4 - 02y = 4 378+ 18y 

or y = - 8 7 

which apparently means that the pile 
need not be driven in the yellow clay, 

Sand r,ll 

eisL 
' / / / / n , / e Mud 

Yel/o^ C/oy 

Figure S 

however, if we stop the pile at the yellow 
clay we get 

IA = 9 76X 589- 644 
= 5 10 kips per sq f t 

Ip= 882x1 698 + 1094 
= 2 59 kips per sq f t 

Therefore IA IS greater than Ip and unless 
we drive the pile in the yellow clay the 
bottom will blow Let us drive the front 
of the piles a minimum of three feet in 
the yellow clay or to elevation 32 The 
depth to which the piles in the back of 
the circular cell will have to be driven is 
determined by the resistance of the wedge 
of earth ABE to move up under the active 
pressure of the earth in back of line AB 
as shown in Figure 5 Assume the piles 
in the back to be driven a distance d be

low the excavation line "(elevation 57 0) 
in the fiont Let the lupture plane AC 
make an angle ^\lth the horizontal so 
that tane=x Then by formula 9a we 
get for the active pressure 

HA 
W ( x - i ^ ) Ch(l + x'=) 

1+X^i x ( l + X / i ) 

u=tan of the angle of internal friction of 
the particular strata and W=the weight 
of the sliding wedge plus the surcharge 
load P coming on the wedge The sui-
charge P on line C D is not uniform, but 
for the purpose of simplicity, i t will bo 
taken to be the weight of material above 
line C D in kips pei sq f t Therefore de
noting the thickness of any strata by A, 
its /X by a, its C by CA. and the density by 
Wa, we have the horizontal base of the 
sliding triangle 

ba=A cot flor ba=-^ 

and the total sliding weight W A IS 

and the active pressure for this strata A 
IS 

HAA = 
A(2P + Awa) (x -a ) CAA (1+X') 

2x(l + ax) x ( l + ax) 

For any other strata of depth B under
lying the strata A we have by similarity 

HAB = 
B[2(P + Awa)+Bwb] ( x - b ) 

2x(l + bx) 
CBB(1+X^) 

x ( l + bx) 

In like mannei the value of the active 
pressure for any other strata can be 
found 

Let the bottom of the last full strata 
be a distance z below the assumed dis
tance d Denote CD by m Then we get 
from the figure Y=mx —z 
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TT _ (mx-z) [2(P +Aw„ + B\Vb + Cwe+ ) + (mx-z)wy] ( x - y ) 
2x( l+xy) 

C Y ( m x - z ) ( l + x ' ) 
x(H-xy) 

The total active pressure of ACD is 

HA=HAA + HAB + H A C + + HA 
or 

„ _ 1 rA(2P + Aw,) (x -a ) 

(mx^z)[2(P + Awa + Bwb + 
+-

B [ 2 ( P + A w J + B w b ] ( x - b ) . 
1 + bx + 

) + ( m x - z ) w y ] ( x - y ) 1 
1+xy 

X 
f_ACA 
1-1 + ax + 

B C B 
1 + bx + + 

Besides this active pressure there is also 
the active pressure {not the pressure at 
rest) of the retained material behind the 
cell above line CD, both of which are 
resisted by the passive pressure of the 
wedge ABE in front of the cell 

Let <̂A, </>B, </>c, <̂ Y denote the angles of 
internal friction for stratas A, B, C, Y 
respectively Let also 

a = tan {^5" + ^ ) 

/J = tan(45» + f ) 

a = t a n ( 4 5 ° + ^ ) 

y = t a n ( 4 5 » + f ) 

Then by formula (14) we get the passive 
pressure for strata A 

HpA= (WA + 2 A C A ) a = ^ ^ ^ ! ^ + 2 A C A a 

For strata B underlying strata A, con
sidering the weight of strata A as a sur
charge on strata B, we get 

H p B = ^ (2Aw, + Bw„) +2BCui3 
B^ 

(mx-z)Cy' 
(17) 1+xy J 

For strata Y whose thickness is mx —z 
we get 

H p v = - ^ [ 2 ( A w , + B w b + C w e + . . . ) 

+ (mx-z)wy] +2(mx—z)Cy7 

The total passive resistance is 

Hp = HpA + HpB + Hpc + HpY (18) 

The difference between the passive and 
active pressure is 

Hr = Hp — H A 

Hp IS as given above by equation (18) 
and HA I S as given by equation (17) 
above, both of which are expressed m 
terms of the only unknown x That value 
of X IS to be taken which will render H , a 
minimum 

In our case we will figure the width m 
of rectangular cofferdam equivalent to 
the given circulai cell as being 

m = R + K 

where 

2KR 2 

m = R-|- = 1 785x35=62 5 f t 



EPSTEIN—DESIGN OF COFFERDAM 491 

For active pressure A = 0, B = 7 0 f t , 
while for passive pressure A=12 0 f t ; 
B = 10 0 f t 

Substituting these values with the 
weights cohesion and angle of friction for 
each stratum in equations (17) and (18) 
we get the net resistance to sliding on the 
incline 

in back of the cell into the yellow clay-
Assume that we will drive the entire cell 
to elevation +32 

Figure 4 shows the pressure diagrams, 
as well as the total pressures and their 
locations with reference to bottom of cell 
for the pressure behind the cell and the 
passive pressure in front of the cell The 

Hr = Hp — HA 
1 lOx' + 615x* + 700x' - 1 1 Ix^ + 517x - 28 0 

Since the piles in the back and m the 
front of the cell are stopped at elevation 
42 0 and 32 0 respectively, tan ^ or x 
cannot be less than 

42-32 
62 5 =016 

314x^ + 1 7xH2x 
overturning moment around bottom of 
cell (elev 32) is 

M = 4894 kip-ft per f t of wall 
H = 153 7 kips per f t of wall 

7o/0 £•/. / / / S 

Substituting this value of 0 16 for x we 
get 

Hr = 152 5 kips per lin f t of wall 
For any value of x larger than 0 16, Hr 
becomes greater 

The horizontal active pressure above 
line CD (elev 42) is as given m Figure 
6 and i s = l l 1+82 3 + 46 7 + 12 9 = 153 0 
kips per lin f t of wall 
Hence the factor of safety against slid
ing = - j g g - < l and i t is not safe I f we 

figure the cylinder to slide on line CD 
(elev 42) the factor of safety against 
sliding, 

157(Pji. + C)R 
fs = - H 

Here,H is equal to 153 kips less the pas
sive pressure on BF (see Fig 5) The 
passive pressure on BF is gotten by sub
stituting for X in equation (18) the value 
of 16 and is equal to 48 kips per lin f t 
of wall 

. . 157(614x 27+ 42)35 , 
= 153:148 = 

Comparing this factor of safety with the 
factor of safety foi sliding obtained 
above, we see that critical sliding is the 
sliding along line CF, the cell however 
IS not safe against sliding and will con
tinue to be so unless we drive the piles 

£*fr Hiy £/. /oe £ 

£/ 90 

?! 

3'B/ue Chy 
£t4t 

Figure 6 
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The average pressure on base (elev 32) 
IS 

P = 6 65 kips per sq f t 
Now using formulae (2), (6) and (8) we 
get for factors of safety 

fo=2 6 
fs = 16 
f v = l 17 

The above factors of safety are con
sidered satisfactory considering the tem
porary nature of the structure 

I t remains, however, to investigate the 
sliding of the cell on an inclined plane as 
w ell as the blowing of the bottom within 
the cofferdam 

Using formula (17) and making 
P = 665, A = B = C = z=Owe get 

_ 171 875x' + 695 31x - 544 63 
1 16X+2 

In formula (18) all symbols used are the 
same as before except that z becomes now 
- 3 and thus the net resistance to slid
ing IS 

407 81x» -I- 887 65x' - 25 31x+640 63 
' ~ 116X+2 
In order to get H , a minimum we make 
dH, 
dx = 0, which gives x = 186 

Substituting this value of x in the equa
tion for Hr we get 

Hr=302 0 kips per ft> of wall 
H , 302 0 

and f8' = 75̂  = - - = 196 which IS safe 
H 153 7 

The factor of safety against overturn
ing, fo is less than 4 and the neutral axis 
therefore does not pass through the heel 
of the cell In order to find the maximum 
piessure on the toe we proceed as follows 

The eccentricity of a cell of radius R is 
Mo _ 2MR 

e' = Po P T T R ^ 

With this value of we enter diagram 
Figure 7, and proceeding according to in
structions given thereon we find b = 1 2 
and therefore maximum compression at 
the toe IS 

Co = - p 
= 17 4 kips per sq f t 

In order to make the cofferdam safe 
against blowing, let us assume that we 
will drive the piles m the front (at the 
excavation side) to a depth y below ele
vation 32 The vertical intensity of pres
sure at the toe mside of the cell is 

I v = 17 4+ 06y kips per sq f t 
and lA=IvKA=5 22-h 02y 
The vertical intensity at the same point 
on the excavated side is 

1 062+ 06y kips per sq f t 
and 

, ^ = 0 3 8 

Ip = 492+ 18y kips per sq f t . 
In order to be safe against blowing we 
must have 

I A = I P or y = 19 f t 

This would indicate that the front piles 
should be driven to elevation 32 — 1.9 or 
to elevation 30 1 

I f we leave the piles at elevation 32 or 
make y = 0 in the above equation for IA 
and Ip we get IA — lp = 0 30 kips per sq 
f t which can be overlooked in view of the 
fact that the maximum pressure of 17 4 
kips occurs only at one point 

Our completed design is therefore as 
follows 

Radius of each cell=35 0 f t 
All sheet piles are to be driven to elev 

32 0 and to have a mmimum interlock 
strength of 12000 lb per lin mch 

The fill inside of cells is to be sand 
weighing 100 lb per cu f t and having 
an angle of internal friction of at least 
30° This fill IS to extend from elev 52 0 
to elev 111 5 EfiBcient drains are to be 
provided at elev 57 0 
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/Veurra/ 
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t Figure 7 

R Radius of circular footing, feet 
Total moment at base of footing, kip-feet 
Total vertical load at base of footing, kips 

Co Unit pressure on soil (maximum) kips per square foot 

1 With MoPo and Co known—to find R 
Mo'Co 

Po' 
From value of z on z curve project vertically to intersect b-curve, reading value of b on vertical 

scale, substitute value of b in R = ^ | _ E 2 _ 
\ bCo 

2 With MoPo and R known—to find Co 
e 
R 

Mo 
PoR 

From value of on curve project vertically to intersect b curve, reading value of b on 
R R 

Po 
vertical scale, substitute value of b in Co = - ^ ^ 

3. For location of neutral axis continue vertical projection m either case to K scale 
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IMPROVP:MENT OF SUBGRADES ̂  

B Y HENRT C PORTER 

Engmeei of Research, Texas Stale Highway Department 

SYNOPSIS 
Because theie is greater knowledge of processed surfacing materials than of 

the natural mateiials underlying a road, engineers have attempted to design 
highway pavements strong enough to overcome subgrade defects It is now 
known that this proceduie is impractical, and that no mattei how stable the 
superstructure may be, service qualities will depend largely upon the soil 
structure beneath Much has jet to be learned about soil mechanics, but many 
phenomena which are known are still disregarded in subgrade construction 
Many a pavement failuie may be attributed to the placing of granular materials 
on clays in such fashion that gravity water is impounded Another natural law 
neglected is in the bulking of damp sand when disturbed and manipulated 

The stabilizing of soils by treatment 
and admixture of other materials is result
ing in a great deal of good The methods 
all have then places and should be used 
where practical At present, however, it 
appears that as a whole they aie more 
practical for the loadway superstiuc-
ture—subbases, bases, pavements and 
wearing-surfaces—than for underlying 
soils, especially in high embankments 

In the construction of roadways, the 
engineer must deal with two classes of 
materials—processed materials, such as 
cements, asphalts, steels, etc , and natural 
materials, such as rock, gravel, sand, 
silt, and clays—both m their natural 
positions and when disturbed 

Until lately, the available information 
for natural materials has been, in com
parison with processed matenals, very 
slight Consequently, design has been 
rarely thought of as applicable to them 
Here, an infinite number of variables 

^The word "subgrade" as generally used is 
somewhat indefinite It may refer to a prepared 
surface, or it may refer to a layer or stratum 
next under the uppermost principal one, with 
no limit as to depth Therefore, in the follow
ing discussion, the woid "soil-substructuie" is 
used in referring to the man-made part of the 
roadway structure underlying the subbase, base, 
pavement or weaiing-surface, as the case may 
be, and the word "subgrade" is used to mean 
the prepared surface of the soil-substnicture, 
for receiving the superstructure, or any part 
thereof 

must be dealt with, the limits of many 
of which have been known only vaguely, 
so that mathematical formulas have been 
unsatisfyingly indefinite Because of this 
unceitainty, engineers have endeavored 
to design pavements of processed ma
terials, sufficiently efficient to overcome 
the defects m the underlying roadway 
structure composed of natural materials 
This procedure is now known to be im
practical No matter how stable the 
superstructure is made, its subsequent 
service will depend to a laige extent on 
the stability of the undeilying soil struc
ture—whether it be natural or artificially 
made 

Even though there is a great deal to 
be learned relative to soil mechanics, 
theie are a gicat many known phe
nomena that are not yet being generally 
applied 

I t is common knowledge that fluctua
tions of moisture content in soils cause 
most of the failures Engineeis have 
geneially thought that movements in 
highway soil-substructures were caused 
by capillary moisture, and that very 
little could be done in a practical way 
to prevent i t No doubt, in some in
stances this IS a fact, but experiments 
indicate that in many cases it is permea
tion of giavity watei impounded on clay 
soils, in addition to their capillary mois
ture, that causes the trouble 
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I t can be said with reasonable cer
tainty that in the past more failures have 
been caused by one single construction 
detail than all others combined The 
construction detail responsible for so 
many so-called "pavement failures" is 
the placing of granular materials on 
clays, when flanked by the clays, in such 
a manner that gravity water is im
pounded in the comparatively large voids 
of the granular material The gravity 
water eventually permeates the under
lying clay soil and causes i t to become 
unstable This statement applies not 
only to the base and subbase materials, 
but to all the materials in the man-made 
soil structure 

Other known laws of nature that have 
been applied in the design and construc
tion of the superstructure have been 
disregarded in the construction of the 
substructure The bulking of damp sand 
when disturbed and manipulated is an 
example In one instance the neglect of 
this phenomenon m the construction of 
an embankment in 1926 cost approxi
mately $2500 00 in 1937, for rebuilding 
and repairing 1200 lineal feet of concrete 
pavement laid on the unstable soil-
substructure in 1930 

Another illustration of the subsequent 
ill effects of bulked sand was illustrated 
on a project built in 1935 The plans 
called for a 12-in depth (loose measure
ment) sand blanket to be placed entirely 
acioss the crown of the clay soil-sub-
stiucture, with concrete pavement to be 
laid on the sand To permit the con
tractor to use the original clay shoulders 
of the roadway for hauling materials, 
and for operation of the concrete mixer, 
a 20-ft wide trench was first cut in the 
top of the clay soil-substructure Sand 
was placed in the trench to the required 
12-in depth, wetted, and the 20-ft width 
pavement laid on the sand The pave
ment was cured by ponding water on i t 
After the 10-day curing period, when 
the clay shoulder soil was cut away to 

the bottom of the sand under the pave
ment in order to extend the sand blanket 
to intersection with the roadway side 
slopes, air pockets were found between 
the bottom of the edge of pavement and 
top of the underlying sand As stated, 
the sand was wetted after being placed 
in the trench, but was probably disturbed 
afterward, during fine grading and shap
ing operations, and consequently bulked 
again After the pavement was laid, cur
ing water probably reached the bulked 
sand, causing it to settle and recede from 
the bottom of the pavement 

At the beginning of the study of irregu
larities or warping which developed in 
certain pavement surfaces, it appeared 
that these conditions occurred after long 
periods of slow rains and were caused by 
excessive expansion of clay substructure 
soil at the places where it was wetted 
most—such as leaky expansion joints 
and cracks On page 256, Volume 2 of 
"Proceedings of the International Con
ference," held at Harvard University in 
1936, data on the subsequent effects of 
loss of moisture and volume of a soil-
substructure are shown During the dry 
summer following the completion of the 
project in Navarro County, Texas, mois
ture and volume were lost to such an 
extent that the pavement receded in 
elevation as much as 0 2 f t along the 
center line and 0 4 f t along the edges 
Soil moisture content samples taken at 
different seasons m 1934, 1935 and 1936, 
showed as much as 14 per cent variation 
at 12-ft below the ground surface 

This phenomenon has been observed 
in other places in Texas During the 
unusually dry summer of 1937, investi
gation of a project near the Gulf Coast 
revealed the clay soil had receded as 
much as 0 4 f t below the bottom of the 
pavement Some of the slabs failed to 
carry traffic loads, cracked and dropped 
to the receded soil Most of the cracking 
was approximately half way between the 
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edge and ccnteiline of the slabs AVhere 
one slab receded and the adjoining one 
did not, uneven joints of as much as 
3 in were found 

Where highly expansive clay soil must 
be used for the roadway soil-substructure 
and the wet and dry seasons of year are 
extieme, provisions must be made for 
protecting that soil from being overly 
wetted during rainy seasons and from 
undue loss of moisture during droughts 
This has been accomplished, in some 
places, by building the shoulders of per
vious granular materials to slightly below 
the bottom of pavement or to the bottom 
of granular material under the pavement 
In all cases, the gianular shoulder ma
terial should extend to intersection with 
the roadway side slopes This method 

applies to all types of .pavement con-
sti uction 

Some veiy interesting and conclusive 
data relative to the accumulation of 
free water in entrenched sand under 
pavement are recorded on Test Section 
No 37, pages 194-198, Part I I of the 
"Compilation of Data on the Guadalupe 
County Research Project," which experi
ments were made by the Texas State 
Highway Department m conjunction 
with the Bureau of Public Roads On 
the adjoining Test Section No 36, where 
the design is the same in every respect, 
except that the sand blanket extends 
to intersections with the roadway side 
slopes, no appreciable free water has ever 
been found in the sand during the three 
years of intensive observations 
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vicinity or are there industrial waste or 
mine waste banks close by from which 
a granular admixture can be secured? Of 
course if the roadway contains excessive 

KSKN NUmO I — 
IWOU SOIL (S SOIL « SCtlENmCS 

ma SOL 01 SOL t sua 
m or BWK s u u u z E O SOIL 

MATERIAI.S AND DESIGN OF STABILIZED SOIL ROAD MIXTURES 

BY GEORGE A RAHN 

Research Engineer, Pennsylvania Department of Highways 

SYNOPSIS 
Five designs for mixtures of materials found in Pennsylvania based upon 

cohesion, internal friction and gradation as developed by the researches of the 
Bureau of Pubhc Roads are presented These mixtures range from fine combina
tions of soil with sand or screenings to coarser mixtures of properly stabilized 
soil with graded coarse aggregate Provision is also made for two course work 

It is recommended that the shoulders be stabilized with the same mixtures 
as the traveled way, and that field control of construction be accomplished 
through frequent anab'Sis of samples, methods for which are given The soil-
mortar gradation is the heart of the stabilized soil road, and in all cases should 
be of the right composition Coarse graded materials are added where practicable 
but in all cases whether the best coarse material is available or not, the voids in 
the coarse material should be filled with properly composed soil mortar 

This discussion is premised primarily 
on soil studies and research of the United 
States Bureau of Public Roads, in which-
cohesion, internal friction and gradation 
as laid down by these researches are 
applied to soils and admixtures such as 
are encountered m Pennsylvania 

The first question which might arise 
is what materials and procedure fit 
into the scheme of things? The stabilized 
soil road is m the low cost field which 
means that if we are to keep it in this 
category, local materials must be utilized 
to the fullest extent 

Naturally the first concern is the soil 
in the road to be improved Is it adapt
able to stabilization or would adjacent 
soil be more economical? By adjacent 
soil IS meant that m the banks adjoining 
the roadway, or within a short distance 
of the roadway Also, could i t be used 
m base course construction or could i t 
be used in the top course or is i t possible 
to use i t m both bottom and top courses? 
These questions can be answered by 
making routine tests on samples from 
the possible sources of supply 

I f the soil js fine and plastic in nature 
what granular material is available 
which might supply the deficient frac
tions, is it sand, stone, slag, or gravel 
screenings? Are there any stone quarries, 
gravel banks or shale banks in the 
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Figure 1 Design of Mixtures, Pennsylvania 
Highway Department 

granular material the reverse procedure 
would have to be applied, in other words, 
a suitable soil or binder soil secured 

DESIGN OF M I X T U R E S 

A buef glance at Figure 1 will demon-
stiatc the possibilities of various ma-
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terials as they fi t into the stabilization 
picture This is a page taken from the 
Pennsylvania Specifications and headed 
"Design of Mixtures " 

There are five designs covering a wide 
range of possibilities In these combina
tions are shown what has been found 
applicable to construction in the low 
country, the mountainous country, the 
industrial and mining countries In other 
words, we have endeavored to utilize the 
material available and incorporate it 
judiciously in order to obtain the best 
possible results 

soil This design can also be regarded 
as the basic mix, and it will be seen how 
it fits into the designs which follow 

Following I S the gradation of the mix
ture for Design No 1 

Passing 1 in screen 
Passing I in screen 
Passing i m screen 
Passing No 4 sieve 
Passing No 10 sieve 

100 
60-100 
50-100 
40-100 
30-100 

At this point we reach the heart of the 
stabilized soil road, that is, the actual 
design of the soil mortar, or the fraction 

J/eye S/zes 

Ij 30 

5 
§ 

§1 8 o 

Figiire 2 Soil Mortar Gradation Chart 

A coordinating factor, namely, that of 
soil mortar gradation, which comprises 
the basis of the five designs, will be found 
in Figure 2 

Design No 1 This is composed of 
binder soil or soil plus screenings, or 
binder soil or soil plus sand, or run of 
bank stabilized soil We differentiate 
between binder soil and soil m this way 
binder soil is recognized as possessing 
plasticity, soil does not possess plasticity 
By screenings we mean the product ob
tained by crushing stone, slag or gravel, 
the top size being | - i n or | - i n down to 
and including dust Run of bank stabil
ized soil I S a soil possessing the required 
gradation and plasticity for a stabilized 

passing the No 10 mesh sieve, and with 
this in mind the following gradations 
have been set up 

Soil Mortar 
% 

"A" 

100 
45-70 
10-35 

Soil Motar 
% 

" B " 

100 
40-75 
10^0 

Passing No 10 sieve 
Passing No 40 sieve 
Passing No 270 sieve 

Oversized mateiial is taken care of in 
the usual manner 

In a top course mix this design will 
have a plasticity index between 0 and 9, 
and will comply with giadation of soil 
mortar "A" , in the bottom course mix 
it will have a plasticity between 0 and 6, 
and will comply with gradation of soil 
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moitai "B " A liquid limit of not over 
35 applies in both cases 

Design No 2 Tins is no more than 
the addition of a gi aded coarse aggregate 
to Design No 1 In the case of Pennsyl
vania No 2B coarse aggregate this would 
have a top size of 1^ in and be retained 
on the f - in screen, as Design No 1 
will consist laigely of material passing 
the | - i n or §-in screen The expression 
"or other aggregate of appioved grada
tion as may be indicated" is to leave it 
open to tiial jobs with aggregate over the 
l^-in size The proportions of Design 
No 1 mix and coarse aggregate to be 
combined to form the finished mix for 
Design No 2 is governed by the amount 
of the fraction passing the No 10 mesh 
sieve contained m the Design No 1 mix 
The finished mix should contain between 
30 and 40 per cent of this fraction The 
plasticity index should be 0 to 9, the 
hquid limit not over 35 The soil mortar 
will comply with gradation of soil 
mortar "A " 

Design No 3 This is a two course 
construction There are two separate de
signs for the bottom course, which are 
designated as "A" and "B " 

Bottom Course "A" comprises the 
Design No 1 mix in combination with 
coarse shale, gravel, stone, slag or other 
coarse material This coarse material is 
composed of 2-m to 3-in particles with 
no appreciable amount of fine material 
passing the No 10 sieve Taking void 
content into consideration, a mixture 
composed of 50 per cent of the coarse 
material and 50 per cent of the Design 
No 1 mix are suggested for this design 
The plasticity index should be from 
0 to 9, with the liquid limit not over 35 
Soil mortar is to comply with gradation 
of soil mortar "B " 

Bottom Course "B" is composed of 
soil plus graded shale, cinders, gravel, 
stone, slag or other giaded material 
Graded material in this case is construed 

to mean one composed of coarse (maxi
mum size 3 in ) and fine particles, with 
an appieciable amount of fine material 
passing the No 10 sieve The inclusion 
of this fine material eliminates the neces
sity of developing the Design No 1 mix 
and makes it possible to combine the 
soil or binder soil directly with the ad
mixture material The plasticity index 
should be 0 to 6, with the liquid limit 
not over 35, the soil mortar to comply 
with gradation of soil mortar "B " 

The top course of Design No 3 is 
similar to that of Designs No 1 or No 2 

Designs No 4 o,nd No 5' No 4 i epre-
sents run of bank gravel combined with 
binder soil to form the stabilized mix, 
while the No 5 is a "natural" , m other 
words, i t contains all of the character
istics of a stabilized soil The top size 
for the gravel should not exceed 2f m 
unless used in base course The plasticity 
index should be between 0 and 9, and 
the liquid limit 35 The soil mortar is 
to comply with the gradation of soil 
mortar "A " 

Subgrades When applied to subgrades 
either Design No 1, Design No 3 bottom 
course. Design No 4, or Design No 5 
may be used and the plasticity index 
will be between 0 and 12 

Shoulders In shoulder construction 
either one of the five designs may be 
used, with a plasticity index between 
3 and 12 

Cross Section Apart from the stabil
ization of the roadway proper the 
shoulders are also built of the same 
stabilized material, dropping from the 
established depth at the theoretical pave
ment edge to a feathered edge at the 
ditch line In conjunction with sound 
design this cross section provides ease of 
maintenance 

The working out of these various de
signs in practice is illustrated in Figures 
3 to 8 The illustrations start from the 
fine graded and go through to the coarse 
graded mixes. 
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CONTROL 

The master gradation chart developed 
by the Bureau of Public Roads is shown 
in Figure 2. 

Figure 3. Close Up of a Fine Graded Sand 
and Soil Mix with a Top Size of Approximately 
s/s In. with 93 Per Cent of Soil Mortar (Pass
ing No. 19 Sieve). This Was Built of Two 
Materials, a Sand and a Binder Soil Obtained 
Adjacent to the Road. 

Regardless of the selection of materials 
and their suitability for work of this 
type, if the job is not satisfactorily con
structed poor results can be expected. 
That control can be exercised is very 
well demonstrated in Figure 2. Samples 
taken from the mix at the time of con
struction are depicted by short dash lines 
and are designated as "control" samples. 

Figure 4. Close Up of a Screenings and 
Binder Soil Mix with a Top Size of to 
3/i In. This is a Mixture of Limestone Screen
ings and Soil. 

Such control can be exercised in the field 
by the washout method, by drying and 
grading tlie finished mixture through the 
coarser screens in the usual manner, -while 
the soil mortar sizes can be determined by 

Figure 5. Coarser Mix, Top Size Approximately i f i In. Run of Crusher Slag, Including 
Fines, Was Incorporated with the Soil in the Roadway 
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Figure 6. This Is a Close Up of the Surface 
in Figure 5 

dried and sieved over the No. 10 sieve, 
the lumps of Soil and soil adhering to 
the stone being broken down with the 
fingers. A predetermined quantity is then 
wcifllied out in a tin pan on a small and 
inex])ensive balance. This is soaked in 
water 15 minutes, then agitated in an 
egg beater in the presence of water in 
order to bring about further dispersion, 
then placed in a metal cylinder with 
water added to bring the mixture up to 
a predetermined level, and agitated fur-

Figure 7. A Coarse Graded Mix with a Top Size of Approximately 2% In. In this Case Run 
of Bank Gravel Was Mixed with the Roadway Soil 

washing the mortar through the No. 10, 
No. 40 and No. 270 mesh sieves, then 
drying and weighing these fractions, or 
by means of a hydrometer which has 
been devised for this purpose. The plas
ticity indexes are controlled between 
0 and 9 since we feel that where restraint 
is obtained, as in the case of the bottom 
courses, a zero plasticity can be used 
satisfactorily. In the wearing surface 
proper we lean to the lower plasticity 
index rather than the higher. 

In using the hydrometer field control 
method a sample of the finished mix is 

ther for approximately one minute. Fol
lowing this the cylinder is placed on a 
firm surface and allowed to stand for 
1^ min., at which point a metal hy
drometer is lowered into the mixture and 
allowed to stand another ^ min. Then 
the quantity of No. 270 mesh material 
present is read directly on the stem of 
the hydrometer at the top of the menis
cus. The temperature of the mixture is 
taken and the hydrometer reading cor
rected by a temperature correction chart. 

The apparatus and steps in this oper
ation arc illustrated in Figure 9. The 
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hydrometer is made of very thin metal 
and calibrated in the laboratory to read 
in percentage of No. 270 mesh material 
present in the mixture. 

coarse material where possible. How
ever, at times i t is economically impos
sible to follow the orthodox gradation, 
as in tlie case of waste piles, bank run 

Figure 8. Representative Surface Five Years Old. The Picture Was Taken in January 1937 

Cy/inder forAqitaCinq 00 King S t i r r m g ar>a HydromeTcr Reading. 

Figure 9. The Hydrometer Method of Determining the Material Finer than the 270 Mesh Sieve 

CONCLUSION 

In this discussion I have tried to 
present the basic design; namely, the 
following out of the gradation prescribed 
in the soil mortar gradation curve, which 
insures density and utilization of graded 

gravels, etc. In all cases see that the 
soil mortar gradation is properly carried 
through, insure the correct filling of the 
voids of the large particles with the 
stabilized soil mortar and accept the 
grading as it exists above the soil mortar 
sizes. 
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PRINCIPLES OF SOIL MECHANICS INVOLVED I N FILL CONSTRUCTION 

BY L A PALMER AND E S BARBER 

Division of Tests, V S Bureau oj Public Roads 

S Y N O P S I S 

The stabihty of the fill and the supporting power of the undersoil are im
portant factors in design The stresses in the undersoil caused by the weight of 
the fill are independent of elastic constants since the problem is one of plane 

deformation The greatest shearing stress at any point in the undersoil is 

where p is the unit load, and if this does not exceed the cohesion correspond
ing to the maximum allowable deformation, the supporting power of the under
soil IS ample If the cohesion of the undersoil is less than - - , it does not 

TT 
follow that failure will result Further study of the supporting power of the 

\ undersoil is necessaiy in this case and for this purpose Prandtl's method of 
plastic equilibrium may be used The <p circle method is applied to the problem 
of the stability of the fill itself 

The design of a fill lequires con
sideration of the stability of the fill itself 
and the supporting power of the under
soil Seepage, hydrostatic uplift, and ca
pillary saturation are factors which affect 
the stability of fills, but do not prevent 
its approximate determination by ana
lytical methods Gradual settlement of 
the fill, due to consolidation of the fill 
materials, the undersoil, or both, is also 
a very impoitant consideration, but this 
IS not necessarily associated with the 
resistance to shear, upon which stability 
depends The limitations in design of 
cross section and the possible factors of 
safety should be known before construc
tion of the fill, and in this respect soils 
must be considered in the same light as 
any other engineering material 

STATEMENT OF T H E PROBLEM 

Fills fail when deformations in the 
fills or their foundations exceed those 
permissible ^ in the design of the par
ticular structure 

iThe safe working strength of soils, it is 
emphasized, is not necessarily based on their 
ultimate strengths For cohesive soils especially, 
it 18 more often determined from the stress-
deformation relations of the particular soil 
involved, and is based on the allowable settle
ments, deformations, or other movements of 

The first task, then, is to make a sys
tematic analysis of stress distribution 
Next must be determined the resistance 
of the earth materials to these stresses 

Observations of numerous slides have 
led engineers generally to conclude that 
the most probable surface of failure in an 
embankment of fairly homogeneous earth 
is cylindrical in shape, and the slide is 
approximately circular in cross section 
A method of determining the position of 
the "most dangerous sliding circle" by a 
laborious graphical procedure, termed 
the "method of slices," has been pub
lished in Public Roads (1) = Donald W 
Taylor (2) has suggested application of 
the so-called (/> circle method, used by 
Krey (3), in the consideration of safe 
bearing loads in foundation problems 

Determination of stress distributions 
in the undersoil begins with the point 
load formula of Boussmesq, which as
sumes the stressed material to be isotropic 
and elastic Integrating the point load 
formula for all the points located on a 
stiaight line furnishes an expression of 
the stress produced at a point m the earth 

the structure being designed See Figure 7 Re
port of Department of Soils Investigations, 
page 474 this volume 

= Figures m parentheses refer to list of refer
ences at end 
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by a uniformly loaded suiface strip of 
infinite length and of infinitesimal width 
Integration of the expression for line 
loads over a given width furnishes the 
quantitative expressions for the normal 
and shearing stresses at a given point 
beneath the loaded area Such working 
formulas have been developed by S D 
Carothers (4), (5), (6) 

Coulomb's formula for the ultimate 
shearing resistance is 

s = c + Pn tan</) 
wheie s = shearing resistance, c = cohe
sion and p„=normal pressure, all with 
reference to a unit of area The pressure, 
Pn, IS normal to the plane of shear and 
<!> I S the angle of internal friction The 
laboratory procedures for obtaining the 
values of c and <j>, are not considered in 
this paper and Pn is obtained analytically 
from the known stress distribution and 
varies over a wide range throughout the 
supporting earth below the fill In gen
eral, its value I S much greater than zero 
and for this reason it is on the side of 
safety and expediency to be guided by 
the simple rule 

A cohesive supporting soil is considered 
as safe if its greatest shearing stress does 
not exceed the cohesion corresponding to 
the maximum allowable deformation In 
such a case no further consideration need 
be given to the problem of bearing ca
pacity of the supporting soil 

I f , however, the greatest shearing 
stress beneath the loaded area exceeds 
the cohesion of the undersoil, further 
study of its bearing capacity is required 
and for this purpose Prandtl's method of 
plastic equilibrium may be used 

CASE 1 F I L L ON GOOD UNDERSOIL 

Figure 1 IS a pressure diagram of the 
vertical cross section of a fill The weight 
of fill material on a square foot at the 
surface of the suppoiting soil (excluding 
the slopes) is wH = p, wheie w = average 
weight per cubic foot of fill material and 

H=height of fill I f there is hydrostatic 
uplift, then w=:the buoyed weight of a 
cubic foot of soil mass Horizontal dis
tance I S denoted by x and vertical dis
tance by z The "y" direction is along 
the length of the fill The problem is one 
of plane deformation and Figure 1 is m 
the xz plane The x and z axes and the 
origin are as shown in the diagram The 
angles ai, a^, and as between the radial 
lines R i , R2, R3, and R4, drawn to any 
point (x, z) in the undersoil, are mea
sured in radians The major principal 
stress, pi, I S in the direction of the bi
sector of angle oj and the minor principal 
stress P2 18 perpendicular in direction at 
any point to pi The vertical normal 
stress at any point (x, z) is pz and the 
horizontal normal stress is px, the sub
scripts referring to the duection of these 
two normal stresses The shearing stress 
corresponding to Pz and p, is s,. The 
maximum shearing stress at a point (x, z) 
I S s max and this is equal to one-half the 
difference of the two principal stresses 

at that point, that is s max = J^'. 
The loci of points of constant s max are 
shown in Figure 2 for the distance "a" 
equal to the distance "b" (Fig 1) The 
greatest value of s max for this case is 
0 31p I t I S on the oz axis at a depth 
z = 3/2a For a=2b, the greatest value 
of s max IS approximately 0 3p and is on 
the oz axis, a depth equal to 0 96a, below 
the bottom of the fill 

For aiiy type of fill, within the range 
of a = b to a=2b, the greatest value of s 
max is approximately 0 3p Undersoils 
which have cohesions equal to or greater 
than 0 3p furnish ample support for the 
fill 

This quantity, 0 3p, is the first to com
pare with the shearing strength of the 
undersoil I f this stress is lower than the 
strength, the answer is evident, if higher, 
it does not necessarily follow that danger 
of failuie exists I f the undersoil has a 
uniform strength of 0 3p, i t is seen that 
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only inside the s=0 3p curve, Figure 2, 
IS the strength exceeded by the stresses 
This danger zone is confined and is sur
rounded on all sides by material having 

these conditions, a plastic zone having 
been developed, the theoretical stress 
diagram is no longer correct 

For example, let i t be assumed that a 

p=wH 

Ua f o g : 

Z D 

Figure 1 Stresses in Earth Below Fill 

a reserve of resisting capacity The ma- fill 20 feet high is to be constructed on 
terial in the plastic zone may yield to the undersoil. Table 1 
some indeterminate extent and tiansmit The value p is equal to wH = 90x20 
to the adjoining material that part of the =1800 lb sq f t The gieatest shearing 
load which it" cannot resist itself Undei stress at any point in the undersoil is 

17 
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T A B L E 1 

ASSUMED P R O P E R T I E S OF SOILS 

Matenal c = 
cohesion 

(t> = angle 
of internal 

friction 

w = weight 
per cubic 

foot 

(6 persq ft Deg lb 
Fill 200 5 90 
Undersoil 800 15 110 

03p = 03xl800 = 540 lb per sq f t , 
which IS less than 800 lb per sq f t , the 
cohesion of the undersoil Furthermore, 

assumed that the fi l l material is disturbed 
and not consolidated I t is to be de
signed safe with respect to the cohesion 
of the fill material (see Table 1) alone 
This IS explained in the following para
graph 

In the older method of "slices" the 
equation for equilibrium is 

R2T=R2N tan <̂  + RLc 
where R is the radius of the most dan
gerous circle, T is the tangential stress 

Figure 2 Isoshear Lines Under Typical Linear Fill , a=b 

the total shearing resistance at a point on 
a plane of maximum shearing stress is 

s=800+p„ tan 15°, 

where Pn is the pressure that is normal 
to the plane By inspection i t can be 
seen that Pn is greater than zero and 
therefore the shear strength furnished 
by Pn tan 15° is additive to the shear 
strength of 800 lb per sq f t furnished 
by the cohesion alone 

In the design of the fill by the "method 
of slices" it IS assumed at the outset that 
the fill slopes at an angle i = 45° with the 
horizontal See Figure 3 I t is further 

= R j / n 5 

MOST DANGEROUS 
SLIDING SURFACE 

4 CirtLit 

H=ZOft 

Figure 3 Illustration of the Most Dangerous 
Sliding Circle for a Given/ Slope 
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(tangent to the circle at the midpoint of 
a given shce), N is the stress normal to 
the tangential direction, L is the length 
of the entire arc (of the circle) through 
the earth, and c is the unit cohesion The 
expression on the left of the equation of 
equilibrium, R2T, is the shearing stress 
moment That on the right, R2N tan </> 
+ RLc, IS the resisting moment Solving 
for c, 

, , 2T-tan</)2N c (computed) = =— 

and 
c(as determined from tests) 

c (computed) 
= factor of safety 

with respect to cohesion alone This pro
cedure assumes utilization of all of the 

T A B L E 2 
D A T A ON C R I T I C A L C I R C L E S 

BY 0 C I R C L E METHOD 
(Taken from Table 1, Stability of earth 

slopes, by D W Taylor) 

1 0 X y c 
Deg Deg Deg Deg F w H 

90 5 50 14 0 239 
45 0 

5 31 2 42 1 0 136 
10 34 39 7 0 108 
15 36 1 37 2 0 083 

30 10 25 44 0 075 
15 5 11 47 5 0 070 

available friction, <̂  in the equation 
being the limiting value of the angle of 
obliquity 

The values for the angles x and y are 
obtained from Table 2 (Table 1 of 
Taylor's article) The fi l l section, BCD, 
(Fig 3) IS drawn to scale For i=45° 
and <̂  = 5° (Table 1), we find in Table 2 
thatx = 31 2° andy=42 1° This enables 
us to draw the chord BE (Fig 3) in
clined at an angle x = 312° with the 
horizontal From the points, B and E, 
draw the radial lines, R, R, to intersect 
at an angle, 2y, at the center 0, of the 

4> circle, which is on the perpendiculai 
bisector of BE 

With R as radius and 0 as center (see 
Fig 3), describe the arc, BAE, of the 
most dangerous sliding circle OA bisects 
the angle, 2y With 0 as center and 
OF = R sin <̂  = R sin 5° as radius, draw 
the <j> circle Draw AF tangent to the 
<l> circle 

The result of the earlier graphical so
lutions of the slope problem was expressed 

as a vector quantity,-^ , c being the unit 

cohesion and w the unit weight of the 
material I f the length of this vector is 
divided by any linear dimension such as 

2c 
H, the vertical height, the result, is a 
dimensionless abstract number which, 
when determined for the most dangerous 
circle, describes the requirements for 
stability The form used by Taylor for 
this abstract number ("stability" num

ber) IS wherein F is the factor of 
FwH 

safety with respect to cohesion alone 
I t will be observed in Figure 3, that 

the most dangerous (critical) circle as 
drawn cuts into the relatively cohesive 
undersoil below the plane, BB' In the 
various publications dealing with the 
theory of the sliding circle it is always 
assumed that the soil throughout the en
tire depth traversed by the most dan
gerous sliding circle is uniform with re
spect to both cohesion and friction This 
assumption serves to simplify an other
wise most complicated problem In the 
present case this assumption is made only 
with respect to the fi l l material, but it 
IS also assumed that the resistance to 
sliding of the f i l l material over the sur
face of the more cohesive supporting soil 
at the plane boundary, BB', is approxi
mately the same as that which is as
sumed for the arc BB' (Fig 3) Actually, 
the fi l l would tend to shear along B'AE 
and the slide over the surface BB' would 
be in the nature of a detritus slide I f 
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the value of <f> for the fill material were 
much greater than 5°, the value of the 
angle x would be greater than 31 2°, the 
value of the angle y would be less than 
42 1° and the dangerous circle would not 
cut into the supporting soil below the 
plane, BB' 

The above construction is permissible 
when the most dangerous circle passes 
through the toe of the slope, which is 
the case when n=^(cotx—coty—coti 
+ sin <j> esc X esc y) is a negative quantity 
or zero Here n is the ratio of the dis
tance from the toe of the slope to the 
intersection of the dangerous arc with the 
ground surface to the vertical height, H 
On substituting values from Table 2, 
x = 31 2°, y = 42 1", 1=45°, and <̂  = 5°, it 
IS found that n is negative 

The quantity, , for i = 45° and 

<̂  = 5° IS found from Table 2 to be 0 136 
In this case, c = cohesion = 200 lb per sq 
f t , w = unit weight of fill matenal=90 
lb percu f t and H = 20 f t F, the factor 
of safety, is then found as follows 

200 
FwH = 0136 = 

F X 90 X 20 
and 

F = 200 
90x20x0136 =08 

AVith respect to cohesion alone, there
fore, the fill IS unstable for i = 45° and 
H=20 f t The value of F may be in
creased by decreasing either i or H Sup
pose that a safety factor of 2 with re
spect to cohesion is desiied and that the 
height, H , must be maintained at 20 f t 

Then the value T^T-^T becomes FwH 

200 
FwH 2 x 9 0 x 2 0 : j g = 0 056 

From curves such as shown in Figure 
4, I t can be found that for <̂  = 5° and 

=0 056, 1 equals 12° 

CASE 2 F I L L ON QUKSTIONABLE UNDERSOIL 

The soil data for this case are given 
in Table 3 The fi l l is to be constructed 
with a l l slope and with dimensions as 

shown in Figure 5 The factor ^yfH '® 
equal to 0 083 when <^=15° and i=45° 
(Table 2) 

Hon ANCLE 1 

Figure 4 Chart for Stability Number, 

T A B L E 3 

ASSUMED P R O P E R T I E S OF SOILS 

FwH 

Material c = 
cobeaion 

0 = angle 
of internal 

friction 

w e= weight 
per cubic 

foot 

Fill 
lb per aq ft Deg lb 

Fill 800 15 110 
Undersoil 200 5 100 

c 
y 

t/L. 
t 

0 

\ 
c 

m / N. / 

\ / \ ^ ^ -

Figure 5 The Surface of Failure in the 
Supporting Soil 

In this case, 
c 800 

FwH F x 110x20 
800 

110x20x0 083 

= 0 083 

= 4 4 



PALMER AND BARBER—FILL CONSTRUCTION 509 

The fill of itself is, therefore, stable as 
constructed 

The above computation assumes that 
aii of the available friction along the arc 
of the dangerous circle is utilized in hold
ing the earth in place I f a part of the 
available friction is not developed or 
mobilized, there remains a certain un
used strength which represents a factor 
of safety with respect to friction The 
angle <f> is the limiting value of the angle 
of obliquity and if at any point of the 
circular arc the obliquity of stress is <t>' 
which IS less than </>, then 

tan <^)=FFtan </>' 
where Fp is the factor of safety with re
spect to friction alone and 

F p = 
tan 4> 
tan <l>' ' 

Thus for <!>'=<!>, Fp becomes unity and 
for <t>' less than Fp exceeds unity 

The value, 4 4, as above computed, is 
the factor of safety as related to cohesion 
alone Shearing resistance is determined 
by both cohesion and friction The true 
factor of safety. Ft , takes into account 
both c and <̂  I f the true factor of safety 
IS 4 4, then the cohesion corresponding to 
this value may be computed and its 
magnitude compared to the actual co
hesion From the preceding formula, 

tan</)' = - ^ t a n 15°, therefore (^'=3 5°, 

the average developed obliquity, or the 
obliquity which (if constant) yields the 
same total frictional shearing stress as 
actually is developed Taylor has com-

puted the value for corresponding 

to 1=45° and <^=3 5° to be equal to 
0147 
Hence 

=0147 
FwH 4 4x110x20 

01 c = 1,423 lb per sq f t 
This means that to have a true factor 

of safety of as much as 4 4, the cohesion 

of the fill material must be 1,423 rather 
than 800 lb per sq f t , with only about 
23 per cent of the total available fric
tion being utilized 

Next consider the bearing capacity of 
the supporting soil With reference to 
Figure 5, if the supporting power, q, of 
the undersoil is less than the unit load to 
which i t is subjected, failure takes place 
over the surfaces M L K , AK, and D K 
The diagram represents a section of unit 
thickness in the direction perpendicular 
to the plane of the paper Prandtl's (7) 
method of plastic equilibrium is applied 
in this case and in its application we 
must assume perpendicular slopes I t is 
on the side of safety to reconstruct graph
ically the section, EFIH, Figure 5, to 
have the form of ABCD without chang
ing the volume or mass of fill matenal 
The dimensions of the fill as recon
structed are shown in the diagram (Fig 
5) The width, 2b, is 60 f t , half the 
width = b=30 f t and the height is 20 f t 
When the supporting earth fails in shear, 
zone 1 moves down bodily, shearing at 
the planes AK and K D Zone I I under
goes a combination of rotation and slid
ing along the log spiral, K L Zone I I I 
moves outward and upward, shearing 
along the plane, L M 

The radial line drawn from either of 
the points, A or D, to any point on the 
spiral, LK, makes a constant angle 
with this curve The value of A is 
45°-<#>/2. 

I t IS assumed that the ground water 
level is at the surface, M M (Fig 5), of 
the supporting soil Taking the weight of 
a cubic foot of water as 62 5 lb , the 
buoyed weight of a cubic foot of the 
supporting soil IS 100-62 5 or 37 5 lb 
=w' = effective unit weight The formula 
used in computing q, the bearing ca
pacity of the undersoil, is 

q = (c cot</.+w'b cot A) 

_l — sm<t> 
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and on substitution of 200 foi c, 30 foi b, 
5° foi <t> and 42 5° foi A , 

q = (200x11 43 + 37 5 x 3 0 x 1 091) 
- 1 + 0 087 -
_ 1-0087 

or q = 1,990 lb persq f t 
Here e is the Napenan base (natural 
logarithms) The bearing load per unit 
area = 20x 110 = 2,200 lb persq f t The 
factor of safety, F, is 

* 2,200 
This factor of safety ̂ may be increased 

by increasing the width of the fill or by 

pacity foimulas may be expressed by the 
one veiy simple formula, 

q = K p c , 

where q = bearing capacity, K is some 
multiplier, and p c is the compressive 
strength of the soil as determined by a 
laterally unconfined compression test In 
the derivation of his formula for q, the 
supporting power, Prandtl used the ex
pression, 

2c cos <t> 
l — sm<f> 

which IS obtained from the Mohr dia
gram as shown in Figure 6 

P c = -

1̂ -̂  /CONE OF RUPTURE 

VSHEARIN6 STRESSES 

PLANES OF SLIP 
OR RUPTURE 

NORMAL STRESSES' 

Figure 6 Mohr's Diagram Illustrating Compressive Strength, pc of a Material 0 M = Plane 
of Shear, c=Unit Cohesion and angle of Internal Fnction Shearing Stress on IHane 
OM under Vertical Pressure pc is mn 

decreasing its height The height of the 
fill required for a factor of safety of 2 is 
determined as follows 

F = 1,990 
w x H l l O x H --2, 

H - M 9 0 - 9 f t 
^ - 220 " 

Supporting Power Is Related to Com
pressive Strength 

I t will be of help to the reader of the 
current literature pertaining to the bear
ing capacity of soils to bear in mmd that 
the essential features of all bearing ca-

With a radius equal to — , a circle 
Pc 

having its center on the horizontal axis 
2 

and at a distance — from the origin 0, 
Pc 

is drawn For the ideal case the angle a 
which the planes of slip or fracture of 
the specimen tested, make with the hori
zontal, bemg determined, the Ime OM 
is constructed through the origin and at 
the angle a with the horizontal The en
velope hne is then drawn tangent to the 
circle at the point M where the line OM 
mtersects the circle 
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The intersection of the envelope line 
with the shearing stress axis discloses, 
according to Mohr's theory, the cohesion, 
c, of the material The angle of the en
velope line with the horizontal, equals 
the angle of internal friction of the ma
terial, and o = 4 5 ° + - | -

The use of Mohr's diagram m connec
tion with analyses of test data of plastic 
soils, which deform considerably before 
failure or have no readily distinguish
able planes of slip or fracture, is subject 
to special considerations not discussed 
herein 

For purely cohesive soil, </)=0, the 
values for q in terras of unit cohesion, c, 
as obtained by the methods of Terzaghi, 
Krey, and Prandtl, assuming an infinite 
strip, uniformly loaded, are as follows 

Method of Terzaghi, q = 4c 
Method of Krey, q = 6 6c 
Method of Krey (simplified), q=6 0c 
Method of Prandtl, q = 5 14c 
The authors tentatively prefer the 

method of Prandtl, which is based on 
well established principles of mechanics 
as they pertain to the condition of plastic 
equilibrium For a cohesive soil the 
method of Terzaghi is more conservative 
than the others and like Prandtl's method 
has the advantage of being finally ex

pressed in a single formula The graphi
cal method of Krey does not have this 
advantage and its use involves consider
able time and labor As already men
tioned, however, the adaptation of his 
method to the problem of stability of 
slopes has simplified the older solution 
of this problem as presented by Petter-
son, Fellenius, and others 
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DISCUSSION ON SOIL MECHANICS I N FILL CONSTRUCTION 

PROF D P KRYNINE, Yale University • 
The authors have applied the general 
method which is used in such cases, and 
I wish to say a few words about the 
method itself The embankment and its 
foundation are considered in this method 
as separate bodies whereas in reality they 
form a whole, and have a common set 
of principal stresses, although, if the em
bankment and the foundation are of 
different materials, there may be some 
break in piincipal stresses at the surface 

of contact In a research project com
mittee of the Highway Research Board, 
this problem is being considered in some 
detail 

Furthermore, I wish to call attention 
to the following inconsistency of the so-
called "slice method " Vertical pressure 
at a point located at a certain depth 
below a slope is measured by the weight 
of the corresponding earth column I f 
the height of the embankment is inci eased 
by placing some additional earth at its 
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top, vertical pressure at the given point 
computed according to the "slice method" 
would not change, and this seems i l 
logical 

The designer of an embankment should 
keep in mind that trajectories of maxi
mum shearing stress under the center of 
the embankment are purely theoretical 
in character In reality, earth material 

at that section is confined by the prin
cipal stresses and shear action may take 
place only close to the edges of the 
foundation 

Finally, I believe that the safety 
factor, 2, which Mr Palmer has assumed, 
could be somewhat decreased without af
fecting the stability of the embankment 
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CEMENT-SOIL STABILIZATION 

B Y W H M I L L S 

Testing Engineer, South Carolina Stale Highway Department 

SUMMARY * OF A SYMPOSIUM PRESENTED AT THE SEVENTEENTH ANNUAL MEETING, 
HIGHWAY RESEARCH BOARD 

Studies of stabilization of soil with 
cement have advanced in 1937 with the 
construction of test sections by a number 
of highway departments and with the 
continuation of research by the Portland 
Cement Association The information 
which is presented here was obtained 
from reports submitted by • 
M D Cation, Development Department, Port

land Cement Association 
V L Glover, Engineer of Materials, Illinois 

Depaitment of Public Works and Buildings 
T R Perry, Bituminous Engineer, Iowa State 

Highway Commission 
M D VanWagoner, State Highway Commis

sioner, and Mr W S Housel, Research 
Consultant, Michigan State Highway De
partment 

F V Reagel, Engineer of Materials, Missouri 
State Highway Comm 

Guy H Larson, Assistant Materials Engineer, 
State Highway Commission of Wisconsin 

W H Mills, Testing Engineer, South Carohna 
State Highway Department 

^•'With minor exceptions methods devel
oped by the Portland Cement Associa
tion were followed by the several States 
in the preliminary laboratory investiga
tions for determining the quantity of ce
ment for stabilizing the soil The thick
nesses of the treatments ranged from 4 
to 6 m although most of the work has 
been 6 in thick The mixed-in-place 
method, using disc harrows, quack grass 
diggers or road machines was used m all 
experiments, but a traveling mixing plant 
was used in Missouri and South Carolina 
on some work Compaction of the mix
ture at optimum moisture content was 
secured with sheepsfoot rollers The final 
finish was obtained by blading the sur-

*Th'e complete papers, which will be pub
lished separately, may be secured from the 
Highway Research Board 

face and compacting loose material with 
smooth wheel or pneumatic tired rollers 
Density determinations of the finished 
base compared very favorably with labo
ratory densities obtained by the Proctor 
method. 

Curing of some type was generally 
used, but m South Carolina and on 
a portion of the work m Illinois there was 
no attempt to retain or supply moisture 
to the finished base Wet earth, wet 
straw, special cunng paper or bituminous 
materials have been used. In most sec
tions, however, shrinkage cracking oc
curred m spite of the curing A bitumi
nous wearing surface was applied to most 
of the sections soon after construction 

The initial 500-ft experiment con
structed m South Carolina m December 
1933 is still in excellent condition and the 
four other test sections which were con
structed in July 1934 have proved en
tirely satisfactory One of these sections 
was removed in 1937 on account of new 
construction work but the others are still 
under traffic In the Fall of 1935, the 
Proctor principle of soil compaction was 
used for the first time on the 1 5-mile 
experiment near Johnsonville 

PORTLAND CEMENT ASSOCIATION 

In 1935 the Development Department 
of the Portland Cement Association 
started a laboratory research project to 
develop basic information on soil-cement 
mixtures Samples of soil types ranging 
in classification from A-2 to A-8 were ob
tained from 16 States 

Moisture density relations of raw soil 
and soil-cement mixtures were first de
termined, then the durability and stabil-
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ity of mixtures of soil and various quanti
ties of cement was obtained on specimens 
compacted at optimum moisture content 
and stored m the laboratory for 7 days 
prior,to the start of the test I t has since 
been found desirable to simulate field 
conditions more nearly by storing labo
ratory specimens in air of high humidity 

The durability tests were alternate 
wetting-drymg and alternate freezing-
thawing The wetting-drying cycle con
sisted of drying the specimens in an oven 
at 160° F for 42 hours and immersing 
them in water for 5 hours The freezing-
thawing specimens after complete capil
lary absorption of moisture were placed 
in the refrigerator at a temperature of 
- 1 5 ° F for 20 hours They were then 
removed and thawed in the moist room 
on saturated felt pads for 24 hours 
Losses in weight and changes in volume 
were determined Based on results ob
tained, the soils in this series were 
grouped into three classifications depend
ing on their actions with cement Work 
on a few unusually bad subsoils of limited 
occurrence were not included m these 
groups 

Durability specimens made with soils 
of Group 1 and with 4 to 6 per cent of 
cement by dry weight showed negligible 
losses in 12 cycles of wetting-drying and 
freezing-thawing Volume and moisture 
changes in these specimens were also 
quite small Soils in Group 2 were de
cidedly hardened with 6 to 8 per cent of 
cement, losses m the durability test were 
small and moisture and volume changes 
were reduced to a minimum The soils 
in Group 3 generally contained consider
able clay but 10 per cent of cement hard
ened them appreciably and the durability 
tests showed reasonably low losses and 
volume change 

The relation of the Liquid Limit, 
Plastic Limit and Clay Content were 
compared with durability results and the 

following is quoted from Mr Catton's 
report 

"At the present time, no effort has been made 
to draw sharp lines between soil character
istics and treatment requirements However, 
the following general conclusions are justified 
regarding charactenstics of soils falling in 
Treatment Group 1 or 2 
"1 The liquid limit must be below 50 
"2 The plasticity index must be below 25 
"3 The clay content must be below 35 
"4 The percentage of solids at maximum den

sity must be 60 or greater 
"5 The soil must possess a "regular" moisture 

density curve 

"If a soil meets the above specifications, it 
IS evident that it can be effectively hardened by 
the addition of a reasonable amount of ce
ment The cement required to harden the soil 
effectively will be approximately the same as 
that producing effective hardening m a simi
lar soil in the same treatment group 

"All the laboratory results obtamed to date 
have been most encouraging It has been 
possible to evolve basic principles governing 
soil-cement mixtures Their application per
mits the production of consistent, predictable 
results Specimens prepared and tested in the 
laboratory have shown substantial durability 
when subjected to severe durability tests" 

ILLINOIS 

The Illinois section near Rockford in 
AVinnebago County was 6000 f t long 
18 f t wide and 6 in thick Ten per cent 
of cement by volume was used Dura
bility tests on samples of soil with this 
quantity of cement showed very low 
losses 

The project was divided into eight 
sections varying from 500 to 900 f t m 
length The average time required to 
spread and mix the cement, apply the 
water, and compact and finish the sur
face was 2 hr for 100 f t The scarifying 
and pulverizing operations were carried 
on when there was no actual processing 
in progress, although these operations 
together with the curing, tum-arounds, 
and incidentals increased the total time 
involved Mixing of dry cement was ac
complished with disc harrows supple
mented by blading Water was added in 
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two lifts due to the depth of the treat
ment Sheepsfoot rollers compacted the 
mix at optimum moisture content 

The last 700-ft section was given a 
surface application after compaction of 
pea gravel applied at the rate of 25 lb 
per sq yd The surface was then wetted 
slightly and compacted with trucks, after 
which it was rolled with an 8-ton roller 
Considerable loose gravel remained on 
the surface after this rolling 

The following is quoted from Mr 
Glover's report 

"Within two days after the first two incre
ments were completed, hair checking appeared 
on the surface and it was supposed that these 
were caused by the rapid and excessive drying 
out which resulted from lack of curing, there
fore, all other increments were cured for seven 
days In spite of this, transverse cracks and 
some hair checking appeared on these incre
ments within three days after completion 

"When examined in December 1936, ap
proximately three months after completion, 
the interval between transverse cracks was 
about 15 ft on all inciements except that cov
ered with gra\el, on that increment, the inter
val was about 30 ft At that time^ longitudinal 
cracking was apparent in only one increment, 
where a continuous crack, at approximately 
the centerlme, extended through the entire 
length of the increment, a distance of about 
800 ft 

"When examined in April 1937, scaling and 
pitting had developed, but aside from being 
somewhat rough, the surface was in fair con
dition In order to protect the surface and to 
provide a better riding surface, all but 400 ft 
of the project was given a bituminous surface 
treatment in August 1937 " 

The total cost exclusive of cement was 
$0 281 per square yard 

Conclusions as given by Mr Glover 
are 

"(a) Preliminary samples on which the job 
control data are to be based should never be 
taken until the grading operations have been 
completed 

"(b) Extreme care should be exercised in tak
ing the samples on which the job control data 
are to be based The locations at which the 
samples are taken should be carefully selected 
and a sufficient number of samples secured to 
represent satisfactorily the soil types and varia
tions within these types" 

IOWA 

Duiing the summer of 1937 a project 
totaling 1 6 miles in length was con
structed on Primary Road No 40 in 
Wayne County by the Iowa State High
way Commission The section chosen 
for the experiment was thought to be 
typical of a great many miles of gravel 
surfaced roads of that state, and the 
material in the road consisted of a mix
ture of soil and gravel which contained 
approximately 15 per cent clay 

The base was 26 f t wide and 4 in 
thick with 10 per cent of cement by 
weight The cement content was based 
on determinations of density, strength, 
wetting and drying, bearing, and mois
ture losses 

Cement was spiead in two layers over 
the pulverized soil from a Buckeye 
spreader attached to the rear of a truck 
but other constiuction operations were 
similar to those used on other projects 
of this type 

I t was noted tiiat care must be exer
cised in rolling the final surface with a 
smooth steel tired roller as the soil picks 
up if the surface is too wet 

For curing, the completed base was 
primed with tar on the morning follow
ing completion During construction the 
temperatures ranged from 90° F to 
102° F and an average of 1100 linear 
feet of completed base was constructed 
per day of 14 hours A bituminous wear
ing mat type was applied to the com
pleted base 

The cost of the completed base includ
ing curing was $0 393 per sq yd 

Mr Frank L Davis, who was in charge 
of the project believes that quack grass 
diggers are excellent for mixing, that with 
proper equipment, cement in bulk instead 
of bags would be profitable, that water 
should be distributed with power driven 
equipment to obtain uniform applica
tion, that two sheepsfoot rollers should 
be used so as to compact the mix at the 
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optimum moisture content before the 
moisture evaporates, that only track type 
tractors should be used to pull sheeps-
foot rollers as pneumatic tired tractors 
pack the soil unevenly, that compaction 
planes occurring during final compaction 
can be removed with a fine spike tooth 
harrow, and that the base should be 
sprinkled with water about five hours 
before application of bituminous curing 
material 

MICHIGAN 

This report deals particularly with the 
laboratory investigation and field con
trol of the experimental project near 
Cheboygan 

Based on the preliminary survey, the 
soils were classified into ten groups for 
preliminary laboratory work Subse
quent tests showed that four classifica
tions would have been sufficient The 
tests of Michigan Highway Department 
and the Portland Cement Association 
were in substantial agreement although 
the methods used varied in some re
spects By comparing the grading of the 
samples with the ideal grading for maxi
mum density, i t was found that varia
tions in density could be predicted from 
the grading curves, poorly graded ma
terial giving lower densities From these 
tests the conclusion is drawn that varia
tion in texture and grading is so ac
curately reflected m the compacted den
sity that the routine density tests may 
be the most practical basis of designing 
the stabilized mixture 

The mixtures were proportioned by 
absolute volume, the cement content be
ing expressed as a percentage of the ab
solute volume of soil plus cement The 
void characteristics of the soil-cement 
mixtures were determined in order to 
obtain some practical criterion of design 
which would accurately reflect the prop
erties of the stabilized mixture, particu
larly with respect to durability 

Durability tests followed the general 
procedure outlined by the Portland Ce
ment Association The author states that 
the durability tests indicate that a ce
ment-voids ratio of 15 per cent may pro
duce a mixture as durable as present re
quirements indicate is essential 

Samples compacted in the field agreed 
much better with the density of the road 
than the preliminary samples The addi
tion of clay to a very sandy soil in which 
the organic matter was high improved 
the durability considerably but whether 
this improvement was due to additional 
fines which were needed to increase den
sity or to correcting the acidity was not 
clearly determined 

Final rolling by an ordinary steam 
roller caused displacement of the top inch 
which resulted in flaking or breaking 
away of the top surface 

The following statements are quoted 
from Mr Housel's paper 

"Since completion of the project the road 
has been subjected to one year of weathenng 
with practically no traffic Several inspections 
have been made and observations will be 
continued Some sections are m quite satis
factory condition while others show signs of 
excessive scaling and disintegration " 

Conclusions The experience indicates 
some rather definite relations based on 
void characteristics of the soil which may 
be applied to the design of soil-cement 
mixtures The cement-voids ratio ap
pears to be a controlling factor m pro
ducing a durable stabilized mixture 
Studies must be made of the physical 
chemistry of soils to determine the effect 
of chemical composition including such 
factors as hydrogen ion concentration 

While a thorough investigation of soils 
should be made preliminary to con
struction, i t appears to the writer that 
the durability tests can scarcely be con
sidered feasible on regular construction 
projects and should be replaced by much 
shorter routine tests Study of moisture-
density relations requires much less time 
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and might be supplemented by a com
pression test or something similar as 
routine procedure In addition, it appears 
that the difficulty of representative sam
pling necessitates control of compaction 
by field control tests conducted in the 
field in conjunction with each day's work 

• 
MISSOURI 

Three experimental projects have been 
constructed by the Missouri Highway 
Department 

The first, 1 5 miles long, was con
structed m the Fall of 1936 in Moniteau 
County The soil consisted of A-4 loam, 

'A-6 clay and A-7 clay loam The Port
land Cement Association recommended 
12 per cent cement by compacted volume 
The road was 22 f t wide and 6 in thick 
compacted 

The pulverized soil was protected from 
rain with Sisalkraft paper Cement was 
applied from bags spotted along the road 
at regular intervals Straw was spread 
over the completed surface as a protec
tion from freezing and to reduce the mois
ture loss 

Rain delayed construction consider
ably and the temperature dropped below 
freezing the night after completion of 
12 of the 14 sections 

This project was allowed to stand with
out surface treatment until the middle 
of the Summer of 1937 During this time 
no base weakness developed, however 
considerable surface scaling occurred ap
proaching pot-holes in some spots par
ticularly at "turn-arounds " These holes 
were fairly successfully hand-patched 
with soil-cement mixtures A light sur
face treatment was not effective m cor
recting the surface defects that devel
oped and a later bituminous drag treat
ment was necessary to give the section 
good riding quality 

Two miles of cement-soil stabilization 
m Franklin County were included in an 
extensive study of soil stabilization in 

1937 The subgrade consisted almost en
tirely of the Union Silt Loam of the A-4 • 
group One-half of the project was con
structed by the road mix method and a 
travelling mixing plant was used for the 
other Cement was varied from 6 to 8 
per cent by compacted volume 

Approximately one quarter mile sec
tions could be processed each day with 
the road mix method Sisalkraft paper 
was used for curing a section approxi
mately 150 f t long, and the remainder 
was piimed with tar on the day follow
ing construction 

For the section mixed with the travel
ling mixing plant the material was first 
scarified and pulverized The soil was 
w mdrowed to the center of the road and 
protected against inclement weather with 
Sisalkraft paper Cement was emptied 
on top of the windrowed material Suffi
cient water was added m the pug mill to 
raise the moisture content slightly above 
the optimum The mixture was dis
charged from the pvg mill directly into 
the spreading machine which distributed 
the materials over the undisturbed sub-
grade Immediately behind the finish
ing machine the mixed material was 
sheepsfooted m short stretches Final 
shaping was done with a motor grader 
and final compaction was secured with 
a 7-ton roller 

Straw was used for curing although 
Cui Crete was used for experimental pur
poses Due to hot weather and heavy 
local traffic, the straw was not effective 
Where Curcrete was used there was 
slightly less early checking and cracking 
but after several weeks there was no ap
parent difference between the sections 

I t was found necessary to place a drag 
treatment on this section because of bad 
raveling which took place before the seal 
coat work began The ridmg surface was 
wavy due to the short sections finished 

Another project 5 miles long in St 
Clair County was constructed by con
tract between September 18 and October 
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15, 1937 The longest section processed 
in one day was 1600 f t and the averaged 
length was 1313 f t The soils varied from 
A-2 with 14 per cent clay to A-6 with 
28 per cent clay A considerable portion 
of the road consisted of the remains of 
a failed oil mat surface which could not 
be entirely removed and portions of the 
bituminous treatment were included in 
the mix A 14-in gang plow proved to 
be very satisfactory on this project for 
loosening the road bed and for mixing 

Exclusive of the cost of cement which 
was $ 025 per square yard for each per
cent of cement used, the cost of these 
sections were as follows 

Per 
square 

yard 
S34 

15 
37 
20 

Route 5 Moniteau County 
Route 100, Franklin 

Road Mix 
Machine Mix 

Route 13, St Clair County 

The following conclusions are quoted 
from Mr Reagel's report 

"The costs as given are reasonable and in the 
range of what one can expect to pay for a 
reliable base in the low cost program 

"Some surface treatment to provide a wear
ing course is required before putting the road 
under traffic 

"The results obtained do not appear to justify 
the extra cost of the machine mixing as carried 
on here 

"In the processing it developed that proper 
care and provision could eliminate the objec
tionable conditions that develop on "turn
arounds" Another development in processing 
indicates that the use of gang plows in turning 
over the material dunng the discing and mix
ing operations is more effective in prepara
tion of the material and in uniform mixing 
than the "Orchard Cultivators" 

"With good organization it appears that a 
complete crew of men and equipment will 
complete, as an average, one quarter mile per 
working day " 

WISCONSIN 

Half of the Wisconsin Project consist
ing of 3 3 miles in Adams County "was 
built in the Fall of 1936 and half in the 
early Summer of 1937 

The soil on this project is very sandy 
and uniform in size Durability and 
strength tests showed that 20 per cent 
cement was not enough to stabilize this 
soil, due to a deficiency in fine material 
and to the presence of an excessive 
amount of organic matter The addition 
of^clay showed marked advantages and 
it was decided to add 20 per cent of clay 
and 10 per cent of cement by dry weight 
to the section constructed in 1936 and 8 
per cent cement to that constructed in 
1937 

The clay was first placed on the top 
of the sand, then pulverized and par
tially mixed with the sand Cement was 
spread on the surface Mixing was done , 
with quack grass diggers and the mix 
was compacted at optimum moisture 
content by a sheepsfoot roller The 
correct moisture content m this very 
friable soil was very important With a 
moisture content of 9 3 per cent the soil 
was dry and crumbly, with 10 to 115 per 
cent compaction was good, but 12 3 per 
cent moisture resulted in sponginess and 
a tendency of the soil to peel and stick 
to the smooth roller 

A short section of road processed with 
the same cement but with no clay could 
not be compacted with the sheepsfoot 
roller, and it was necessary to resort to 
a cleatless crawler tractor and lighter 
equipment 

In finishing i t was found better to 
shave high spots and waste the material 
than to try to fill low places 

For curing the finished surface was 
covered with damp sand one inch deep 
which was left in place for 7 to 10 days 
The average section processed per day 
was 513 f t in 1936 and 728 f t m 1937 

The following is a quotation from Mr 
Larson's report 

"There was some shrinkage after final com
paction of the road, as evidenced by the for
mation of shrinkage cracks noticed at inter
vals of approximately 25 ft upon the removal 
of the sand covering Also, there was some 
scalinp and spalling of the surface attributed 
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to improper finishing and attempting to patch 
or fill low spots The clay could pot be com
pletely pulverized with the equipment avail
able, and small clay balls were apparent m the 
surface of the road It was, therefore, deemed 
advisable in this case to protect the surface 
from abrasion with a light bituminous armor 
coat The section processed m the fall of 1936 
came through the winter in good shape It is 
rather early to make any comment as to ulti
mate service behavior of either section " 

SOUTH CAROLINA 

Since the experiments described in 
Vol 16, Proceedings of the Highway Re
search Board, the South Carolina High
way Department has built 18 4 miles of 
cement stabilized base Approximately 
15 3 miles were constructed by contract 
and the remaining 3 1 miles by the de
partment's forces All of this work has 
been surfaced with a bituminous wearing 
course one-half to three quarter inches 
thick 

One project approximately 0 5 miles 
long was designed to give information on 
the minimum quantity of cement which 
would satisfactorily stabilize the red clay 
typical of soil found in a large area of 
the State According to usual laboratory 
tests 9 5 per cent cement by compacted 
volume was required for stabilization 
This quantity was reduced to 7 5 per cent 
for one section and 6 5 per cent for an
other There have been no failures dur
ing the six months the project has been 
exposed to traffic 

In the winter of 1936 a 10-mile project 
was constructed by contract A travel
ling mixing plant was used and com
paction and finishing were performed as 
usual The soils varied from almost pure 
fine sand to clay loam containing 25 
per cent clay Eight per cent of cement 
was used with the sandy soil and 10 per 
cent with the heavier clay soil The bid 
prices were $0 495 per sq yd for base 
and $0 18 for the surfacing 

A four mile section on this project was 

primed with tar in March 1937 and soon 
afterward "blow-ups" occurred in 23 
places These "blow-ups" were charac
terized m a few cases by cracking and 
shattering of the base for the full depth 
for approximately 2 lineal f t , but in most 
places only the top 2 in were visibly 
affected Shattered portions of the base 
were removed and easily patched with 
soil-cement mixture There has been no 
recurrence of this trouble nor has it ap
peared on any other project A failure 
due to improper construction occurred in 
a section of the road 0 5 miles long After 
the base had been surfaced and under 
traffic for a short time the surfacing 
shoved and it was discovered that the 
top of the cement stabilized base was 
soft to a depth of about 1 in No serious 
trouble has developed from this failure 
and it has been necessary to patch only 
a few square yards 

The department recently repaired a 
1 8 mile section of bituminous surfaced 
road in which the top-soil base material 
was bad The bituminous surfacing was 
broken by scarifying and included in the 
soil-cement mixture This project is 
being observed with great interest as 
there is a considerable mileage of bitumi
nous surfaced roads which could be re
paired if this method proves satisfactory 

CONCLUSIONS 

Based on the information presented m 
these reports, it appears that cement-soil 
mixtures give promise of real merit as 
a road construction material Studies 
should be continued both in the labora
tory and in the field to improve and 
simplify the laboratory and field methods 
now used 

Adequate preliminary laboratory in
vestigation prior to construction and 
positive and accurate control during 
construction are essential 
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DISCUSSION ON CEMENT-SOIL STABILIZATION 
M R a a LEVISON, Blaw-Knox Com

pany. Would equipment that would effi
ciently and rapidly pulverize the natural 
soil which is to be treated with the ce
ment stabilization be useful m this type 
of construction? 

M R MILLS There is a great oppor
tunity for improvement in the equip
ment all the way through from pulveri
zation to compaction During ipost of 
the experiment we used equipment that 
we could get easily and we were not 
satisfied with any of i t 

M R LEVISON. That IS a very interest
ing response but i t does not quite agree 
with the reaction from other sources 

which is to the effect that this type of 
construction has as one of its chief ad
vantages economy, and the thought has 
been presented that to load work of that 
type up with expensive machinery would 
not be economical unless work was done 
in exceedingly long stretches, say con
tracts for 40 or 50 miles 

M R M I L L S We believe that we must 
keep the construction cost as low as pos
sible, and expensive equipment might in
crease the cost too much However I 
behave it is true that there is an oppor
tunity for other equipment that can com
pete satisfactorily with the equipment 
that we now have 
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S A N D - B I T U M I N O U S S T A B I L I Z A T I O N 

B r H C WEATHERS 

Diviston Engineer of Tests, Slate Road Deparlmenl of Florida 

SYNOPSIS 
In order to obtain a low cost, year-round pavement in sparsely populated 

sections of Florida where existing road material was impassable sand or silty 
sand, the Florida State Koad Department began the work of stabilizing these 
sandy materials with bituminous material 

Stabilization of sandy soil has been accomplished by the addition of bituminous 
material, in proper quantity, to existing road material This is mixed umformly 
in place with harrows and graders or a traveling plant mixer, and then compacted 
with rollers 

Stability tests on the sand are made prior to addition of bituminous material, 
and if necessary the stability is increased by the addition of other fine aggregate, 

' pulverized lime-stone or similar material having greater stability The bituminous 
material used has been cut-back asphalt and tar 

The results obtained have been entirely satisfactory About 314 miles of this 
type of road are carrying traffic with a very low maintenance cost When the 
surfaces began to show signs of wear they were converted into bases by applica
tion surface treatments In some cases the surface treatments have been 
necessary m about two years, while other pavements have gone seven years 
and are still holding up The necessity for treatment depends on the type of 
bituminous material used and the amount of traffic 

Sand-bituminous stabilization is as its 
name implies stabilizing sand or sandy 
soil with bituminous material to produce 
a stable pavement, base for surface treat
ment or subgrade It is a comparatively 
new type of construction and one which 
we feel originated and has been devel
oped in Florida 

There no doubt has been a time with 
all who have the responsibility for con
structing roads or streets, when consid
erable mileage of roads had to be con
structed and made serviceable for year 
round traffic with very limited funds 
This was the case of the Road Depart
ment of Florida m 1930 There existed 
considerable mileage of sandy grade, 
located many miles from other suitable 
road building material with practically 
no railroad facilities The mileage was too 
great to consider hauling in standard 
materials for other types of construction 
and the people were demanding some 
kind of pavement as the sand was im
passable These conditions are the reason 
for the Department becoming interested 
in this type of pavement The necessary 
equipment was obtained and experi

mental work begun with State forces 
This work progressed 2 or 3 years until 
it had passed the experimental stage be
fore any projects were let to contract 

The sand-bituminous stabilization is 
accomplished by mixing the materials 
mechanically on the road, with harrows 
and graders or with a travelling plant 

A few requisites for the success of this 
type of construction are 

(1) Warm, dry construction period 
(2) Light or medium traffic 
(3) Sandy soil 
(4) Good drainage 

It may well be remembered that the 
sand-bituminous stabilization surface is 
not the ultimate solution of road surface 
regardless of location, available material, 
or volume of traffic The contention is 
made, however, that this type of road 
surface does have merit and utility in sec
tions where the existing road material is 
predominately sand, where a warm and 
reasonably dry construction period ex
ists, where the traffic is not above medium 
density, and where good drainage may be 
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obtained It is not lecommended where 
the above conditions do not exist 

The sand-bituminous stabilization work 
when used as a pavement, so far, has been 
a marked success in Florida and has 
passed the experimental stage 

When this type of construction was 
first begun very little preliminary test
ing of the existing road material was 
done, the reason being that no one knew 
what tests, if any, were desirable Tests 
were made on the gradation of the mate
rial, more as a matter of record than 
anything else, for when a so-called poor 
gradation was found, there was very little 
that could be done about it without 
greatly increasing the cost This would 
defeat the purpose of a low cost pave
ment, so we used the material as it existed 
to learn what effect the poor grading 
would have on the service life of the 
pavement We did know that foreign 
matter was undesirable and attempts 
were made to remove same Also the 
presence of clay in appreciable quanti
ties was undesirable as it would cause 
balls in the mix not coated with bitumen, 
therefore clay determinations were made 
and the detrimental content was arbi
trarily set at 10 per cent 

With these preliminary tests this type 
of pavement construction went along 
very satisfactorily for a year or so until 
finally trouble was experienced, which 
will be discussed later Due to this 
trouble is was decided that a preliminary 
survey of all proposed sand-bituminous 
stabilized projects was needed 

Now when a project is proposed the 
first step is to have a material survey 
made by a competent engineer During 
this survey drainage should be investi
gated, and if the project is not drained 
adequately, it must be corrected for 
drainage before any other work is done 
This is essential for any type of surface, 
and especially so for this one Assuming 
drainage is satisfactory the material sur
vey IS then made by obtaining represen

tative samples from the surface to a 
depth of 8 or 10 m of the existing road 
material These samples should be taken 
at intervals not exceeding 500 ft or 
whenever it is apparent the character of 
the material changes, either in quality or 
gradation The samples are analyzed for 
percentages of silica, clay, loam, silt and 
foreign matter Sieve analyses are made, 
and stability tests or bearing values are 
determined 

It IS preferable to have a well graded 
coarse sand, however, if this does not 
exist, it IS not advisable to haul m mate
rial to correct the grading, unless it can 
be obtained locally at a very small cost 
During our work with this type of con
struction many different gradations of 
sand have been encountered and used 
Some of the sands from a grading stand
point, when studied from a theoretical 
point of view and compared with ideal 
gradation for fine aggregate for bitumi
nous mixtures, seemed absolutely unfit 
for use Some of the sands have con
tained very little 10 or 80 mesh material, 
being all one size with percentages at 
times between 80 and 90 of 40 mesh ma
terial We have never made an effort, for 
reasons of economy, to correct gradations 
and so far we have, surprisingly, had no 
ill effects It appears from observations 
to date that a so called poorly graded 
sand, if made up of angular particles, 
will afford sufficient stability, while those 
with round particles may give trouble 

After the tests are completed a study 
of the results should be made to deter
mine the suitability of the material As 
a rule loam and silt do not affect the 
quality of the material, in fact, they aid 
stability by acting as filler and their 
presence is advantageous Foreign mat
ter if excessive should be removed A 
small percentage of clay is not detri
mental, although percentages greater 
than about 10 prevent uniformity of mix 
by balling Any material containing 
more than this amount of clay should be 
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considered unfit for use, unless the clay 
IS of such character that it will disinte
grate during mixing and not create balls 

The test which has proven most bene
ficial has been the stability or bearing 
value test which was improvised by the 
writer to eliminate an unstable condition 
experienced with some materials The 
mixture would not set up and harden in 
a reasonable length of time and also 
would not carry traffic, especially slow 
moving traffic or stationary loads It ap
peared that the mix was too soft to hold 
up any stationary load and just a few 
minutes' parking would result m the vehi
cle sinking into the mix to where it would 
have to be pulled out During the inves
tigation of the trouble it was thought 
that the character, shape and gradation 
of the aggregate in the existing road ma
terial was probably the cause Micro
scopic examination of the material dis
closed this fact and it was found neces
sary that some kind of stability test 
should be made on this material and the 
results compared to stability tests made 
on other materials from projects which 
had proven satisfactory To make these 
tests we used, with slight modifications, a 
machine which had been developed by 
the U S Bureau of Public Roads, for ob
taining bearing values of sub-soils Our 
machine is similar to the one described 
in "Public Roads," Vol 6, No 2, April 
1925, p 38, except that the lever arm sys
tem was changed to a single straight line 
lever It consists of a four-legged stand 
on which is mounted a lever arm and a 
soil bearing cup Shot is run from the 
funnel mounted on the left of the stand 
into a bucket suspended by a spring bal
ance, on the end of the lever arm The 
soil cup rests on a plate which screws into 
the stand and the cup is 3 in m diametei 
and 3 m deep The bearing plug is cir
cular and has an area of 1 sq in on the 
bearing face A small ball bearing is 
welded to the underside of the lever arm 
and fits in a socket in the top of the bear

ing plug When starting the test the 
whole system is leveled up by screw 
adjustment under the soil cup and the 
lever arm is balanced by a counterweight 
on the right of the lever arm 

The procedure is to oven dry the sam
ple to constant weight Take 600 g of 
the oven dried material, break up all 
lumps, add 10 5 cc of water and mix uni
formly The cup IS filled with the mate
rial and a bearing plate covering the 
entire surface is placed in the cup and an 
initial pressure, by hand, is applied to 
the material The bearing plate cover 
IS then removed and additional material 
IS added and piled conically above the 
cup and the plate cover is again placed 
on the material and hand pressure ap
plied The excess above the cup is then 
removed and a total pressure of 1200 lb 
IS applied The large bearing plate is 
then removed and the small bearing plate 
of 1 sq in area is placed in the center of 
the cup resting lightly on the surface of 
the material The lever arm of the ma
chine IS then balanced and the constantly 
increasing load applied by allowing the 
shot to run from the funnel into the 
bucket until the pressure on the bearing 
plate IS great enough to upset the sta
bility of the material The load is re
corded at failure The load or the sta
bility IS in pounds and is calculated by 
multiplying the scale reading by 4, which 
IS the lever arm ratio of the machine 

This method of test has been used 
about four years and has proved very 
successful and valuable in determining 
satisfactory material I t is rather diffi
cult to determine the exact stability that 
will or will not prove satisfactory How
ever, from what work we have done we 
do know that the stability of the material 
from the project which gave trouble when 
tested had a value of 6 lb per sq in , 
while material from other completed 
projects upon which the mix was entirely 
satisfactory had values of 25 lb per sq 
in or more, therefore, until further re-



524 SOILS INVESTIGATIONS 

search can be made, we have arbitrarily 
estabhshed 25 lb per sq m as a mini
mum stability At the present time we 
are conducting stability tests on mate
rials from all proposed sand-bituminous 
stabilization projects and where stability 
values are found less than 25 lb per sq 
m we are recommending the addition, 
in the proper proportion, of a suitable 
aggregate available to the project, which 
has a stability value sufficiently high that 
when blended and uniformly mixed with 
the existing road material it will pro
duce a material with a stability of 25 lb 
per sq in or more When it is found nec
essary to stabilize, samples of all avail
able materials are submitted to the lab
oratory, stability values are determined, 
the proper materials selected from these 
test results and the correct blend is cal
culated and checked for stability If 

The Florida Highway Department has 
used and experimented with several bitu
minous materials, those most commonly 
used being cut-back asphalt, refined coal 
tar and petroleum tar However, we have 
one project constructed with Pine Tar 
Pine Tar is still in the experimental stage 
and is not included, at this date (1937) 
m the Department's specifications The 
tar materials seem to make satisfactory 
bases when surface treated soon after 
being constructed 

SPECIFICATIONS 

Following are the specifications for the 
bituminous materials 

Cut-back Asphalt Shall be a pure liquid 
bitumen, free from water and other decompo
sition products, cut-back with naphtha It shall 
meet the following requirements for physical 
and chemical properties 

1 Viscosity, Furol at 122° F 
2 Distillation A A S H 0—T-52 with the following exceptions Samples 

distilled shall be 200 cc , the weight of this volume to be calculated from 
specific gravity at 60° F 

Bulb of thermometer shall be immersed to a point i" above the bottom of 
the flask 

Condenser shall be water cooled 
Distillate shall be collected in graduated glass cylinders 
Distillation shall be stopped at 680° F , and the entire residue shall be 

immediately poured into standard penetration containers and allowed to 
cool for further tests 

(a) Distillate (percent by volume) to 302° F 
(b) Distillate (percent by volume) to 437° F 
(c) Distillate (percent by volume) to 600° F 
(d) Distillate (percent by volume) to 680° F 

3 Tests on residue from above distillation 
(a) Penetration at 77° F 

/ (b) Solubility in CSj (percent) 

M i n 
70 

Max 
140 

0 
20 
26 

85 
9950 

5 
30 
38 
38 

100 
100 

suitable local materials cannot be found, 
then it IS necessary to ship in suitable 
material Pulverized limestone has been 
found very satisfactory 

If it IS known that-this type of pave
ment IS proposed for a particular proj
ect before the road is graded the material 
survey should be made in advance, and 
suitable material selected so that during 
the grading operations the project can 
be made suitable for this type of con
struction 

The penetration of the base asphalt, before 
cutting back with naphtha, shall be between 
85 and 100 

The Department reserves the right to change 
the above should conditions warrant Same 
would consist in a change of asphaltic content 
and percent of naphtha, also consistence of the 
base asphalt 

The Department has found this cut
back asphalt to be more satisfactory in 
most cases than any of the other cut
back asphalts experimented with, al
though on one project, where the existing 
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road material contained a high percent
age of silt, loam and some clay, mixing 
was affected by a tendency of the mate
rial to ball with the oil To eliminate 
this, or to obtain better results, it was 
found necessary to alter the specifica
tions by requiring the penetration of the 
base asphalt to be 100 to 120 This gave 
a little softer grade of material and one 
which mixed more readily On the other 
hand, on some projects where the mate-

around 17 This meant that the naphtha 
used in manufacturing the cut-back was 
so highly volatile at the lower tempera
ture that m hot weather, after the cut
back had been distributed into the exist
ing road material, these light ends of the 
naphtha were evaporating too rapidly 
before mixing could be accomplished and 
causing this balling condition, therefore 
the distillation requirement at 302° F 
was added and the maximum limit set at 

T A B L E 1 

Coal tar in base Pitch oil in base Flux Mixture 

Min Max Mm Max Min Max Min Max 

Water, percent by volume 
Float at 89 6°F in sec 

2 2 2 1 Water, percent by volume 
Float at 89 6°F in sec 150 210 
Specific Viscosity, Engler, 50 cc at 

7 5 11 5 212°F 7 5 11 5 
Specific Viscosity, Engler, 50 cc at 

1 1 3 6 104°F 1 1 3 6 
Specific Viscosity, Engler, 50 cc at 

12 140°F 
455°F 

12 32 
Distillation, Ist drop 455°F 
Percent by weight 

0 To 338°F 1 0 7 2 
To 455''F 10 12 
To 518°F 15 18 
To 572''F 30 

20 
25 87 30 

To 752°F 20 
Residue at 572°F 70 70 
Total bitumen, percent by weight, solu

ble in CSj 78 95 88 
Specific gravity at 60°F /60°F 1 20 1 27 

rial was weak in inherent stability a 45-
60 base penetration asphalt has been 
used For the majority of materials, 
however, it is recommended that a base 
asphalt of 85 to 100 penetration be used 

In this specification you will notice a 
distillation requirement (percent by vol
ume) to 302° F of 0 to a maximum of 5 
In our early work we did not have this 
requirement and found in extremely hot 
weather that the mix was not homogene
ous but contained numerous balls of fat 
material, some pure asphalt Upon in
vestigation it was found that the percent
age of distillate at 302° F was high, 

5 percent This has assisted in eliminat
ing the unsatisfactory condition 

Coal Tar The coal tar shall be composed 
of a heavy coal tar base contaimng pitch oil 
and fluxed with water gas tar or distillates 
thereof, or light coal tar distillates 

The coal tar base shall be composed of 85 to 
97 percent by volume of refined coal tar and 
15 to 3 percent pitch oil as directed The ratio 
of pitch oil to tar shall be as directed by the 
Engineer, which may vary according to the type 
of soil, acid soils generally taking a higher per
centage of pitch oil The mixture shall be com
posed of 80 to 93 percent base and 20 to 7 
percent flux 

The refined coal tar and pitch oil in'the base, 
the flux and final coal tar mixture shall meet 
the requirements in Table 1 
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The specific viscosity shall be within 3 points, 
plus or minus, of the specific viscosity desig
nated by the Engineer between the above limits 

Petroleum Tar The Petroleum Tar shall 
consist of not less than 60 percent of refined 
petroleum tar base, fluxed to the specified vis
cosity with a tar material (liquid at 60° F ) 
The material shall have the characteristics of 
tar and when combined in proper proportion 
with the road material from the proposed sand 
bituminous road mix project, and air cured, the 
mixture shall show a tendency to set within 
6 hours, have a firm set in 4 days and hard set in 
7 days It shall meet the following require
ments for physical and chemical properties 

Min Max 
Eng Spec Vis at 158° F 22 32 
Percent Water 1 
Total Distillate, by wt 

To 338° F 0 5 
To 572° F 15 40 

Bitumen, percent sol in CSi 88 
Specific Gravity at 77° F /77° F 110 

The specific viscosity shall be withm 3 points, 
plus or minus, of the viscosity designated by the 
Engineer between the above limits 

On construction in which coal tar is used, 
after final rolling and checking of the surface 
for irregularities, and about one month from 
the time mixing operations are completed, the 
finished surface shall be treated with 0 20 gal 
per sq yd of coal tar of the same quality as 
used in the mix, and covered lightly with sand 
to prevent picking up by traflBc 

On construction in which petroleum tar is 
used, 0 25 to 0 35 gal per sq yd shall be ap
plied as above described except that the mate
rial shall be liquid cut-back asphalt as here
inbefore specified This seal treatment using 
liquid cut-back asphalt may be applied on con
struction consisting of asphalt if deemed neces
sary by the Engineer 

QUANTITY OF BITUMINOUS MATERIAL 

The amount of bituminous material 
needed to make a satisfactory job varies 
with the nature and grading of the mate
rial to be mixed with the bituminous ma
terial and the kind of bituminous mate
rial to be used In this respect, this type 
of mix follows the theory of all bitumi
nous mixtures, in which the quantity of 
bituminous material shall be sufficient to 
coat entirely each individual particle 
of the mineral aggregate with a slight 

excess to partially fill voids and secure 
durability Finer graded material con
tains more individual particles per unit 
volume, therefore, there is more surface 
area to be coated and more bituminous 
material is required 

The surface character of the material 
also influences the amount of bituminous 
material necessary, as a rough, rugged 
surface will require more than a smooth 
one In view of this fact and also the 
great changes m gradation of the road 
materials in different locations, and even 
on the same project, it has been impos
sible thus far to create a cut and dried 
table of quantities necessary for this 
type of construction 

The method used at the present time 
to determine the amount of bituminous 
material necessary to produce a satisfac
tory mixture is a combination laboratory 
investigation and trial mix in the field 
Samples of the material are analyzed 
for quality and gradation in the labora
tory and small batches made up From 
the results of this study the field engi
neer IS furnished with an- approximate 
quantity of bituminous material neces
sary for good results He is then to use 
his own judgment after trying a section 
using the predetermined quantity and 
fi om visual inspection of the actual road 
mix should vary the quantity of bitumi
nous material, if necessary, to accomplish 
satisfactory results The final mixture, 
after the last application of bituminous 
material has been added and the mixture 
thoroughly mixed, should have a black 
glossy appearance Any mix having a 
brownish color is too lean and should 
be reworked by adding more bituminous 
material and the mixing continued until 
the black appearance is produced 

On the work completed in this State 
the bituminous material has averaged 
from a minimum of 3 5 gal to a maxi
mum of 7 gal per sq yd of 6-in com
pacted pavement 
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Table 2 shows some of the typical sand 
gradings used on active projects and the 
quantity of cut-back asphalt necessary 
to produce satisfactory results 

Please note as the material changes 
from coarse to fine the quantity of oil 
must be increased, which is m line with 
the theory of finer graded aggregates 
having more surface area However, 
sometimes this theory is upset as the 
quality and shape of the individual par
ticle of the material plays an important 
part as is illustrated by sample 7 This 
IS a slightly coarser material in that it 
contains more 10 and less 40 than sam-

or an unstable condition lesulting m rut
ting by traffic 

STABILIZING OPERATIONS 

In preparing the existing load material 
prior to application of bitumen, the grade 
IS plowed to a depth of 2 in below the 
proposed depth of the pavement and one-
half foot from each proposed edge All 
roots and foieign matter are removed as 
far as practicable The removal of roots 
on some projects has been a problem, 
and as no satisfactory equipment is 
available for this work, garden rakes, 
spring tooth harrows and hand picking 

T A B L E 2 

Sample 
No 

Project 
No 

Station 
No Pass 10 

Ret 40 

4echanical ana 

Pass 40 
Ret 80 

lysis of sand 

Pasa 80 
Ret 200 Pass 200 

Gal of oil per 
sq yd mix 

approx 6 in 
thick 

1 802-C 491 55 41 0 3 6 0 5 3 20 
2 857 15 38 0 54 6 4 2 3 2 3 85 
3 857 295 29 2 65 4 3 4 2 0 4 00 
4 857 300 28 6 66 4 2 8 2 2 4 00 
5 857 450 28 6 68 2 1 4 1 8 4 20 
6 857 470 20 8 74 6 2 4 2 2 4 70 
7 857 895 33 0 60 8 3 8 2 4 5 00 
8 857 885 25 0 70 2 3 0 2 0 5 50 

pies 4, 5 and 6 with the 80 and 200 mesh 
material being about the same, yet num
ber 7 requires a little more oil 

It might be well to caution against the 
use of too much bituminous material 
The tendency is to use too much as it 
makes mixing conditions easier, but fail
ures can be caused just as easily by using 
too much as too little The character of 
the failures will of couise be different but 
will be just as difficult and costly to cor
rect Failures from a dry mix or a mix 
with an insufficient amount of bituminous 
material will be in the nature of dusting 
and ravelling away of the suiface until 
holes occur Failures from a fat mix or a 
mix with an excessive amount of bitumi
nous material will be in the nature of 
shoving into an irregular nding surlace 

have proven the most effective methods 
The grade is then dressed to line and 
grade as shown on the plans 

Two types of distributors can be used, 
namely, the regular pressure distributor 
and the distributor-trailer tank-unit type 
The latter has been developed for this 
type of construction and is preferable 
When this distributor is used, the tanks 
are constructed with flues for heating 
The trailer distributor is attached behind 
the tank truck, and each tank load is 
distributed direct without transfer of 
loads as is necessary when the pressure 
distributor is used 

In beginning, the most suitable end of 
the project is selected as a starting point 
so that the material will not be hauled 
over the finished pavement 



528 SOILS INVESTIGATIONS 

All automotive equipment is prefer
ably equipped with balloon type tires of 
capacity for transporting the loads 
through sandy material 

A section approximately 3000 ft m 
length IS selected for each mixing and 
finishing operation The bituminous ma
terial IS applied in successive applications 
of approximately 0 35 gal per sq yd 
until the amount required to finish the 
mix IS approximately 0 5 gal, then the 
applications are reduced as low as 0 15 
or 0 20 to avoid flooding the mix The 
first operation consists of applying bitu
minous material at the rate of 0 35 gal 
per sq yd until approximately 1̂  gal 

• have been applied and this is mixed with 
disc harrows to a depth of 3 or 4 in This 
depth should be about half of the total 
thickness required This 3 or 4 in of ma
terial 18 next pushed with a blade into 
windrows clear of the 20-ft width which 
the pavement is to occupy Bituminous 
material is then applied to the base or 
lower half of the existing road material m 
the quantity of 0 35 gallon, with mixing 
operations going on continuously until a 
brown lean mix is obtained, lean base 
and richer top The material is then 
shaped with the blade and the windrowed 
material pulled back in three operations, 
each one receiving an application of ap
proximately 0 35 gal per sq yd and 
mixed to guard against any sand streaks 
between the base and top After all of 
the material from the windrows is m 
place the edges and quarters are plowed 
to the full depth of the required pave
ment thickness After plowing, the mate
rial is pulled from ^ ft outside the speci
fied width to the center with a 12-ft 
blade, cutting to within ^ in of the speci
fied depth of the finished pavement at 
the edge After this operation the final 
applications of bituminous material are 
made with 0 15 to 0 2 gal per sq yd , and 
at the same time mixing operations are 
carried on with harrows and 12-ft blade 
When using tar the 12-ft blade is used 

to obtain a uniform mix and the harrows 
are used only to cut in each application 
In this connection the 12-ft blade has 
proven the most useful equipment for 
mixing and is used extensively on all 
mixing operations regardless of which 
bituminous material is used 

The material is rolled back to the 
edges This insures proper depth and 
uniform mix at this point During the 
final mixing a retread mixer and blades 
are used to insure a uniform, homogene
ous mix 

The final finish of the surface is ob
tained with long wheel base graders hav
ing 12-ft blades, of light construction 
with a maximum weight preferably of 
8000 lb The wheels should be equipped 
with steel tires 12 to 14 in in width to 
eliminate sinking into the mix The 
wheels should also be equipped with 
scrapers, and heavy door mats or burlap 
saturated in a 50-50 mixture of kerosene 
and old cylinder oil or some other suit
able material to prevent the mix adher
ing to the wheels While the mix is new 
and soft it is shaped to crown and grade 
For the final finish the blade is turned to 
its maximum angle with the edges of the 
pavement The top of the mold board is 
leaned forward so that the blade is at its 
maximum skinning or scraping position 
The loose material is skinned down to a 
solid firm mix This is essential, other
wise scabs will result on the pavement 
surface 

After the finishing operation, tKe pave
ment 18 rolled with a 5-ton tandem roller 
The rolling operations -should be earned 
on early each morning before the' pave
ment becomes warm, or on cloudy days 
It IS continued until a smooth surface is 
obtained free from all roller marks i 

The surface is then checked with a 
template and straight edge for crown and 
smoothness' All ^irregularities greater 
than i in in 10-ft are corrected by shav
ing off the high places with a sharp blade 
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The edges of the pavement are cut with 
axes and shovels to true line The waste 
mix from cutting edges is salvaged and 
stock piled for future use in construct
ing turnouts, parking places, etc All dry, 
hard material is buried m the shoulder 
On this type of pavement when the bitu
minous material used is of such character 
that the mix becomes hard and brittle at 
the surface and will not resist wear with
out excessive dusting, it is necessary after 
the finish is obtained to apply a 0 2 to 0 3 
gal per sq yd seal coat of the same bitu
minous material as used in the mix 
When petroleum tar is used it is neces-

, sary to make this seal application of cut
back asphalt with a 50-60 penetration 
base asphalt 

Sometime during the final finishing and 
rolling operations, the project engineer 
should take sufficient measurements of 
the pavement to check the thickness 
These can be made at holes or trenches 
dug into the pavement at various inter
vals, or a coring tool can be made out 
of a l i m or 2 in piece of steel tubing 
with a handle and plunger similar to an 
automobile pump A tool of this kind is 
used by the Division of Tests of the State 
Road Department after the pavement is 
completed to obtain final measurements 
of the pavement thickness 

A traveling plant is sometimes also 
used for mixing which eliminates a great 
deal of the mixing procedure and expe
dites the work 

I should like to mention something new 
that has recently been invented to facili
tate mixing when the blade and harrow 
method is used The success of this type 
of pavement depends largely on the mix 
being homogeneous I t requires consid
erable mixing with numerous types of 
mixing equipment to obtain this condi
tion Under ideal weather conditions it 
is not so difficult, but when the weather 
IS cool or cold it is very difficult and if 
the material is too wet, work is suspended 
until the mix dries Also during the 

winter months it is generally late in the 
morning before the mix is warm enough 
to accomplish very much 

This new tool known as a "Hot Blade" 
was invented by Mr Frank BuUard of 
Tampa, Florida, and is claimed to be 
very effective in producing a homoge
neous mix m a much shorter length of 
time I t has not yet been tried very much 
by the State Road Department but has 
been used quite extensively on work in 
Hillsboro County, Florida 

It consists of a metal oven bolted to 
the rear of the grader blade, in which are 
three oil burners spaced one near each 
end and one in the center of the oven 
Inside the oven are perforated baffles to 
diffuse and direct the heat to the rear of 
the mold board On the rear of the grader 
IS mounted a 42 gal fuel tank which 
carries 30 gal of kerosene under air pres
sure of 75 lb The air tank and air com
pressor are also mounted on the rear of 
the grader and the air tank carries 100 lb 
of air It requires about 35 to 40 gal of 
kerosene per 10 hours to heat the blade 
The working temperature of the blade is 
said to be 350° F The mold board is ex
tended 10 in vertically to prevent the 
mix from coming over the board into the 
burners It is claimed that with this hot 
blade the mixing time and cost is mate
rially reduced Also it seems to dry out 
the material after rain and prevents long 
delays and enables earlier mixing m the 
mornings in winter weather It enables 
heavier bodied bituminous materials to 
be used which increases the stability of 
the mix 

The personnel required to construct 
this type of pavement should consist of 
the following: One competent engineer 
and one superintendent familiar and ex
perienced with this type of construction 
About 30 men including mechanics, trac
tor and grader operators, roller man and 
unskilled laborers This organization, 
of course, is dependent on the size of the 
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unit and the volume of work desired to 
be accomplished 

The State Road Department of Florida 
has built 314 miles of this type pave
ment, some of which is 7 years old Ap
proximately 255 miles have been con
structed by State forces at an average 
cost of approximately $0 41 per square 
yard This cost is for actual construction 
of the pavement including all materials, 
equipment and labor It does not include 
any cost of grading 

Several counties and some municipali
ties have constructed considerable quan
tities of this type pavement and several 
of the southern and eastern States have 
inquired about it and are beginning to use 
it m their road systems 

There has been very little maintenance 
as yet on this type of pavement con
structed by the State Road Department 
The average maintenance cost has been 
about $180 00 per mile per year, which 
has been mostly for shoulder mainte
nance 

This pavement deteriorates on the sur
face slightly with age The bituminous 
material appears to lose its life and when 
this condition begins the pavement is 
given a surface treatment Some proj-
ests require surface treating sooner than 
others, due mainly to the type of bitumi
nous material used in the mix We have 
some projects that required treatment 
within two years after construction, while 
others were treated at five or six years 
and some few are now seven years old 
and treatment has not been necessary 
This type of pavement makes an excel
lent base for surface treatment and after 
such treatment the maintenance cost 
should not be any more than for other 
types of surface treated bases 

Sand-bituminous stabilization has re
cently been used on weak, sandy sub-
grades to stabilize them so that they 
could be compacted by rolling and would 
support wheel loads The procedure is 
the same as hereinbefore stated except 
that a smaller quantity for bituminous 
material is used It was found that these 
low stability sand subgrades, although of 
Group A-3 material, were causing exces
sive cracking and warping of the con
crete pavements laid on them The sta
bility test indicated a stability of 15 lb 
per sq in , and the addition of bitumi
nous material, equivalent to 1̂  gal per 
sq yd 9 in loose, uniformly mixed, in
creased the stability to 40 lb per sq in 
and produced a sub-grade that could be 
compacted by rolling and one that would 
support ordinary wheel loads without ap
preciable rutting 

This type of road has been a life saver 
in that section of Florida which, gen
erally, borders the Gulf of Mexico and 
traverses a very sparsely populated coun
try, however, it is a link in one of the 
main routes from Tampa, around the 
Gulf Coast to Pensacola The people of 
this section needed a road of some kind 
very badly as the deep sand was prac
tically impassable On account of lack 
of railroad facilities and satisfactory ma
terial in this section, other than sand, a 
higher type of pavement was practically 
prohibitive Necessity, being the mother 
of invention, started the investigation 
and experiment with "Sand-Bituminous 
Stabilization," which has now passed its 
experimental stage Now 314 miles of 
this type pavement have been con
structed and many more miles of simi
lar construction are anticipated for the 
futuie 



G E O R G E S. B A R T L E T T AWARD 

The George S. Bartlett Award was established in 1931 by a group of friends of 
George S. Bartlett, With the purpose of perpetuating the spirit of friendship and 
helpfulness which he brought into his work in the highway field. 

It is conferred annually upon an individual who has made an outstanding contri
bution to highway progress, the recipient being selected by a Board of Award com
posed of one representative of each of the following organizations: 

The American Association of State Highway Officials 
The American Road Builders' Association 
The Highway Research Board of the National Research Council 

The recipients of the Award have been: 
Thomas H. MacDonald 1931 
Arthur N. Johnson 1932 
James H. MacDonald 1933 
Frank F . Rogers 1934 
Edward N. Hines 1935 
Thomas R. Agg 1936 
C. A. Hogentogler 1937 
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IN MEMORIAM 

A L F R E D H S W A Y N E 

Resolution of the Highway Research Board 

It is with deep regret that we record the death on April 16, 1937, of Alfred H 
Swayne, Vice President of the General Motors Corporation, First Vice President 
of the Automobile Manufacturers Association, and a member of the Executive 
Committee of the Highway Research Board 

A member of this Board but a few months, Mr Swayne was widely known 
throughout the field of transportation and finance A profound student of these 
subjects, he had a warm human understanding of the social effects of improved 
transportation as well as an unswerving desire to see controversy solved through 
research and fact 

His understanding and his readiness to cooperate with others in attaining these 
objectives will cause his counsel to be missed 

Be it resolved, therefore, that these expressions shall be given permanent form 
on the records of the Highway Research Board and that copies of them shall be 
sent to his sister, Miss Eleanor Swayne, and to his associates on the Boards of the 
General Motors Corporation and the Automobile Manufacturers Association 
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M I N U T E S O F B U S I N E S S M E E T I N G 

HIGHWAY R E S E A R C H BOARD 
December 1, 1937 

The meeting was called to order with 
Chairman Dickinson presiding 

ATTENDANCE 

Executive Committee 
H C Dickinson, Chairman 
F C Lang 
A T Goldbeck 
C M Upham 
Pyke Johnson 
T R Agg 
Burton W Marsh 
W W Mack 
R W Crum, Director 

Member Organization Representatives 
American Association of State High

way Officials 
E W James 

American Institute of Consulting Engi
neers 

Fred Lavis 
American Road Builders' Association 

C M Upham 
American Society of Mechanical Engi

neers 
J G Bergquist 

American Society for Testing Ma
terials 

Prevost Hubbard 
The Asphalt Institute 

Prevost Hubbard 
Association of Land Grant Colleges 

Anson Marston 
Automobile Manufacturers Associa

tion 
Pyke Johnson 

Eno Foundation for Highway Traffic 
Regulation 

C J Tilden 

Institute of Traffic Engineers 
L W Mclntyre 
R L Morrison 

National Crushed Stone Association 
A T Goldbeck 

National Paving Brick Association 
G F Schlesinger 

National Sand and Gravel Association 
Stanton Walker 

Portland Cement Association 
F T Sheets represented by M D 

Catton 
Western Society of Engineers 

A N Talbot 

Minutes of Meeting of November 20, 
1986. 

Motion That the Minutes of the 
meeting of November 20, 1936, be ap
proved as printed in the Proceedings of 
the Sixteenth Annual Meeting 

Adopted 
Financial Report The Director pre

sented a Financial Report for the fiscal 
year ending June 30, 1937, as appended 
to the Minutes of the Executive Com
mittee meeting of May 20, 1937 The 
Chairman directed that the Financial 
Report be accepted 

Highway Research Census. The D i 
rector reported that the Highway Re
search Census in cooperation with the 
American Association of State Highway 
Officials IS being compiled and that initial 
publication is to be expected in 1938 

Dues from Member Organizations 
The Executive Committee reported that 
the matter of dues from Member Organi
zations and additional financial support 
for the Board is under active considera-
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tion but that no lecommendation is 
offered at this time 

Report of the Nominating Committee 
The following report of the Nominat
ing Committee was presented 

"Your Nominating Committee consists of 
H G Shirley, State Highway Commissioner 
of Virginia, P H Bates, Chief, Clay and Prod
ucts Division, National Bureau of Standards, 
J G Bergquist, representing the American So
ciety of Mechanical Engineers, C J Tilden, 
Yale University, and Stanton Walker, National 
Sand and Gravel Association The committee 
IS charged with the duty of making nominations 
for three members of the Executive Commit
tee, each to serve for terms of three years 

"The following nominations are offered 
H C Dickinson, Chief, Heat and Power Di
vision, National Bureau of Standaids, T R 
Agg, Dean of Engineering Iowa State College, 
and W A Van Duzer, Director of Vehicles 
and Traffic, District of Columbia 

"Respectfully submitted in behalf of Nomi
nating Committee 

(Signed) STANTON WALKER, 
Chairman " 

Motion That the report of the Nomi
nating Committee be approved and that 
the Director be instructed to cast an 
unanimous ballot for the nominees 

Adopted 
Resolution A resolution in memory 

of Alfred H Swayne was presented by 
Mr Pyke Johnson 

Motion That the resolution in 
memory of Mr Alfred H Swayne be 
adopted 

Adopted 
Motion That letters of appreciation 

be sent by the Director to those partici
pating in the program of the Seventeenth 
Annual Meeting and to the officials of 
the National Academy of Sciences and 
the National Research Council 

Adopted 
There being no further business the 

meeting was duly adjourned 
R O Y W C H U M , 

Director 




