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Jvine 2, 1959 

Mr. Fred Burggraf 
Director, Highway Research Board 
Washington 25, D. C. 

Dear Mr. jBurggraf: 

The Executive Committee of the Highway Research Board at i t s 
meeting i n Jime 1958^ pursiiant to a report by Mr. Pyke Johnson, Chair
man Of the Subcommittee on Research Needs and Project I n i t i a t i o n , 
adopted the following resolution: 

"The Chairman of the Board . . . . name a Committee 
of top research men i n the highway f i e l d consisting 
of a representative of the Bureau of Public Roads, 
a representative from the u n i v e r s i t i e s and three 

I men from State highway departments to screen a l l 
! available research data, set p r i o r i t i e s and estimate 
costs to get a program of highway research into motion 
as quickly as possible." 

I n August 1958, Chairman Scholer appointed the following to the 
Committee: 

From the Bureau of Public Roads— 
E. H. Holmes, Assistant Commissioner for Research 
(to act as chairman) 

From the u n i v e r s i t i e s — 
Harmer E. Davis, Director, 
I n s t i t u t e of Transportation and 

T r a f f i c Engineering, 
University of C a l i f o r n i a 

From the State highway departments— 
W. A. Bugge, Director of Highways, Washington 
Charles M. Noble, Director of Highways, Ohio 
F. V. Reagel, Engineer of Materials and Tests, Missoiiri 

Upon h i s resignation as Director of Highways i n Ohio, Mr. Noble was 
replaced by Otto H, F r i t z s c h e , State Highway Engineer of New Jersey, i n 
February 1959. 

i l l 
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The Ccamnlttee herewith presents i t s report f o r your tr a n s m i t t a l 
to the Executive Committee. 

In carrying out t h i s assignment the Committee wishes to express 
i t s thanks to a l l project and s p e c i a l committees of the Board who sup
p l i e d the bulk of the material on which the Committee report i s based; 
to the State highway administrators who reviewed and commented on the 
Committee's preliminary p r i o r i t y l i s t i n g , and p a r t i c u l a r l y to Mr. A. E. 
Johnson, Executive Secretary of the American Association of State High
way O f f i c i a l s , for h i s a i d i n s o l i c i t i n g the views of the highway admin
i s t r a t o r s and i n summarizing t h e i r r e p l i e s ; and to the Director and 
s t a f f of the Highway Research Board, and p a r t i c u l a r l y to Mr. M. E a r l 
Campbell who served as secretary to the Committee. 

The Committee stands ready to imdertake such additional e f f o r t 
as the Executive Committee may wish, but unless further instructed w i l l 
consider that i t has discharged i t s r e s p o n s i b i l i t y with the submission 
of t h i s report. 

Respectfully submitted. 

E. H. Holmes, Chairman 
Special Committee on Highway 

Research P r i o r i t i e s - HRB 

Enclosure 



Foreword 

Since 1920, when the Highway Research Board was created by the National Acade
my of Sciences-National Research Council, highway transportation in the United States 
has become, in the language opening this report, " . . . more than a factor in the econo
my of the United States; i t has become a part of the American way of l i fe . The econo
mic structure is utterly dependent on i t , and it is inextricably woven into the fabric of 
the Nation's society." 

This revolutionary development has made indispensable a wider and deeper know
ledge in every field of highway transportation. The need for increased research has 
been intensified by the impact of the Interstate System construction program authorized 
m the 1956 Federal-Aid Highway Act; by the striking shifts which have occurred from 
other modes of transport to the private motor vehicle, and by the accelerated trend to
ward urbanization. 

Recognizing this need, the Executive Committee of the Highway Research Board in 
June 1958, in continuing its long-time efforts in a National Program of highway re
search, authorized the establishment of a Special Committee on Highway Research 
Priorities, directing it to assemble and evaluate all available research problems, set 
priorities, and estimate project costs in order to get into motion as soon as possible 
an expanded national research program. 

This document presents that Special Committee report, entitled "Highway Research 
Needs in the United States." It defines 19 broad areas of highway research, each of 
which is adjudged to rate A-1 in importance andurgency. Onthe premisethat the pro
gram would be extended over four to five years, total costs are estimated at $34 m i l 
lion. For each area listed, the report suggests in general terms appropriate sources 
of financing. 

Included also m this document, to facilitate ready reference, are three closely re
lated reports prepared by the staff of the Highway Research Board. Appendix A is "An 
Analysis of Current Fiscal Support, "providing a state-by-state summary and analysis 
of 1958 expenditures for highway research. Appendix B, entitled "Research Problems 
of Importance, "describes each of the 101 proposals considered by the Special Commit
tee. Appendix C, "Apphcations of Highway Research Findings," contains 348 citations 
of uses made of research discoveries, promptmg the Special Committee to inquire, 
"Without research today, what wi l l tomorrow's practice be?" 

The analysis of fiscal support indicates that current highway research expenditures 
(excluding related industrial research private by financed) total $17.8 million annual
ly. This i9 equivalent to 0.18 percent of total direct government expenditures (1958) 
for highway construction, maintenance and administration; that is, less than two mills 
for every road dollar. 

Estimated cost of the proposed additional research would mcrease annual expendi
tures by about 38 percent. The Special Committee recommends that existmg research 
also be mcreased to help meet urgent needs. 

The Committee wishes to emphasize that this is only the beginning of a continuing 
task of formulating research needs. Additional proposals should be submitted as new 
problems arise. Meanwhile, the recommendations contained here wi l l , the Committee 
hopes, provide direction and stimulus to a greatly expanded program of highway re
search. 

In conclusion, the Director of the Board, on behalf of its Executive Committee and 
for the staff, acknowledges with deep appreciation the efforts and courtesies of all 
who have contributed to this Special Report. 
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Highway Research Needs 
in the United States 

1959 
Highway transportation is more than a factor in the economy of the United States; 

it has become a part of the American way of l i fe . The economic structure is utterly 
dependent On i t , and it is inextricably woven into the fabric of the Nation's society. 

For some twenty years beginning in the early 1930's highway travel consistently 
followed the trend of the gross national product, omitting the distorted years of 
restricted travel during World War I I . In recent years the rate of increase in travel 
has been eVen greater than the growth of the economy. Unless provision is made for 
the continued healthy growth of highway transportation, the economy itself may be 
expected to suffer. 

Motor vehicle registration, estimated at 68 million vehicles in 1958, is con
servatively expected to reach 110 million by 1975. Travel, estimated at 662 billion 
vehicle-miles in 1958, should reach nearly 1,200 billion by 1975. Neither figure wi l l 
be reached without adequate highways. 

Not only wil l travel demands increase in almost staggering degree, but the charac
ter of these demands wil l change as the Nation becomes more and more urbanized. 
The pattern of living is changing, with fewer people on the farms and more m and 
around the cities. That, coupled with the expected mcrease in population, wi l l mean 
46 million more people in metropolitan areas in 1975 than in 1958. 

Expressed in other terms, by 1975 there wil l be additional population in metro
politan areas equal to the 1950 metropolitan area population of New York, Chicago, 
Los Angeles, Philadelphia, and all other metropolitan areas in descending rank of 
population all the way to Milwaukee—some 38 cities. And it wi l l be necessary to 
provide for these new areas al l the functions required for metropolitan living, in
cluding transportation, principally by highway. 

Highway transportation has played a great role in making possible the high level 
of economic activity and the social and cultural benefits the Nation now enjoys. But 
with i t have come problems of great magnitude and far-reachmg effect. Some have 
been or are being solved; others demand solution now, or are st i l l emerging. Their 
solution wi l l come through research, just as research in the past has developed the 
policies and practices now accepted as routme. 

PROBLEMS OF PUBUC CONCERN 
Perhaps the major problem ahead is that of providing transportation m the "ex

ploding" metropolitan areas. The use to be made of the land in and surrounding the 
present urban and metropolitan areas wi l l largely determine the amount and type 
of transportation, public and private, that must be provided. But the provision of 
transportation facilities wi l l of itself profoundly influence the use of the land. The 
interaction of transportation and land use is little understood, and certainly in
sufficiently considered in plannmg, yet the metropolitan areas cannot grow in orderly 
and efficient manner without an understanding and application of the principles in
volved m this mteraction. The strength of the desire of people for suburban living, 
the likelihood of continuing or acceleratmg dispersal of industry and decentralization 
of business activity, as against the possibility of significant return of residence to 
downtown areas, wi l l both determine transportation needs and be dependent on 
transportation facilities. And the balance could be significantly shifted by develop
ment of new modes of transportation or by substantial improvement of present modes, 
or even by deliberate political decision, with respect, for example, to subsidies of 
one or another. 



Neither the highway planners nor the city and regional planners can plan with 
confidence without such basic knowledge. 

Safety on the highways is becoming more widely recognized as a matter of intense 
national concern, as evidenced by the awakening congressional interest. Even with 
the remarkable reduction in fatality rate since World War n , nearly 40,000 persons 
lose their lives on streets and highways annually and an unknown number, estimated 
at over a million, suffer crippling or disabling injuries. Economic loss is estimated 
at as much as $0.01 per mile of travel, a figure approximately equal to al l road-user 
taxes for the construction and operation of al l streets and highways. 

Reduction in this tragic loss of life and economic waste can come through more 
assiduous application of known techniques. But a real breakthrough wi l l not be 
achieved without a fundamental knowledge of the real causes of traffic accidents. 
Much can be accomplished through techniques of simulation. Intensive scientific 
mvestigatlons of accidents immediately upon their occurrence wil l also yield positive 
facts and added clues as to basic causes. Only fundamental knowledge of the behavior 
of each element of the transportation system — driver (or pedestrian), vehicle, 
and road — wil l insure that those responsible for each phase of accident reduction are 
working most effectively. 

Better coordination and integration of different types of transportation facilities 
hold great potential. Completion of the Interstate System may induce larger and 
heavier combinations of vehicles, or use of truck and trailer bodies that could readily 
be transferred to ra i l or ship. Decision as to type of carrier rests with the shipper, 
whose decision is influenced by many factors, including delivery time, convenience, 
and rates. What forms of transportation, singly or in combination, wi l l best meet 
the desired movements of goods in the years ahead has important bearing on the 
Nation's economy and on the solvency of the transportation systems themselves. 
Decisions of public officials or regulatory bodies can artifically or arbitrarily 
stimulate or retard the most desirable movement. Mich more basic information is 
needed as transportation becomes an increasingly important element in the economy. 

PROBLEMS OF PARTICULAR CONCERN TO HIGHWAY OFFICIAI5 
Highway engineers and administrators occupy key positions in supplying the trans

portation facilities of the future. They have the responsibility for producing a trans
portation system best suited to the needs of the commumty, and must do so under con
ditions of financial and material resources of increasmg stringency. 

Although the Federal-Aid Highway Acts of 1956 and 1958, assuming the question of 
continued financing is satisfactorily resolved, stepped up Federal participation in 
highway construction, State and local governments are hard pressed even to maintain 
their past levels of expenditure on roads not on the Federal-aid systems. The result 
is that Federal aid has increased from a long-time share of about one-eighth of all 
capital outlay for streets and highways to more than 40 percent. To meet the demands 
on roads and streets not on the Federal-aid highway system increased revenues from 
present or new sources must be found and available funds spent to the very best 
advantage. 

The highway engineer is being called upon to design highways and bridges for traffic 
volumes and for heavy axle loads of frequencies neither yet experienced nor hardly 
anticipated. Empirical designs must give way to solid design theory if optimum strengths 
strengths and economy are to be assured. 

Present and future standards to meet the more exacting demands of the users of 
today and tomorrow require better engineered and constructed roads and increased 
quantities of materials. As the pace of construction accelerates to meet the growing 
traffic demands, high-quality materials, already shrinking rapidly in supply in some 
areas, wi l l become more expensive or even disappear. New materials, new sources 
of supply and means of beneficiation of poorer quality materials must be found. 

As the construction of freeways progresses new problems of traffic operation are 
being disclosed, and as traffic volumes increase on al l systems it is more than ever 
apparent that traffic operation techniques must be improved and more broadly applied 
to make the maximum use of existing as weU as new facilities. 



REVIEW OF CURRENT RESEARCH ACTIVITY 
As stated earlier, today's practice stems largely from yesterdays's research. With 

the pace of construction already accelerated and with the promise of st i l l greater 
acceleration ahead, if the transportation demands are to be met today's research must 
be accelerated in at least equal degree if tomorrow's practice is not to suffer. Simply 
stated this means that research in areas of present activity must be stepped up all 
along the line and new areas opened up. These areas include not only those in which 
needs are now becoming evident, but also those in which need has long been apparent 
but m which tools not heretofore available make research effort feasible and practicable. 
Examples of new techniques useful to help solve old problems are X-ray diffraction to 
study clay minerals, measurement of gamma-ray scatter to determine soil density, use 
of radioactive isotopes in various ways, and use of high-speed computers to analyze 
mathematically problems that were impracticable of such solution by manual methods. 

As a startmg point the Committee undertook to ascertain the current level of 
expenditure for research m highway transportation. At the Committee's request the 
Highway Research Board conducted a survey to this end in May 1959. Figures were 
suppled by the U. S. Bureau of Public Roads, the State Highway Departments, univer
sities, and by the Highway Research Board for the AASHO Road Test.' In this way 
expenditures were determined for the calendar year 1958 by direct inquiry in the 
four categories that include most, if not al l , expenditures regarded by the Committee 
as properly included for theis purpose. The four categories are: (1) Bureau of Public 
Roads admmistrative funds; (2) so-called iVz percent funds. Federal-aid with State 
matching; (3) State highway funds used independently of any Federal-aid matching funds; 
and (4) funds provided to universities by sources other than Federal or State highway 
funds. The amounts are as follows: 

Research Expenditures in 1958 (millions of dollars) 

(1) Bureau of Public Roads 
Administrative funds: 

(a) Projects with Bureau Staff $1.6 
(b) Formal cooperative research 0.7 

Total $2,3 

(2) Projects financed under 1*72 percent funds: Under 
Federal highway legislation up to I'A percent of 
funds apportioned to the States, with or without matching, 
may be use "for engmeering and ecomomic surveys and 
investigations, for the planning of future highway programs 
and the financmg thereof, for studies of the economic, 
safety, and convenience of highway usage and the desirable 
regu^tion and equitable taxation thereof, and for research 
necessary m connection with the planning, design, construction, 
and maintenance of highways and highway systems, and the 
regulation and taxation of their use." Under this provision 
some $42 ^ million of Federal-aid funds were available in 1958 
for the functions generally called highway plannmg and research. 
Matched in statutory ratio. State funds would add about one-third, 
for a total available of about $58 million. 

' A summary and analysis of this survey is provided in Appendix A. 
^This amount is not exact, for i t covers calendar year 1958, which mcludes the last 
six months of fiscal year 1958 and the f i rs t six months of fiscal year 1959. It is 
approximately the average of the amounts available under the two apportionments. 



states actually placed under agreement $47 million, of 
which $35 million represent Federal-aid funds and $12 
million State funds; of this $47 million, $4.7 million was 
programmed for research ( $3.5 million Federal aid and 
$1.2 State matchmg). 
Research projects included physical, hydraulic, economic, 
and other similar research and also a good deal of research 
in planning techniques, improvement of equipment and 
instruments, and similar activity. 

Total $4.7 
(3) Projects financed exclusively with State funds and independ

ent of Federal-aid or State matching. 
Total $5.0 

(4) University projects financed with other than Federal, 
Federal-aid, or State highway funds. 

Total $1.5 

A few comments with respect to this research activity seem appropriate. First, 
the iVa percent funds were f i rs t authorized in 1934, but the authorization to utilize 
these funds for research was not made until 1944. With the planning needs of many 
States not fully met by IVB percent of the funds authorized in the f i rs t decade after 
World War I I , little research was undertaken with these funds. It was not until the 
1956 Act became effective with its larger authorization that any substantial amount 
was available for research. The research projects now being financed under these 
funds run the gamut in variety, but are largely directed toward problems of immedi
ate importance in the day-by-day operations of the highway departments. It is 
reasonable to expect these funds to be used primarily for such limited purposes in the 
individual States. Projects of broader interest or more fundamental nature if financed 
under the iVs percent funds can more appropriately be financed by the pooling of funds 
from several or al l States. 

It is of interest that of the $5 million dollars of research supported by State 
highway departments alone, more than half is reported by only six States, and 12 
States reported no research activity supported wholly with their own funds. Physical 
research, particularly in the field of materials, accounts for the bulk of this expend
iture, again probably to answer day-to-day operating problems. 

Omitted from this compilation are research expenditures by industry. Certain 
industries, particularly the motor vehicle and the highway materials and equipment 
Industries, spend large amounts for research, and much of this of course produces, 
results of direct importance to highway transportation. Part of these expenditures, 
such as the support of the Crash Injury Research Project at Cornell University by 
certain automobile manufacturers, results primarily in public benefits. Most, 
however, although producmg results beneficial to the public, is mitiated primarily 
for the improvement of the manufacturers' products for their competitive advantages. 
The Committee has not included this type of research in its compilation, partly for the 
reason just cited and partly because of the impossibility of distmguishing the benefits, 
for example, of improved materials or practices in hi^way construction from their 
benefit to other areas of the construction industry. 

Omitted also from the foregoing compilation is the largest individual highway 
research project of al l , the AASHO Road Test in Illinois. This is not a continuing 
activity, and to single out the expenditures in 1958 would only serve to distort the 
whole picture, as 1958 was by no means a typical year for expenditures on this project. 
It would be most unfair to omit i t , however, especially since i t serves as a prime 
example of the potential of joint financing of major research activities. The funds 
provided for this project are divided as follows: 



Millions 

Bureau of Public Roads $7.4 
"Joint State" funds (from iVa percent funds 
not matched) 7.4 
Department of Defense 0.7 
Automobile manufacturers 1.3 
Petroleum mdustry 0.9 
Illinois Federal-aid facility 4.0 

Total $21.7 

To aid in measuring the total current research effort in the highway transportation field, 
i t would not be unreasonable to average the cost of this project over the period of five 
years, or $4.3 million per year. 

Thus, In 1958 the total research activity may be summed up as follows: 

Millions 
Bureau of Public Roads funds $2.3 

percent funds 4.7 
State funds alone 5.0 
Other funds 1.5 
AASHO Road Test 4.3 

Total $T77g 

Some measure of the adequacy of this expenditure may be found m its relation to the 
expenditures for the entire highway programs of al l levels of government. The direct 
expenditures for highways m 1958 (including construction, maintenance, and 
administration) are estimated to be $9,927 million. Research expenditures represent 
0.18 percent of the total, less than 2 mills per road dollar. 

Review of current research activity leads the Committee to the opinion that the 
individual States wil l probably continue m their mdependent efforts to concentrate on 
practical research to meet their individual operating problems. The wide scatter in 
types of projects indicates that States should broaden their activity even in the area of 
practical research for their own advantage and to provide in total a greater depth of 
coverage of important problems. Certainly this "continuing' type of research could 
reasonably be doubled in nearly any State and in most could be increased many times. 

NEW AREAS OF RESEARCH NEED 
The Committee focused its attention in large part on the new areas of research need, 

however, m contrast to the "continuing" needs just described. It is in these new areas 
that new techniques must be applied, new skills and disciplmes introduced, and strong 
financial support assured. 

To aid the Committee in its assigned task of reviewing research needs, estimating 
costs and establishing priorities, it f irst sought the advice and recommendations of all 
project and special committees of the Highway Research Board. These committees 
include highway officials and engineers and representatives of industry, vuiiversities, 
and associations. Each committee was requested to supply in umform manner a 
description of the research problem in its area of interest that it felt deserved highest 
priority of attention, and to estimate its cost. More than 100 carefuUy prepared 
proposals were received in a most gratifying response (see Appendix B) . 

The proposals were reviewed in detail by the Committee and from the list those 
regarded as the most urgent were selected, formmg a preliminary list of 17 areas of 
greatest urgency and importance. This list was then reviewed by the staff of the 
Highway Research Board m the interest of each of the Board's Departments for 
possible omissions or for other suggestions. 
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The Committee at its f i rs t meeting decided to give highest priority to areas re
garded as most urgent from the viewpoint of administration and management of the 
highway program. For aid in this direction the Committee requested advice from the 
State highway admmistrators through the office of the Executive Secretary of the AASHO. 
Each admmistrator was asked to review the list of 17 areas and to select the three he 
regarded as most urgent. He was asked also to suggest additional areas not included 
in the Committee's list that he believed deserved equal or higher priority. Thirty-
four States responded to this request. Six suggested additional areas. 

Finally, the Committee again reviewed the entire problem in light of the advice of 
the highway administrators and prepared a final list of 19 problem areas it believes 
warrant the highest priority in importance and urgency. These, it is emphasized, are 
areas of research need, not specific research projects. In most areas many individual 
projects would be required to produce solutions to the problems. It is emphasized also 
that these are new and unexplored areas, or areas in which current exploration is 
establishing the practicability of research, given necessary funds or employing new 
techniques not heretofore available. What has been referred to as current research 
to meet day-to-day problems is not included in this listing, on the supposition that 
it wiU be continued and accelerated. 

Having reviewed research needs and established priorities the Committee's re
maining assignment was to estimate costs. This is a particularly difficult assign
ment, for in many areas the extent of effort ultimately required wil l be evident only 
after the results of early work become available. Accordingly, the Committee 
approached the estimating of cost using as a criterion the amount that could profit
ably be spent over a 4- or 5-year period. The estimate took into account the rate at 
which physical progress could be made and the likelihood of the availability of compe
tent research personnel in the various areas. In some areas the amount estimated 
should permit the completion of the research and the results should be quickly 
available. In others the effort m 4 or 5 years might be only a good beginning. Thus, 
the cost estimates represent not a total need of the indefinite future but an amount 
that could reasonably be expended in a practicable approach to these new problems of 
greatest urgency. This approach would provide prompt answers to the most pressing 
problems and at the same time complete segments of the broader or longer-range 
studies that wi l l not be possible of completion in their entirety in this period. 

In estimating the amounts of money involved the Committee was not unmindful of 
possible sources of funds. Certainly the breadth of interest in many areas strongly 
indicates a broad base of financial support. In each case support is suggested as 
logically deriving from one or more of four categories: 

(1) Public—Generally Federal Government or pooled 
State or Federal-aid highway funds. 

(2) Operating—Funds regularly available to the highway 
departments. 

(3) Foundation. 
(4) Industry. 



SPECIFIC AREAS OF NEEDED RESEARCH 
The areas of greatest urgency and importance in the judgment ol the Committee are 

described in the following. The order of listing in no way indicates the relative urgency 
or importance of any area. Each is important and each differs significantly from the 
others. Effort could be initiated immediately in any one or m all simultaneously, in 
all.cases in the public interest. 

Controlling Development of land in Vicinity of Freeway Interchanges 
Areas surrounding the infrequent interchanges on the Interstate System wil l be 

prime targets for business and residential developers. Often these areas are subject 
to little or no zoning or other land use controls. It is important to the area that the 
development be consistent with desirable land use. It is equally important to the highway 
administrator that allowance be made in planning for the mcreases in volume and 
character of traffic the roads themselves induce. An understanding of the type of develop
ment that may be desired or expected and the means through highway design or land-use 
control to encourage desirable development is urgently needed as the Interstate System 
moves rapidly toward completion. 

Cost $200,000 
Source Public, Foundation 

Design, Traffic Control, and Spacing of Ramps and Interchanges 
The design and spacing of ramps on freeways has great effect on the capacity and 

operating efficiency of the freeway lanes. The spacing of interchanges and the means 
of handling traffic to and from the freeway has equally important effect on the connect
ing street or road systems. Improperly located or designed mterchanges can cause 
confusion and congestion on existing street systems not only to the serious disadvantage 
of local movement, but also extending to the freeway lanes themselves. Little basic 
information on the effect of the many design details in interchange areas is now avail
able to guide the designers. 

Cost $500,000 
Source Public, Operating 

Intensive Investigation of Accidents 
Pilot studies show that investigations by a team of scientists (in the first study now 

under way, a psychologist, an engineer, and a doctor) can by careful observation and 
questioning reveal often hidden or overlooked features in the vehicle-road-driver 
relationship that can be isolated as the real causes of the accident, features that cannot 
be identified in usual police investigations. This approach offers solid promise of 
developing approaches to driver education, licensing and control, police activity, and 
road and vehicle design. It offers means of guiding safety programs and public support 
activity m the most effective channels. The pilot work should be broadened and 
extended in a comprehensive research program. 

Cost $2,000,000 
Source Public, Foundation, Industry 

Comprehensive Study of Passenger Transportation in Metropolitan Areas 
The means by which an individual is transported or transports himself is his choice. 

But actually the choice is made not between competitive forms of transportation for a 
particular trip, but by his earlier decision as to place of residence, place of work, 
of shopping, or entertainment, or of the school or church his family attends. After he 
has made this early decision he may have little choice of transportation. Thus personal 
transportation requirements in the metropolitan area of the future wiU depend far more 
on the motivations of urban and metropolitan living than on the "efficiency" of a 
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particular form of transport, although undoubtedly "quality" of the different forms 
may influence the original choices. A basic study of the factors determming the 
manner of urban living (mcluding motivation behind choice of transportation) is 
essential to estimating future highway and transit demands, the possibility of 
reducing travel peaks through staggered hours of business and industry, the likelihood 
of integrating or coordmating different forms of transportation, and the prospects of 
combination of highway and rapid transit on individual trips. 

Cost $1,000,000 
Source Pubbc, Foundation 

Comprehensive Study of Freight Transportation by M)tor Vehicle in Rural and 
Urban Areas 

Highway transportation gives the shipper advantages not provided by rai l or other 
media. In the hauling of certam commodities the railroads already are a serious 
competitive disadvantage. Detailed study is needed to show the particular factors, 
such as time, cost, convenience, "quality" of service, or others, that determine 
the shipper's choice of transportation. Such basic information wi l l show the 
feasibility of coordination or integration of the different modes of transport. It wil l 
permit viewing the transportation needs of the future from the new perspective of 
decentralizing business and dispersing industry. It wi l l show how final delivery of 
goods to urban or suburban dwellers may best be coordinated with mtercity or long
distance shipments. It wi l l permit the highway official to estimate the requirements 
for truck transportation. It wi l l aid in determining the demands on rai l , water and 
air transport of goods m the future and whether certain segments and services may 
prove to be uneconomic. 

Cost $500,000 
Source Public, Foundation 

Translation of the Results of the AASHO Road Test m niionis to Conditions m 
Other States 

A variety of structural designs on which are imposed loads from well below to well 
above normal highway loads are being tested on a single type of soil under weather 
conditions m nimois durmg 1958, 1959, and 1960. The site was carefully selected to 
provide conditions representative of as large an area of the country as possible. From 
this test wi l l come experimental results and a theory of design immediately transfer
able to other areas of soil and weather conditions differing not too greatly from those 
at the test site. Yet to gain fu l l advantage of this test, other States must build 
experimental sections identical with certain of the sections of the AASHO test as a 
means of testing the applicability of the design theory and translating the empirical 
results to the different soil and climatic conditions m those States or with embankment 
compaction or quality of subbase different from the test road. Sections would be con
structed as experimental sections in the regular highway program and exposed to 
normal traffic. Observations of traffic and road behavior, using techniques and 
mstruments developed on the AASHO Test Road, would be financed as research. 

Cost (Research phases only) $5,000,000 
Source Operating, Public 

(Note: This area received the broadest support of any of the areas mentioned 
by the State highway admmistrators.) 

Snow and Ice Removal or Treatment 
Public demand for clear roads under al l conditions on modern highways imposes 

severe problems in this area. Chemicals in general use m quantities required for 
major routes are costly and damage some pavements and structures. Sand is swept 
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off roadways by traffic moving at present-day speeds. Freeway designs present 
difficult snowplowing problems. Research is needed in developing desired standards 
of winter maintenance, in the most economical plowing and sanding practices, and in 
discovering more effective means of melting snow or ice through new chemicals, or 
the application of heat in various ways. Special conditions of sleet or freezing rain, 
and special problem locations (such as bridge decks and side hil l cuts) should receive 
special consideration. 

Cost $1,000,000 
Source Public, Operating 

Improvement of Highway Maintenance 
Steadily rising maintenance costs require maximum efficiency in use of manpower 

and materials and choice of the most suitable equipment. New designs of freeways 
impose new problems of maintenance and more rigorous conditions under which work 
must be performed. Detailed time-motion studies of actual operations, development 
and application of cost accounting procedures, and review of the management and ad
ministration of the research fimctions in district and central offices and development 
of new equipment are needed. Pilot studies in one State give assurance of the 
practicability of this approach. 

Cost $750,000 
Source Operating 

Improvement of Knowledge of Aggregates and Soils 
The accelerating demand for roadbuildmg materials and the diminishing supply of 

aggregates of desired quality makes a better understanding of the performance of 
aggregates of various characteristics in concrete and bituminous pavements most 
urgent. Tests to determme in advance the probable performance in service are 
needed to permit classifying aggregates in terms of appropriate use. Means of im
proving poor quality aggregates through various processes of beneficiation must be 
developed. Possibly nuclear energy may transform clays and other now undesirable 
materials into useful aggregates. 

Strengthening of soils through chemical stabilization and development of better 
means of removing water or eliminatmg its i l l effects can produce large benefits. 
Improvement of understanding of the physio-chemical properties of soils through new 
techniques in the laboratory, use of radioactive isotopes to trace movement of water 
in or under the surface structures, use of nuclear devices to measure soil density 
and moisture and to aid in controllmg compaction of f i l l s , offer much promise. The 
study of the desired degree of compaction and the best means of obtaining it for 
various soils, and the effect of repeated live load and vibration of traffic after 
completion of the road on the compaction and supportmg ability of the embankment 
soil, need investigation. 

In short, increasing demands for more and better materials whose performance can 
be forecast with confidence require renewed study in one of the oldest fields of 
highway research, employing to the fullest new sources and techniques now available. 

Cost $10,000,000 
Source Public, Operating, Industry 

Improvement of Techniques for Forecasting Traffic and Revenues 
Forecasting of traffic volumes on Statewide bases and for individual routes was 

notoriously weak until recent years and is s t i l l most uncertain. Recent advances in 
relatmg travel demands to the economy and in smaller areas to land use and other 
economic and social factors give promise of developing means of forecastmg with 
confidence. Statewide forecasts of travel by vehicle type for estimating revenues and 
for distributmg travel over the various systems and routes, as influenced by avail-
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ability of competing forms of transportation and level of service provided by each, 
can and must be sharpened. Availability of high-speed computers and awakened 
interest of planners and economists in the problem offer new opportunity for research. 

Cost $250,000 
Source Public, Foundation, Operating 

Sharpening of Figures of Tangible Road User Benefits and Development of 
Method for Appraising Benefits Now Called Intangible 

Economic analysis of highway user benefits and road costs, important in route 
location and priority programing, suffer from lack of facts to evaluate benefits of time 
and such other benefits as comfort and convenience usually called intangible. More
over, benefits of individual projects cannot be totaled to show benefits for an entire 
system in relation to costs because of the interaction of one project on another as 
successive projects are completed. With competition for tax dollars becoming more 
intense, more precise means of appraising the real benefits to road users of highway 
improvements and of developing needed construction programs becomes more urgent. 

Cost $500,000 
Source Public, Operatin_ 

Conceptual Study of Non-User and Community Benefits of Highway Construction 
in Relation to User Benefits 

Lack of clear understanding of non-user benefits as they are related to user benefits 
confuses policies of highway finance. Failure to recognize or to evaluate community 
benefits or disadvantages of specific highway improvements delays agreement on route 
locations in urban and metropolitan areas. Inability to evaluate benefits to users and 
the community in common terms impedes or prevents agreement between highway 
officials and city and regional planners. A broad conceptual study on the economic 
and social consequences of highway improvements and their relation to user benefits 
is needed. 

Cost $1,000,000 
Source Public or Foundation, Operating 

(Note: Many individual "economic impact" studies, of value to the highway 
departments, would be required. Collation and conceptual treatment would presumably 
be by a university or research mstitute.) 

Warrants for Lighting Freeways 
Standards for level of illumination on urban freeways and at interchanges or other 

hazard points based on actual study of the effect of various levels and types of i l lumi
nation on operating safety and cost are not available. The feasibility of delineating 
ramps by low-voltage lights, much as reflecting delineators outline the through lanes, 
should be explored and the possibility of light sources using radio-activated gas-filled 
tubes for such purposes investigated. Transition lighting between highly illuminated 
and dark areas should be studied. Some studies might be conducted as laboratory 
or proving ground experiments, but traffic behavior under full-scale installation 
must ultimately be observed. 

Cost $1,000,000 
Source Operating, Public, Industry 

Standards for Secondary and Local Roads 
Standards for secondary roads allow wide variation in design. Road user revenues 

from many secondary roads and most local roads cannot build and maintain them. 
Local road improvements are provided primarily for access to property, rather than 
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for the road users as a group. Thus, the standards or design practices should take 
cognizance of the desires of the property owners who bear the cost and their ability 
and willingness to pay. With financing of secondary and local roads becoming 
increasingly difficult. State and local officials need better guides as to the level of road 
service to be provided. 

Cost $50,000 
Source Public, Operating 

Development of Driving Simulator 
Great flexibility in research could be obtained if actual conditions on the road 

could be simulated in the laboratory. The feasibility of simulating field conditions 
using a full-scale car has been established. Its use in testing drivers to determine 
the effect of health, or physical or mental condition, or of the action of liquor or 
drugs, in an effort to improve driver safety is in prospect. By somewhat similar 
means the effect on driving performance of traffic control devices, geometric design, 
surface characteristics, hi^way lightmg, and of such environmental factors as other 
traffic, of trucks or busses, or of poor weather conditions, can be simulated through 
use of television reproduction of desired conditions, controlled by computer programs 
to respond to the driver's reactions. This approach offers great promise in improving 
safety, increasing highway capacity and adding to driving comfort. 

Cost $3,500,000 
Source Public, Foundation 

Electronic Control of Vehicles 
Electronic devices now available can control the direction and speed of vehicles. 

If cost considerations and assurance of 100 percent reliability were overcome they 
could add considerably to highway capacity and improve safety. 

As a f i rs t step m considering electronic guidance or control, criteria must be 
established to define the problem; to develop the degree of communication, guidance, 
or control appropriate under all conditions of road and traffic; to determme what 
information should be transmitted to the driver, and how, and to what extent his 
vehicle can be guided, and the limits of precision required; to establish whether the 
vehicle should actually be controlled, and if so what range and precision of speeds 
and headways are needed, and how they should be varied for various conditions of 
weather and traffic and for emergencies; and to specify exactly what conditions 
electronic guidance or control must satisfy before considering actual electronic 
devices. 

Without doubt some electronic aids to driving are now feasible of adoption. How far 
toward fu l l control of the vehicle it wi l l ultimately be feasible to go remains to be 
disclosed through research and experiment and appraisal of public acceptance. Re
search in establishing criteria is estimated to cost $100,000. K should be started 
immediately to produce the necessary guides to the further research that wi l l lead to 
the development of the indicated devices or systems. It is likely that at least 
$3,000,000 could reasonably be applied to this area within the 4- or 5-year program 
period. 

Cost $3,000,000 
Source Public, Industry 

Analysis of the Interactions of Road and Vehicle 
The performance of a road surface is influenced by the dynamic loads of vehicles 

in motion, rather than by their static load. Only recently have the wide differences 
between static and dynamic loads been observed. Even on smooth pavements, the 
harmonic vibration sometimes set up, greatly increases the load imposed on the high
way and produces i l l effects on the vehicle, the driver, and the cargo as well. The 
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dynamic load effect may be reduced by changes in the road, or vehicle, or both. 
Each is a component of a vehicle-road system. Reduction m the dynamic effect wil l 
be beneficial to both the road and the vehicle. Pilot studies give promise of establish
ing nnathematical expressions through the use of the high-speed computer that wil l 
describe the road-vehicle relationship, and show the effect of changes in vehicle 
suspension or road design, or both components of this system. The relation is 
extremely complex, considering the many factors involved m the suspension of vehicles 
and their combinations. The technique already proved successful m aircraft design 
would be applied in this more complex area. 

Cost $500,000 
Source Public, Industry 

Simulation of Traffic Flow 
Availability of the high-speed computer now makes possible the development of 

mathematical expressions for representing traffic flow, considermg all influencing 
factors such as street width, signal cycles, parking, loading zones, left turns, and 
pedestrian volumes. Pilot studies of a simple case where necessary field data were 
available show the possibility of analyzing more complex situations, and possibly 
an entire street system. By this means the effect on the over-all efficiency of a 
system of such changes as making certam streets one-way, widenmg certain streets, 
elimmating turns or separating grades at a particular mtersection can be determined. 
As mathematical expressions are developed they must be verified to insure that 
the theory is sound. Once accomplished, the finished program can be used to produce 
the maximum capacity of an existing system and measure the effect of any proposed 
additions or improvements. 

Cost $3,000,000 
Source Public, Operating 

Improvement of Motor Vehicle Administration 
The practices m the broad field of motor vehicle administration, including such 

features as driver licensing, motor vehicle registration, titling, enforcement, and 
associated functions, have not been developed as a result of thorough study of the 
desirable standards and practices m each aspect of the area. Rather, they have 
grown piecemeal as need for added functions in the area became apparent. A thorough 
appraisal of the problem in all its aspects and the development of necessary standards 
would permit the placing of motor vehicle administration on a sound realistic basis, 
with consequent improvement in control of veHicles and drivers m the interest of 
efficiency of operation and safety on the highway. 

Cost $250,000 
Source Public, Foundation 

SUMMARY 
The total estimated cost of the research briefly described in the 19 areas listed 

is $34,000,000. The Committee believes, to repeat, that it represents a practicable 
approach to a 4 - or 5-year program in the areas in which new knowledge is most 
urgently needed, a program that wil l quickly produce the most needed answers and 
permit the completion of usable portions or research activity that is broader in scope 
or of longer duration than can reasonably be accomplished in this period. 

Many sound proposals for research projects were submitted by committees of the 
Highway Research Board, State highway departments, imiversities, and others. 
Although all of these did not, in the judgment of the Special Committee, qualify in the 
areas of greatest importance and urgency, they do describe important research 
activity that should be undertaken. It is estimated that the cost of this additional 
research would somewhat exceed $6,000,000. 
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In order, however that all research workers and agencies may have the benefit 
of all proposals supplied, a listing with a brief description of each proposal is 
attached to this report as Appendix B. 

REVIEW OF BENEFITS FROM fflGHWAY RESEARCH 
At the time the Committee began its task of developmg a research program another 

task was bemg completed by the Highway Research Board: gathering evidences of the 
benefits obtained from applying the findmgs of highway research. From personal 
visits and through correspondence 348 examples of the use of findings and benefits 
therefrom were received (see Appendix C). Yesterday's research has indeed become 
today's practice. 

Benefits recorded in the 348 citations from 47 highway departments showed that 
research had left its imprint in standard specifications, in geometric and structural 
design, in manuals of procedures, practices and operations, in admmistration, m 
planning, and on the statute books—in fact, in every area of highway work. Examples 
given show returns in savmgs many times the cost of the research. 

Also recited was the mcrease in understanding and perspective that provides better 
judgment for the making of decisions. 

In assessing the benefits derived from highway research, a net monetary gain, or 
a saving m out-of-pocket costs was not always recorded. But the examples sent in 
are in themselves evidences of benefits either in economy or in convenience, conser
vation, service, satisfaction, knowledge and understanding—in short, in human 
welfare. 

It was pointed out that the time and place of change could not always be cited. There 
has been a sequence of changing events, a "here a little, there a little, line upon 
line" succession, but one can easily see the imprint of research in the transforma
tion wrought in the highway and upon the countryside. Much more dramatic than 
the impressions conveyed by the change m specifications and manuals are those 
perceived by coming upon a road of early design replaced by one of current design. 

Without research today what wil l tomorrow's practice be? 



Appendix A 

Highway Research In The United States: 
An Analysis of Current Fiscal Support 

fflGHWAY RESEARCH IN AN ACCELERATED 
HIGHWAY IMPROVEMENT PROGRAM 

A notable increase has taken place in expenditures for expanding, improving, main
taining and operating the highway plant in the United States in the past ten years, as 
disclosed by statistical records and as may be observed by the road user. 

In light of the accelerated expenditures for the highway plant the question has been 
asked "How much money is being spent on highway research?" In response to this 
question the Highway Research Board undertook a nationwide survey to obtain an 
answer to this question. 

1958 IN HIGHWAY RESEARCH 
Survey 

This latest survey of highway research expenditures m the United States was made 
by the Highway Research Board m May 1959 and covers the calendar year 1958. The 
canvass included the highway departments of 48 states and the District of Columbia. 
Each of these highway departments responded to the questions asked (see Attachment 
A ) . The survey was extended to cover more than 100 engineering colleges (see 
Attachment B) and replies were received from 62 of these. The U. S. Bureau of Public 
Roads supplied figures for highway research financed from the so-called 1V2 percent 
funds, and also from their admmistrative funds. The Highway Research Board is adding 
the prorated annual expenditures for the AASHO Road Test. 

Because of time limitations in canvassing, certain component parts of the total ex
penditures for highway research have not been obtained in this survey, thus the totals 
recorded wil l be on the low side. It is also possible that there may be duplications in 
data reported from the three sources solicited but it is believed that the error wi l l be 
relatively insignificant. 

A summary of the expenditures shows a grand total of 17.8 million dollars spent for 
liighway research in 1958. This amount was expended from the following sources: 

Source Millions 
1. State Highway funds alone, independent of 

lV2 percent funds and state matching. $ 5.0 
2. iVa percent (planning) funds, including 

state matching. 4. 7 
3. State Educational Institutions 1. 5 

4. U. S. Bureau of Public Roads 
Administrative Funds, Bureau Staff 
Administrative Funds, Coop. Research 

5. AASHO* Road Test (prorated Vs of total) 

Sub-Total 

Sub-Total 
Grand Total 

$ 11.2 

1.6 
.7 

4.3 
$ 6.6 
$ 17.8 

^AASHO = American Association of State Highway Officials. 

Items 1, 2 and 3 above, were further divided as shown in the following tables: 
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Item 1. Research financed by state highway departments from state high
way funds, solely (independent of \% % funds and state matching): 

Agency Conducting Research Millions 
a. Staff conducted research $4.05 
b. Sponsored at educational institutions 0. 60 
c. Contracted to private research agency 0. 35 

Total $5.00 
Item 2. Research financed from iVa % Federal HPS (Highway Planning 

Survey) funds and state matching funds: 
Funds Expended Millions 

a. Federal $3. 5 
b. State 1.2 

Total T O 
Item 3. Research financed and conducted at educational institutions: 

Research Financed from Millions 
a. Institutional funds . $0.6 
b. Government funds (other than SHD and US BPR ) 0.4 
c. Industry funds 0. 5 

Total $1.5 

^SHD = State Highway Department. 
US BPR = United States Bureau of Public Roads. 

The Bureau of Public Roads reported that of the $ 58 million (approximately) 
available during 1958 from iVa percent funds for highway planning purposes about 
$47 million was spent. Of the $47 million spent for planning $4. 7 million (or Vio 
of the total expenditure) was spent for research in special studies. 

Table 1 provides a state-by-state breakdown on items 1,2, and 3. Further breaks of 
Items 4 and 5 were not obtained in this survey. 

Referring to Items 1, 2 and 3 again, an analysis was made which ranked e:qpenditures 
by state highway departments and educational institutions, singly, m ascending order, 
and in combination. The combined summary is shown in Figure 1. 

The f i rs t analysis showed the relative amounts spent for research as reported by 
the several state highway departments—from state funds alone (see Item 1 - Table 1). 

Number of States Expenditure Bracket (Thousands) 
12 $ 0 
5 Oto 10 

18 10 to 100 
8 100 to 200 
2 200 to 300 
1 300 to 400 
2 400 to 500 
1 More than 900 

49^ 

^Does not include Alaska, Hawaii nor Puerto Rico. 

Six of the 49 reporting departments, whose combined disbursements for state-
administered highways was 27 percent of the total for all states, contributed more 
than 54 percent of the funds for research in 1958. California leads in amount of 
support to research by a single state. 

Iowa leads the states on basis of research e^enditures related to total disbursements 
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for state-administered highways. In an analysis of this relationship for each state 
it was found that the percentage varies from 0 percent for 12 states to 0. 6 percent 
for Iowa. Six states spent more than 0.2 percent from state funds alone, as follows: 

State Percent 
California 0,201 
Colorado 0.238 
Idaho 0.298 
Indiana 0.244 
Iowa 0.592 
Washington 0.222 

An examination of the relation of research expenditure to magnitude of total dis
bursements showed no close parallelism, state-by-state. 

The second analysis, covering e^qpenditures for highway research from HPS and 
state matching funds shows (see Item 2, Table 1): 

Number of States Expenditure Bracket (Thousands) 
3 $ 0 
8 0 to 50 

12 50 to 100 
12 100 to 200 
12 200 to 500 
4 500 to 1,000 
1 a Over 1,000 

52 
^Includes Alaska, Hawaii, and Puerto Rico. 

The third analysis disclosed the relative e^qpenditures for highway research at the 
educational institutions. Here it is found that 49 percent of the highway research ex
penditures were reported by just four institutions out of the 62 reporting in 37 states. 
Institutions in the 11 other states either did not respond, or reported "no expenditures 
for highway research." 

The fourth and final analysis examined the three components in combination, and 
the following relations were disclosed (See Grand Total Column, Table 1). 

No highway research e}q)enditures are shown in three states, and seven states, 
whose combined disbursements for state-administered highways amounted to 25 per
cent of the total for all states, contributed 50 percent of the e:q)enditures for highway 
research, while 38 states ranked below the mean in research expenditures. 

Further examination shows: 

Number of States Expenditure Bracket (Thousands) 
3 $ None Reported 

17 0 to 100 
14 100 to 200 
10 200 to 300 
6 300 to 1,000 

" S T 
2_^ More than 1,000 

^Includes Alaska, Hawaii, and Puerto Rico. 

Comparison of 1958 and 1951 Survey of Highway Research Expenditures 
Highway Research Board Special Report 15, "Highway Research Organizations, " 

carries information on expenditures for highway research and road costs for the 
Year 1951 (at which time the consumers dollar was worth eleven cents more than it 
was in 1958). The following table provides the comparable data: 
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Items 1951 1958 
Research: 
1. Hwy. Expenditures (Incl. iVa % funds) $2, 560, 000 $9,700,000 
2. Educational Inst. Expenditures 905, 400 1, 500,000 
3. US BPR Administrative Funds 1, 500, 000^ 2,300,000 
4. Road Tests (Prorated) 50,000 4.300.000 

Total $5, 115,400 $17,800,(300 
Construction and Maintenance (Thousands) (Thousands) 
1. Disbursements for State-Administered 

Hwys. $1,900,000 $6,289,214 
2. Disbursements for Highways (all 

jurisdictions) 4,886,000^ 9,927,000 
(This gompares with $17,13 billion highway expenditures during 1958 in the free 
world ). 

^These figures, not given in Special Report 15, were obtained from other reports 
prepared by the Highway Research Board and by the U. S. Bureau of Public Roads. 
^Robert O. Swain, Executive Director, International Road Federation (1959). 

A comparison of the relative amounts spent for research as related to disburse
ments for state-administered highways reveals: 

Year Approximate Expenditures 
1951 3 mils per state road dollar 
1958 3 mils per state road dollar 
1951 1 mil for total road dollar 
1958 2 mils for total road dollar 

In this seven-year span we find little change in the relative amount of money 
devoted to highway research as compared to total state highway expenditures. It is 
of interest to note that the amount spent for research from the iVa percent funds both 
in 1951 and 1958 was about 10 percent of the total money expended for highway plan
ning. It is also of interest to note that V? of the reporting highway departments 
provided more than 50 percent of the total research funds. 

Additional Comparisons of 1958 Highway Research Expenditures 
The total transportation bill in the United States for 1958 has been estimated at 

approximately 70 bilhon dollars with approximately 10 billion of this spent for high
ways. 

In other words, 86 cents out of every transportation dollar was spent for owning 
and operating motor vehicles and 14 cents for building and mamtaning the highways 
for the vehicles. Out of this 14 cents about Vio of one mil was spent for highway 
research. 

Another interesting relation is that obtained by comparing the ratio of medical 
research expenditures and the total medical b i l l in 1958 to the ratio of highway 
research and the total highway bil l in 1958. These figures (approximately) are given 
as follows: 

Items Approximate Expenditures 
Medical research $485 million 
Medical bill $ 22 billion 
Percentage for research 2.2 % 
Highway research $ 20 million 
Highway bill $ 10 billion 
Percentage for research 0.2 % 
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mOHWAY RESEARCH EXPENDITURES I N 1958 (See AUachments A and B t e r QiesUoniuilres) 

By State Highway Departmenta 

Solely f r o m State HlRlHray Revenue 
2 From I'/i % Funds »lt l i SUte Matching State 

State Federal Total 
Total High

way E ^ 
Spent f o r 
Research 

Total State 
Highway 

Staff Educ Pvt. Res. Matching I'/i % H.P .S . Including Inst G o v t ' Industry Grand Expendi
Research Inst Agency Total Funds F^nds Funds HPS Funds Funds Funds Total Tota l tures* SUte 

A l a . * 12,500 9,000 - 17,500 24,050 74,950 
30,000 

99,000 116,900 7,225 _ . 7,229 123,725 68,136 Ala . 
Alaska - ( N o t S o l i c i t e d ) -

74,950 
30,000 30,000 30,000 ( N o t S o l i c i t e d ) 30,000 - Alaska 

A r i a . - - - - 12,568 89,942 102,100 102,100 5,550 5,500 107,600 44,375 A r i a 
A r k . - - - - 3,550 8,990 12,900 12,900 1,090 - 1,690 2,740 15,240 59,441 A r k . 
C a m . 900,000 19,000 40,000 955,000 24,881 95,319 120,200 1,075,200 165, 500 18,000 - 183, 500 1,298,700 470,660 Calif 
Colo. 166,000 - - 165,000 878 2,859 3,737 168,737 7,000 7,500 1,000 15,500 184,237 79,478 Colo 
Conn. 64,900 9,840 110,000 174,340 

46,000 
16,486 46,436 62,921 237,261 47,500 - - 47,600 284,761 172,381 Conn. 

OeL 10,000 36,000 -
174,340 
46,000 6,072 15,928 22,000 68,000 25,000 - - 25,000 83,000 34,153 DeU 

Fla. 49,634 39,833 - 89,197 - - - 89,197 1,000 4,000 - 9,000 
2,000 

94,197 163,888 Fla . 
Ga. - - - - 96,064 199,498 211,962 211, 962 2,000 - -

9,000 
2,000 213,562 87,117 Ga. 

Idaho 76,000 - - 79,000 
231,000 

9,921 
126,024 

37,379 
399,376 

46,900 121,900 1,000 
75,000 

- 2,500 3,900 125,400 92,197 Idaho 
m.' 231,000 - -

79,000 
231,000 

9,921 
126,024 

37,379 
399,376 486,300 717,300 

1,000 
75,000 14,500 27,500 117,000 878,110 420,737 ni. 

Ind. 36,391 
493,721 

190,000 3,714 100,065 18,550 51,450 70,000 260,065 59,000 8,000 10,750 86,790 346,815 119,981 Ind. 
Iowa 

36,391 
493,721 - - 403,721 6,610 17,690 24,300 518,021 100,000 - - 100,000 618,021 103,083 Iowa 

Kan. 126,289 - 13,527 139,812 16,994 44,137 61,131 200,943 22,700 - 22,700 223,643 109,340 Kan. 
Ky. 175,680 - - 175, 680 16,614 46,798 

11,055 
63,412 239,092 500 - 4,688 9,188 244,280 133,949 Ky. 

La. 87,189 - - 87,185 3,945 
46,798 
11,055 15,000 

IS, 100 
102,185 - - - - 101,530 199,641 La. 

Me - 49,948 - 45,548 3,911 11,189 
15,000 
IS, 100 60,648 - - - 60,648 54,431 Me. 

Md. 10,000 - - 10,000 
92,000 

17,346 71,154 
88,027 

88,900 98,500 _ 98,500 110,257 Md. 
Mass. - 36,900 55, 900' 

10,000 
92,000 24,973 

71,154 
88,027 113,000 205,000 500 - 14,870 15,379 220,370 184,526 Mass. 

Mich . 381,000 - 22,400 403,400 
35,000 

139,719 454,360 990,069 993,465 - 8,000 79,000 87,000 1,080,465 
126,200 

222,089 Mich . 
Minn. 39,000 

6,500 
- -

403,400 
35,000 22,902 61,298 84,200 119,200 

56,025 
7,000 - - 7,000 

1,080,465 
126,200 109,729 Minn. 

Miss 
39,000 

6,500 1,000 - 7,900 12,811 35,714 48,929 
119,200 

56,025 - - - - 56,029 57,591 Miss . 
Mo. 83,278 - 22, 900' 109,778 14,039 37, O i l 91,090 156,828 

34,700 - 55,195 52,000 107,199 264,023 146,703 Mb 
Mont. . - - - 8,016 26,684 34,700 

156,828 
34,700 1,600 - - 1,600 36,300 44,512 Mont. 

Neb. 9,266 - - 9,266 21,328 54, 572 79,900 85,166 - 24,000 - 24,000 109,166 S3,078 Neb. 
Nov.* 39,381 - - 39,331 - - - 39,381 2,000 - - 2,000 41,381 23,130 Nev. 
N . H . - - - - - - - - - - - - - 38,042 N . H . 
N . J . 66,300 - - 69,300 7,142 21,088 28,230 93, 530 500 7,900 - 8,000 102,185 134,464 N . J . 
N . Mex. 20,000 - - 20,000 

115,000 
10,176 

163,383 
82,824 102,000 

423,710 
122,000 - - - - 122,000 61,446 N Mex. 

N . Y . 115,000 - -
20,000 

115,000 
10,176 

163,383 270,327 
102,000 
423,710 938,710 8,000 176,400 155,000 339,400 834,300 509,538 N . Y . 

N . C . - - - - 40,091 111,194 191,289 151,285 - - - - 161,289 149,888 N . C . 
N . D . ' 15,000 - - 19,000 21,640 58,806 80,446 99,446 - - 655 699 96,101 43,932 N D 
Ohio 85,000 - - 89,000 - - - 89,000 16,450 - 44,380 60,830 149,830 379,844 Ohio 
OlUa. - - - - 64,489 148,337 212,822 212,822 - - - - 212,822 98,911 Okla. 
Ore. 10,016 - 7 , 6 4 1 ' 26, 697 39,638 170,362 206,000 

143,804 
232,697 - 4,000 - 4,000 236,657 67,987 Ore . 

Pa. 33,139 - 90,046 83,189 40,146 103,748 
206,000 
143,804 227,079 19,500 - 7,500 27,000 294,079 383,824 Pa. 

R . L - - - - 24,797 65,703 90,500 90,500 - - 5,000 9,000 99,900 28,807 R . L 
S.C ' - - - - - - - - - - - - - 72,108 

35,872 
S.C. 

S.O. - - - - 22,134 72,055 94,189 04,189 - - - - 94,189 
72,108 
35,872 S.D 

Tenn. 25,000 64,800 5,640 95,440 3,640 6,380 10,000 109,440 - - 1,250 1,290 106,690 94,361 Tenn. 
Tex. 349,827 - - 349,827 20,002 60,408 70, 500 420,327 25,100 - 49,340 74,440 494,767 395,889 

42,576 
Tex. 

Utah' - - - - 14,476 105,162 119,638 
40,000 

119,638 9,100 - - 9,100 128,738 
40,000 

395,889 
42,576 Utah 

Vt . - - - 7,960 32,440 
119,638 
40,000 40,000 - - - -

128,738 
40,000 24,335 

168,636 
Vt . 

Va. 179,644 - 4,000' 
8,395 

163,644 19,383 91,617 71,000 294,644 3,300 6,200 - 9,900 264,144 
24,335 

168,636 Va. 
Wash 73,490 

9,000 
158,990 

4,000' 
8,395 240,439 22, 990 78,288 100,887 341,322 22,925 38,900 2,900 63,925 409,247 

77,000 
130,885 Wash. 

W. Va. 
73,490 

9,000 - - 5,000 17,080 92,920 70,000 75,000 2,000 - - 2,000 
409,247 

77,000 75,845 
97,090 

W Va. 
Wis. 43,000 - - 43,000 20,025 54,075 75,000 118,000 405 - - 499 118,499 

75,845 
97,090 Wis. 

Wyo - 1,000 - 1,000 2,052 0,948 12,000 13,000 - - - - 13, O O O 41,831 Wyo 
O.C 39,000 • - 35,000 - - - 35,000 300 - - 300 39,300 - D . C . 
Hawaii ( N o t S o l i c i t e d ) - - - - - HawaU 
P. a ( N o t S o l i c i t e d ) 15,027 10,573 29,600 25.600 29,600 - P . H . 
CoL Totals 4 ,M4,42V 563,071 343, 363 4, tSO , iS l 1,175,303 J,4S4; S t l 4, ess, 664 6, MA, Vil 638,785 4 U , S62 1,4»,112 \i,m,v)n 9,iSe,214 

11,947,069 
9 83 % 

34,738,662 
10 03 % 

46,685,731 11,947,069 
9 83 % 

34,738,662 
10 03 % 9 98 % 

3 At Educational Institutions 

^ m e research expenditures in aormal operations. Not isolated. 
' M i n o r development work only 
'Includes some hlghvay plani^ng survey funds 
^Does not Include ejiperimental secUons in road construcUon. 
•U.S.C s. 
^ v e m m e n t funds other than f r o m USBPR o r SHD's 
'Tota l disbursements f o r state-administered highways, 1958 (excluding bond retirement) 
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In other words, the medical field supports a research.program in monetary value, 
11 times as great relatively, as the highway field. 

Still another comparison of interest is the following: 
The Gross National Product for 1958 was about 437 billion dollars in 1958 prices. 

The total amount spent for research in 1958 by all segments of industry and govern
ment was estimated to be about $10 billion, with about 20 percent for basic research. 
(This has increased from $2. 5 billion 10 years ago, and $3. 7 billion 5 years ago 
(1953).) In other words, the national economy, m 1958, supported slightly more than 
two cents of research and development for each one dollar of the Gross National 
Product, whereas highway development at all levels of government included but one-
tenth as much—only two mils for research for each dollar of direct highway expenditure. 
It has been estimated that the amount spent for research by all segments of industry 
should double in the next ten years, whereas the Gross National Product is expected to 
increase about 50 percent during the same period. 

It is also of record that the 1958 bil l for advertising in the United States was esti
mated at 10,192 million dollars', or more than the total highway bi l l which was 
estimated at 9,927 million dollars. 

1 

Statistical Abstract of the United States, 1959 
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Attachment A 

NIGHT LETTER 

May 11, 1959 

TO ALL STATE HIGHWAY DEPARTMENTS 

The Executive Ccamnlttee of the Board i n 1958 created a 
Special Committee on Highway Research P r i o r i t i e s to undertake a census 
of highway research problems and needs and to recommend a research 
program. I n order to complete i t s report the Research P r i o r i t i e s 
Committee needs to ascertain the amoung of funds spent during the 1958 
calendar year on highway research. Of p a r t i c u l a r i n t e r e s t i s the 
amount spent by state highway departments. 

The Bureau of Public Roads i s furnishing information on a l l 
projects financed i n whole or i n part from t h e i r administrative and 
I-I/25& funds, including state matching. Therefore, we are requesting 
from you information regarding the amomt of money spent on highway 
research financed s o l e l y from state revenues. Please advise the amount 
of state highway fiinds spent for highway research by: 

1. The s t a f f of the highway department. 

2. Cooperative or Joint projects at state 
educational i n s t i t u t i o n s . 

3. Consultants, or private research agency. 

A reply by May f i f t e e n t h w i l l be appreciated. 

Fred Burggraf, Director 
Highway Research Board 
2101 Constitution Avenue, -N. W. 
Washington 25, D. C. 
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Attachment B 
WIGHT LEJTTER 

May 11, 1959 

TO STATE ENGIKEERIMG COLLEGES AMD UNIVERSITIES 

The Executive Comnittee of the Board I n I958 created a 
SpecisQ. Committee on Highway Research P r i o r i t i e s to undertake a census 
of highway research problems and needs and to recommend a ccanprehensive 
research program. In order to complete i t s report the Research 
P r i o r i t i e s Committee i s attempting to ascer t a i n the amount of funds 
spent during the 1958 calendar year on highway research. Of specieil 
i n t e r e s t i s the amount spent hy colleges and u n i v e r s i t i e s . Included 
would be money spent f o r any research d i r e c t l y r e lated to the highway 
f i e l d whether conducted i n the engineering school or i n departments 
of economics, sociology, p o l i t i c a l science or of administration. As 
our contact man at t h i s i n s t i t u t i o n we are taking the l i b e r t y of 
requesting you to obtain t h i s information for us. 

The Bureau of Public Roads i s furnishing information on a l l 
projects financed i n whole or i n part from t h e i r administrative and 
1-1/2^ funds including matching and we are asking the state highway 
departments to advise on state funds spent on a l l projects sponsored 
by them at educational i n s t i t u t i o n s . Therefore, we are requesting 
you to advise amount of money spent on highway research by: 

1. I n s t i t u t i o n a l funds. 

2. Government agencies other than the Bureau of Public 
Roads, or state highway department. 

3. Industry. 

A reply by May f i f t e e n t h would be appreciated. 

Fred Burggraf, Director 
Highway Research Board 
2101 Constitution Avenue, N. W. 
Washington 25, D. C. 



Appendix B 

Highway Research Problems Of Importance 

INTRODUCTION 

In carrying out its assignment the Special Committee on Research Priorities invited 
statements of highway research problems from departments, special and project 
committees of the Highway Research Board and from member departments of the 
American Association of State Highway Officials, and from other interested agencies 
or individuals. 

One hundred and one problem statements were submitted in accordance with a form 
prepared by the Board (Attachment A). Six additional topics were suggested by the 
state highway departments. 

The 101 proposals registered fa l l within the following named fields of interest: 

1. Economics, Finance and Administration 25 
2. Design 18 
3. Materials and Construction 21 
4. Maintenance 3 
5. Traffic and Operations 17 
6. Soils, Geology and Foundations 11 
7. Urban Research 3 
8. Highway Equipment 0 
9. Night Visibility 2 

10. Electromcs 1 
Total Statements 101 

No attempt was made to combine statements which have an overlap of interest. 
The Special Committee on Highway Research Priorities after careful review of the 

problem statements submitted decided that i t was not feasible to set a numerical 
priority rating for individual projects. Instead, the committee selected 19 broad areas 
of research which would embrace the most important and urgent of those proposals 
having nationwide interest. 

As a result of its deliberations the Committee on Highway Research Priorities pre
pared the report (dated June 2, 1959)entitled, "Highway Research Needs in the United 
States". This report forms the f i rs t part of this publication. 

In their report the Committee was cognizant of the value of the proposals submitted 
as comprising one of the functions of the Board "to prepare a program of national 
research", and stated that "many other sound proposals for research were supplied" 
and that "they describe important research activity that should be undertaken. It is 
estimated that the cost of this additional research would somewhat exceed $6-million". 
The Report concludes with these words. "In order that all research workers and agencies 
may have the benefit of all proposals supplied a listing with a brief description of each 
proposal is attached to this report as Appendix B . " 

The following pages provide the brief descriptions mentioned above and represent con
densed versions of the 101 problem statements. Those descriptions are divided among 
the departments and special committees noted above. 

In making further inquiry about any project briefed herewith, 
please list title, also the registration number shown in paren
theses. Some proposals included were submitted by individuals 
as prospectuses of a proprietary character, however, inquiries 
regarding any of these projects may be addressed to the Director 
or to the submitter of the proposal. 

23 



Research Problems 

in 
Economics, Finance and Administration 

INITIAL CONSTRUCTION COST AND ANNUAL ECONOMIC COST OF 
INCREMENTS OF GEOMETRIC AND STRUCTURAL DESIGN 

(See also 01-59-02-08) 
To assist in cost allocation studies the objective of this proposal is to develop guide 

tables of the construction cost of increments of design from minimum to maximum 
standards for right-of-way width, pavement width, shoulder width, median width, bridge 
widths, pavement thickness, number of lanes, and other related dimensions of com
ponents, and to estimate the annual economic cost of constructing new provisions and 
facilities for future traffic. 

Submitted by G. P. St. Clair, Chairman, HRB Department of 
Economics, Finance and Administration (01-59-02-01) 

FURTHER STUDIES OF THE EFFECTS OF VEHICLE LOADS ON 
DESIGN REQUIREMENTS OF PAVEMENT, BASE AND SUBBASE 

As a supplement to the AASHO Road Test of Illinois and as possible "Satellite" tests 
in other states the following investigations are proposed: (1) determination of effects of 
numbers of load applications beyond the number reached in the Illinois tests (on non-
failure sections); (2) more adequate study of the effects on maintenance costs than is 
possible in the Illinois test; (3) study of the possible effects of variations in soil type 
and climate in the application of the findings of the Illinois test. 

Submitted by G. P. St. Clair, Chairman, HRB Department of 
Economics, Finance and Administration (01-59-02-02) 

STUDIES OF VEHICULAR BENEFITS AND THE 
QUALITY OF HIGHWAY TRANSPORTATION 

(See also 01-59-02-12) 
In economic analyses, including justification, route selection, priority of improvement, 

and as an aid in cost allocation, and in related matters it is suggested that studies be 
continued and intensified of factors affecting motor vehicle performance and operating 
costs, accident costs, travel time and value, comfort and convenience, and motivations 
in route choice. 

Submitted by G. P. St. Clair, Chairman, HRB Department of 
Economics, Finance and Administration (01-59-02-03) 

ECONOMIC IMPACT STUDIES 
(See also 01-59-02-22 and 01-59-02-24) 

These would include both the economic and social consequences of highway improve
ment. Studies on all highway systems (both rural and urban, and m the several levels of 
government). Studies would include impact on land value, use, and various economic and 
social activities. 

Submitted by G. P. St. Clair, Chairman, HRB Department of 
Economics, Finance and Administration (01-59-02-04) 

2h 
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TO MAKE THE BEGINNINGS OF A COMPREHENSIVE STUDY OF FREIGHT 
TRANSPORTATION BY MOTOR VEHICLE 

This would include urban movements and embrace studies in economic organizational 
and competitive aspects. Studies under way should be correlated and field of inquiry 
broadened to include such as: 

(1) Existing characteristics of commodity movement 
(2) Shipper preferences 
(3) Organizational and business structure of motor-

freight carrier industry 
(4) Progress and possibilities of coordination among 

various transportation media 
Submitted by G. P. St. Clair, Chairman, HRB Department of 
Economics, Finance and Administration (01-59-02-05) 

TO MAKE THE BEGINNINGS OF A COMPREHENSIVE STUDY OF PASSENGER 
TRANSPORTATION BY MOTOR VEHICLE 

This study would include urban movements and embrace studies m economic, 
organizational and competitive aspects. This study has the same general objective as 
proposal 01-59-02-05, namely, to provide information to guide national, state and local 
transportation policy. Some of the problems needing research are: (1) trends by various 
media; (2) characteristics of passenger car travel, private and commercial; (3) city-
suburban commuter service; (4) coordination of public transit with passenger-car 
movement. 

Submitted by G. P. St. Clair, Chairman, HRB Department of 
Economics, Finance and Administration (01-59-02-06) 

DEVELOPMENT OF CAREER LADDERS FOR ENGINEERING EMPLOYEES 
OF HIGHWAY DEPARTMENTS 

This proposal suggests research for the development of specific step-by-step career 
"ladders'l for technicians and professional engineers, as a management tool, basis for 
recruitment, and sound basis for separation of duties of technicians from professional 
engineers. Complementing the development of steps would be the development of job 
qualifications and specific training programs. 

Submitted by Robley Winfrey, as Secretary and in behalf of HRB 
Conimittee on Education and Training of Engineering Personnel 
(01-59-02-07) 

INFLUENCE OF TRAFFIC REQUIREMENTS ON CONSTRUCTION COSTS AND 
ANNUAL HIGHWAY COSTS OF HIGHWAYS 

(See also 01-59-02-01) 
Highway taxation, cost allocation, and optimum level of highway improvement all lead 

to the question of requirements of the beneficiaries. To answer the question a cost 
analysis is needed for a range of design criteria suited to the characteristics of the 
several classes of vehicles. It is suggested that highway contractors estimate costs for 
designs prepared for various climatic, topographic, soil and traffic conditions in a 
number of states. 

Submitted by Robley Winfrey as Chairman and in behalf of the HRB 
Committee on Highway Costs (01-59-02-08) 

PROGRAMING AND SCHEDULING CAPITAL HIGHWAY IMPROVEMENTS 
i 

This project would be directed toward a guide to systematic budgeting procedures: 
(1) programing and scheduling; (2) project priorities; (3) capital budgeting, (4) progress 
and fiscal controls (projection of revenues and expenditures and encumbrance control, 
etc.). Study would contemplate assembly of available data and concepts and their analysis. 

I 

! 
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Submitted by Clinton H. Burnes and Robley Winfrey on behalf of HRB 
Committee on ffighway Costs (01-59-02-09) 

WARRANTED L E V E L OF IMPROVEMENT FOR ROADS OTHER THAN 
PRIMARY RURAL HIGHWAYS 

Certain roads and their appurtenances are built primarily to serve land, institutions 
or business enterprises and are paid for in varying degree from non-user taxes. 
Mixed-purpose roads, if paid for from mixed sources of revenue, possess no "built-
in" measure of correlation between level of improvement and public evaluation of these 
improvements. Some objective method of measurement of the justifiable level of local 
improvements coordinated with cost allocation is needed. 

Submitted by Robert G. Hennes on behalf of HRB Committee on 
Highway Costs (01-59-02-10) 

ECONOMIC FORECASTING 
(See also 01-59-02-15) 

This proposal suggests a systematic consideration of forecasting problems in the 
highway field ranging from national to local level in terms of needs and revenues. 
Economic forecasting studies would include multiple correlation of the several socio
economic variables related to traffic and revenue. 

Submitted by R. G. Hennes, Chairman, HRB Committee on Economic 
Analysis (01-59-02-11) 

CRITICAL ANALYSIS OF HIGHWAY USER BENEFITS 
(See also 01-59-02-03) 

An analysis of the values ascribed to highway improvement by highway users in con
tradistinction to the values derived by the more objective measurements of engineers 
and economists. This would be a study in supply and demand by methods employed in 
consumer research. It would aid in arriving at the appropriate level of highway im
provements supported by user taxation. 

Submitted by R. G. Hennes, Chairman and in behalf of HRB Committee 
on Economic Analysis (01-59-02-12) 

HIGHWAYS AND ECONOMIC GROWTH 
A study of the relationship between the rate of investment in highways and the rate 

of national economic growth. Comparative studies of other nations also might lead to 
useful conclusions. Economic output resulting from highway improvement would be 
isolated if possible. 

Submitted by R. G. Hennes, Chairman and in behalf of HRB Committee 
on Economic Analysis (01-59-02-13) 

HIGHWAY CHARGING SYSTEMS 
A proposal for a nation wide inventory of state and local highway charging systems, 

including bases and rates for highway assessments, taxes, fees and tolls; amounts 
collected; exemption practices; and special problems; but not equity considerations. 
Various analyses would be afforded of substantial value to congress and state 
legislatures. 

Submitted by Bertram Lmdman, Highway Economist, Washington, D. C. 
(01-59-02-14) 

ECONOMIC MEASURES OF HIGHWAY NEEDS 
(See also 01-59-02-11) 

To investigate the possibility of further adaption for use in estimating highway needs 
in states and counties such economic measures as personal income, production and 
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area development potentials, through application of statistical and market research 
techniques. Included would be studies of: (1) consumer expenditures for highway 
transportation by levels of family income; (2) highway travel related to personal in
come; (3) truck transportation in terms of type and amount of production; (4) effect 
of competition on highway travel. 

Submitted by Bertram Lindman, Highway Economist, Washmgton, 
D. C. (01-59-02-15) 

, METHODS OF HIGHWAY FINANCING 
To explore the feasibility of modifying the present basically pay-as-you-go method 

of highway financing by the introduction of some form of credit financing to serve 
as a subsjtitute for mcreases m federal and state highway user taxes. The study would 
include ii vestigations of such possibilities as: (1) general fund borrowing, general 
obligation bonds, user tax revenue bonds, toll road bonds, local district bonds; making 
lease and purchase arrangements; (2) effect on state credit financing of federal 
reimbursement of federal-aid improvements financed by states; (3) the implication of 
federal recession on long-term highway programs; (4) borrowing from retirement and 
social security reserve funds. 

Submitted by Bertram Lindman, Highway Economist, Washington, 
D. C. (01-59-02-16) 

TRANSIT DEFICTTS 
This proposes to mvestigate the need for subsidizing mass and rapid transit companies 

and the desirability of using highway user tax funds for that purpose. 
Submitted by Bertram Lindman, Highway Economist, Washington, 
D. C. (01-59-02-17) 

UP-DATING OF HIGHWAY ECONOMIC THINKING 
A proposal to seek out from the several recognized schools of economics (welfare, 

kynesian institutional, marginalist, and others) significant new ideas that are relevant 
and adapt them to the highway transportation field. 

Submitted by Bertram Lindman, Highway Economist, Washington, 
D. b. (01-59-02-18) 

APPLICATION OF HIGHWAY TAXATION COST-BENE FIT ANALYSIS 
This proposes the application of the "highway taxation cost -benefit analysis" to the 

several groups of highway beneficiaries. The methodology of this analysis was de
tailed inla recent report by Lindman. 

Submitted by Bertram landman, Highway Economist, Washington, 
D. C. (01-59-02-19) 

ZONING AND MODERN MOBIUTY 
This proposes research to provide the basis for revising zoning devices to keep them 

up-to-date with technological developments in transportation. Existing ordinances and 
regulations would be assembled and analyzed to determine their consonance with planning 
and traffic requirements, present and future. 

Sublmitted by HRB Highway Laws Committee (01-59-02-20) 

A STUDY OF THE LEGAL STRUCTURE AFFECTING 
URBAN TRANSPORTATION 

This proposes research into the legal basis for existing patterns of legal responsi
bility foi highway functions in urban and metropolitan areas, and the determination of 
effectivt ways of securing cooperation and of coordinating and integrating governmental 
units and jurisdictions functionally, to promote efficiency and economy in highway 
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transportation. 
Submitted by HRB Highway l^ws Committee (01-59-02-21) 

IMPACT OF EXPRESSWAYS ON THE CENTRAL BUSINESS DISTRICT 
This I S a proposal to examine the effect of expressways on the CBD with respect to 

its traditional activities. It would also examine the effect on suburbs to seek out any 
shifts of activities from CBD to suburb. Trends would be sought in terms of the eco
nomic, sociological and political impact of improved highways on local government, 
commerce, industry, residence, recreation and other urban activities. 

Submitted by HRB Committee on Land Acquisition and Control of Highway 
Access and Adjacent Areas (01-59-02-22) 

LAND USE PLANNING AND CONTROL AT FREEWAY APPROACHES 
AND INTERCHANGE AREAS 

A proposal to study the impact of freeway interchanges on land use in the adjacent 
areas and the problems that the consequent land-use development and change have 
occasioned and thence to seek effective devices for proper regulation and control. 

Submitted by HRB Committee on Land Acquisition and Control of Highway 
Access and Adjacent Areas (01-59-02-23) 

RESEARCH PROPOSAL ON SOCIO-ECONOMIC IMPACT OF EXPRESSWAYS 
IN THE NEW HAVEN METROPOLITAN AREA 

A comprehensive study is proposed by Yale University of the economic, social and 
cultural impact of expressways m the New Haven area. Conduct of study would be 
through joint efforts of Departments of Sociology, Economics, Architecture (city 
planning) and the Bureau of Highway Traffic. 

Submitted by Yale Bureau of Highway Traffic, New Haven, 
Connecticut (01-59-02-24) 

THE DEVELOPMENT OF AN URBAN SUFFICIENCY RATING METHOD 
Whereas nearly all of the states use rural sufficiency rating methods in varying 

degrees in plannmg, programing and related matters, few states have developed or 
employed urban ratmgs. Complexities of conditions in urban areas and diversity of 
conditions between urban and rural areas makes a common basis for rating a difficult 
accomplishment without which urban and rural priority schedules would not be com
parable . 

Submitted by AASHO Member Department (01-59-02-25) 



Research Problems in Design 

DESIRABLE FREQUENCY AND SPACING OF INTERCHANGES 
The purpose of this research is to determine the desirable minimum spacing of 

freeway interchanges. It has been noted that close spacing of interchanges, although 
desirable from some points of view, presents problems in traffic control and safety. 
Because of the large number of variables which affect the volumes and distributions 
of traffic at interchanges, the study should include a large number and variety of 
interchange sites. 

Submitted by HRB Committee on Geometric Design (02.59.02.15) 

' WARRANTS FOR VARIOUS TYPES OF INTERCHANGES 
The problem is that of establishing criteria for different types of interchanges 

(diamond, cloverleaf, or directional). Field investigations are necessary in many 
locations to study how such factors as traffic volumes, ramp capacity, topography 
costs, etc. affect optimal design types of interchanges. Such studies could utilize 
services of states and other research agencies in collecting data which might be 
coordinated by a national group or committee. 

Submitted by HRB Committee on Geometric Design (02. 59.02.16) 

INVESTIGATION OF EXISTING PAVEMENTS 
Proposed surveys of concrete pavements in several selected states primarily to 

study the effects of heavy truck traffic on pavements constructed during the past 
10 to 15 years. Selected pavements would include several design variables such as 
designs of joints, joint spacing, reinforcing, dowels, special subbases, etc. 
Several states are presently investigating flexible type pavements. 

Submitted by HRB Committee on Rigid Pavement Design (02.59.02.01) 

EXPERIMENTAL FLEXIBLE PAVEMENT PROJECTS 
(See complete outline prepared by Committee on Flexible Pavement Design) 

This guide for experimental flexible pavement projects suggests appropriate studies 
of variables in design to be undertaken in any state for the purpose of adjusting the 
AASHO Road Test findings to local conditions. Many of the designs used in the AASHO 
Project in Illinois are recommended for installations in other locations. 

Submitted by HRB Committee on Flexible Pavement Design (02. 59.02.13) 

SUGGESTED EXPERIMENTAL PORTLAND-CEMENT CONCRETE PAVEMENTS 
(See complete outlme prepared by Committee on Rigid Pavement Design) 

The plan calls for several designs of pavement to be constructed on heavy truck 
traffic routes to study and compare the effects of several design variables such as are 
being studied on the AASHO Road Test Project in Illinois. If several states will 
conduct such experiments they should obtain much needed information on the in
fluence of local weather, soils and paving materials which may affect the performance 
of pavements. 

Submitted by HRB Committee on Rigid Pavement Design (02.59.02.14) 

, JUSTIFICATION, OR WARRANTS, FOR LIGHTING 
j INSTALLATIONS ON FREEWAYS 

Most states have had little experience in this field. They seriously question what 
fators determine needs for lighting on access controlled roads. Is there a need for 
lighting on freeways in rural or suburban areas other than at ramp terminals'? Is con-
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tinous lighting through interchanges warranted? And, what level of road lighting is 
needed where pedestrians, bicycles, etc. are excluded from a facility? This project 
might mclude several small studies but should be broad enough to provide reliable 
information relative to lighting needs and practice on freeways 

Submitted by Minnesota Department of Highways (02.59.02.02) 

FULL SCALE TESTING OF GUARDRAIL SYSTEMS 
(See outline prepared by a Sub-Committee of HRB Committee on Guardrails 

and Guide Posts) 

A two phase testing program is proposed as follows: 
1. Development and testing guardrails with a prototype vehicle; and, 
2. Phase n consists of the testing of various guardrail systems with actual 

vehicles. 
Note: Recent investigations made with impact testing by the California Division of 
Highways and by General Motors Proving Grounds should be carefully reviewed 
as possible guides on further testing. 

Submitted by HRB Committee on Guardrails and Guide Posts (02.59.02.03) 

TESTS OF MAP ACCURACY AND COMPLETENESS 
BY PHOTOGRAMMETRIC METHODS 

(See Research Problem Statement (1) by HRB Committee on 
Photogrammetry and Aerial Surveys) 

To determine the feasibility, cost and the effectiveness of an mdependent photogram-
metric check of mapping obtained under contracts. 

Submitted by HRB Committee on Photogrammetry and Aerial Surveys) 
(02.59.02.04) 

REQUIREMENTS FOR ACCURATE MEASUREMENTS OF EARTHWORK 
QUANTITIES BY PHOTOGRAMMETRY 

(See Research Problem Statement (2) by HRB Committee on Photogrammetry 
and Aerial Surveys) 

To determine the relationship between the accuracy of photogrammetric surveys in 
measuring elevations of discrete points and the accuracy m measuring earthwork 
quantities; also to develop specifications for surveys which will assure accurate 
measurements of earthwork quantities. 

Submitted by HRB Committee on Photogrammetry and Aerial Surveys 
(02.59.02.05) 

PHOTOGRAMMETRIC OPTICS-LENS CHARACTERISTICS AS RELATED TO 
MODEL FLATNESS 

(Problem Statement (3) by HRB Committee on Photogrammetry) 
A proposal to investigate distortion characteristics of various combinations of lenses 

involved in taking photographs in makmg diapositives, and m projecting images. Also 
study the requirements for distortion compensating devices for the production of grid 
models within specified tolerance of flatness. 

Submitted by HRB Committee on Photogrammetry and Aerial Surveys 
(02.59.02.06) 
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CONSTRUCTION OF PAVEMENTS WHICH ARE SKID RESISTANT WHEN WET 
OR THE ROLE OF AGGREGATES IN SLIPPERY PAVEMENTS 

A proposal to intensify investigation of the wear and polishing characteristics of 
different aggregates used in pavement surface which may influence skidding when 
either wet or dry. This project involves an overlap of interest between the Design 
Committee on Road &irface Characteristics as Related to Vehicle Performance 
and the Materials Committee on Mineral Aggregates. It also bears closely on the 
proceedings of the First International Skid Prevention Conference, University of 
Virginia, which has been summarized in HRB Bulletin 219. 

Submitted by K. A. Stonex, Chairman, HRB Committee on Vehicle 
Characteristics (02.59.02.07) 

PAVEMENT SMOOTHNESS 
A proposal to investigate methods and to devise improvements in methods of mea

suring road roughness; to improve means for constructing smooth riding pavements; 
and to investigate factors in the design construction, maintenance and controls over 
the uses of pavements which will assure against subsequent development of undesir
able pavement roughness. Proper solution of this problem will depend upon the 
establishment of a scale for roughness measurement which will be indicative of degree 
of riding comfort under the conditions of modern auto truck and bus operations. This 
project involves overlap of interest among several departments and committees of the 
Board. 

Submitted by K. A. Stonex, Chairman, HRB Committee on Vehicle 
Characteristics (02.59.02.08) 

INVESTIGATION OF THE MECHANISM OF FATIGUE IN CONCRETE 
The propriety of making allowances for fatigue in the design of concrete pavements 

and structures has variable appeal to design engineers. There is msufficient infor
mation about the real nature of fatigue and how it develops .or propagates in or among 
the constituent materials of a molded and hardened concrete unit. Two phases of the 
immediately proposed research are (1) Investigate the initiation and propagation of 
fatigue damage in small concrete flexure specimens; and (2) a study of the contri
butory factors which are associated with the process of yielding in fatigue. This 
proposal and laboratory facilities for conduct of such a program of tests were offered 
by the University of Illinois. 

(See also proposal for Project 11 which involves study of fatigue 
behavior of reinforced concrete beams.) 
Submitted by University of Illinois (02.59.02.09) 

METHOD FOR PREDICITING CREEP IN STRUCTURAL CONCRETE FROM 
SHORT TIME TESTS 

This is a proposal to investigate the feasibility of using a short time sonic test as a 
means of predicting creep that may occur in concrete pavements and structures. 
Measurements of creep imder uniform compression and under conditions of flexure 
would be correlated with values derived from sonic tests. Aggregates of various 
types will be used in different mix designs and with different cements. The effects of 
different methods and durations of curing which affect hydration will also be investi
gated. This proposal is one of interest to materials and construction engineers as well 
as to designers. (See also proposal for Project 12 which relates to similar studies 
involving prestressed concrete.) 

Submitted by University of Illinois (02. 59.02.10) 
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E F F E C T OF RANGE OF STRESS ON FATIGUE BEHAVIOR OF REINFORCED 
CONCRETE BEAMS 

This is planned as a three phase laboratory investigation to determine the effects of 
stress ranges on fatigue of concrete in (a) flexure, (b) shear, and (c) under combmed 
stresses, such as are normally resisted by web reinforement. Earlier research on 
fatigue of concrete at the University of Illinois, and elsewhere, has pointed the way 
for further studies that are necessary m order to evaluate factors of safety for 
structurally reinforced concrete members. (This project may be coordmated with, 
or considered as an extension to, Project 09 which was also proposed by the 
University of Illinois.) 

Submitted by University of Illinois (02.59.02.11) 

CREEP AND DRYING SHRINKAGE IN CONCRETE AS RELATED 
TO PRESTRESSED CONCRETE DESIGN 

This is a proposal to study drying shrinkage of concrete to determine probable in
fluence on (a) pretensioned prestressed concrete; and (b) on post-tensioned concrete. 
Tests would be made on concrete treated, both with and without, steam curing; and 
sustained stresses. An outline of the proposed experimental work was offered by the 
U. S. Bureau of Reclamation, Denver, Colorado. 

Submitted by U. S. Bureau of Reclamation (02.59.02.12) 

INVESTIGATION OF PRESTRESSED CONCRETE PAVEMENTS 
The proposal is to investigate prestressed concrete pavements—their design, con

struction and maintenance—as possible, or desirable means of avoiding the use of 
certain features which sometimes adversely affect the performance in conventional 
concrete pavements. The Committee on Rigid Pavement Design of HRB has a sub
committee assigned to study and plan the details for field experiments to be offered 
to states and the U. S. Bureau of Public Roads. 

Submitted by HRB Committee on Rigid Pavement Design (02.59.02.17) 

A COMPLETE RATIONAL DESIGN METHOD FOR COMPLETE ROADBED 
AND PAVEMENT FOR WEATHER, SOIL AND 

MOISTURE CONDITIONS ENCOUNTERED 
Suggested by Member Department of AASHO (02.59.02.18) 



Research Problems in Materials and Construction 
CHARACTERISTICS OF AGGREGATES THAT A F F E C T THE DURABIUTY 

OF CONCRETES SUBJECTED TO A L T E R N A T E C Y C L E S OF 
F R E E Z I N G AND THAWING 

This proposes (1) the development of rapid laboratory procedures for classifying 
aggregates with respect to their performance in pavements and structures; and (2) 
improvements and extension of the use of procedures that will improve the quality 
of marginal aggregates by beneficiation. 

Submitted by HRB Committee B-1, Durability of Concrete, Physical 
Aspects (03.59.02.10) 

C R I T I C A L S E L E C T I O N OF CARBONATE AGGREGATES FOR USE IN 
HIGHWAY CONCRETE 

This proposes to study the mechanism of silicification reaction in concrete and how 
silicification of carbonate aggregates causes distress in concrete. 

Submitted by John Lemish, Ass't Professor, Department of Geology, 
Iowa State College (03.59.02.12) 

THE INVESTIGATION OF CHEMICAL REACTIONS IN PORTLAND CEMENT 
CONCRETE THAT A F F E C T CONCRETE DURABILITY 

This proposes that detailed and fundamental studies of chemical reaction in concrete 
be made in several related fields. 

Submitted by HRB Committee B-2, Durability of Concrete, Chemical 
Aspects (03.59.02.14) 

DEVELOPMENT OF METHODS OF BENEFICIATING POOR AGGREGATES 
AND MANUFACTURING SUITABLE AGGREGATES 

FROM L O C A L C L A Y S OR SHALES 

This proposes the developments of methods for beneficiating poor aggregates and 
also manufacturmg aggregates from local clays or shales. 

Submitted by The Bureau of Public Roads, Division of Physical 
Research (03.59.02.15) 

CHEMICAL REACTION BETWEEN CARBONATE AGGREGATES AND CEMENT 
AND ITS E F F E C T ON CONCRETE PERFORMANCE 

This proposes a comprehensive study of the precise nature and mechanism of the 
chemical reactions involved between carbonate aggregates and cement paste con-
stitutents and the relationship between such reactionsand concrete distress. 

Submitted by HRB Committee B-2, Durability of Concrete, Chemical 
Aspects (03.59.02.18) 

CORRELATION OF STRENGTH AND DURABILITY AND THE DEVELOPMENT 
OF SPECIFICATIONS TO INSURE QUALITY 

This proposes to correlate cement content, strength and durability of concrete mixtures. 
Submitted by William A. Cordon, Associate Professor of Civi l 
Engineering, Utah State University (03.59.02.02) 

UTIUZATION OF V E L O C I T Y MEASUREMENTS IN EVALUATION 
CONCRETE STRUCTURES 

This proposes a cooperative study of utilization of velocity measurements in evaluatiOL 
of concrete structures with the view of standardizing tests, techniques and interpreta
tion thereof. 

Submitted by HRB Committee B-3, Dynamic Tests of Concrete (03.59.02.08) 
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STATEMENT OF NEEDED RESEARCH 
This is a general statement of needed research m concrete. It states that this area 

encompasses the entire field of resistance of concrete to freezing and thawing and to 
the action of ice removal agents, such as salts. 

Submitted by HRB Committee B-1, Durability of Concrete, Physical 
Aspects (03-59-02-11) 

RESEARCH AND DEVELOPMENT OF NON-SHRINKING AND OF EXPANSIVE 
CEMENTS TO MINIMIZE SHRINKAGE OF PORTLAND 

CEMENT CONCRETE PAVEMENTS 
This is proposed to investigate and produce non-shrinking hydraulic or similar cement 

and to construct pilot scale models of hydraulic cement concrete pavement containing 
such cements. The fundamental problem is that of shrinkage of concrete pavement and 
the resulting cracking. It is thought that it might be easier to reduce the amount of 
shrinkage which can occur in concrete than to institute remedial action after its 
occurrence. 

Submitted by R. E . BoUen, Highway Research Board (03-59-04-16) 

ASPHALT DURABILITY IN RELATION TO WATER, AIR AND WEATHER EROSION 
This proposes to study characteristics of asphalt to determine characteristics which 

contribute to durability, hardening in service, syneresis or exudation and loss of 
adhesion. 

Submitted by E . J . Barth, Consultmg Chemist, 378 West End Ave., 
New York 24, N. Y. (03-59-02-03) 

CHEMICALLY MODIFIED ASPHALTS FOR BITUMINOUS PAVEMENTS 
This proposes the study of chlorinated or fluorinated asphalts, coal tar-asphalts 

blends as vehicles for bituminous concrete and as filled seal coats. Chemically 
modified asphalts suggest possibilities for improving the performance of asphalts. 

Submitted by Henry lipkind, L . Sonneborn Sons Co. Inc., 404 
4th Ave., New York, N. Y. (03-59-02-06) 

NON-BITUMINOUS SEALANTS FOR CONCRETE BASE COURSES OF 
BITUMINOUS PAVEMENTS 

This statement proposes the study of chlorinated rubbers and epoxy-catalyst systems 
applied from solvent, non-filled solutions for application to concrete bases and bridge 
decks on which it is contemplated the placing of bituminous concrete surfaces. 
Laboratory and field tests are proposed. 

Submitted by Henry Lipkind, L . Sonneborn Sons, Co. Inc., 404 
4th Ave., New York, N. Y. (03-59-02-04) 

NON-BITUMINOUS, NON-FILLED SEALERS FOR BITUMINOUS PAVEMENTS 
This proposes the study of non-bituminous sealants, such as chlorinated rubbers, 

chemically modified asphalts and epoxy coatings as wearing surfaces on bituminous 
concrete surfaces. 

Submitted by Henry Lipkind, L . Sonneborn Sons Co. Inc., 404 
4th Ave., New York, N. Y. (03-59-02-05) 

AN INVESTIGATION OF ADHESIVES FOR CONCRETE BONDING WORK WITH 
SPECIAL REFERENCE TO VARIOUS EPOXY COMPOUNDS 

This proposes to make a comprehensive evaluation of as many materials of this 
category as possible. Evaluation as to bonding efficiency under various conditions; 
resistance to deteriorating influences, costs, ease of use and various factors in
fluencing general efficiency will be sought. 
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Submitted by Engineering Laboratories of Bureau of Reclamation 
(03-59-02-07) 

THE MODULUS OF SOIL REACTION FOR USE IN THE DESIGN OF 
F L E X I B L E PIPE C U L V E R T S 

This proposes two phases of research: (1) Direct measurement of passive soil 
pressure versus movement (deflection) of the side of a flexible pipe in a specially 
designed laboratory apparatus, (2) Correlation of the results of these laboratory 
studies with the structural performance of a limited number of actual culverts would 
be required to establish the validity of the laboratory procedure. 

Submitted by M. G. Spangler, Iowa State College (03-59-02-13) 

QUANTITATIVE EVALUATION OF THE INFLUENCE OF SOIL CHARACTERISTICS 
ON THE PERFORMANCE OF F L E X I B L E PIPE C U L V E R T S 

ON HIGH EARTH F I L L S 

This proposes the resumption of model studies on equipment now available and that 
a new and improved model cell be constructed for additional tests. The model studies 
would also include and investigation of failure in flexible pipe. 

Submitted by R. K. Watkms, Utah State University (03-59-02-01) 

CONTROL OF R E F L E C T I O N CRACKING OF BITUMINOUS PAVEMENTS 
LAID OVER OLD PAVEMENTS 

This proposes to study (a) the economics and effectiveness of wire mesh reinforce
ment as compared with thicker asphalt pavements, or use of base (intermediate) 
course over the older pavements; (b) thickness of bitummous pavement required to 
satisfactorily control cracking; (c) thickness of base (mtermediate) course required 
to satisfactorily control crackmg; (d) how best to solve problems of longitudinal 
cracks at edge of old pavement when surface is widened. 

Submitted by J . E . Christiansen, Utah State University (03-59-02-09) 

PREDICITION OF C R E E P IN STRUCTURAL CONCRETE 
FROM SHORT TIME TESTS 

See (02-59-02-10) for description under Design. 
Submitted by University of Illinois (03-59-01-17) 

STUDY A V A I L A B L E INFERIOR AGGREGATES TO IMPROVE 
THEIR PERFORMANCE 

Suggested by AASHO Member Department (03-59-02-19) 

IMPROVED EARTHWORK CONSTRUCTION AND CONTROL IN CUTS AND F I L L S 

Suggested by AASHO Member Department (03-59-03-20) 

RESEARCH ON ASPHALT PAVING MATERIALS TO D E V E L O P IMPROVED 
CRITERIA FOR QUALITY CONTROL 

Suggested by AASHO Member Department (03-59-03-21) 



Research Problems in Maintenance 
ECONOMICS OF HIGHWAY MAINTENANCE PRACTICE 

This is essentially to determine the economical value of various high maintenance 
practices aimed at prolonging the life of bituminous pavements. It is thought that 
bituminous pavements are allowed to deteriorate unnecessarily and that maintenance 
consists in filling "pot holes" instead of preventing pavement deterioration. It is 
believed that through better maintenance practices bituminous pavements might be 
kept in better condition at a lower over-all cost than is generally the case at present. 

Submitted by J . E . Christiansen, Professor of Civil Engineering, 
Utah State University (04-59-02-01) 

CHEMICALS FOR SNOW AND ICE CONTROL 
K is proposed to improve present methods of obtaining bare pavements during the 

winter months by the use of chemicals. One of the objectives is the development of 
the most effective and economical chemical compound or combination of compounds 
which will prevent compacted snow and ice from freezing onto pavements and 
consequently permit their removal by plowing. 

Submitted by L. F . Johnson, Maintenance Engineer, New Hampshire 
Highway Department (04-59-02-02) 

ROTARY SNOW PLOWS 
It is proposed to develop a light-weight rotary snow plow which can be mounted on 

a two- or three-ton truck that can remove two to six inches of newly fallen snow at a 
truck speed of 10 to 20 miles per hour. This would have the objective of elimination 
of snow windrows which cause drifting onto the cleared area and which eventually 
limit the useable width of the roadway or ramp road. 

Submitted by L . F . Johnson, Maintenance Engmeer, New Hampshire 
Highway Department (04-59-02-03) 
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Research Problems in Traffic Operations 
PERFORMANCE OF V E H I C L E S IN PRACTICAL USE 

The characteristics and performance of vehicles on the basis of design are readily 
available from the manufacturers. Research is needed to determine how the character
istics of the highway—alignment, lane width, type of surface, traffic volume, capa
city, intersections, roadside characteristics, sight distances, and others influence 
fuel consumption, average speed, maintenance cost, accident records, number of 
stops, etc. of vehicles by type 

Submitted by HRB Committee on Vehicle Characteristics (05 59.02.01) 

MEASUREMENTS AND EVALUATION OF T R A F F I C CONGESTION 
( From volume density measurements) 

There is a need to: (a) investigate procedures for rating urban congestion and delay; 
(b) assemble data on congestion and delay characteristics of arterial highways under 
different conditions, and (c) determine relationships between speeds, volumes, and 
densities on various types of streets and highways. 

Submitted by Matthew J . Huber, Bureau of Highway Traffic, 
Yale University (05.59.02.02) 

L E V E L OF S E R V I C E - A V E R A G E O V E R - A L L SPEED 

There is a need to determine practical average over-all speed that can be expected 
of each of several classifications of streets and highways. The levels of service in 
terms of speed are one of three possible criteria for an over-all evaluation, the other 
two being safety and economics. 

Submitted by HRB Committee on Quality of Urban Traffic Service (05.59.02.03) 

CHANNELIZATION O F INTERSECTIONS AT GRADE 

Special Report No. 5 "Typical Examples of Channelization of Intersections at Grade" 
was published in 1952. There is a continuing demand for this report, which is now 
out of print. There is a need to prepare and publish a revised edition, eliminating 
obsolete and incomplete examples, and substituting current types of modern channel
ization design. 

Submitted by HRB Committee on Channelization (05 59.02 04) 

APPLICATION OF CONTINUOUS STRIP PHOTOGRAPHY TO THE F I E L D OF 
T R A F F I C ENGINEERING 

It would be desirable to develop a method by which we could sample the traffic and 
produce accurate volume, speed and other traffic data by one collection process with 
a minimum of effort and'time in the collection and analysis of data. Research is need
ed to determine if the suitable data can be collected by strip photography and process
ed automatically for use as direct input for a series of electronic computor programs. 

Submitted by Martin Wohl, Civil Engineering Department, 
Massachusetts Institute of Technology. (05. 59.02,05) 

DESIGN CONSIDERATIONS OF SELF-PARKING F A C I L I T I E S 

It IS proposed to study the several elements in the design of self-parking facilities, 
both lots and garages, to determine their adequacy for self-parking operations. 

Submitted by HRB Committee on Parking (05. 59.02.06) 

DESIGN DAY CRITERIA FOR PARKING F A C I L I T Y PLANNING 

The planning of parking facilities in a given area is dependent upon the volume of 
parking to be accommodated. Research is needed to determme a basis or method 
to be used in establishing this volume of parking. 
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Submitted by HRB Committee on Parking (05.59.02.07) 

FORECASTING TRAVEL ON SPECIFIC ROUTES AND TRAl^PORTATION 
SYSTEMS IN URBAN AREAS 

Research is needed to develop a technique for forecasting travel that will take into 
account various types of land use distribution and different transportation alternatives, 
which will permit better testing of various alternatives and simpler evaluation of the 
relative merits of each. 

Submitted by HRB Committee on Origin and Destination Surveys (05.59.02.08) 

A PROJECT TO PROVIDE THE HIGHWAY ENGINEERS WITH DATA RELATING 
TRAFFIC ACCIDENTS TO HIGHWAY DESIGN FEATURES 

Nowhere can the engineer put his hand on comprehensive accident data to guide and 
support his judgment in designing highway facilities. It is proposed to: (1) survey 
existing knowledge and publish a compendium of "do's" and "dont's" of highway de
sign related to accidents; (2) review existing problems to determine the important 
areas of design interest, whether explored or unexplored; and, (3) develop techniques 
and operating procedures for conduct research into the above areas of interest. 

Submitted by HRB Committee on Highway Salety Research (05.59.02.09) 

CRITERIA FOR SETTING PROPER SPEED LIMITS 
Information is sought on the various types of speed control, how they are applied, 

their effectiveness, their relationship to accidents, the attitudes of drivers to speed 
control, and the effectiveness of various techniques of enforcement. The develop
ment of criteria for setting speed limits would follow. 

Submitted by HRB Committee on Speed Characteristics (05. 59.02.10) 

FREEWAY OPERATION RESEARCH PROJECT 
Unless the heavily travelled sections of the Interstate System are operated in the 

most efficient manner, an economic loss to large volumes of traffic users and the 
general public as well as considerable mconvenience and unsafe movement will re
sult. Research is proposed on means of detecting an impending slowdown or actual 
stoppage, and on methods of communication which will keep the police, other official 
agencies, and the traffic properly informed and result in prompt servicing of dis
abled vehicles. 

Submitted by Ad Hoc Committee on Freeway Operation Problems (02.59.02.11) 

DEVELOPMENT OF EQUIPMENT TO SIMULATE THE TRAFFIC 
ENVIRONMENT OF THE DRIVER 

Research in highway safety is now handicapped, by the difficulty - oftentimes the 
impossibility - of reproducing experimental situations with an3^hing approaching re
quired fidelity. Hence, the need for an accurate driving simulator, which would make 
it possible for a driver to "drive" an "actual" automobile in an "actual" traffic situation 
- but in the laboratory where the events can be controlled, measured, and faithfully 
reproduced at will, and analyzed in detail. 

Submitted by HRB Committee on Highway Safety Research and 
HRB Committee on Road User Characteristics (05.59.02.12) 

IMPROVING CAPACITIES OF EXISTING STREET SYSTEMS 
If estimated future traffic volumes are to be accommodated in urban areas, means 

will have to be found to operate the existing street systems more efficiently. 
Research on an entire street system is needed to determine what can be accomplish
ed by employing modern traffic control methods such as parkmg restrictions, one
way streets, reversible street systems, traffic marking and signs, and minor or 
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major construction at bottlenecks which do not transfer the bottlenecks to other loc
ations. Special emphasis needs to be placed on a comprehensive study to develop 
methods of controlling traffic signal systems for maximum utilization of intersection 
capacity. 

Submitted by HRB Committee on Highway Capacity (05.59.02.13) 
FREEWAY RAMPS 

There is a need for establishing the relationship between various geometric features 
of entrance and exit ramps, and the traffic volumes they will accommodate during a 
range of traffic volumes on the freeway with various degrees of interference to the 
freeway traffic. There is also a need to determme the influence of "ramp location", 
rather than "interchange spacing, " on (1) the distribution of trip distances for 
vehicles using a freeway and (2) on the effect that the spacing of a series of ramps 
has on the capacity and operating conditions on the freeway. 

Submitted by HRB Committee on Highway Capacity (05. 59.02.14) 

GRANTS-IN-AID FOR BASIC RESEARCH IN TRAFFIC FLOW 
Some phases of current research in the field of traffic flow theory are: car following 

model, fluid flow models, driver-vehicle characteristics as related to flow, networks, 
and intersections. Because of lack of financial support, only limited time can now be 
devoted the needed basic research. It is proposed that grants-m-aid be extended to 
persons of demonstrated competence for the purpose of accelerating research in all 
phases under current research. 

Submitted by HRB Committee on Theory of Traffic Flow (05.59.02.15) 

INVESTIGATIONS OF THE RELATIONSHIP OF THE USE OF BEVERAGE 
ALCOHOL AND HIGHWAY SAFETY 

Research is needed to determme: (1) the ways m which beverage alcohol mcreases 
the liability of accident involvement of drivers and pedestrians; (2) the magnitude of 
its contribution to accident totals, and (3) the effectiveness of education, enforce
ment and other measures designed to reduce its contribution. 

Submitted by HRB Committee on Road User Characteristics (05.59.02.16) 

STUDY THE EFFECTIVENESS OF PAVEMENT MARKINGS 
Suggested by AASHO Member Department (05.59.02.17) 



Research Problems in Soils, Geology and Foundations 

REVISION OF THE HIGHWAY SOIL CLASSIFICATION SYSTEM 
The purpose of a soil classification system is manifold. It places soils in categories 

so each may be mentioned in conversation as an entity. When the system is adequate 
for the purpose, it permits design criteria to be determmed for each class. In this 
regard, the AASHO Soil Classification System has been used in several state? as a 
means for estimating the structural design thickness requirements for flexible type 
pavements. Recently, in correlatmg group limits with soil behavior and pavement 
behavior it has been found that the values delimiting some of the groups may, m some 
areas, be m need of revision if the system is to continue to be a useful tool for 
structural design purposes. Research is needed to ascertain the extent of the need 
for this revision, and to collect data from which adequate limitmg values for the 
various soil classes may be established. 

Submitted by HRB Committee on Surveying, Mapping and Classification 
of Soils (06.59.02.01) 

EFFECTIVENESS OF EXISTING SUBSURFACE DRAINAGE INSTALLATIONS 
Although some progress has been made m theoretical and experimental studies of 

the dramage of soils and of the mterception of water from water-bearing formations, 
our highways provide ample evidence that a large proportion of subsurface drainage 
installations do not function as intended. Accordmgly, it is proposed that studies be 
made of the original designs of subsurface drainage facilities; the nature of the 
conditions for which each facility is designed; the construction plans; and the degree 
in which each installation fulfills its functions. It is believed that research of this 
nature will markedly increase our practical knowledge of subsurface dramage; lessen 
pavement failures in areas subject to subsurface drainage and maintain the riding 
qualities built into the pavement initially. 

Submitted by HRB Committee on Subsurface Drainage (06.59.02.02.) 

STUDY OF MATERIALS USED IN SUBDRAINAGE INSTALLATIONS 

Engmeers currently designing subsurface drainage mstallations must select from a 
large list of proprietary materials in arriving at adequate and economical designs. 
This list includes perforated corrugated metal, concrete, qlay, bitumenized fibre, 
asbestos cement, and various plastics; as well as the customary drain tile, porous 
concrete, and cradle inverts of clay or cast iron. Designers could be aided in 
selecting the most nearly appropriate and economical material for a given installation 
if they were provided with data on the advantages and disadvantages of each material 
according to soil type and condition of installation, as well as data on the properties, 
general specifications and limitations of use for each material. 

Submitted by HRB Committee on Subsurface Drainage (06.59.02.03) 

DRAINABIUTY OF SOII5, SOIL-AGGREGATE BASES, SUBBASES AND BASES 
Although progress has been made, present knowledge concernmg the drainability of 

soils as used m engineering structures is not well established-being based on general 
practices rather than on fundamental knowledge applicable to the needs of each installa
tion. It is proposed to perform studies to establish the response of various soils, soil 
aggregates, subbases and bases to properly constructed subsurface drains. Data should 
be available for determining if subsurface dramage would effectively, or in what degree, 
correct engineering problems caused by water, wet and unstable or unsuitable materials, 
as well as to furnish information on the nature of the best subsurface drainage for 
various conditions. 

Submitted by HRB Committee on Subsurface Drainage (06.59.02.04) 

ho 
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F I L T E R CRITERIA FOR SUBDRAINS 

Existing criteria for the gradation of filter materials for use in subsurface drainage 
installations are incomplete m that they are based primarily on the use of uniformly 
graded (one size) materials. There is a lack of knowledge as to the limitations on 
the use of well graded (widely graded) materials for filters. Rirther, there is no 
definitive criteria for the gradation of filter materials when used adjacent to open 
joints between subdrain pipes. Field experience indicates the need for further re
finement of criteria for filters used adjacent to perforations in subdrain pipes. 

Submitted by HRB Committee on Subsurface Drainage (06.59.02.05) 

STUDY OF THE STRENGTH R E C O V E R Y OF COMPACTED C L A Y 

It is known that compacted clay as used in the construction of highway subgrades and 
embankments gradually gain strength over a period of time. The extent or degree 
of this gain as it is related to the degree of compaction and moisture content, and the 
nature of the compaction; and, the time in which it occurs is not known. It is proposed 
to perform parallel field and laboratory studies on different types of subgrade soils to 
study this effect. The influence of the type of laboratory compaction, whether it be 
by static compression, impact compaction, kneading compaction or vibratory com
paction, will also be a part of the study. 

Submitted by HRB Committee on Stress Distribution m Earth Masses 
(06.59.02.06) 

TRIAXIAL SHEAR OF G R A V E L L Y SOILS 

It is known that coarse materials often exhibit greater shearing strength than fme 
materials and that they are more desirable as roadbeds where frost action is in
volved. Thus far laboratory shear testing has been limited largely to finer materials 
(passing the No. 4 sieve) because of size limitations in laboratory apparatus due to 
cost and space required. If the strength limitations of coarse materials are to be 
known so they may be incorporated into current and future structural pavement 
design methods, it is essential to establish factual data regarding the effect of gravel 
content on'soil properties by means of adequately controlled laboratory tests. 

Submitted by U. S. Bureau of Reclamation (06.59.02.07) 

THICKNESS DESIGN PROCEDURE FOR PAVEMENTS WITH 
SOIL-CEMENT BASE COURSES 

A nationally accepted procedure for the structural thickness design of pavements 
with soil-cement bases for different wheel loads, traffic volumes and subgrade and 
climatic conditions does not exist. It is proposed to examine currently used design 
procedures for possible application to designs involving soil-cement to determine if 
some locally used procedure may be suitable for national application or may be 
modified for satisfactory use. If no currently used procedure is applicable it is pro
posed by laboratory and field studies and by mathematical analysis to develop criteria 
for use as a basis for a design procedure and develop a design procedure that will 
properly evaluate wheel loads, traffic volume, climatic conditions and subgrade 
conditions. 

Submitted by HRB Committee on Soil-Portland Cement Stabilization 
(06.59.02.08) 

D I F F E R E N T I A L FROST HEAVE IN SECTIONS INVOLVING 
HEAVY CLAYS AND SHALES 

The problem is to develop appropriate materials and a practical method of con
struction to eliminate or reduce heavmg in heavy clays and shales. It is proposed to 
investigate the use of additives that may change the properties of shale soils, de-
termme the depth of treatment necessary, investigate the effectiveness of surcharge 
loads on frost heave and also investigate the use of granular replacement of the shale. 
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If successful additives are found, the project will entail further studies of methods 
of mixing the additives to the soils. The findings from a study oi this nature will be 
applicable to large areas in some of the prairie and intermountain states. 

Submitted by South Dakota Department of Highways (06.59.02.09) 

COMPACTION OF SOILS AND SOIL-AGGREGATE WITH HEAVY 
R O L L E R S AND VIBRATORY EQUIPMENT 

The most desirable and economical equipment to compact soils in embankments and 
subgrades depends upon the factors ot soil type, rock or gravel content, whether it 
exists in a wet or dry state, its depth and quantity with regard to depth of cut and the 
manner in which it can be compacted. It is proposed to perform full scale field roll 
ing tests with steel wheel power rollers, various weights of pneumatic tire rollers 
(with various tire inflation pressures and loadings), tamping (sheepsfoot) type rollers 
and different types of vibratory compactors, to determine the range of effectiveness 
and economy of each on different soils. Improvement of existing equipment and 
development of new equipment is proposed if deemed necessary. 

Submitted by Division ol Physical Research, Bureau of Public Roads 
(06.59.02.10) 

METHODS OF PREVENTING LOSS IN LOAD SUPPORTING CAPACITY 
OF BASE COURSES DUE TO FROST ACTION 

tt is proposed to investigate the mechanical alteration of materials, the use of 
additives and admixtures and insulating courses to determine their relative 
effectiveness in preventing loss or reduction in load bearing capacity upon thawing of 
frozen base courses. 

Submitted by R. G. Packard, Member, HRB Committee on Frost Heave 
and Frost Action in Soil (06.59.03.11) 



Research Problems in the Urban Field 

AN ANALYSIS OF METHODS O F COORDINATING C I T Y PLAINNING 
AND fflGHWAY PLANNING 

The proposed research would seek to determine the problem areas mutually in
clusive to city planners and highway planners and seek ways to exploit the dis
ciplines of each in a way to complement each other, and then ascertain what changes 
might be made in legal and administrative machinery of both highway and city plann
ing so that both can be coordinated and undertaken more effectively in the public 
interest. 

Submitted by the HRB Committee on Urban Research (07.59.02.01) 

IMPROVEMENT OF COMPREHENSIVE PLANNING TO ACHIEVE 
TRANSPORTATION O B J E C T I V E S 

The research proposed would seek to determine the components of comprehensive 
planning; how effectively it is being used (both the legal and the administrative 
aspects); what the needs are, in particular in the transportation aspect; and how these 
needs can be met. 

Submitted by HRB Committee on Urban Research (07.59.02.02) 

INVESTIGATIONS OF THE C E N T R A L BUSINESS DISTRICT IN RELATION 
TO HIGHWAY PLANNING 

Central business districts are changing in size, boundaries and composition in re 
sponse to expressway development. The nature of the CBD (the most sensitive area 
of the city) and the way it is affected by street and highway improvement should be 
understood and incorporated in the planning process to assure the most efficient 
development of the facilities and the most salutary effect on the CBD. An analysis 
is proposed of the various components of the CBD and the CBD as a whole in 
several cities of 400,000 to 500,000 population and in several of approximate 
population of 800,000. 

Submitted by Raymond E . Murphy, Professor of Economic Geography, 
Clark University, Worcester, Massachusetts. (07.59.07.03) 

h3 



Research Problems Special Committee on Night Visibility 

F R E E W A Y LIGHTING EVALUATION 

Highway administrators, who will face increasing demands for freeway lighting, 
need an impartial, research derived evaluation of: (1) the effects of freeway 
lighting on accidents, driver behavior, traffic flow and capacity; (2) highway light
ing costs in relation to traffic benefits. If lighting is justified, highway administrators 
also need impartial research findings as to: (1) desirability of lighting only certain 
zones (such as interchange areas) compared to lighting continuous freeway mileages; 
(2) intensities of lighting warranted for various situations, (3) kinds of lighting 
installations justified-light sources, mounting heights, lighting pole locations and 
spacing, etc. 

Submitted by HRB Special Committee on Night Visibility (09.59.02.01) 

E F F E C T I V E METHODS FOR IMPROVING THE V I S I B I U T Y OF V E H I C L E S AND 
ROADWAYS AND THE SURROUNDING ENVIRONMENT AT NIGHT 

It is generally agreed that the high accident rate is due in a large part to the m 
ability of the driver to see objects and other vehicles clearly enough and soon 
enough at night to avoid them. A study would be undertaken to determine the most 
effective means, as well as the most economical means, of improving the visibility 
of those objects which the driver normally encounters at night. Much of this work 
could first be done on scale models in the laboratory and later tested under a full 
scale highway setup. 

Submitted by HRB Special Committee on Night Visibility (09.59.02.02) 



Research Problems Special Committee on Electronics 

DEFINING THE P R O B L E M IN E L E C T R O N I C V E H I C L E CONTROL 

Both the physical and mental tasks performed by a driver to operate his car 
properly in relation to the highway and the presence ol other vehicles must be de
fined in order to establish the criteria for the design and operation of the electronic 
devices The needed research involves: (1) a compilation and analysis of all 
available information, and the conduct of necessary studies, to obtain distributions 
of vehicle speeds, headways and clearances, and other basic information under a 
large variety of traffic conditions, (2) a study ol driver and vehicle performance in 
relation to the information compiled under item (1) to determine areas where the 
driver needs assistance to perform his tasks more efficiently; and (3) a separation 
of the areas determined in (2) into those where either mechanical, electronic, or 
electro-mechanical devices, either in the car, or on the road, or both in the car 
and on the road, might improve safety or facilitate the flow of traffic. 

Submitted by HRB Special Committee on Electronic Research in 
the Highway Field (10.50.02 91) 

^5 
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Attachment A 

H I G H W A Y R E S E A R C H B O A R D 
NATIONAl ACADCUr Of SC/fNCES—NAT/ONAl «ESEA«CH COUNCIl 

0/VISION OF ENG/NEERING AND I N O U S r R I A l RESEAKCH 

2101 Constitution Avenue Woshington 25, D. C. 
EXecutin 3-8100 

December 30 , 1958 

MEMORAMDUM TO: Department and Committee Chairmen, 
Highway Research Board 

FROM: Special Committee on Highway Research P r i o r i t i e s 

SUBJECT: Statements of Needed Reseeirch 

The Executive Committee of the Highway Research Board at i t s meeting 
in June, pursuant to a report by Mr. Pyke Johnson, Chairman of the Subcommittee 
on Research Needs and Project I n i t i a t i o n , adopted the following resolution: 

"The Chairman of the Board . . . . name a Committee of 
top research men i n the highway f i e l d consisting of a 
representative from the Bureau of Public Roads, a 
representative from the universities and three men from 
the American Association of State Highway O f f i c i a l s , to 
screen a l l available research data, set p r i o r i t i e s and 
estimate approximate costs to get this program into 
motion as quickly as possible." 

In carrying out this resolution the Special Committee on Highway 
Research P r i o r i t i e s was appointed. An important decision of this Committee 
at i t s i n i t i a l meeting, November 25 , I 9 5 8 , was that i t "expects to approach 
the problem from the viewpoint of management." Thus while not slighting the 
important long-range research that must be encouraged, i t plans assignment of 
high prio r i t y to projects of urgent nature whose results can be given Immediate 
application. 

In order to assure that the committee have opportunity to consider 
the research projects thought to be most important by the best qualified 
people throughout the highway f i e l d , i t i s desired to e n l i s t the aid of the 
chief administrative officers of the State highway departments and of a l l 
committees of the Highway Research Board. 

The Research P r i o r i t i e s committee w i l l welcome statements from each 
of the committees of the Highway Research Board describing the one or two 
research projects that the committee feels to be most urgent i n i t s area. I t 
i s hoped that during the course of the Annual Meeting of the Board each 
committee can give consideration to this request and arrange for the 
prepsiratlon of statements following the outline shown on Form RPS-1, 
Suggested Research Problem Statement. The statements should be forwarded to 
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- 2 - December 30, I958 

Mr. M. E a r l Campbell, Secretary, Research P r i o r i t i e s Comiiiittee, Highway 
Research Board, 2101 C o n s t i t u t i o n Avenue, Washington 25 , D. C , no l a t e r 
than February 1. 

The Executive Committee of the Highway Research Board regards the 
establishment of highway research p r i o r i t i e s as a matter of great importance. 
The help of a l l the committees of the Board i s needed and w i l l be appreciated. 

SPECIAL COMMITTEE ON HIGHWAY RESEARCH PRIORITIES 

E. H. Holmes, Chairman 
A s s i s t a n t Commissioner of Research 
Bureau of Publ i c Roads 

Harmer E. Davis, Member 
Di r e c t o r , I n s t i t u t e of Transportation and 

T r a f f i c Engineering 
U n i v e r s i t y of C a l i f o r n i a 

Wm. A. Bugge, Member 
Di r e c t o r , Washington Department of Highways 

Charles M. Noble, Member 
D i r e c t o r , Ohio Department of Highways 

Fred V. Reagel, Member 
Engineer of Mater i a l s and Research 
Missouri State Highway Department 

enclosure 
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Form RPS-1 (l2-2lt-58) 

HIGHWAY RESEARCH BOARD 
National Academy of Sciences - National Research Council 

2101 Constitution Avenue, Washington 25, D. C. 

SUGGESTED RESEARCH PROBLEM STATEMENT 

(Note: This form i s provided as an outline for the preparation of problem statements 
* indicates desirable items but not e s s e n t i a l . ) 

I . NAME OF PROJECT 

A concise t i t l e covering the s p e c i f i c project proposed. 

I I . THE PROBLEM 

A b r i e f statement of the general problem or need. 

I I I . RESEARCH PROPOSED 
The proposed phase or phases of subject to be studied, and Information 
sought. 

IV. SCOPE OP STUDY 

Limits: S p e c i f i c area to be included, factors and controls Involved. 

V. SCOPE OF PROCEDURES 

Steps (indicate the extent of study by naming steps to be included): 
i . e . , l i t e r a t u r e review, framework development, p i l o t study, scale 
or model study ( f u l l or limit e d s c a l e ) . 

VI. PROJECT ESTIMATE 

Time and cost (by steps, i f f e a s i b l e ) , number and type of personnel, 
supplies ajid equipment, e t c . 

V I I . URGENCY 

Degree of urgency i n terms of economic, engineering or administrative 
necessity, or i n tenns of benefits to be expected. 

* V I I I . SELECTED REFERENCES (Pertaining to work already accomplished.) 

* IX. POSSIBLE SOURCES OF FUNDS 

* X. SUGGESTED RESEARCH AGENCIES 

XI. NAME OF INDIVIDUAL OR AGENCY PROPOSING PROJECT TOGETHER WITH MAILING ADDRESS 
AND DATE OF STATEMENT. 

X I I . MAIL PROBLEM STATEMENT TO SPECIAL COMMITTEE ON HIGHWAY RESEARCH PRIORITIES, 
HIGHWAY RESEAECH BOARD AT ABOVE ADDRESS. 



Appendix C 

Applications of Highway Research Findings 

Examples Reported by State Highway Departments 

R E F E R E N C E NOTES 

In the pages that follow, 348 examples are recorded of reported applications of re
search findings. References to the original research reports containmg the research 
findings which were applied, and references to reports of the applications of those 
findings are carried with the examples cited. In some cases, "general references" 
are provided to mclude additional relevant source material. For further information 
regarding Highway Research Board publications which are cited, reference is made to 
its Publications List and to the following: 

Index to Publications of the Highway Research Board, 1921-49 
Index to Highway Research Board Publications, 1950-55 
Highway Research, 1920-40 (out of print) 
Highway Research, 1942 Supplement 
Highway Research Review, No. 1 (June 1949) 
Highway Research Review, No. 2 (October 1949) 
Highway Research Review, No. 3 (July 1950) 
Highway Research Review, No. 4 (November 1955) 
Highway Research Review, No. 4A (February 1957) 
Highway Research Review, No. 4B (December 1958) 

The interpretations and conclusions reported herein are not necessarily those of 
the Highway Research Board. 

INTRODUCTION 

This report presents concrete examples of benefits derived from research by high
way departments throughout the United States. The citations recorded were gathered 
by the Research Correlation Service Engineers at the request of the Executive Com
mittee of the Highway Research Board at their busmess meetmg m June 1958. 

The request was mitiated by the Subcommittee on Research Interpretation and Dis
semination which is concerned with the part the Board can play in adapting fmdings of 
research for early and wide utilization. Recognizing that "research is fact finding 
and not policy making" the committee thought it desirable to determine the utilization 
of facts foimd through research. The objective of this request was to obtain material 
evidence of benefits and to reassure the several departments and committees of the 
Board, the state highway departments, universities and many other agencies and 
individual researchers of the valuable dividends of their research investments. 

In approaching the task assigned the staff engmeers it was decided to make a canvass 
of the several state highway departments to obtam directly from them citations of the 
utilization of highway research fmdings. This report summarizes information obtained 
through personal visits made to the forty-eight States and the District of Columbia. 
Also included is information from Hawaii and Puerto Rico obtamed through correspond
ence. Material was received and has been summarized from 47 of the 51 highway de
partments canvassed. Three hundred and forty-eight citations are included m the re 
plies. 

It was pointed out by highway engmeers m several states, that it is difficult to select 
or pm-point specific examples and state quantitatively the benefits derived from them. 

1̂9 
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Research findings have been and are bemg used continuously. Search is made almost 
daily for reference material from which applications are made but no running record 
is kept of the applications made or benefits derived which in many cases are intangible. 
Seldom are before-and-after studies made for a thorough scientific evaluation of re
sults. 

One research engmeer summed up his experience m the foUowmg words: "All of 
our reported findings are considered by the administrators and engineers. Most of the 
positive findings that have immediate potential are applied. As a result modifications 
are found in standard specifications and design, in manuals and m operational practices 
and procedures by way of memoranda. 'Applied' research is quite fully applied. 

"All research, however, is not designed for immediate application of the fmdings 
resulting therefrom. Fundamental research enlarges our understanding and our per
spective, and kept m the back of our minds provides judgment for decisions. Some of 
the findmgs of fundamental research will be used in the future as technology advances; 
and some of the very theoretical research will require time for assimilation and ap
preciation. 

"Aside from these direct tangible and mtangible benefits to technology there is a 
very salutary benefit derived in the training of highway employees in the scientific 
method. 

"The time lag between research and application could be reduced in many instances 
by closer liaison and improved avenues of communication between research and 
operations." 

One does not really need to cite examples, however, to recognize something of the 
extent of applications of research. A comparison of current standards, specifications, 
and plans with those of the late 'teens and early 'twenties reveal the impressive impact 
of increased knowledge born of experimental research. More dramatic revelations are 
perceived by taking a trip (either real or by memory) on a road of one generation ago 
and then on a road of to day. 

In assessing the benefits derived from research, a net monetary gain or saving m 
out-of-pocket costs may not always be found, but an increase in knowledge and under
standing of basic prmciples and truths will usually lead to the avoidance of error. This 
can bring benefits in convenience, conservation, satisfaction, service and welfare which 
are not ordinarily recorded in statistics. In fact, the application of newly found truth 
to highway standards may sometimes result in greater out-of-pocket cost but may ful
f i l l the demands for greater convenience, safety and service which are supportable 
from a resulting increase in general economy. For example, the cost of reducing 
accidents may increase but the resultmg social and economic benefits will apply to 
offset these costs. 

"In all situations, our experience and the experience of others can help chart our 
future—can actually make the difference between reaching a goal, or failmg. "—Great 
Books of the Western World. 

This survey has not been exhaustive because of certain evident and practical limita
tions. Nevertheless, the citations received represent a good sampling of subject mat
ter and the examples in each subject provide a valuable record of applications and 
evidences of benefits from their application. And beyond this recitation of examples 
with their tangible benefits lies a great body of learning derived from research and 
producing its daily dividends in defensible decisions. 

The Board acknowledges with sincere appreciation the receipt of the 348 citations 
cf applications of research fmdings included in this compendium. The references to 
source material are also acknowledged as a valuable contribution to the researcher. 

The following summary shows the number of examples received by broad areas: 

SUMMARY BY AREAS 

Economics, Fmance and Administration 29 
Design 100 
Materials and Construction 116 
Mamtenance 9 
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Traffic and Operations 56 
Soils, Geology and Foundations 38 

Grand Total 348 

Economics, Finance and Administration 
1. ADMINISTRATIVE P O U C Y , P R A C T I C E AND PROCEDURE 

a. Sidewalk Construction Policy, Delaware 

Through a questionnaire canvass of state highway departments information was ob
tained covering the general national trend on policy of building sidewalks along state 
highways in vlcmity of school buildings. This information provided the basis for 
amending the existing policy to a more workable and mclusive guide to action and still 
appropriate to local situations. 

Reference: None submitted. 

2. ECONOMIC ANALYSIS 

a. Use of Road User Benefit Analyses for Highway Improvement, Hawaii 

By relating user benefits to user costs of various proposed modifications of the 
existing road(s) withm the zone of influence of the modification comparisons are afforded 
of the alternatives which indicate their relative economy. Design increments, choice 
of route, and program priority may thus be evaluated. 

References: 
AASHO, "Road User Benefit Analyses for Highway Improvements." American 

Association of State Highway Officials, Reprinted 1957, 137 pp. 
Campbell, M. E a r l , "Highway Research and User Benefit Analyses." (Con-

tams Bibliography.) Experiment Station, University of Kentucky, Bulletin, 
"Proceedmgs of the Kentucky Highway Conference, 1959." (Also mimeo, 
HRB. 

Highway Research Board, Special Report 56, Proceedings of Conference on 
Economic Analyses, 1959 (awaiting publication). 

' 3. ECONOMIC IMPACT O F HIGHWAY IMPROVEMENT 
1 

a. Washington, D. C . Circumferential Route in Virgmia, I—Route 495, Virginia 

In cooperation with the U. S. Bureau of Public Roads, the Virginia Department of 
Highways is sponsoring studies now being conducted by the University of Virginia to 
ascertain the economic effect of the above named highway improvement on adjacent 
areas with respect to land use, traffic pattern and related economic aspects. 

Reference: None submitted. 

b. Rolla, Missouri By-Pass, US 66, Missouri 

Findmgs of an economic impact study of this by-pass showed no loss of business to 
Rolla generally. The income of a few individual businesses along the "old route" 
showed some decrease. The study showed a marked decrease m accidents to corridor 
traffic with resultant decrease m fatalities and a monetary savings. 

Such studies are useful to the location, design and right-of-way divisions in planning 
for future l<>cations. 

Referen(|e: 
Missouri State Highway Commission, "Economic Study, Route US 66 By-Pass, 

Rolla, Missouri. " Missouri State Highway Commission, 1957, 30 pp. 
I 
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4. EDUCATION AND TRAINING 

a. In-Trammg Program, Ohio 
Research in the development of an Engineer-in-Training Program by the Ohio 

Department of Highways in 1949-54 resulted in more effective recruitment, training 
and retention of engineering personnel. 

References: 
Rea, Philip L . , "The Ohio Training Program for Highway Engineers. " Ohio 

Engineering Experiment Station, Bulletin 141, Proceedings of the Ohio High
way Engineering Conference, pp. 137-140, 1950. 

Stoner, John, "Ohio Solution for the Highway Engmeer Shortage." American 
Highways, Vol. 30, No. 3, pp. 5, 16-18, July 1951. 

Stoner, John, "Training Programs in Connecticut, Michigan and Ohio—A Com
parison." American Highways, Vol. 30, No. 4, pp. 9, 20-21, October 1951. 

DriscoU, George, "Training Graduate Engineers for Highway Careers ." ARBA 
paper, Houston, Texas, January 1952. (Not Published.) 

Rea, Philip L . , "Training Highway Engineers for Executive Responsibilities." 
Proceedmgs, Eighth Annual Virginia Highway Conf., Section 3, 1954, 12 pp. 

5. E L E C T R O N I C COMPUTERS 

a. In Bridge Design, Georgia 
The Bridge Department has programmed for solution by the electronic computer 

several bridge problems relating to geometries, design and analysis. 
It is estimated that the benefits from the electronic computer in this instance are 

equivalent to 17 additional men in the bridge department. 
Reference: 

Conference on Increasing Highway Engineering Productivity, sponsored by U. S. 
Bureau of Public Roads, AASHO, AHONAS, Massachusetts Department of 
Public Works, and Massachusetts Institute of Technology, Boston, Massa
chusetts, September 1957, pp. 10-11. 

b. In Traffic Analyses and Speed Studies, Washington 
Use of electronic computers saved m manpower and costs, expedited analyses, 

eliminated errors, and provided supplemental byproduct data of value in making choice 
of routes. 

References: 
Miladinov, J . K . , and Hansen, R . J . , "A Mechanized Procedure for Assignment 

of Traffic to a New Route." HRB Bull. 130, pp. 59-68, 1956. 
Highway Research Board, "Time Saving Methods in Highway Engineering, 

Chapter n—Traffic Engineermg. " June 1956. 

c. In Grade and Alinement and Traverses, Massachusetts 
The IBM 650 Electronic Computer of the Department of Public Works was used to 

reduce highway base-line notes and to compute and adjust traverses run between 
geodetic control stations. The geometries of construction center Imes have also been 
computed by using the coordinates of the P . I . 's and radius of curve as input data. 

There has resulted a significant saving of manpower. 
Reference: See 5a and General References after 5g. 

d. In Compiling and Reproducing Reports, Washington 

Usmg punch-card equipment there resulted a large savings in time, manpower, 
cost, elimination of errors, with a ready availability of data for additional uses. 

Reference: None submitted. 
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e. In Sufficiency Rating Studies, Washington 

Use of electronic computers resulted in a savings in manpower, cost, time, 
elimination of errors, and availability of supplemental by-product data. 

Reference: 
Barter, Myron F . , and Mladmov, J . K . , "An Economical Modernization of the 

Sufficiency Ratmg Procedure." Traffic Quarterly, Vol. 8, No. 4, pp. 486-
498, October 1954. 

f. In Control of Accounts, Ohio 

Procedure developed (for IBM Electronic Computer) for estimating payments to 
contractors under encumbrances and for estimating federal money receivable on those 
contracts under federal participation. 

Considerable time saved over hand operated machines. 
Reference: 

Bureau of Public Roads Electronic Computer Program Library. 
See also 13b in this compendium. 

g. In Design, Finance and Traffic Operations, North Carolina 

Significant saving in manpower, time, cost, elimination of errors, and extension 
of production. 

Reference: None submitted. 
General References: 

Electronic Computer Program Library, U.S. Bureau of Public Roads, 
Washington 25, D . C . 

Western Conference on "Increasing Highway Engineermg Productivity." California 
Department of Public Works, Bureau of Public Roads, Institute of Traffic 
and Transportation Engineermg, Western Association of State Highway Officials, 
American Association of State Highway Officials, March 1957. 

Conference on "Improved Engmeermg Methods and Procedures." AASHO and 
Illmois Division of Highways, March 1956. 

Conference on "Increasing Highway Engineering Productivity." Southeastern 
Association of State Highway Officials, July 1956. 

Radzikowski, H . A . , "Development in Improving Highway Management and 
Engineering. " Paper presented at 12th Annual Highway Conference, Virgmia 
Highway Department and Virginia Military Institute, October 22, 1958, 22 pp. 

Radzilfowski, H. A . , "The Role of Recent Developments in Accelerating the High
way Program." Paper presented at Annual Convention, Associated General 
Contractors of Minnesota, Minneapolis, January 9, 1959, 12 pp. 

Radzikowski, H . A . , "Progress in the Use of Electronics in Highway Operations." 
Presented at 2nd Annual Highway Conference, College of the Pacific, Stockton, 
California, March 3, 1959, 26 pp. 

6. FINANCE AND TAXATION 

a. Allocation of Gas Tax Funds to Counties, Washmgton 

A state-wide study on the cost and operation of coimty roads was conducted m 1953-
54 for the Washington State Legislature by research personnel of the University of 
Washmgton and Washington State College. The purpose of the study was to establish 
an equitable basis for the allocation of gas tax funds among the counties of Washmgton. 
A formula Ivas derived and was enacted by the Legislature. It has been used since 1955. 

The study resulted primarily m a more equitable distribution of gas tax funds to the 
counties. |ndirectly it resulted in more efficient and economic administration of roads 
m many coimties. 

Reference: 
Washington State Council for Highway Research, Washmgton State College. "County 

Gas Tax Allocation Study," 1954, 162 pp. 
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b. Feasibility of Toll Roads, Washington 
The feasibility of toll roads in the state from the standpoint of establishing the de

sirability of enacting toll road enabling legislation was studied by the University of 
Washington. 

The favorable report resulted in legislation and preliminary design of the Tacoma-
Everett Freeway. Although the new Federal Highway program changed this project to 
an interstate freeway, the construction of the freeway was advanced at least two years 
by this preliminary study. 

Reference: 
Washington State Council for Highway Research, Washington State College. 

"Feasibility of Toll Roads in Washington." 1952. 

c. Allocation of Tax Responsibility, User and Non-User, Washmgton 

An allocation of r espons ibility for the costs of local and state roads and streets, both as 
between users and non-users of highways, and among the various classes of highway users 
was made by the Univ. of Washington, assisted by staff from Washington State University. 

The resulting schedule of user fees was adopted by the sponsoring Legislative Com
mittee and accepted by the affected user groups. While no corresponding tax revision 
was enacted at the last legislative session, the need for new revenues will bring this 
matter up again in 1961. Meanwhile, along with similar studies from other states, 
this report should be of some influence in shapmg national highway finance policy. 

References: 
Washington State Cotmcil for Highway Research, "Allocation of Road and Street 

Costs." Parts 1-6, 1956. 
Hennes, R . G . , and Pollock, R. L . , "Equitable Alternatives in Highway User 

Taxation." Washington University, Highway Economic Studies, Nov. 1958. 

7. FORECASTING REVENUES AND T R A F F I C 

a. Traffic and Revenue Projection, New Mexico 
For traffic and revenue projections material has been used as provided by the U. S. 

Bureau of Public Roads regarding national trends in population, income, gross national 
product, and related information. Projections of New Mexico Statistics by the Bureau 
of Business Research of the University of New Mexico has also been used. Other pub
lications used include "Highway Traffic Estimation" (see references). 

References: 
U.S . Bureau of Public Roads, "Public Roads," Vol. 29, No. 11, Dec. 1957. 
U.S . Bureau of Public Roads, "Estimated Travel by Motor Vehicles m the United 

States in the Calendar Year 1957 and Related Data, " Table VM-1, 1957, 
(revised), p. 1, 1959. 

U.S. Bureau of Public Roads Release No. BPR 59-14, June 3, 1959. 
U.S . Bureau of Public Roads, "Third Progress Report of the Highway Cost Alloca

tion Study." House Document 91, 86 Congress, 1st Session. Superintendent 
of Documents, Government Printing Office, Washington, D. C , 35 cents. 

Schmidt, Robert E . , and Campbell, M. E a r l , "Highway Traffic Estimation." 
The Eno Foundation for Highway Traffic Control, 1956, 247 pp. (Contains 
Bibliography.) 

U.S . Bureau of Public Roads, "Highway Statistics." Published annually. U.S . 
Government Printing Office, Washington 25, D. C . 

Holmes, E . H . , "Traffic to Come." Paper presented at National Safety Congress, 
1951. (Mlmeo., U.S. B P R . ) 

Highway Research Board, Memo 3, Circular 263. "Selected References on Trends 
and Forecasts for Estimating Highway Requirements." 

Bureau of Census, "Statistical Abstract of the United States." (Published Annual
ly . ) Government Printing Office, Washington 25, D. C , $2.75. 
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8. HIGHWAY CLASSIFICATION 

a. Criteria for Placing County Roads in State Primary System, Washington 
Quantitative criteria for establishing the eligibility of county roads for addition to 

the state highway system were developed by the University of Washington, assisted by 
staff from Washington State University. 

Prior to the report of this study large mileages of local roads were being added to 
the state system each biennium, at a heavy cost m terms of administrative and opera
tional efficiency. Checking this influx has meant better use of available revenues. 

References: 
Washington State Council for Highway Research, Washington State College. "State 

Interest in Highways. " 2 Vols. , 1952. 
Hennas, R . G . , "Highway Classification in Washington." Traffic Quarterly, 

Vol. 7, No. 1, pp. 75-107, January 1953. Eno Foundation. 

: 9. HIGHWAY LAW 

a. Annotation of Highway Law, Iowa 

A compilation and annotation of the Iowa highway, road and street laws together 
with Iowa drainage laws was made. 

This codification has resulted in great savings of time by attorneys, county engineers, 
and highway administrators who refer to these laws and their interpretations by the 
courts and State Attorneys General. 

Reference: 
Iowa State Highway Commission, Bulletin 3. 
Iowa Highway Research Board, Bulletin 6. 

b. Use of Publications from Highway Research Board Committee on Highway Laws, 
West Virginia 

"Outdoor Advertising Along Highways—A Legal Analysis" was given legislative 
consideration in adopting a resolution for future study. 

"Summary of Information on State Action with Respect to the Authorization of 
Utility Relocation Costs" was used to obtain information to present to legislative 
committees. 

Reference: 
Highway Research Board Special Committee on Highway Law. Series of Circulars 

and Special Reports on Various Aspects of Highway Law. Memos 1-39 
inclusive beginning November 1953 to June 1959. Special Reports No. 21, 
26, 27, 32, 33, 39, 41, 42, 48 (1955-1959). 

10. MOTOR V E H I C L E OPERATING COSTS 

a. Operating Costs, New Mexico 

Data on operatmg costs have been used in economic analysis, in particular Benefit-
Cost Analysis. 

Numerous papers and publications have been used for source material, the principal 
reference is the AASHO Informational Report (see under reference below). 

Reference: 
American Association of State Highway Officials, "Road-User Benefit Analysis for 

Highway Improvements." Reprinted April 1957. 

11. NEEDS AND FISCAL STUDIES 

a. Missouri State Highway Needs Study, 1958, Missouri 



56 

This study was used by the Highway Commission to point out the deficiencies in the 
Highway System and the improvements needed to keep pace with traffic demands. Data 
used was procured by the Highway Planning Survey. 

Reference: 
Missouri State Highway Commission, "Missouri State Highway Needs Study, 1958." 

b. Capacity Manual and Freeway Reports Usedm Highway Plannmg, Idaho 

These reports used in highway planning. 
References: 

Highway Research Board, "Highway Capacity Manual." Committee on Highway 
Capacity report published by U.S. Bureau of Public Roads. U.S. Government 
Printmg Office, 1950. 

Webb, George M . , and Moskowitz, Karl , "California Freeway Capacity Study-
1956." H R B P r o c , Vol. 36, pp. 587-642, 1957. 

c. Predicting Accidents from Rural 2-Lane Highways, Idaho 

This report was used as a guide m route selection. 
Reference: 

Schoppert, David W., "Predicting Traffic Accidents from Roadway Elements of 
Rural Two-Lane Highways with Gravel Shoulders." HRB Bulletin 158, 
pp. 4-26, 1957. 

12. PERSONNEL 

a. Information Developed on Personnel Policy, Salaries, Working Conditions Used in 
Personnel Admmistration, lUmois 

The annual reports by AASHO—Highway Research Board Joint Committee on 
Mamtenance Personnel has had frequent use m reference work in shapmg recommenda
tions and eventual policy. 

Reference: 
HRB and AASHO, "Annual Reports of the Joint Committee on Maintenance Person

nel. " Published annually in HRB Highway Research Abstracts. 

13. PROGRAMMING, PRIORITIES, SCHEDULING 

a. Priorities and Programming Studies Used in Planned Program, Tennessee 

Priorities and programming study was developed under the direction of the Automo
tive Safety Foundation. 

This resulted in savings to mamtenance due to a planned construction program; 
savmgs in survey cost, design and general operations masmuch as all admmistrative 
engineers know the planned program and work together for the best results. 

References: 
Donnell, Philip M . , and Tuttle, Lawrence S. , "Priorities Determination and 

Programming in Tennessee." Highway Research Board BuUetm 158, 
pp. 63-67, 1957. 

Donnell, Philip M . , "Tennessee's Programming Study: First Year's Experience 
and Techniques for Updating." Highway Research Board BuUetm 194, 
pp. 49-60, 1958. 

b. Predicting Working Capital Position 

Statistical research into the factors affecting the working capital position of the Di
vision of Highways, and the mterrelationship of these factors, so that the working cap
ital position can be predicted 12 to 18 months m the future by projectmg the basic 
trends of the component factors. 

The benefits are increased administrative efficiency. A rate of advertising new 
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Through roadside development research in North Carolina great benefit has been 
derived. Development and improvements in the uses of grasses are estimated to have 
benefited the state $10, 000 or more per year. 

Reference: 
HRB, RCS Circular No. 156—Roadside Memorandum Series No. 2, February 

1952, "Erosion Control—Trends and Techniques." (Gives information on 
controUmg erosion by design, construction and maintenance; and discusses 
seeding, mulching, sodding, sprigging, plant materials and erosion control 
structures.) 

5. FLEXIBLE PAVEMENTS 

a. Use of CBR in Flexible Pavement Design by Kentucky 
Investigation of methods for evaluating subgrades led to the adoption of the CBR 

test which permitted a rational approach to pavement design. The department be
lieves the service life of flexible pavements wi l l be lengthened and that saving in main
tenance cost wi l l result. 

References: 
Baker, R. F. , and Drake, W. B. , "Investigation of Field and Laboratory Methods 

for Evaluating Subgrade Support in the Design of Highway Flexible Pavements.' 
HRBProc , Vol. 28, pp. 60-77, 1949. 

Report on same subject and by same authors, published in University of Kentucky 
Engineermg Bulletin 13. 

b. "R" Value—A Basis for Design, Idaho 
The Idaho Department of Highways adopted the California "R" value test for use m 

design of flexible pavement. The benefits derived have not yet been fully evaluated, 
but it IS felt that this test and the method of application wil l do much toward reducmg 
failures on Jdaho roads. 

Reference: 
Erickson, L . F . , "Flexible Pavement Design in Idaho." HRB Bulletm 210, p. 49, 

1958. Same reports list five other references. 

c. Thickness Design of Flexible Pavements, Illmois 
Application of methods, established through research for design of wearmg courses, 

bases and subbases, has proved economical and resulted m savmgs m cost of flexible-
type pavements. 

Reference: 
HRB, "Thickness of Flexible Pavements for Highway Loads. " HRB Current Road 

Problem No. 8-R, 1949. 

d. Use of "R" Value Test m Flexible Pavement Design, Washington 
The state adopted a method of design based on results of research reported by 

California. The benefits derive from more efficient use of native materials and lower 
highway maintenance costs. 

Reference: 
LeClerc, R. V . , "Flexible Pavement Design in Washmgton." HRB Bulletm 136, 

pp. 44-48, 1956. 

e. Layer Construction of Base Courses, New Mexico 
Experiments with asphalt treated surface course; untreated granular base and ce

ment or asphalt treated subbase showed benefit by eliminating surface crackmg. 
Reference: None submitted. 

f. Triaxial Institute Research for Pavement Design, Washington 
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Cooperative research developing refinements in the basic test procedures used in 
design has resulted in more reliable flexible pavement design m Washmgton and other 
western states. 

Reference: 
LeClerc, R. V. , "Flexible Pavement Design in Washington. " HRB Bulletin 136, 

pp. 44-48, 1956. 

g. Design of Flexible Pavements, New Jersey 
The state highway department through research by its Bureau of Engineering Re

search has acquired information that has had marked beneficial effect on the design 
of flexible pavements. 

Reference: None submitted. 

h. Use of Soil Maps in Prelimmary Design of Flexible Bases, Oklahoma 
Permits better design of pavement thickness and better completed flexible bases. 
Reference: 

Helmer, R. A. , "How Oklahoma Uses Its Present Highways to Establish Criteria 
for Evaluating Future Structural Design Need." HRB Bulletin 210, p. 25, 
1959. 

1. Flexible Pavmg Project Report, Part I Published, Oklahoma 
Existmg highways used as research projects to obtam pavement performance data. 

Existing pedological information was used to defme the soils, topography and environ
ment of highways. Analyses of the data led to a better understanding of problems in 
highway design. 

Reference: 
Helmer, R. A . , "How Oklahoma Uses Its Present Highways to Establish Criteria 

for Evaluatmg Future Structural Design Need." HRB Bulletin 210, p. 25, 
1959. 

] . Bituminous Surface Treatments m South Carolma 
Early research, 1926-1929, by South Carolma and a few other states cooperatmg 

with the U. S. Bureau of Public Roads pomted the way toward development of surfacing 
materials and methods which had major effects on highway construction and economics 
down to the present time. 

References: 
Anderton, B. A . , "Bitummous Materials for Surface Treatments. " HRBProc, 

Vol. 6, pp. 250-256, December 1926. 
Emmons, W. J. , "Bituminous Surface Treatment of Roads and Pavements." 

HRBProc, Vol. 8, pp. 284-294, December 1928. 
HRB, "A Symposium on Research Features of Flexible-Type Bituminous Roads." 

HRBProc, Vol. 14, Part H, December 1934. 

6. GEOMETRIC HIGHWAY DESIGN 

a. Adoption of Tapered Freeway Off-Ramps, Oregon 
Recorded observations of vehicle movements on two designs of off-ramps showed 

smoother traffic flow (reduced accident potential) where the tapered ramps were used. 
Reference: 

Conklin, Robert T. , "A Comparison of Vehicle Operating Characteristics Between 
Parallel Lane and Direct Taper Freeway Off-Ramps." Presented at the 29th 
Annual Meetmg of the I . T. E., September 1959. 

b. Use of Climbmg Lanes, Hawaii 



65 

On basis of published research, Hawaii adopted the practice of constructing climb
ing lanes on sustained uphill grades, where sight distance is restricted and where 
truck traffic is a problem. Monetary benefits were not determmed. 

References: 
Huff, T. S., and Scrivner, F. H. , "Simplified Climbmg-Lane Design Theory 

and Road-Test Results. " HRB Bulletin 104, pp. 1-11, 1955. 
Dunn, Robert E., "Motor-Vehicle Performance on Ascending Grades." HRB 

Bulletin 104, pp. 12-20, 1955. 
Willey, William E., "Truck Congestion on Uphill Grades." HRB Bulletin 104, 

pp. 21-34, 1955. 

c. Use of Freeway Capacity Study in Design, California 
Results of freeway capacity studies on existing facilities by the California Division 

of Highways are bemg applied m design of new freeways. 
References: 

Webb, George M . , and Moskowitz, Karl, "California Freeway Capacity Study. " 
HRBProc, Vol. 36, pp. 587-641, 1956. 

HRB, "Highway Capacity Manual." HRB Committee Report, 1950. Published by 
U. S. Government Printmg Office. 

d. Matchmg Capacity Provisions with Capacity Demand m Design, Connecticut 
Study of lane capacities for various categories of highways, daily and hourly pro

vided design information. This avoided extra costs for over-design, and a higher 
unit cost for providing supplementary capacity to correct, at a later date, for under 
design. 

References: 
HRB, "Highway Capacity Manual." HRB Committee Report, 1950. Published by 

U. S. Government Prmting Office. 
AASHO Policies. 
Connecticut Highway Department, "Geometric Highway Design Standards. " 1958. 

e. Specification Relative to Access Control Resultmg from Study of "Four Frictions, " 
Connecticut] 

Studies showed that accident reductions and certain traffic operatmg economies re
sulted from'more efficient operations of limited access facilities. Information used m 
perfecting Connecticut's standards for geometric highway design. 

Reference: None submitted. 

f. Studies of Capacities of Rural 2-Lane Highways to Determine Feature Needed m 
New Designs, West Virginia 

Studies were made to learn percent of passing sight distance, design speed, number 
of lanes, etc., required to provide adequate capacity at desirable operating speeds. 
Information on these factors aids m designing more economical highways—yields sat
isfactory design criteria. 

References: 
Schwender, Harry C., Normann, O. K. , and Granum, James O., "New Method 

of Capacity Determination for Rural Roads m Mountainous Terrain." HRB 
Buljletin 167, pp. 10-37, 1957. 

HRB, "highway Capacity Manual. " HRB Committee Report, 1950. Published by 
U. S. Government Printmg Office. 

g. Headlight Glare—A Basic Consideration in Median Width Design, Idaho 
Results of study of glare are used as guides in designing medians for freeways. 
Reference: 

Idaho Department of Highways, Departmental Report. 
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h. Geometries Based on Traffic Characteristics, North Carolina 
The results of traffic operations studied in relation to highway design have resulted 

in large saving to the state. 
Reference: None submitted. 

i . Accident Experience Before and After Highway Widening, Illinois 
Study showed accident rates reduced 40 percent after pavement widening. Widen

ing was most effective with A. D. T. over 2,000. 
Reference: 

Cope, A. J . , "Traffic Accident Experience Before and After Pavement Widening." 
Traffic Engineermg (Magazine), December 1955. 

] . Volume-Capacity Analysis, Washmgton 
The lane capacity and operating characteristics of motor vehicles reported in Cal

ifornia Freeway Studies was used in computing the volume-capacity analysis of the 
Riverside Lane Interstate Freeway through the City of Seattle, Washmgton. Informa
tion was applied to project. 

Reference: None submitted. 

7. GUARDRAIL AND PROTECTIVE BARRIERS 

a. Impact Test of Various Guardrails, Missouri 
Full-scale automobile impact testing of numerous designs of guardrails near Kansas 

City, Missouri, was accomplished about 1937. The tests demonstrated the value of 
beam-type over tension-type rails, with consequent improvement in design and savings 
in maintenance. 

Reference: Departmental report with limited distribution to other agencies. Also 
movmg picture f i lm made and filed. Report is out of print. 

b. Guardrail Research on Fiberglass Reinforced Plastic, Rhode Island 
Tests were made to determine the relative safety, strength and durability of fiber

glass reinforced plastic in comparison with two other guardrail systems. Results are 
expected to influence future specification which wil l increase safety. 

Reference: Departmental report pending. 

c. Use of Aluminum Beam Guardrail, Delaware 
A t r ia l installation of 150 f t of aluminum beam guardrail, near Appoquinimink Creek 

bridge, on US 13, was made. The object was to determme if aluminum guardrail may 
be a way to reduce mamtenance costs. 

Reference: None submitted. 

d. Dynamic Tests of Barrier Curbs and Bridge Railings, California 
Following numerous tests of curbs and railing by means of remote controlled ve

hicles, new designs of curbs and railmgs were designed which improved user safety 
on bridges and highways. 

Reference: 
Beaton, J. L . , "Full-Scale Tests of Concrete Bridge Rails Subjected to Automo

bile Impacts." HRBProc, Vol. 35, pp. 251-267, 1956. 

e. Dynamic Test of Highway Barrier Curbs and Median Rails, California 
Similar to that in d, above, used on other designs of curbs and protective devices. 
Reference: 

Beaton, J. L . , "Dynamic Full-Scale Tests of Median Barriers." 39th Annual 
Meeting, HRB, January I960. 
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8. INSTRUMENTATION 

a. Use of Tellurometer, Virginia 
The tellurometer was used in Virgmia on work related to highways in 1957-58 by 

the U. S. Coast and Geodetic Survey. Experience indicated that the cost of establish-
mg geodetic markers can be reduced from $750 per mile as originally estimated to 
about $450 per mile through the use of the tellurometer. 

Reference: 
Thomas, Paul D. , "Electronic Instruments Utilized in Geodetic Surveys for High

ways." HRBProc, Vol. 38, pp. 219-225, 1959. 

b. Use of Tellurometer, Massachusetts 
The Massachusetts Department of Public Works purchased equipment February 

1958. The geodetic field party uses it m traverse surveys for horizontal control on 
the Interstate Highway System. Prmcipal benefit is a great savings m time without 
sacrifice of accuracy. 

Reference: 
Demuth, H. P., in USC and GS Technical Bulletin No. 2, March 1958. 

c. Truck Mounted Profilograf, California 
A truck mounted profilograph was developed which measures pavement irregular

ities of 0.1 in. or greater and records the profile. Its use gives better evaluation of 
contractors pavement construction operations and results in Increase user comfort 
(smoother pavements). 

Reference: 
California Division of Highways, "Operations Manual." Issued by Materials and 

Research Department, California Division of Highways, August 1957. 

d. Use of Benkelman Beam, Deflection Apparatus, Oklahoma 
This particular type of pavement deflection measuring device was developed for the 

WASHO Road Test by A. C. Benkelman early m 1953. It has been in use for approx
imately 3 years m a flexible pavement research project m Oklahoma. It has served a 
similar useful purpose in several other states. 

Reference: 
HRB, "The WASHO Road Test, Part I . " HRB Special Report 18, 1954. 

e. Use of Road Roughness Apparatus, Oklahoma 
The "roughometer" as developed by the U.S. B. P.R. and variously used by many 

highway departments and other agencies in the U. S. was reported by Oklahoma to have 
been used for approximately one year to evaluate the roughness of various types of 
surfaces. 

Reference: None submitted. (Note: HRB has a mimeographed list of references on 
"Tractive Resistance and Road Roughness Measurements.") 

9. NOISE AND FUMES CONTROL 

a. Development of Instrumentation for Noise Control, California 
Sound level measurements at HoUjnvood Bowl resulted m better mstrumentation and 

led to improved control over traffic noise. Reduced noise levels in areas adjacent to 
highway have been effected by use of barriers. 

Reference: None submitted. (Note: HRB Bibliography 22 which covers "Noise and 
Fumes.") 
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10. PHOTOGRAPHY AND PHOTOGRAMMETRY 

a. Use of Kelsh Plotter to Check Accuracy of Contractor Produced Contour Maps, 
California 

California experiments in resetting contractor's data in a Kelsh Plotter revealed 
practically all discrepancies in maps submitted by the contractor. Consequently, 
plotter checkmg was put mto effect. The monetary saving over field-check methods 
is $60,000 per year and a reduction in the required permanent engmeering personnel. 
Some intangible benefits are: (1) improved mapping specifications, (2) improved qual
ity of maps, and (3) educational value to employees. 

Reference: 
Funk, L . L . , "Photogrammetry Map Accuracy." HRB Bulletm 199, pp. 68-82, 

1958. (Also published m Photogrammetric Engmeermg, Vol. 24, No. 3, 
pp. 392-404, June 1958.) 

b. Aerial Photography in Preliminary Almement Studies, Delaware 
Through various state and federal agencies aerial photos covermg the entire state 

are obtained on loan. Negatives made of the photographs, with a 4 x 5 "Seed Graphic" 
camera, are used on an enlarger to produce any size or scale desired for making pre-
limmary almement studies or reports. This procedure is a time saver as it elim
inates drafting. It gives a true picture of the terrain and all existmg facilities withm 
the area covered by the photographs. 

Reference: None submitted. 

c. HRB Photogrammetry Publication as an Aid in Settmg Up a New Section in High
way Department, Idaho 

Reference: 
HRB Bulletin 199, "Photogrammetry—Developments and Applications, 1958." 

d. Use of Aerial Inventory for County General Highway Maps, North Dakota 
The Planning Survey Division of the North Dakota Highway Department instituted 

an aerial method of coUectmg field data for mappmg and the periodic revision of county 
highway maps. It has been in operation for nearly four years and produced better m-
ventory data at less cost, and m less time, than is possible with conventional ground 
survey methods. 

Reference: 
Bowen, E. T. , and Crawford, C. J . , "North Dakota's Use of Aerial Inventory for 

County General Highway Maps." HRB Bulletm 228, pp. 1-7, 1959. 

e. Operational Plan for Preparation of Interstate Highway Design from Aerial Sur
veys, Georgia 

Brought about through research and development m methods withm the highway de
partment. Benefits have been increased efficiency, economy of the design, and a con
siderable saving m engmeermg manpower. 

Reference: 
Wilkerson, John M . , Jr. , "Preparation of Plans from Aerial Surveys." Proc., 

Georgia Highway Conference, Georgia Institute of Technology, 1958. 

f. Application of Airphoto Interpretation to Development of Engineering Soils Maps, 
Indiana 

A joint highway research project at Purdue University. 
References: 

Jenkms, D. S., Belcher, D. J . , Gregg, L . E. , and Woods, K. B . , "The Origin, 
Distribution and Airphoto Identification of United States Soils." Tech. Report 
52, U. S. Department of Commerce, C.A.A. , 1946. 
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work in the current budget can be established so that a satisfactory capital position is 
mamtained in the future. Based on this rate, an advertising schedule is established 
for the projects. This tends to maintain the most effective schedulmg of new work in 
the various areas of the state, promotes the orderly flow of work in the design, right-
of-way acquisition, and construction stages, and aids in the programming of personnel 
requirements for design, right-of-way, and construction activities. 

References: No reports published. Limited mter-departmental circulation is 
provided m the nature of an advertising schedule and a projected monthly 
working capital position. 

14. RIGHT-OF-WAY 

a. Comparisons, Property Acquired by SHD and Property Acquired by Dispossessed 
Tenants, Delaware" 

Photographs, descriptions, and costs are included in a study of the comparison of 
properties purchased by the state in right-of-way acquisition and properties which 
have, m turn, been purchased by the dispossessed tenants. A large volume of these 
comparisons has been accumulated. 

Monetary benefits have not been assessed but the study can aid greatly m affecting 
settlements on other properties m presenting testimony as regardmg comparables, 
and should afford tremendous savmgs and time m future negotiations. 

Reference: None submitted. 

15. SUFFICIENCY RATINGS 

a. Highway Capacity Calculations to Determine Sufficiency, New Mexico 
Highway capacity calculations, by reference to the Highway Capacity Manual and 

other articles and reports enlargmg upon and in revision of the original fmdings. 
These data are used and reported m Urban Studies, and are applied in the determmation 
of relative sufficiency of highway sections. 

References: 
U.S. Bureau of Public Roads, "Highway Capacity Manual." U.S. Government 

Printing Office, 1950, $1.00. 
Campbell, M. Earl, "Some Considerations m Rating Urban Streets." HRB mimeo, 

21 pp. (mcludes selected references), 1956. 
Schwender, Harry C , Normann, O. K. , and Granum, James O., "New Methods 

of Capacity Determination for Rural Roads in Mountamous Terram. " HRB 
Bulletm 167, pp. 10-37, 1957. 

Highway Research Board, "Highway Sufficiency Ratmgs." Bulletm 53, 1952, 69 pp. 

b. Application of Highway Access Adjustments to Sufficiency Ratings, Washington 
This adjustment for access increased the value of sufficiency ratings in assessing 

adequacy of highway routes. 
Reference: None submitted. 

c. Use of Sufficiency Ratings in Numerical Rating, Hawaii 
Sufficiency ratmgs were used in establishing Hawaii's Numerical Rating Criteria. 
Reference: 

Highway Research Board, "Highway Sufficiency Ratings." Bulletin 53, 1952. 
See under 15a above for general references. 
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1. BRIDGE DESIGN 

a. Shear Connectors for I-Beam Bridge Decks (Composite Design—Using Various 
Shear Devices) Cooperative Research by Illinois Division of Highways, U. S. Bureau 
of Public Roads and University of Illmois 

Effected large savings in costs by reduction in sizes of girders, and yielded other 
advantages including greater stiffness and load capacity of bridges. Resulted in re
visions of AASHO Bridge Specs, which have benefited most all highway departments. 

Reference: 
Viest, IvanM., Fountain, R.S., and Siess, Chester P., "Development of New 

AASHO Specifications for Composite Steel and Concrete Bridges. " HRB 
Bulletin 174, 1958. Same report contains 32 references. 

b. All-Welded Plate Girder Bridge by Illinois Division of Highways (Welding inLieu 
of Riveting) 

Cost records on a 465 f t 3-span continuous bridge over Lake Decater (Federal 
Aid 49, Section 139x-2) indicated considerable savmg. 

Reference: 
Fraley, Varel L . , "Old Spans Used in Erecting Illinois First All-Welded Girder 

Bridge." Roads and Streets, p. 86, August 1956. 

c. Elastomeric Bridge Bearings—Research Conducted at University of Florida. A 
Project Sponsored by Florida State Road Department 

Study of behavior of neoprene pads in repeated shear indicated some hardening of 
the (rubber) material, but supported the conclusion that 700 psi is a safe bearing value 
for design of the pads. 

Reference: 
Ozell, A . M . , and Diniz, J. F . , "Report on Tests of Neoprene Pads Under Repeated 

Shear Loads." HRB Bulletin 242, 1960. 

d. Steel Girder Bridges With Concrete Decks Designed for Composite Action. Oregon 
State Highway Department 

Investigation showed allowable reduction in girder steel of abour 20 percent with 
gain in rigidity of structure. 

References: 
Paxson, G. S., "Loading Tests on Steel Deck Plate Girder Bridge with Integral 

Concrete Floor." Oregon Highway Department, Technical BuUetm No. 3, 1934. 
Highway Research Board, "Tests on Rolled Beam Bridge Using H20-S16 Loading." 

Research Report 14-B, pp. 10-38, 1952. 

e. Use of High-Strength Bolts in Structural Joints, Illinois Division of Highways 
Bolting instead of riveting expedited construction—enablmg completion of a certam 

structure prior to winter weather. Extensive research, contmuing over several years, 
was performed at the University of Illinois under sponsorship of the Research Council 
on Riveted and Bolted Structural Joints. 

References: 
Wilson, Wilbur M . , "High Strength Bolts as a Means of Fabricating Steel 

Structures." Highway Research Board, Proceedings, Vol. 30, p. 136, 1951. 
ASCE, "Bolted Connections—Research." ASCE Proceedings, Structural Division, 

Vol. 81, No. 650, March 1955. 

58 
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f. Elastomeric Bridge Pads, California Division of Highways 
An investigation of various neoprene rubber pads for bridge bearings by the 

California Division of Highways resulted in more efficient design. 
Reference: None submitted. 

g. Design Allowance for Deflection of Steel-Concrete Composite Bridges, California 
Division of Highways 

Investigation in California resulted in design of smooth riding bridge decks. 
Reference: None submitted. 

h. Plastic Model Study of Long Concrete Pile Caps and Strmgers, California 
Division of Highways 

California mvestigated the influence of plastic deformations on the deflections of 
parts of the Embarcadero Viaduct at San Francisco. Project: rV-SF-224 SF (1957). 
Information is used in design of subsequent extensions for the same and similar types 
of structures. 

Reference: None submitted. 

i . Shrinkage Coefficient Test for Concrete in Structures, California Division of 
Highways 

Actual shrinkage coefficient of concrete is used by California Division of Highways, 
Project ni—Sac-4-Var. Investigation yielded information for improvement in structural 
design. 

Reference: None submitted. 

J. Influence Lines for Multi-Span Structures, Maryland State Roads Commission 
Research sponsored by the State Roads Commission of Maryland at Johns Hopkins 

University resulted in a series of generalized influence lines for the design of mde-
terminate multi-span bridges. Information developed and published has served Mary
land's Bridge Design Divison and numerous other agencies throughout the country. It 
provides a time-saving technique in bridge design and aids m the selection of economical 
span arrangements. 

Reference: 
Boyer, Walter C , and Abrams, Joel I . , "Influence Lines for Continuous Beams." 

The Johns Hopkms Press, 1958. Library Catalog No. 55-56959. 

k. Shear Connectors (Five Types) for Steel Girder and Concrete Slab Bridge Decks, 
Delaware State Highway Department 

2. CULVERT DESIGN 

a. Bedding of Culverts, Eddington Experiment on Secondary Road in Maine, 
Projeci S-6G(Z7 

Use of special gravel beddmg investigated as a possible means to prevent uplift of 
culvert in winter. Departmental progress reports since 1951 support hope for ap
preciable monetary benefit. 

Reference: 
University of Maine, "The Eddington Project." Maine Technical Experiment 

Station, Soils Laboratory, B-1, Lord Hall, University of Maine, Orono. 

b. Debris Racks, A Design Feature of Culverts in Hawaii 
Debris control racks at culvert entrances found essential to proper operation and 

mamtenance in many locations. Debris barrier types are selected and adapted in ac
cordance with general prmciples outlined in "California Culvert Practice". Hawaii 
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reported advantages, but actual monetary value was not determined. 
References: 

Tilton, G. A. , and Rowe, R. Robinson, "Culvert Design in California." HRB 
Proc , Vol. 22, p. 165, 1943. 

California Divison of Highways, "Debris Control at Entrances. " California 
Culvert Practice, Chapter I I , pp. 13-31, 1957. 

c. Modified Culvert Inlet Design for Full Flow Under Hydraulic Head, Oregon 
State Highway Department 

Studies of tapered inlets and related features which affect the hydraulic efficiency 
of culverts indicated possible reduction m culvert cost of about 10 percent for de
scribed conditions. 

References: 
Shoemaker, R.H. , Jr., and Clajrton, Leslie A. , "Model Studies of Tapered 

Inlets for Box Culverts. " (With Discussion.) HRB Research Report 15-B, 
1953. 

Straub, Lorenz G., "Importance of Inlet Design on Culvert Capacity. " (With 
Discussions by Mavis, S. T. , and Izzard, Carl F.) HRB Research Report 
15-B, 1953. 

d. Modified Culvert Inlets to Provide Increased Capacity of Flow, Iowa 
Research resulted m reduced size requirements for culverts and costs. 
References: 

Yarnell, D . L . , Nagler, F .A. , and Woodward, S.M., "The Flow of Water Through 
Culverts." University of Iowa, Bulletin 1, 1926. 

Howe, J.W., and Metzler, D.E. , "Culvert Diameters in Relation to Upstream 
Channel Storage for Small Watersheds m Iowa." Iowa Highway Research 
Board, Bulletin No. 2. 

e. Design and Construction of Rigid Culverts Under High Fills, California Division 
of Highways 

Studies of the performance of experimental culvert installations led to new designs 
and methods which effected saving in state highway costs. 

References: 
Rowe, R. Robinson, "Rigid Culverts Under High Overfills." ASCE, Transactions, 

Vol. 122, pp. 410-420, 1957. 
Babcock, Dudley P., "Simplified Design Method for Reinforced Concrete Pipe 

Under Earth F i l l s . " Highway Research Board Proceedmgs, Vol. 35, 
p. 210, 1956. 

U.S. Bureau of Public Roads, Circular Memo to Division Engineers, "Design and 
Installation Criteria for Remforced Concrete Culverts." Apri l 4, 1957. 

f. Revision of Culvert Practice, California Division of Highways 
Investigations and study of performance of culverts resulted in extensive revisions 

in practice which are saving the state in highway costs. 
References: 

Tilton, G.A., Jr . , and Rowe, R. Robinson, "Culvert Design in California." 
Highway Research Board, Proceedings, Vol. 23, pp. 165-206, 1943. 

California Division of Highways, "California Culvert Practice." 2nd Edition, 1957. 

g. Study of Friction Losses in Concrete Pipes. A Cooperative Investigation by Florida 
State Road Commission and U. S. Bureau of Public Roads St. Anthony Falls Hydraulic 
Laboratory 

Leads to more economical design of storm sewers. 
Reference: Not published. St. Anthony's Falls Laboratory report pending, Feb. 1960, 
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3. DRAINAGE (SURFACE, SUBSURFACE, HYDRAULICS) 

a. Compilation of Drainage Area Information for Al l Iowa Streams and Drainage 
Segments, Iowa Highway Commission" 

Data provided increased accuracy and great savings of time by designers and county 
engmeers in determinmg required sizes of culverts and bridges. 

Reference: 
Iowa Highway Research Board, Bulletin No. 7. 

b. Design of Spillways and Culverts to Make Use of Upstream Channel Storage, Iowa 
Highway Research Board 

Investigation was made of the advantages m using spillways across embankments 
and culverts m lieu of bridges at small stream crossings in regions of high relief and 
highly erodible soils. 

The studies conducted with the aid of Iowa Institute of Hydraulic Research proved 
large benefits are obtainable, especially on the secondary roads in areas of loessial 
soils. 

Reference: 
Howe, J. W., and Metzler, D. E., "Culvert Diameters m Relation to Upstream 

Channel Storage for Small Watersheds m Iowa." Iowa Highway Research 
Board, Bulletin No. 2, September 1954. 

c. Urban Storm Drainage, Maryland 
Research co-sponsored by Maryland State Roads Commission, Baltimore County, 

and the City of Baltimore was conducted by Johns Hopkins University. The project 
definitely produced a greatly improved type of inlet and increased the knowledge of the 
hydrology of compact urban areas. The findings are resulting m more economical de
signs and more efficient performance of drainage facilities. 

Reference: 
L i , Wen-Hsiung, "Hydraulic Theory for Design of Storm Water Inlets." HRB 

Proc , Vol. 33, pp. 83-91, 1954. 
Same report lists five other references. 

d. Establishment of Drainage Sections m Highway Division Offices in California 
Revisions m culvert practice manual showed that efficient engineering required 

organization changes to effect savings in engineering manpower. 
Reference: 

California Division of Highways, "California Culvert Practice." 2nd Ed., 1957. 

e. U.S.G.S. Research on Flood Flows Yields Flood-Flow Formula for Connecticut. 
The Connecticut Highway Department and the State Board of Supervision of Dams Were 
Co-Sponsors with U. S. G. S. 

Flood discharges at many stream-gaging stations over 10 to 40 year periods pro
vided data for improved accuracy in estimating future peak run-off. Tabular data, 
charts and a formula are available for use in design of watercourse structures. Studies 
of the same general character have been made by the U.S.G.S. in about one-half of 
the states of the U. S. A. , thus providing quick, easy methods for determinmg peak 
discharge of streams for many engineermg groups. 

Reference: 
Bigwood, B. L . , and Thomas, M. P., "A Flood-Flow Formula for Connecticut." 

U.S.G.S. Circular 365. 

f. Hydraulic Studies to Correct Erosion on Downstream Side of a Bridge, Illinois, 
Project IHR-11 by the Engmeering Experiment Station, University of Illinois with 
Illinois Division of Highways Sponsorship Included 
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Study of prototype of Route 139 Bridge m White County (New Harmony Bridge No. 
3). It showed the causes of excessive scour and led to economical elimination of 
dangerous scour conditions. Savings m mamtenance cost resulted and perhaps the 
bridge and its foundation were saved from destruction by undermining. 

Reference: 
Hickenlooper, Irby J. , GuiUon, John C , and Chow, Ven Te, "Hydraulic Study of 

a Highway Bridge." Department of C. E., Hydraulic Engineering Series No. 
4, University of Illinois. 

g. U. S. G. S. and Highway Department Studies to Determine Waterway Opening, 
Illmois 

Use of data gathered relative to magnitude and frequency of peak run-off led to 
possible savmg of 20 percent of the cost of one bridge. Bridge on Route 13 near New 
Athens, Illinois, was designed to reduce length from 1,026 to 792. 5 f t . 

Reference: 
Chow, Ven Te, "Frequency Analysis of Hydrologic Data With Special Application 

to Ramfall Intensities." 111. Univ. Bulletm 414. 

h. Intensity-Frequency Data on Precipitation Used for Capacity Determmation of 
Drainage Structures in California, California Division of Highways 

The studies effected savmg in highway costs and engmeering manpower. 
Reference: 

California Division of Highways, "California Culvert Practice." 2nd Ed., 1957. 

1. U.S.G.S. and Highway Department Studies as a Basis for Design of Drainage 
Structures m Ohio 

Study of magnitude and frequency of floods in small dramage areas has provided 
the department with information for design of dramage structures. 

Reference: None submitted (see 3e, above). 

j . Use of Vicksburg Criteria in Design of Sutxirainage Systems in New Jersey 
With the U. S. Waterways Experiment Station research as a guide, the New Jersey 

Highway Department saved indeterminate amounts by making use of bank-run granular 
materials m filter systems mstead of more costly precisely graded materials. 

Reference: 
Waterways Experiment Station, Technical Memo 183-1, Revised 1951. Prepared 

for use by the Corps of Engmeers. 

4. EROSION CONTROL AND ROADSIDE PROTECTION 

a. Revision of Design and Practice m Protection of Shores and Embankments, 
California Division of Highways 

Studies by the California Division of Highways indicated possible savings in costs-
particular ly m maintenance. 

Reference: Departmental progress reports only. Publication planned. 

b. Erosion Control for Highway Slopes, Maryland 
Cooperative research at University of Maryland, although not yet published, has en

abled the highway department to better evaluate exposure, soil and ground water con
ditions in various parts of the state so that the vegetative growth problem on slopes has 
been partially solved and maintenance costs lowered. 

Reference: None submitted. 

c. Roadside Protection Through Grasses, North Carolma 
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Mintzer, Olin, and Frost, R. E., "How to Use Airphotos and Maps for Material 
Surveys." HRB Bulletin 62, pp. 1-73 (uicludes a bibliography), 1952. 

g. Application of Airphoto Interpretation to Terrain Analysis, Materials Inventory, 
Location, Hydrology, Etc., Maine 

A cooperative investigation by state and U.S. B. P.R. at University of Mame has re
sulted in savings in time and money for prelimmary soil surveys, material surveys, 
reconnaissance surveys for location and terram evaluation. 

Reference: 
Stoeckeler, E. G., and Gorrill, W. R., "Airphoto Analysis of Terrain for High

way Location Studies in Maine." HRB Bulletm 213, pp. 29-43, 1959. 

h. Application of Photogrammetry and Digital Computer to Highway Location and De
sign, Massachusetts 

A cooperative project by state and the U. S. B. P. R. at M. I . T. Digital terrain model 
computer programs are now being used in the design on some highway projects. Costs 
of estimating earthwork quantities are expected to be greatly reduced. 

Reference: 
Miller, C. L . , and Kaalstad, T., "Earthwork Data Procurement by Photogram-

metric Methods." HRB Bulletm 199, pp. 24-39, 1959. (Reports show 18 
references.) 

i . Application of Airphoto Interpretation to Gravel Prospectmg, North Dakota 
Research showed increased rate of prospectmg for aggregates suitable for highway 

uses at a time when supplies are dimmishmg and need is greatly increased. 
Reference: 

Kasper, R. J . , "Gravel Prospectmg by Use of Aerial Photographic Interpreta
tion." HRB Bulletin 213, pp. 44-52, 1959. 

11. PILING AND FOUNDATIONS 

a. Strength of Concrete Cap on Steel H Piles, Ohio 
The state highway department with facilities of Engineering Experiment Station, 

Ohio State University, investigated the strength of various connections between short 
steel "H" columns and concrete bearmg caps. Numerous tests supported a conclusion 
that it IS imnecessary under usual conditions to provide steel bearing plates or aux
iliary bearing devices over the ends of steel H colunms when they are embedded in 
concrete. This led to a substantial savmgs m cost. Findings of this investigation 
have been generally accepted through the construction mdustry. 

Reference: 
Ohio State Department of Highways, Research Report No. 1. December 1947, 73 

pages. Abstracted in Highway Research Abstracts, HRB, Vol. 18, No. 4, 
pp. 10-12, April 1948. 

b. Value Friction on Cast-m-Place Concrete Piling, Texas 
Research by the Texas Highway Department and Texas A & M College System, in

vestigated the value of skm-friction on cast-in-place piling as a means of carrymg a 
part of the foundations load under certam soil conditions. This resulted in some changes 
in design and savings m costs on many highway structures. 

References: 
DuBose, Lawrence A . , "A Comprehensive Study of Factors Influencmg the Load 

Carrying Capacity of Drilled and Cast-in-Place Piles." Texas Transporta
tion Institute, TDD Project No. RP-4, 1956. 

DuBose, Lawrence A . , "Small-Scale Load Tests on Drilled and Cast-m-Place 
Concrete Piles." HRBProc, Vol. 36, pp. 132-145, 1957. 
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c. Criteria for Design of Large Piles Cast m Drilled Holes, California 
An investigation by the California Division of Highways mcluding tests to determine 

capacity of 3-ft and 4-ft diameter piles for the Olympic Viaduct. This established 
criteria for the design of a multimillion dollar project. 

Reference: None submitted. 

d. Testing Validity of Workmg Load on Piling by Test Loads, California 
Investigations at Richardson Bay Bridge (IV-Mrn-l-A) mvolved applying 450-ton 

test loads which justified 225-ton workmg loads on steel pilings. 
Reference: None submitted. 

e. Use of Caissons in Lieu of Spread Footmg, California 
Research in connection with the Santa Monica Viaduct showed the load capacities, 

horizontal and vertical, of 36-m. caissons. Study showed justifications for use of 
the caissons which resulted in savings greater than $100,000. 

Reference: 
Elliot, A. L . , Report to the AASHO (Meeting in San Francisco). December 1958. 

12, PRESTRESSED AND PRECAST CONCRETE 

a. Fatigue Tests of Prestressed Beams, Florida 
Fatigue behavior of pretensioned concrete beams prestressed with yis-in. 7-wire 

strands was mvestigated at the University of Florida, The results substantiated the 
previously established criteria for prestressed concrete bridges as adopted and dis
tributed by the U, S. B. P. R. December 1954. 

Reference: 
Ozell, A. M . , and Ardaman, E. , "Fatigue Tests of Pre-Tensioned Prestressed 

Beams." Journal of the A . C . L , pp. 413-424, October 1956. 

b. Use of Research Findings on Prestressed Concrete, South Carolina 
Research by various agencies mvestigatmg the problems m the design and con

struction of prestressed concrete were studied by the highway department m South 
Carolma. Certain design standards and specifications were adopted and resulted m 
low-cost construction and good service from the bridge units installed including pile 
caps and bridge girders. 

Reference: 
A. C . I . , "Tentative Recommendations for Prestressed Concrete." Reported in 

Journal of A . C . I . , Vol. 29, No. 7, pp. 545-578, January 1958. 

c. Full Scale Test of Wheel Loads on Prestressed Concrete Span, California 
Tests at Bacon Street imdercrossing in San Francisco (IV-SF-68-SF) were made 

for checkmg distribution of wheel loads on a 60-ft prestressed concrete slab span. 
The findings resulted in improved design. 

Reference: None submitted. 

13. STRUCTURAL DESIGN OF PAVEMENTS 

a. Traffic Criteria for Structural Design of Pavements, New Mexico 
In developing traffic criteria for the structural design of pavements the state high

way department utilized the California equivalent wheel load procedure. 
References: 

Hveem, F. N , , "The Factors Underlymg the Rational Design of Pavements, " 
HRB Proc,, Vol, 28, pp, 101-136, December 1948. 
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California Division of Highways, "Method of Calculating the Design Thickness of 
Pavement Sections Based on Stabilometer and Expansion Pressure Measure
ments." California Materials Manual, Vol. 1, Testing and Control Pro
cedures, Part v n of Section 301-B, pp. 19-30, Revised, September 1957. 

14. SHOULDER DESIGN 

a. Use of Paved Shoulders, Colorado 
Acceptance of the use of a 10-ft paved highway shoulder was reported as justifica

tion for 4 in. less center thickness of subbase for pavements by the Colorado Highway 
Department. Added structural strength of the pavement was also reported. 

Reference: 
HRB, "The WASHO Road Test, Part 2 ." Special Report 22, 1955. 

b. Use of Paved Shoulders, Idaho 
The Idaho Department of Highways reported that the use of paved shoulders de

creased the required thickness of subbase, mcreased safety, and decreased mainte
nance. 

Reference: 
HRB, "The WASHO Road Test, Part 2." Special Report 22, 1955. 

c. Study of Loss of Aggregate from Bituminous Treated Gravel Shoulders Resulted in 
Modified Design, South Dakota" 

Based on study in 1956-57 changes in design and construction method were made in 
1958. A direct savings of over $100,000 was reported on the subsequent f i rs t year's 
contracts. 

Reference: None submitted. 

d. Use of Paved Shoulders, Wyoming 
A benefit reported to be the result of adopting paved shoulders was a reduction in 

thickness of pavement base or subbase. 
Reference: None submitted. 

15. RIGID PAVEMENT DESIGN 

a. Study of Blow-Ups in Concrete Pavement and Elimination of Expansion Joints, 
Indiana 

Investigation m several states established that expansion joints were not generally 
essential to the prevention of blowups. Indiana reported a savings of $2, 500 per mile 
of pavement by omitting expansion joints. 

References: 
Reagel, F. V. , and Gotham, Don E., "Field Observations on Effects of Joints on 

Crackmg and Other Deterioration in Concrete Pavements." HRB Proc , Vol. 
21, pp. 179-206, December 1941. 

HRB, Research Report 3-B, 1946 and Research Report 17-B, 1956. (Both are 
progress reports on cooperative research of jomt spacmg in California, Ken
tucky, Michigan, Mmnesota, Missouri, and Oregon.) 

b. Study of Concrete Pavement Pumping Resulting in Modifications of Weight Laws 
and Pavement Designs, Indiana 

Study of the effects of granular subbase on the pumpmg of concrete pavements in
cluded condition surveys of over 300 mi of Indiana pavements and showed benefits of 
the granular bases. Indiana studies also showed a correlation between pavement 
pumpmg and traffic loads. 
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References: 
Vogelgesang, Carl E. , "Effectiveness of Granular Bases for Preventing Pumping 

of Rigid Pavements." HRB BuUetin 52, pp. 1-28, 1952. 
Woods, K. B. , Green, F. H . , and Sweet, H. S., "Pavement Pumping Correlated 

with Traffic Loads." Reprint No. 38, Engmeering Experiment Station, Pur
due University, pp. 209, 210, 212, 223, and 229. 

c. Use of Research on Contmuously-Reinforced Concrete Pavement, Maryland 
Based on information derived from various test pavements in different states and 

reported through HRB, Maryland has constructed one section of continuously-rein
forced pavement for long-time study. Prospective benefits are improved performance 
and lower maintenance costs. 

References: 
HRB, "Continuously Reinforced Concrete Pavement." HRB Bulletin 181, 1958. 
HRB, "Recommendations for Experimental Contmuously-Reinforced Concrete 

Pavements. " HRB Circular 372, November 1958. 
HRB, "Experimental Continuously-Reinforced Concrete Pavements." Progress 

Reports, Bulletin 238, 1959. 104 pp. 

d. Michigan Test Road 1940 Resulted m Modification in Concrete Pavement Joint De
sign, Michigan 

Concrete test road built 1940, by the Michigan State Highway Department featured 
elimmation of expansion jomts, contraction joint spacing of 99 f t ; doweling of contrac
tion joints; uniform slab cross-section; hot poured rubber-asphalt sealing of joints 
and mechanical form tamping. Information gained led to controls which improved 
ridmg qualities of pavements, elimination of faulting at joints, and reductions in con
struction and maintenance costs. 

References: , 
Coons, H. C., "Investigational Concrete Pavements, Michigan." HRB Research 

Report 3-B, pp. 35-57, 1946. 
HRB, Progress Report (on same). HRB Research Report 17-B, pp. 35-88, 1956. 

e. Sawed Joints in Concrete Pavements, Illinois 
Research and development in the sawmg of joints in Illinois and several other states 

was reported to have improved the riding qualities of pavements. 
Reference: 

lUmois Division of Highways, "Sawing of Contraction Joints in Portland Cement 
Concrete Pavements. " Departmental Report by Illinois Division of Highways, 
1954. 

f. Subbase Thickness and Material Determmed from Ohio Test Road, Ohio 
The Ohio Department of Highways and U. S. B. P. R. cooperated in constructing test 

road in 1952. Subsequent study showed performance of pavement on various thick
nesses of subbase. Project was on a main truck route. The results have been used 
in establishing new subbase material specifications and designs for subbase courses 
for all concrete pavements on primary roads in Ohio. A savings in cost was reported. 

Reference: 
Allen, Charles W., and Childs, L . D. , "Concrete Pavement Subbase Study in 

Ohio." HRB Bulletin 116, pp. 57-71, 1956. 

g. Subbase and Dramage Based on Experimental Work, Ohio 
A 5-yr study of a 4-mi concrete pavement built in 1952 resulted in design changes 

with respect to subbases and their drainage. 
Reference: 

Childs, L . D. , and Behn, F. E., "Concrete Subbase Study in Ohio." HRB Bulle
tin 202, pp. 1-31, 1958. 
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h. Elimination of Expansion Joints, Oregon 
On the basis of research and an experimental concrete pavement constructed 1941, 

the Oregon Highway Department, along with most other states omitted the use of ex
pansion joints. It effected a reduction in construction and maintenance costs and pro
duced better lasting, smooth-ridmg quality. 

References: 
Paxson, G. S., "Investigational Concrete Pavement in Oregon. " HRB Research 

Report 3-B, pp. 77-89, 1945. 
HRB, Progress Report (same project), Research Report 17-B, pp. 151-159, 1956. 

i . Concrete Pavement Condition Surveys, Missouri 
Extensive concrete pavement condition surveys yielded data on crackmg which led 

to adequate crack control and the omission of expansion joints except at structures. 
Benefits shown in savings m construction and maintenance costs. 

Reference: 
Reagel, F. V . , and Gotham, Don E., "Field Observations on the Effects of Jomts 

on Crackmg and Other Deterioration m Concrete Pavements." HRB Proc., 
Vol. 21, pp. 179-206, 1941. 

j . Concrete Pavement on Rigid Base, Illinois 
Installed various thicknesses of PCC pavement 5 in. to 8 in. over existing rigid 

pavements in lUmois. Different types of treatment were used on the old pavement. 
Information applied resulted m savings m annual spot-patching with bituminous mate
r ia l . 

Reference: None submitted. 

k. Design of Rigid Pavement Based on Research by New Jersey Bureau of Engineer-
mg Research, New Jersey 

Research conducted on (a) slab thickness and length; (b) dowel size, shape and 
length; (c) means of preventing dowel corrosion; (d) type and thickness of joint f i l ler ; 
and (e) type and thickness of subbase layers has been productive and resulted m devel
opment of present designs of pavements that are showmg outstanding performance. 

References: 
Van Breemen, William, "Current Design of Concrete Pavement in New Jersey." 

HRB Proc , Vol. 28, pp. 77-91, Dec. 1948. 
Van Breemen, William, "Experimental Dowel Installations in New Jersey." HRB 

Proc , Vol. 34, pp. 8-33, 1955. 

16. TIME SAVINGS IN ROAD DESIGN 

a. Surveys and Plans for Earth Roads by Automobile, Delaware 
Surveys and design made by engmeers riding in auto developed plans on eVz- by 11-

in. sheets at a scale of 1 in. =0.1 mile. Time for preparing plans was reduced by 
90 percent. 

Reference: None submitted. 



Materials and Construction 

1. AGGREGATE—TESTS 

a. Sand-Equivalent Test for Quality of Base Material, Arizona 
The Materials Division assisted in the development of the sand-equivalent test for 

testing the quality of aggregates. 
It is reported this test has improved the quality of materials for base construction. 
References: 

Hveem, F. N . , "Sand-Equivalent Test for Control of Materials During Construc
tion." HRBProc, Vol. 32, pp. 238-250, 1953. 

O'Harra, W. G., "Evaluation of the California Sand-Equivalent Test." HRB 
Proc , Vol. 34, pp. 297-300, 1955. 

b. Method of Identifying Base Course Material Subject to Frost Damage, Arizona 
The Materials Division developed a simple method of identifymg base course mate

r ia l subject to frost damage. 
The ability to properly identify frost susceptible aggregates has prevented many 

road failures resultmg in a savmg of maintenance costs of several hundred dollars 
per mile annually. 

Reference: 
McDonald, C. H . , "Investigation of a Simple Method of Identifying Base Course 

Material Subject to Frost Damage." HRBProc , Vol. 29, pp. 392-402, 1949. 

c. Wash Test for Coarse and Fine Aggregates, California 
A mechanical wash test method was developed m the Materials Laboratory of the 

California Division of Highways. The procedure eliminates the personal differences 
in washing procedure and accelerates the processing of many materials. 

Reference: 
California Division of Highways, "Materials Manual." 1958. 

d. Sand-Equivalent Test Method, California 
This is a rapid field test developed in the Materials Laboratory of the California 

Division of Highways, to determine the relative proportion of dust or clay-like fmes 
present m fine aggregate. 

This test materially increases the possible number of readings and thereby cor
respondingly increases the degree of control over all types of fme aggregates. 

References: 
Hveem, F. N . , "Sand-Equivalent Test for Control of Materials During Construc

tion." HRBProc , Vol. 32, pp. 238-250, 1953. 
California Division of Highways, "Materials Manual. " 1958. 

e. Strength and Toughness of Crushed Stone, West Virgmia 
The State Road Commission m conjunction with the Bureau of Public Roads is cur

rently studying the strength and toughness tests for crushed stone. 
It is anticipated that definite benefits wi l l be gained in acquiring information which 

can be utilized in road and bridge design and construction. 
Reference: None submitted. 

f. Survey of Local Aggregate Sources, West Virgmia 
The State Road Commission in cooperation with the Bureau of Public Roads is con

ducting a survey of local aggregate sources. 
It is anticipated that sufficient data wi l l soon be available on sovirces of aggregate 
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to effect benefits in highway design and construction. 
Reference: None submitted. 

2. BITUMINOUS MATERIAL AND TESTS 

a. Revision of Specifications for Paving Asphalts, Arizona 
The state highway department revised specifications for pavmg asphalts in accord

ance with specifications developed by the California Division of Highways. 
It is reported these specifications wi l l result in a more durable asphalt for pave

ments. 
References: 

Arizona State Highway Department, "Specifications for Paving Asphalts. " 
California Division of Highways, "Specifications for Pavmg Asphalts. " 

b. Extraction of Asphalt from Asphalt Mixes, Arizona 
The Materials Division of the State Highway Department developed a procedure for 

the extraction of asphalt from asphalt mixes. This method produces more accurate 
tests results than other methods. 

Reference: None submitted. 

c. Improvmg the Performance of Paving Grade Asphalts, California 
Studies conducted in the Materials Laboratory of the California Division of Highways 

have resulted m the improvement of the performance of pavmg grade asphalts. 
It is reported that the improved performance of the paving grade asphalts has pro

duced savings from reduced mamtenance cost. 
References: 

Hveem, F. N . , "Quality Tests for Asphalts." Association of Asphalt Pavmg 
Technologists Proc , Vol. 5, p. I l l , 1943. 

Stanton, T. E., and Hveem, F. N . , "Test Methods for Performmg Accelerated 
Durability Tests on Asphalts. " Symposium on Accelerated Durability Test-
mg of Bituminous Materials, Special Technical Publication No. 94, ASTM, 
1949. 

Hveem, F. N . , "Asphalt Quality Controls. " Proc , 33rd Annual WASHO Confer
ence, Sun Valley, Idaho, pp. 248-254, Sept. 16, 1954. 

Skog, John B. , "The Operation, Control and Application of the Infrared Weather-
mg Machine—California Design. " Special Technical Publication No. 212, 
ASTM, 1957. 

d. Neoprene m Cut-Back Asphalt for Surface Treatment, Delaware 
The State Highway Department of Delaware has experimented with bitummous sur

face treatment using cut-back asphalt containing 1*72 percent of neoprene. 
Performance of the surface-treated sections after iVa years of service indicated an 

extended life of 2 to 5 years more than pavements without the neoprene additive. 
References: 

Scarborough, Stanleys., "Delaware's Experience with Neoprene Modified Asphalt." 
Roads and Streets, Vol. 102, No. 4, pp. 180, 182-185, April 1959. 

DuPont Company, "Roads That Stay Young Longer." DuPont Magazine, Vol. 53, 
No. 1, pp. 6-7, February-March 1959. 

e. Neoprene m Cut-Back Asphalt for Surface Treatment, New Castle County, Delaware 
The New Castle County Division of the State Highway Department experimented with 

a neoprene additive to bituminous surface-treated roads to determme its value, if any, 
over untreated asphalt for surfacing. 

Additional information is necessary from these test treatments before definite con
clusions can be made. 
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References: 
Scarborough, Stanley S., "Delaware's Experience with Neoprene Modified As

phalt." Road and Streets, Vol. 102, No. 4, pp. 180, 182-185, April 1959. 
DuPont Company, "Roads That Stay Young Longer." DuPont Magazine, Vol. 53, 

No. 1, pp. 6-7, February-March 1959. 

f. Laboratory Studies of Neoprene Additive in Asphalt, Delaware 
The State Highway Department Laboratory m conjunction with the DuPont Company 

experimented with neoprene additive to asphalt for use in surface treatment. 
Reference: 

DuPont Company, "Roads That Stay Young Longer." DuPont Magazine, Vol. 53, 
No. 1, pp. 6-7, February-March 1959. 

I 
g. Use of Soft Base Cut-Back Asphalt, Montana 

From field experiments and routme use of soft base rapid curing cut-back asphalt 
a soft base RC-4 grade was developed. 

This performs better than the conventional 80-120 penetration base asphalt. It can 
be mixed m cooler weather and reduces crackmg of bituminous surfacmg. 

Reference: None submitted. 

h. Bureau of Public Roads Thin-Film Test as a Means of Gauging Asphalt Quality, 
New Mexico 

Starting about 1953 a concentrated investigative program was mitiated looking into 
the possibility of usmg the Bureau of Public Roads' Thin-Film Test as an improved 
means of gaugmg asphalt quality. A great number of western asphalt sources were 
investigated, many in cooperation with the B. P. R. laboratories. As a result of this 
research, the Thin-Film test was adopted m New Mexico and by its use some poor 
quality asphalts have been eliminated and some borderline sources have been forced 
to move on to the quality side of production. 

Reference: 
Clark, Roberto., "Asphalt Volatility and Weathering Tests. " AAPT Proc , Vol. 

25, pp. 417-431, February 1956. 

i . Laboratory Studies on Uniformity of MC-Type Cut-Back Asphalts, New Mexico 
Considerable laboratory research, together with field correlation, was conducted 

durmg 1948 and 1949 to attempt to obtain uniformity in MC-type cut-back asphalts 
which were causing much trouble in road mixing. The result was the development of 
specification methods of controlling the curing time of MC cut-back asphalts. Appli
cation of these specification methods proved to be so successful that they have been 
adopted by many of the surrounding states and are under consideration by such organ
izations as the Asphalt Institute. 

Reference: 
Clark, Robert G., "Control of the Curmg Time of MC Cut-Back Asphalts." AAPT 

Proc , Vol. 19, pp. 383-394, February 1950. 

j . Determination of Viscosity m Centipoises Rather Than in Terms of Kinematic 
Viscosity, Tennessee 

The procedure used in the Materials and Test Laboratory to determine the viscosity 
of bitummous materials in centipoises rather than in terms of kinematic viscosity has 
resulted in a great savings m time for the determination of viscosities. 

Reference: None submitted. 

k. Studies of Properties of SC Asphalts with Resulting Changes in Specifications, 
Wisconsin 

The study of properties of slow-curing asphalts led to a change of specifications. 
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The result was an Improvement m quality of slow-curing asphalts obtained. 
Reference: 

University of Wisconsm, "The Properties and Composition of Asphalts of the 
Slow Curing Type." Eng. Exp. Sta. Series, Bulletin No. 86, October 1939. 

3. BITUMINOUS MIX DESIGN 

a. Use of Dune Sand for Bituminous Stabilized Bases, Arizona 
The Materials and Tests Laboratory of the Arizona State Highway Department de

veloped a bituminous mix for base stabilization utilizing dune sand as the aggregate. 
Reference: 

McDonald, Charles H . , "Blow Sand, Asphalt Base." Pacific Road Builder and 
Engineering Review, Vol. 86, No. 3, pp. 26-28, March 1956. 

b. Deflection Resilience and Fatigue of Bitummous Pavements, California 
The Materials and Research Laboratory of the California Division of Highways has 

made a study of deflection, resilience, and fatigue of bituminous pavements. 
The savings realized through reduction in pavement failures are mdeterminate. 
Reference: 

Hveem, F. N . , "Pavement Deflections and Fatigue Failures." HRB Bulletin 114, 
pp. 43-73, 1955. 

c. Permeability Test on Bituminous Pavements, Florida 
The Department of Materials and Tests of the Florida State Road Department stud

ied permeability tests on bituminous pavements. As a result the mix design was 
changed to decrease permeability on asphaltic concrete mixes. 

The change in mix design elimmates the flow of water through the pavement and 
thus maintains the stability of the bases. 

The results of tests are reported by mterdepartmental memorandum only. 
Reference: None submitted. 

d. Use of High Pressure m Testmg Bitummous Mixtures, Illinois 
The Materials Laboratory of the Illinois Division of Highways developed a procedure 

usmg high pressure in testing bituminous mixtures for more satisfactory design and 
control than heretofore possible. The method has been used since 1956 for determin
ing the apparent specific gravities of the mixtures, the specific gravities of aggregates 
effective in the mixtures, absorptions of asphalt by aggregates and degree of compac
tion of the mixtures placed m the field. 

The method of test has resulted in derivation with good approximation of the true 
values of voids and degree of compaction of fmished surfaces, rather than the some
what fictitious values heretofore obtainable. 

Reference: 
Larsen, O., "Development and Use of High Pressure Apparatus for Determming 

Voids m Compacted Bitummous Concrete Mixtures." AAPT Proc , Vol. 26, 
pp. 403-436, 1957. 

e. Skid Resistance of Various Pavement Types Being Determined to Reduce Skidding 
and Accidents, Indiana 

The Indiana State Highway Department is determining skid resistance of various 
pavement types. 

The results of this have application m design of surface texture to reduce skiddmg 
and accidents. 

Reference: 
Michael, H. L . , and Grunau, D. L . , "Development of Skid Testmg in Indiana." 

HRB Bulletin 139, pp. 60-78, 1956. 
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f. Gradation Requirements for Mmeral Fillers, Louisiana 
Determination of gradation requirements for mmeral f i l lers, including No. 30, 80, 

200, 270 and 0.02, 0.005 and 0.001 mm. 
The use of these findings resulted in elimination of the use of inferior mmeral 

fillers and simplification of the testmg of new sources. 
Reference: 

Lehmann, H. L . , and Adam, Verdi, "The Use of Fmely Ground Lightweight 
Aggregate as a Mmeral Filler in Hot Mix Laid Asphaltic Concrete Construc
tion." P roc , AASHO Annual Convention, pp. 185-193, New Orleans, La., 
1955. 

g. Factors Affecting Test Results m Marshall Method, Louisiana 
A study was made of the conditions affecting test results m Marshall Method for 

hot-mix design. 
This resulted m a modification of test procedures, thereby improving reproduc

ibility considerably. 
Reference: None submitted, 

h. Bitumen with Optimum Water Requires Less Energy and Mixing. Also Elimmates 
Most of Repatchmg, Montana 

The Montana State Highway Commission checked findings of others showmg that 
when total of bitumens plus water was at optimum (fluffpomt) the material mixed at 
least energy requirements and that patches usmg this material held better. 

As a result of applying these fmdmgs most repatchmg has been eliminated. 
Reference: None submitted. 

1. Durability of Hot Asphaltic Mixes, New Mexico 
For the past 5 yr extensive research has been carried on in this laboratory m-

vestigatmg the weathermg, oxidation, and volatility properties of hot-mix asphalt 
pavements. Sections of newly laid pavements have been, and are bemg, subjected to 
accelerated laboratory oven weathermg, with weekly recovery and testmg of a portion 
of asphalt, m an attempt to develop a quick method for predicting the life expectancy 
of asphalt pavements. After 4 to 5 yr of correlation with yearly field samples of as
phalt extracted from the same pavements, the mdications are that the procedure has 
much merit. However, it wi l l probably be another year before definite commitments 
can be made as to the final application of this research. 

Reference: 
Clark, Robert G., "Practical Results of Asphalt Hardenmg on Pavement Life. " 

AAPT Proc , Vol, 27, pp. 196-208, February 1958. 

] . Laboratory Design of Bitummous Mixes, North Carolma 
The research branch of the Division of Materials of the North Carolma State High

way Commission has for several years utilized the three factors, stability, density 
and resistance to moisture as measures of quality m evaluating and designing bitum
mous concrete paving mixtures m the laboratory. The various mixes are then con
structed in the field where observed behavior and performance can be observed under 
traffic. 

The data from this experimentation is expected to make it possible to develop sat
isfactory control for future asphalt pavement construction for heavy-duty highways and 
aid m obtammg correlation between the results of mechanical tests on the materials 
and their road behavior. 

References: 
Morgan, A. Duke, "Performance of Bituminous Mix Designs." HRBProc , Vol. 

33, pp. 308-322. 1954. 
Morgan, A. Duke, "Service Record Study of Bituminous Concrete and Sand Asphalt 

Pavements in North Carolina." HRB Bulletin 154, pp. 21-30, 1957, 
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k. Skid Resistant Wearing Surfaces, Virgmia 
The Virgmia Department of Highways developed a "de-slicking mix, " a skid-re

sistant wearmg surface material used m limestone aggregate areas. 
This mix saves about one-third m resurfacmg costs ($800 to $1,000 per mile) at 

same rate of application as other mixes with less frequent applications. This surfac-
mg material has improved safety and subsequent accident record. 

References: 
Nichols, F. P., Dillard, J. H . , and Alwood, R. L . , "Skid Resistant Pavements 

m Virgmia." HRB Bulletin 139, pp. 35-58, 1956. 
DiUard, J. H . , and Alwood, R. L . , "Providmg Skid-Resistant Roads in Virginia." 

AAPT Proc , Vol. 26, pp. 1-23, 1957. 
Virgmia Council of Highway Investigation & Research, Reprint 20, July 1958. 

1. Research Relating to Abson Method of Extraction, Wisconsm 
The Wisconsin State Highway Commission conducted research in connection with de

velopment and revision of hot extraction and recovery (modified Abson) method for bi-
tummous mixtures. 

This research resulted m a reliable routme procedure for determmmg the asphalt 
content of bitummous mixtures. 

Reference: 
Results of research mcluded in ASTM Subcommittee B-6 of D-4 Reports. 

m. Cold Mix Asphalt Patchmg Mixtures, Arkansas 
The University of Arkansas conducted research sponsored jomtly by the Arkansas 

Highway Department and the U. S. Bureau of Public Roads to develop asphalt patchmg 
mixtures satisfactory for use at all seasons of the year. 

Patchmg mixtures prepared with blended cut-backs gave the desired results. A 
tentative specification for cut-back asphaltic patching materials was derived from the 
study. 

The use of these patchmg mixtures has certain but indetermmate monetary value. 
References: 

University of Arkansas, Engineermg Experiment Station, "Cold Mix Asphalt 
Patching Mixtures. " Bulletm No. 22, August 1955. 

Bissett, J.R., "Cutback Asphalt Patching Mixtures." HRB Bulletin 215, pp. 1-
13, 1959. 

4. BITUMINOUS SURFACES 

a. Investigation on Seal Coating, Idaho 
The Idaho Department of Highways experimented with placmg seal coats in accord

ance with procedures developed by Jerome P. Kearby of the Texas Highway Department. 
The procedure has resulted in savmgs in both aggregate and asphalt in seal coatmg 

work. The value saved m dollars is indetermmate. 
Reference: 

Kearby, Jerome P., "Tests and Theories on Penetration Surfaces." HRB Proc., 
Vol. 32, pp. 232-237, 1953. 

5. CEMENT AIR-ENTRAINING AGENTS, ADDITIVES AND TESTS 

a. Air-Entraming Agents in Concrete, Arizona 
The Arizona State Highway Department adopted the use of air-entrainmg agents m 

concrete. It is reported this has resulted m improving the resistance to frost damage 
and has effected untold savings in mamtenance costs and replacement. 

Reference: None submitted. 
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b. Use of Non-Shrinking Mortar Between Prestressed Precast Slab Units, Delaware 
The State Highway Department of Delaware has made use of non-shrinking mortar 

between prestressed precast slab units in bridge construction. 
Reference: None submitted. 

c. Use of Retarders in Pouring Deck Slabs, Delaware 
The State Highway Department of Delaware has used retarders in Portland cement 

concrete for deck slabs of bridges. 
Reference: None submitted. 

d. Flame Photometric Determination of Sodium, Potassium, Magnesium and Iron 
Oxides in Portland Cement, Michigan 

The Michigan State Highway Commission Laboratory determines the amount of sodi
um, potassium, magnesium and iron oxides in Portland cement by use of the flame 
photometer. 

The adoption of this procedure has resulted m a considerable savmg in testing costs, 
and greater precision in alkali oxide determination. 

Reference: 
The results of this work have been submitted to the Working Committee on Methods 

of Analysis, ASTM Committee C-1. 

e. The Use and Control of Air-Entraining Cement, North Carolina 
The North Carolina State Highway Commission has adopted the use of air-entrainmg 

agents in portland cement concrete. 
Reference: None submitted. 

f. Air-Entramment m Pavements and Structures, Pennsylvania 
The Pennsylvania Department of Highways in 1944 introduced the use of air-entrain-

ment additive in portland cement concrete for pavements and structures. 
It is reported the beneficial results of the use of air-entrainment are mestimable 

but probably run mto the millions of dollars. 
Reference: None submitted. 

6. CONCRETE AGGREGATES 

a. Control of Alkali-Aggregate Reaction, California 
The California Division of Highways, Department of Public Works, conducted labora

tory and field studies to control the amount of alkali-aggregate reaction in portland ce
ment concrete. 

The mvestigation resulted in producing a more durable concrete and thus reduced 
maintenance and restoration costs which are not determinable but considered large. 

Reference: 
Stanton, T. E., "Expansion of Concrete Through Reaction Between Cement and 

Aggregates." Transactions, ASCE, Vol. 107, pp. 54-58, 1942. 

b. Control of Freeze-Thaw Characteristics of Aggregate m Concrete, California 
The California Division of Highways, Department of Public Works Laboratory de

veloped tests and specifications to control the freeze-thaw characteristics of aggre
gates m concrete. 

It is reported this investigation resulted in initial savings in construction estimated 
at $500,000 on mterstate highway over Donner Summit (US 40). 

Reference: Preliminary Report available from the Materials and Research Depart
ment of the California Division of Highways. 
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c. Special Gradation of Fine Aggregate for Use in Portland Cement Concrete Pave
ments, nimois 

The Ulmois Division of Highways as a result of special laboratory and field studies 
of the performance of existing pavements has developed a special gradation of fine ag
gregates for use m portland cement concrete pavements. 

The special gradation which is much fmer than that required by the standard speci
fications has resulted in increasing the durability and the resistance to salt damage. 

Reference: None submitted. 

d. Research on Quality of Coarse Aggregate to Eliminate Poor-Performing Material, 
Indiana 

Research has been conducted m Indiana on quality of coarse aggregate used in port-
land cement concrete to rule out poor-performing materials at no great mcrease in 
over-all cost. 

This research is reported to be saving the highway department many thousands of 
dollars annually. 

Reference: 
"Eighteen Year Progress Report on the Highway Program at Purdue. " Engineer-

mg Reprmt 101, Engineering Experiment Station, Purdue University. 

e. Elimination of Expansion Joints m Portland Cement Concrete Pavements, Indiana 
Large-scale studies on the characteristics of aggregates have shown it to be ad

visable generally to eliminate expansion joints m rigid pavements excepting under 
special conditions. 

The elimination of expansion joints has resulted in annual savings in construction 
cost alone, which are substantial. 

Reference: Same as 6 d. 

f. Lightweight Aggregate in Structure Concrete, Louisiana 
The State Highway Department of Louisiana is using lightweight aggregate in struc

tural concrete. A reduction in construction costs has been possible by using this type 
of aggregate. , 

Reference: None submitted. 

g. Absorption Test of Fine Aggregates, Maine 
Research on absorption tests conducted by the State Highway Commission of Mame, 

has resulted in their use as a standard laboratory test. 
The application of these absorption tests reject some aggregates having a poor 

service record. 
Reference: 

Adams, Andrew, "Improvmg the Durability of Concrete in Maine. " HRB Proc., 
Vol. 37, pp. 306-328, 1958. 

h. Use of Portland Blast Furnace Slag Cement in Portland Cement Concrete, Ohio 
The Ohio Department of Highways has investigated the use of portland blast furnace 

slag cement on construction projects. 
Reduced highway costs are expected through the availability of additional cement. 
Reference: None submitted. 

1. Use of Electric Furnace Ferro-Chrome Slag for Highway Paving and Other Highway 
Purposes, Ohio 

The Ohio Department of Highways studied the use of electric furnace ferro-chrome 
slag as a coarse aggregate for highway pavmg and for other purposes. 
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A reduction in highway cost is expected through availability of this additional coarse 
aggregate. 

Reference: None submitted. 

j . Modification of Sodium Sulfate Soundness Test for Aggregates, Tennessee 
The Materials and Test Laboratory of the Tennessee Department of Highways and 

Public Works conducted research to modify the standard sodium sulfate soundness test 
for aggregates by substituting the next smaller size sieve to determine the percentage 
loss of the aggregate. 

The development of the new procedure eliminated the uncertamty in the sieve analysis. 
Reference: 

AASHO, "Soimdness of Aggregates by Use of Sodium Sulfate or Magnesium Sul
fate." T 104-57 AASHO Standard Specifications, Part HI, 1958. 

k. Study of Degradation and Unsatisfactory Performance of Road Aggregates, Wash
ington 

Highway research personnel of the State College of Washmgton have for a number 
of years been mvestigating the causes, symptons and treatment of road aggregates 
that are especially subject to degradation and unsatisfactory performance. The know
ledge gained from these studies has been helpful in the design of highway bases in 
western Washington. 

The research has resulted in more economical design and in a better use of low-
quality aggregates. 

References: 
Washington State Institute of Technology, State College of Washington, "Degrada

tion Study of Some Washington Aggregates." Bulletin No. 232, 1956. 
Washington State Institute of Technology, State College of Washington, "Degrada

tion of Cement Treated Aggregates." Bulletin No. 244, 1958. 

7. CONCRETE—PRESTRESSED 

a. Plant Fabrication Prestressed Concrete, California 
The California Division of Highways conducted an investigation of the procedures 

used in plant fabrication of prestressed concrete in structures. 
The investigation resulted in improving the quality of prestressed concrete at 

lower cost. 
Heference: 

While no formal report of the investigation has been published the results are re
flected in the California Materials Manual Test Method 641-B. 

b. Tests on Prestressing and Poststressing and Pre- or Poststressed Concrete Beams, 
California 

The Laboratory of the California Division of Highways has conducted tests over the 
last 5 or 6 years on prestressing and poststressing steel rods, wire and cables and 
pre- and post-tensioned concrete beams and floor slabs. 

This series of formal and informal tests has resulted in better and more efficient 
fabrication at lower cost. 

Reference: None submitted. 

c. Use of Prestressed Concrete, North Carolma 
The North Carolina State Highway Commission has investigated the use of prestressed 

concrete for structures with a view of effecting a saving in construction costs. 
Reference: None submitted. 
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d. Precast Prestressed Concrete Bridges, Arkansas 
The Arkansas State Highway Department conducted prelimmary studies on the use 

of precast prestressed concrete bridges. It is reported these prelimmary studies are 
now used in advanced studies by other states. The results of these studies have cer-
tam but mdeterminate monetary value. 

Reference: 
Baker, Walter F. , "Prestressed Concrete Bridges." Highway Short Course, 

University of Arkansas, P roc , pp. 95-96, C. Eng. (Exp. Sta. Bui. 26), 
1958. 

8. CONSTRUCTION PRACTICES—FLEXIBLE PAVEMENTS 

a. Use of Layer of Base Materials Between Old Concrete Pavement and New Bitumi
nous Surface, Arizona 

The Arizona State Highway Department experimented with a layer of base material 
between old concrete pavement and new bituminous surface to prevent reflection crack
ing in the new surface. 

The procedure has proven successful and is considered a more satisfactory better
ment of old pavements. 

Reference: None submitted. 

b. Use of Leveling Device for Fmal Finish of Base Course for Pavement, Arizona 
The Arizona State Highway Department has experimented with a long wheel base 

leveling device known as a land plane to obtain final finish of base course construction 
for pavements. 

The procedure produces a smoother finished base course and thus provides a pave
ment with better ridmg qualities. 

Reference: None submitted, 

c. Use of Pit Run Hot Mix Over Surface Treatment, Delaware 
During the summer of 1958 the State Highway Department of Delaware experimented 

with bituminous hot mix using pit run aggregates and placed m varymg thicknesses over 
a surface treatment 1-yr old. The thicknesses varied from 1 to 2 in. Some sections 
show signs of failing where the pit run material was placed too thick. 

Reference: Reported to the Department by the Division of Tests. 

d. Use of Pneumatic Roller m Bituminous Hot Mix Construction, Louisiana 
The Louisiana State Highway Department experimented with the use of pneumatic 

rollers to determme rolling techniques and optimum procedures m hot mix construc
tion. 

Specifications were revised to mclude this procedure and it is believed that the 
projects built under these revised specifications wi l l show a reduction in rutting and 
raveling. 

Reference: Southeastern Association of State Highway Officials, P roc , 1958. 

e. Determmation of Minimum Temperature for Cold Weather Bitummous Construc
tion, Louisiana 

The Louisiana State Highway Department conducted an investigation to determme the 
mmimum permissible base temperature for cold weather hot mix construction to per
mit proper roUmg of asphaltic concrete. 

The fmdings resulted in modification of specifications and projects built under these 
revised specifications showed ruttmg had been reduced by one-half. 

Reference: None submitted. 
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f. Use of SC-3 Cut-Back Asphalt Road Mix Laid With High Moisture Content, Montana 
The Montana State Highway Commission has experimented with bituminous road 

mix construction with the moisture content of the aggregate as high as 7 percent. 
It was found with this moisture content that both mixmg and compaction were ac

complished with less effort than normal and that the road surface was more resistant 
to moisture foUowmg placement. It was also found that this type of construction re
quired less maintenance. 

Reference: None submitted. 

g. Revised Specification for Mixmg and Laying of Flexible Bases, Oklahoma 
The Oklahoma State Highway Department has conducted research on the mixing and 

laying of bases usmg bituminous material. 
This work resulted in a revision of the specifications for this type of construction. 

The potential monetary and other benefits cannot be evaluated at this time. However, 
it is expected that construction under the revised specifications wi l l permit better de
sign of pavement thickness and better completed flexible bases. 

Reference: None submitted. 

9. CONSTRUCTION PRACTICES-RIGH) PAVEMENTS 

a. Use of Slip Form Paver m Widening Concrete Pavements, Delaware 
The Delaware State Highway Department has experimented with widening concrete 

pavement usmg a slip form paver. 
The pavement widening varied from 4 to 6 f t and it is reported the procedure had 

definite advantage due to increased production. The method has resulted m a slight 
monetary saving over previous methods. 

Reference: A paper describing procedure has appeared m Engineering News-Record. 

b. Use of Granular Blanket Under Rigid Pavement to Prevent Pumping, Illinois 
Illinois Division of Highways has experimented with placing a layer of granular 

material under rigid pavements to prevent pumpmg. 
The procedure has proven very successful and has resulted in reducmg what other

wise would be high maintenance costs. 
References: 

Highway Research Board, "A Survey of Pumpmg m lUmois." Research Report 
No. 1-D, 1948 Supplement. 

Chastam, W. E., and Burke, John E. , "Performance of Concrete Pavements on 
Granular Subbase." HRB Bulletin 52, pp. 29-35, 1952. 

Lindsay, J. D. , "A Ten-Year Report on the Illinois Continuously-Reinforced Pave
ment." HRB Bulletm 214, pp. 22-40, 1959. 

c. Construction of Concrete Base Courses With Slip Form Paver, nimois 
The Illinois Division of Highways has conducted studies on the construction of con

crete base courses using a slip form paver. 
The procedure has reduced the construction costs of this type of base course. 
References: 

Gould, Jack H . , "Slip-Form Pares Pavmg Costs $2500 per Mile ." Construction 
Equipment, Vol. 17, No. 2, pp. 27-29, February 1958. 

Bliss, I . C , "Elimination of Setting Side Forms on 24' Concrete Base Course 
Construction." Illmois Highway Engmeer, Vol, 5, No. 4, pp. 10, 18, 
Fourth Quarter 1953. 

d. Application of Slip Form Paver Saves Cost of Setting Forms, Iowa 
The Iowa State Highway Commission developed the f i rs t slip form concrete paver. 
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The use of this paver saved the cost of settmg forms. 
References: 

Myers, Bert, "The Development and Use of Slip Form Pavers m Iowa." Western 
Association of State Highway Officials, Proc , 34th Annual Meeting, pp. 180-
186, 1955. 

Contractors and Engmeers, "Slip-Form Paver Reduces Man Power on Paving Job. " 
Contractors and Engineers, Vol. 54, No. 6, pp. 16-18, June 1957. 

e. Use of Impervious Membranes on Subgrades Beneath Concrete Pavements, Togeth
er with Proper Curmg Prevents Plastic Cracking, Iowa 

The Iowa State Highway Commission conducted research and as a result developed 
specifications for the use of waterproof paper or other impervious membranes on sub-
grade beneath portland cement concrete pavements. 

This procedure has mhibited and usually elimmated plastic cracking of portland ce
ment concrete pavements or other slab construction when combmed with proper sur
face curmg. 

References: 
"Report of Committee on Curmg of Concrete Pavement Slabs. " HRB Proc., Vol. 

9, p. 369, 1929. 
"Report of Committee on Curmg of Concrete Pavement Slabs. " HRB Proc., Vol. 

10, p. 370, 1930. 
"Report of Committee on Curmg of Concrete Pavement Slabs." HRB Proc., Vol. 

12, p. 331, 1932. 
Morris, Mark, "The Use of Paper for Curing Concrete Pavements. " HRB Proc., 

Vol. 13, Pt. I I , pp. 59-65, 1933. 
"Report of Committee on Curmg of Concrete Pavement Slabs. " HRB Proc., Vol. 

13, Pt. I I , pp. 92-96, 1933. 
"Progress Report on Reaction of Calcium Chloride on Portland Cement." HRB 

Proc , Vol. 13, p. 291, 1933. 
"Progress Report on Reaction of Calcium Chloride on Portland Cement. " HRB 

Proc , Vol. 14, p. 341, 1934. 
"Report of Sub-Committee on Curmg of Concrete, Committee C-9. " ASTM Proc., 

Vol. 29, Pt. I , p. 303, 1929. 
"Report of Sub-Committee on Curing of Concrete, Committee C-9. " ASTM Proc., 

Vol. 31, Pt. I , p. 331, 1931. 
f. Studies of Jomt-Sawmg Practices, Minnesota 

The Minnesota Highway Department has conducted field studies of jomt-sawing prac
tices and of faulting at jomts in existmg portland cement concrete pavements. 

These studies have resulted m establishmg specifications covermg the design of 
jomts, construction practices covering the width and depth of jomt, spacing time of 
cuttmg and the use of dowels. 

The new procedure has brought about improved construction practices, better r id 
ing quality of pavements and an anticipated mcrease in pavement surface l ife. 

Reference: Partially reported m Departmental memoranda only. 

g. Vibratory Fmish of Concrete Pavements, Missouri 
The Missouri State Highway Commission has experimented with vibratory fmishing 

of concrete pavements. 
This method of finishing has demonstrated improved quality of concrete and a sav

ing in cost. 
Reference: None submitted. 

h. Reduction in Mixmg Time for Paving Mixers and Increase in the Allowable Size 
of Batch, New York 

The New York State Department of Public Works has conducted studies on the time 
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of mixing concrete for Portland cement concrete pavement construction which has re
sulted m a change in the construction and specifications. These revised specifications 
provide for a reduction m the required mixmg time for pavmg mixers and permits an 
mcrease m the allowable size of the batch. 

It is estimated the mcreased production wi l l effect an annual savmg in construction 
costs m the excess of $250,000. 

Reference: A Departmental report is under preparation. 
1. A Study of Mixing Time of Dual Drum Concrete Pavers, Ohio 

The Ohio Department of Highways and several other state highway departments co
operated with the Bureau of Public Roads durmg the 1958 construction season in a 
study to determine the mmimum mixing time together with maximum permissible 
overloads that can be mixed m a 34-E Dual Drum Paver. Results of this study wi l l be 
used to establish mmimum mixmg time and permissible overloads for this equipment. 

Savmgs should result by providmg well mixed and imiform concrete at minimum 
cost. 

Reference: Results of this cooperative study wi l l be reported by the Bureau of 
Public Roads. 

10. CULVERTS 

a. Field Studies of Centrifugally Lined Corrugated Metal Pipe, California 
The California Division of Highways has conducted field studies on a number of 

badly corroded corrugated metal pipe culverts which have been centrifugally Imed 
with concrete to extend their service l ife. 

Periodic mvestigations extending over 4 or 5 years show satisfactory results, but 
longer study is deemed desirable. The investigation thus far shows the treatment 
adds to the service life of such culverts and is economical where replacement is dif
ficult. 

Reference: A Departmental preliminary report of application only has been issued. 

b. Investigation of Asphaltic Pipe Dip Methods on Corrugated Metal Pipe, California 
The California Division of Highways has mvestigated the asphaltic pipe dip method 

used on corrugated metal pipe. The investigation included a study of asphaltic dippmg 
specifications. 

The mvestigation resulted in lowering the cost of asphaltic dipped corrugated metal 
pipe. 

Reference: None submitted. 

c. Survey of Culvert Corrosion m North Coastal Area, California 
The California Division of Highways conducted a comprehensive survey on cause 

of corrugated metal culvert pipe corrosion prevalent m the north coastal area of Cal
ifornia. 

The study led to better procedures and planning and better design for corrosion pro
tection resultmg in lower mamtenance costs. 

Reference: 
Beaton, J. L . , and Stratfull, R. F. , "Corrosion of Corrugated Metal Culverts 

in California." HRB Bulletin 223, pp. 1-13, 1959. 

11. CURING OF CONCRETE 

a. Use of Impervious Films for Curmg Portland Cement Concrete Pavements, Iowa 
The Iowa State Highway Commission conducted research using various methods and 

materials for curing portland cement concrete pavements. The research resulted in 
the use of impervious films or coverings for proper curing. 
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This method of curmg is cheaper and more convenient in application than earth or 
water curmg and is easier to inspect for workmanship. 

References: 
Morris, Mark, "The Use of Paper for Curmg Concrete Pavements. " HRB Proc , 

Vol. 12, Pt. I , pp. 339-345, 1932. 
Morris, Mark, "The Use of Paper for Curing Concrete Pavements." HRB Proc , 

Vol. 13, Pt. n, pp. 59-65, 1933. 
Myers, Bert, "Experiments m Curing Concrete Pavements." HRB Proc , Vol. 

19, pp. 284-295, 1939. 
"Report of Committee on Curing of Concrete Pavement Slabs." HRB Proc , Vol. 

9, p. 369, 1929. 
"Report of Committee on Curing of Concrete Pavement Slabs." HRB Proc , Vol. 

10, p. 370, 1930. 
"Report of Committee on Curing of Concrete Pavement Slabs. " HRB Proc., Vol. 

12, p. 331, 1932. 
"Report of Committee on Curmg of Concrete Pavement Slabs." HRB Proc., Vol. 

13, Pt. n, pp. 92-96, 1933. 

b. White Pigmented Membrane for Portland Cement Concrete Pavement Curing, 
Michigan 

The Michigan State Highway Department conducted studies from various curing pro
cedures and agents for portland cement concrete pavements, 

The use of white pigmented membrane curmg compounds resulted m a reduction of 
early crackmg of pavements and improvement in uniformity of application. 

References: 
Rhodes, C. C , and Evans, J, R., "An Appraisal of the Membrane Method of 

Curing Concrete Pavements." Michigan Engmeering Experiment Station, 
Bulletm No. 108, 1949. 

Rhodes, C. C , "Curing Concrete Pavements with Membrane." American Con
crete Institute Journal, Vol, 22, No, 4, pp. 277-295, December 1950. 

Rhodes, C. C , and others, "Reflectance Tests for Concrete Curmg Materials." 
ASTM Proc , Vol. 58, pp. 1059-1076, 1958, 

Rhodes, C. C , "Michigan's Experience in the Use of White-Pigmented Membrane 
in Curing Compounds." HRBProc, Vol. 30, pp. 252-260, 1950, 

Michigan State Highway Department, "Standard Specifications," 

c. Studies of Various Curmg Methods and Agents, Missouri 
The Missouri State Highway Commission conducted studies of various curmg methods 

and agents for curing portland cement concrete pavements. 
As a result of the study, materials of low efficiency were elimmated, specifications 

were developed for satisfactory curmg resulting in decreased cost for this phase of 
the pavement construction. 

References: 
Lang, F. C,, and Burggraf, Fred, "Progress Report of Special Investigation of 

Curmg Pavement Slabs." HRBProc, Vol. 9, pp. 369-390, 1929; Vol. 10, 
pp. 370-401, 1930. 

Myers, Bert, "Volume Changes in Concrete Slabs m the Field. " HRB Proc , 
Vol. 11, Pt. I , pp. 262-270, 1931. 

Lang, F. C., "Report of Project Committee on Curmg of Concrete Pavement 
Slabs." HRBProc, Vol. 12, Pt. I , pp. 331-345, 1932. 

Lang, F. C., "Report of Committee on Curing of Concrete Pavement Slabs." 
HRBProc, Vol. 13, Pt, I I , 96pp., 1933. 

12. DURABILITY OF CONCRETE 

a. Use of Low Alkali Cement to Mmimize Alkali-Aggregate Reaction, Arizona 
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The Arizona State Highway Department has investigated the use of low alkali cement 
to minimize alkali aggregate reaction in portland cement concrete. 

The use of this type cement has mcreased the durability of concrete and thus has 
effected a reduction in maintenance cost. 

References: 
Stanton, T. E. , "Studies to Develop an Accelerated Test Procedure for the De

tection of Adversely Reactive Cement Aggregate Combmations." ASTM Proc., 
Vol. 43, p. 875, 1943. 

Stanton, T. E., "Report of Further Studies to Develop an Accelerated Test Pro
cedure for Detection of Adversely Reactive Cement-Aggregate Combinations." 
ASTM Proc , Vol. 51, p. 1087, 1951. 

HRB, "TheAlkali-Aggregate Reaction in Concrete." Research Report 18-C, 
1958, 51 pp. 

HRB, "Chemical Reactions of Aggregates m Concrete. " Special Report 31, 1958, 
12 pp. 

HRB, "Alkali-Aggregate Reaction." Bulletin 171, 1958, 36pp. 
b. Discontinuance of Oil-Solvent Treatment as a Control for Scaling of Concrete Pave
ment, Illinois 

The Illinois Division of Highways developed a procedure for treating portland ce
ment concrete pavement with an oil-solvent to control the scaling of the surface caused 
by the use of chlorides for wmter maintenance. As a result of the adoption of the use 
of air-entramed concrete this oil-solvent is considered no longer necessary. 

The elimination of the oil-solvent treatment has resulted m monetary savmgs. 
References: 

Illinois Division of Highways, "Condition of Pavement Surfaces Treated with Oil 
to Prevent Damage by Chloride Salt." Bureau of Materials Report No. 8, 
March 1953. 

lUmois Division of Highways, "Experimental Use of Oil-Solvent Treatment to Con
trol Salt Scale of Concrete Pavement." Bureau of Research and Plannmg, 
Progress Report No. 1, April 1954. 

c. Studies of the Physical and Chemical Properties of Concrete Aggregate, Indiana 
The Indiana State Highway Department m conjunction with Purdue University con

ducted studies of the physical and chemical properties of concrete aggregate regard-
mg relation between quality and amount and type of pore system and reaction between 
certam types of aggregates and currently used cements. 

The fmdmgs have resulted m changes in specifications which wi l l lead to future 
benefits. 

References: 
"Eighteen Year Progress Report on the Highway Research Program at Purdue." 

Engmeermg Reprint No. 101, Eng. Exp. Sta., Purdue University. 
"Heavy Liquid Media for Separating Aggregates with Different Durability Charac

teristics." 38th Annual Purdue Road School, Engineering Reprmt of Jomt 
Highway Research Project. 

HRB, "Deleterious Constituents of Indiana Gravels." HRB Bulletm 94, 1954, 
10 pp. 

d. Silicone Treatment of Concrete Bridges, Maine 
The Maine State Highway Commission has experimented with the use of silicone for 

surface treatment of sidewalks and curbs on bridges to protect the concrete from the 
action of chloride used for ice control. 

The treatment has not been beneficial on surfaces of air-entramed concrete. 
Reference: None submitted. 

e. Use of Type H Cement with Air-Entrainment, Maine 
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The Maine State Highway Commission has studied the use of Type n cement with 
air-entramment fo r a l l concrete construction. 

This has notably improved the durability of concrete in Maine. Of 308 bridges 
built using air-entrained concrete, which were inspected in 1958, 95 percent were in 
good condition and 5 percent showed slight deterioration which was not considered 
progressive. 

Reference: 
Adams, Andrew, "Improvmg the Durability of Concrete in Maine ." HRB Proc. , 

Vol . 37, pp. 307-328, 1958. 

f . Air-Entrainment in Portland Cement Concrete Pavement, Michigan 

The Michigan State Highway Department conducted research on the use of a i r -en
tramment fo r improvement of concrete durability. This research is mamly in con
nection with the Michigan Test Road Durability Project, built in 1940. 

Air-entrainment has materially extended the service l i fe of concrete pavements and 
structures in Michigan, where snow and ice are treated with chemicals. Its use has 
also made possible an improvement in workability and reduction of bleeding and seg
regation. 

References; 
Finney, E. A . , "Microscopic Investigation of Scaled and Unsealed Concrete." 

Bulletin 101, Engmeering Experiment Station, Michigan State College, 1944. 
Ziegler, C. M , , "Prevention of Scale on Concrete Pavement Surfaces by A i r 

Entramment." 32nd Annual Road School, Purdue University, pp. 43-56, 1946. 
Michigan State Highway Department, "Standard Specifications." 
Michigan Engineering Society, 68th Annual Convention, A p r i l 30, 1948. 

g. Studies of Concrete Pavement Dismtegration, Missouri 

The Missouri State Highway Department conducted investigations on dismtegrated 
Portland cement concrete pavements. The study showed that the dismtegration was 
caused by certam types of gravel in the presence of moisture. 

The elimination of objectionable aggregate f r o m pavement construction increased 
the pavement l i f e and reduced mamtenance costs. 

Reference: None submitted. 

h. Use of Freeze and Thaw Test m Predicting Service L i fe , Nebraska 

The materials laboratory of the Nebraska Department of Roads conducted research 
to develop a standard method of tests to determme the durability of aggregates f o r use 
m concrete. Concrete beams were fabricated with the aggregate to be tested and then 
subjected to a r ig idly controlled freezing and thawmg exposure. 

A precise method of test f o r predicting the useful service l i f e of concrete m which 
a particular aggregate is used was developed f r o m this research. 

Reference: 
BoUen, R. E . , "Durabili ty of Portland Cement Concrete Determined by Pr imary 

Directional Freezmg and Uniform Thawing." HRB Proc. , Vo l . 28, pp. 218-
232, 1948. 

i . Addition of Crushed Limestone to Reduce Expansion of Reactive Aggregates, 
Nebraska 

Research conducted by the laboratory of the Department of Roads in Nebraska as 
wel l as other agencies, has determined that expansion due to cement aggregate r e 
action in Portland cement concrete can be reduced by the addition of crushed l ime 
stone to the mix. 

By inhibiting expansion due to cement aggregate reaction the service l i f e of port-
land cement concrete has been extended many years. 

Reference: Reported to Bureau of Public Roads (An Investigation of the Expansive 
Properties of Concrete—Report VIa-2, Project HP-1). 
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] . Study of Cement Analysis—Chemical and Performance Records of Portland Cement 
Concrete Pavements, Pennsylvania 

The Pennsylvania Department of Highways in conjunction with the Portland Cement 
Association conducted a cooperative mvestigation on the chemical analysis of various 
cements as correlated with performance records. 

As a result of the investigation the cement specifications were revised. Results 
of the use of the revised specifications are mestimable. 

Reference: None submitted. 

k . Use of Air -Entramed Concrete Improves Durabili ty, Wisconsm 

The Wisconsm State Highway Commission conducted f i e ld and laboratory investiga
tions of air-entrained concrete leading to specification of a i r content in mixed con
crete. 

As a result of these investigations the public has benefit of improved durability of 
concrete in pavements and other highway structures. 

Reference: None submitted. 

13. EPOXY RESINS 

a. Epoxy Resm Skin Patches on Portland Cement Concrete, Delaware 

The Delaware State Highway Department has experimented with the use of epoxy 
resin fo r makmg skin patches on portland cement concrete pavements. 

Sufficient t ime has not elapsed to draw defmite conclusions as to the value of this 
material for this purpose. 

References: 
HRB, "Applications of Skid-Resistant Surfaces to Highways. " Bulletm 188, 1958, 

18 pp. 
HRB, "Development of New Nonskid Road Surface Treatment." Bulletm 184, 

1958, 16 pp. 

14. FLYASH 

a. Use of Flyash m Highway Construction, West Virginia 

The West Virgmia State Road Commission in conjunction with the Bureau of Public 
Roads and the University of West Virgmia , are conducting research on the character
istics and suitability of local sources of f lyash for use in highway construction. The 
material is being used with portland cement concrete m base course construction and 
soi l stabilization. 

References: 
Davidson, D. T . , Katt i , R. K . , and Welch, D. E . , "Use of Flyash with Portland 

Cement fo r Stabilization of Soils. " HRB Bul l . 198, pp. 1-11, 1958. 
Larsen, Guy H . , "Fie ld Substitution of Flyash for a Portion of Cement m A i r -

Entramed Concrete." H R B P r o c , Vol . 33, pp. 258-264, 1954. 
lurka, H . H . , "Flyash as a Soil Amendment fo r Turf Growth, Progress Report." 

HRB, Report of Committee on Roadside Development, 36th Annual Meetmg, 
p. 81, 1957. 

15. HIGHWAY POSTS - TREATED AND UNTREATED 

a. Survey of Highway Posts Treated and Untreated, Connecticut 

Tne Connecticut State Highway Department in cooperation with the Connecticut Ag
r icu l tura l Experiment Station, has been conducting a study on highway posts treated 
and untreated of various species since 1940. 
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On the basis of the 1945-46 inspection, pressure treated posts of certain species 
were adopted as standard with a resulting saving in replacement costs of considerable 
magnitude. 

References: 
Hicock, Henry W . , and Olson, A. Richard, "Preservation of Wood by Simple 

Methods." Connecticut Agricul tural Experiment Station, Bulletin 581, May 
1954. 

Hicock, Henry W. , and Olson, A. Richard, "Highway Post Survey, 1956 Progress 
Report ." Connecticut Agricul tural Experiment Station, Ci rc . 196, A p r i l 1956. 

16. JOINT AND CRACK SEALERS AND FILLERS 

a. Test Multi-Seal Plastic Waterstop and Other Types, California 

The California Division of Highways has fo r some time conducted studies on com
mercially available waterstop devices to determine their efficiency and to f m d out i f 
any of the developed designs and materials are good enough to jus t i fy a revision in the 
specifications to mclude them. 

Reference: None submitted. 

17. METALS AND WELDING 

a. Determmation of Effects of Preheatmg on the Transition Temperatures of Welded 
Steel, California 

The California Division of Highways has conducted research to determine the ef
fects of preheating on the transition temperatures of welded steels. The study i n 
volved the use of preheat on low carbon steel while welding structural members. The 
study resulted m lowermg the cost of welded members. 

Reference: None submitted. 

b. Investigation of Reinforcing Steel and Thermite Weldmg Procedures, California 

The California Division of Highways conducted a study to develop thermite welding 
techniques on large reinforcing bars. The study also mvolved physical tests, causes 
of defects, methods of mspection mcluding radiography, and the development of r e f 
erence radiographs to assist m radiographic mspection. 

The results of the study improved weld quality and reduced costs. 
References: 

Beaton, John L . , "Radiographic Inspection of Welded Highway Bridges. " HRB 
P r o c , Vol . 37, pp. 282-294, 1958. 

American Weldmg Society, "Specifications fo r Highway and Railway Bridges ." 
1956. 

c. An Investigation of Caril loy T-1 Steel, California 

The California Division of Highways conducted an mvestigation on the weldability 
of Carilloy T-1 alloy steel m reference to the construction of the Carquinez Bridge. 

The study mdicated the use of this type steel as feasible and exacting welding con
trols were developed resultmg m lower bridge costs. 

Reference: 
California Division of Highways, Materials and Research Department, "A Report 

on the Properties and Welding Characteristics of Structural T-1 Steel. " 
A p r i l 2, 1956, 164 pp. mimeo. 

d. Galvanic Corrosion of Reinforcmg Steel in Concrete Bridge Structures, California 

The California Division of Highways is conductmg laboratory and f i e l d studies to 
determine the cause and extent of corrosion of reinforcing steel in concrete bridge 
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structures, also to develop methods of eliminating or retarding future corrosion. This 
consists in part of (a) cathodic protection, (b) the application of a coating impervious 
to oxygen to surface of cathodic areas of the deck units. 

I t is reported that the reduction or the elimination of this type of deterioration w i l l 
result in savings to the state through reduced maintenance. 

References: 
Highway Research Board, "Corrosion of Reinforcing Steel and Repair of Concrete 

in a Marme Environment." Bu l l . 182, 1958. 
StratfuU, R. F . , "Progress Report on Inhibiting the Corrosion of Steel in a 

Reinforced Concrete Br idge ," Corrosion, Vol . 15, No, 6, pp. 331t-334t, 
June 1959. 

e. Study of Fatigue Testmg Machmes to Test CariUoy T-1 Steel, California 

The laboratory of the California Division of Highways conducted an investigation of 
fatigue testing machines and the development of a high speed unit which was employed 
to test the properties of parental metal and welded joints for the Carquinez Bridge. 

The development of this high speed unit permitted a rapid analysis of various alloy 
steel specimens which showed that the use of CariUoy T-1 welded members were feasi
ble fo r use and that significant economic savings could be effected. 

Reference: 
California Division of Highways, Materials and Research Department, Results 

Covered in General T-1 Report of June, 1956, 

f . Development of 'Gamma Ray' Camera for Non-Destructive Testmg of Arc Welds 
of Structural Steel, Texas 

The Texas Highway Department in conjunction with A & M College studied the pos
sible methods of non-destructive testing of welds in structural steel. As a result the 
'Gamma Ray' camera was developed fo r this use. The application of this type of test
mg has greatly extended the use of welded steel design. 

Reference: 
Gilbert, Jack K . , "Prel iminary Report on Non-Destructive Testing of Welds in 

Highway Bridges with Radiography." THD RP-5, Texas Transportation 
Institute, 1956, 17 pp. 

18. PAINT AND MARKING MATERIALS 

a. Selection of Specific Plastic Materials and Fabrication Procedures for Highway 
Signs, California 

The California Division of Highways conducted an investigation to determine the 
usability of various plastic materials f o r highway signs. Several materials have been 
selected f o r f i e l d performance tests. As a result, materials have been selected that 
materially increase service l i f e . 

Reference: 
A report of the study is being prepared, as wel l as a revision in the specifications. 

b . Development of New Specifications f o r Reflective Sheeting fo r Highway Signs, 
California 

The laboratory of the California Division of Highways conducted an investigation on 
the use of reflective sheeting fo r highways signs including a few mstallations followed 
by performance mspections. 

As a result of the research specifications were developed effecting improved per
formance and longer service l i fe of this type of material . 

Reference: 
The investigation has been reported by the Materials and Research Department of 

the Division of Highways. 
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c. The Development of T ra f f i c Paint, Colorado 

The laboratory of the Colorado Department of Highways conducted research, both 
m the laboratory and in the f ie ld to develop a more satisfactory paint fo r this service. 
As a result a new formulation was developed to give a longer service l i f e at reduced 
costs. I t is reported this research resulted in a saving of approximately $240,000 
per year in original cost of centerline stripping material . 

Reference: 
Standard Specifications of the Colorado Department of Highways. 

d. Paint Exposure Panels, Delaware 

The laboratory of the Delaware State Highway Department has conducted r e 
search on various types of paint fo r use on structural steel to provide a more 
realistic exposure test. Steel panels 24 inches long, 2 inches wide and one-quarter 
inch thick were brush painted wi th various brands of paint and wi th a range of 
only one coat of pr ime up to four coats of Delaware Standard Specifications pamt 
which calls f o r a shop coat, an intermediate coat and two f i e ld coats. The panels 
were fastened with light screws under the Indian River inlet bridge m a horizontal 
position f o r exposure to constant salt a i r and wind and sand action. The panels 
being under the bridge out of the direct sun rays never had a chance to completely 
dry. 

The results of the findings have been applied to new construction projects wi th 
resultant greatly reduced painting costs. 

Reference: None submitted. 

e. Reflective Tests of Paint; a Contmuous Study, Delaware 

The laboratory of the Delaware State Highway Department is conducting a continuing 
study on reflective tests of pamt used f o r marking and signs. 

As a result paint formulations are bemg used producing longer service l i fe under 
wear, easier application and with improved v is ib i l i ty . 

Reference: None submitted. 

f . Study of Variety of Paint Formulations fo r Steel Structures, Florida 

The laboratory of the Florida State Road Department has conducted research on 
various paint formulations fo r steel structiu-es to improve performance. 

As a result new paint specifications have been adopted callmg for paint wi th improved 
performance and thus produce a saving in mamtenance costs. 

Reference: 
The results of this research have been reported m interdepartmental memoranda 

only. 

g. Purchasing Tra f f i c Paints on Performance Tests Basis, Hawaii 

The Hawaiian State Highway Department has developed a procedure fo r purchasing 
t r a f f i c paints on the basis of performance tests. I t is reported this procedure has r e 
sulted m securing paints having longer service l ives. 

Reference: 
Bollen, R. E . , and Zuick, A . J . , "Selection of Tra f f i c Pamt by Performance 

Tests ." HRB P r o c , Vo l . 34, pp. 292-297, 1955. 

h. Use of Wear Test on Tra f f i c Paint, Idaho 

The laboratory of the Department of Highways of Idaho has developed a procedure 
fo r rating t r a f f i c paints on a performance basis. The procurement of this type of 
paint on a competitive basis has led manufacturers to f ind ways of decreasing drying 
time, increasmg durability and at the same time furnish the paint at reduced cost. 

Reference: None submitted. 
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i . Performance Test of Traf f ic Paints, Michigan 
The laboratory of the Michigan State Highway Department has developed a pe r fo rm

ance method of paint testing. Spectro-photometric methods are employed for the 
identification of the pamts purchased. 

This procedure has resulted m mcreased quality of paint, a decrease in cost and 
attendant mcrease in safety. 

References: 
Rhodes, C. C. , "Procuring Tra f f i c Paint on the Basis of Performance Tests." 

H R B P r o c , Vol . 35, pp. 299-313, 1956, 
Rhodes, C. C. , "Comparative Study of the Drop-In and Overlay Methods of Re-

f lector izing Tra f f i c Pamts." H R B P r o c , Vol . 36, pp. 359-370, 1957. 

j . T ra f f i c Paint Research, Virginia 

The Virginia Department of Highways' Research Laboratory, conducted f i e ld and 
laboratory studies on t r a f f i c paints in order to properly evaluate available paints and 
classify them as to their suitability fo r use on Virginia highways. 

As a result of this research new formulations were developed, specifications were 
revised to obtain a paint of better quality at lower cost. It is estimated that use of the 
new formulations saves $80,000 per year and provides greater safety., 

This estimate includes pamt developed fo r pamting vehicles also. 
Reference: 

Shelburne, T. E . , Straub, A . L . , and Sheppe, R. L . , "Field Studies of Tra f f i c 
Paints." HRB BuU. 57, pp. 77-95, 1952. 

k . Highway Vehicle Paint Study, Virgmia 
The laboratory of the Virginia Department of Highways conducted a study of paints 

for use on vehicles and mamtenance equipment. 
As a result of this investigation pamt formulations were produced for this type of 

use resulting in considerable savings. 
Reference: None submitted. 

1. Service Tests of Pavement Markmg Materials, Wisconsin 

The laboratory of the Wisconsm State Highway Commission developed a service 
test fo r pavement marking materials. Refmement of test methods and evaluation of 
results has apparently brought about changes in paint formulation which have improved 
its characteristics. 

As a result of this mvestigation pamts are now being received that have better 
service l i f e than paints purchased under the old methods and also at cost substantially 
less. 

Reference: None submitted. 

19. PORTLAND CEMENT CONCRETE-COLD WEATHER PLACEMENT 

a. Use of Insulation fo r Cold Weather Protection of Concrete, I l l inois 

The laboratory of the I l l inois Division of Highways has conducted studies on mate
r ia ls and methods for msulation fo r cold weather protection of concrete. 

The mvestigation has resulted m better protection, better curing, decreased f i r e 
hazard and a reduction of construction costs. 

Reference: 
Scurr, K . R . , "Insulated Forms f o r Winter Construction of Bridges." HRB Bui. 

162, pp. 13-19, 1957. 
(Review of this paper appears in ACI Journal, Vo l . 29, No. 9, p . 773, 

March 1958.) 



95 

20. PORTLAND CEMENT CONCRETE - MIX DESIGN 

a. Use of High Pressure to Determine A i r Contents of Concrete Pavement 
Cores, I l l inois 

The laboratory of the nimois Division of Highways has developed a test method f o r 
determmmg the air content of portland cement concrete pavement cores. The test 
apparatus developed applies the principle of Boyle's law in speedily determming the 
a i r content of hardened concrete. 

The development of this new test procedure speeds up testing of cores to approxi
mately 75 per day, which greatly exceeds that of other methods. 

References: 
Lmdsay, J . D . , "I l l inois Develops High Pressure A i r Meter fo r Determining 

Air-Content of Hardened Concrete." HRB P r o c , Vol . 35, pp. 424-435, 
1956. 

Blandm, F. H . , and Ashauer, J . H . , "High Pressure Meter fo r Determining A i r 
Contents of Hardened Concrete." I l l inois Highway Engmeer, Vol . 5, No. 3, 
pp. 2-4, 13-14, 3rd quarter, 1953. 

I l lmois Division of Highways. Annual Reports, 1954 and later issues. 

b. Over Sanded Mixtures fo r Portland Cement Concrete, Iowa 

The laboratory of the Iowa State Highway Commission has conducted research both ui 
the laboratory and f i e ld on the use of over sanded mixtures fo r portland cement concrete. 

As a result of this research specifications have been adopted which have produced a 
concrete having better consolidation and f inishmg qualities, better service texture 
and at a lower cost. I t is estimated that mill ions of dollars have been saved through 
the use of this type of mix . 

References: 
Crum, R. W . , "Use of Excess Sand and Pit Run Gravel in Concrete Pavements." 

A S T M P r o c , Vol . 22, Pt. 2, pp. 375-384, 1922. 
Crum, R . W . , "Method of Proportioning Concrete Materials — Screened and 

Unscreened Gravel . " Iowa Eng. Exp. Sta., Bu l l . 61, 1921, 56 pp. 

c. Proportioning of Concrete Mixtures by Weight, Iowa 

The laboratory of the Iowa State Highway Commission conducted research which 
led to the development of weight proportioning of aggregates in concrete mixtures. 
This method of proportioning provides greater accuracy in proportioning the various 
aggregates in the mix which results in more imi fo rm consistency and a higher quality 
product. 

References: 
Crum, R . W , , "Design of Concrete Mix tu res . " HRB P r o c , Vol . 7, Pt. I , 

pp. 205-216, 1927. 
Crum, R. W . , "Control of Materials and Mixtures f o r Concrete fo r Pavements." 

HRB P r o c , Vol . 9, pp. 276-318, 1929. 
Crum, R . W . , "Proportioning of Concrete." A S T M P r o c , Vol . 27, Pt. 2, 

pp. 337-361, 1927. 

d. Laboratory Design of Portland Cement Concrete, North Carolina 

The laboratory of the North Carolina State Highway Commission, has conducted 
laboratory and f i e ld studies on the design of portland cement concrete mixtures. 

Reference: None submitted. 

e. Development of Non-Shrink Grout in Prestressed Bridge Construction, Pennsylvania 

The laboratory of the Pennsylvania Department of Highways conducted a study to 
develop a more economical method of producing a non-shrink grout used in prestressed 
bridge construction. 
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As a result of the study a new technique in the preparation of the grout and the ad
dition of a different type of admixture produced a satisfactory product and a saving 
estimated to be of approximately $1,000 per structure. 

Reference: None submitted. 

f . T r i a l Method of Designing Mixture for Concrete and Use of Weight Measurements 
Improves Quality, Wisconsm 

The Wisconsm State Highway Commission laboratory conducted research on the 
design of portland cement concrete mixtures and proportioning by weight. 

The research resulted in better mix control with consequent improvement in im-
i fo rmi ty and quality. I t is reported that a saving in construction cost of approximately 
$840 per mile of 20 foot pavement was effected. 

Reference: 
Annual Report (1932) of Committee on Materials of Construction of the Engineering 

Society of Wisconsin. 

21. REINFORCING STEEL 

a. Use of . 005 Inches by One-Quarter Inch Steel m Portland Cement and Bituminous 
Concrete, Delaware 

The Delaware State Highway Department conducted research on the use of re inforc
ing steel in both portland cement concrete and bituminous concrete pavements. 

Reference: None submitted. 

22. SIUCONES 

a. Use of Silicone to Protect Concrete Surfaces of Decks and Parapets of Bridges, 
Delaware 

The Delaware State Highway Department has experimented with the use of silicone 
to protect concrete decks and parapets of bridges against the use of chlorides in snow 
and ice control. 

I t is anticipated that this treatment w i l l prolong the l i f e of the structure. 
References: 

Dow Chemical Company, "Treat New York Thruway Bridge Pavement with 
Silicones," Dow Flakes, Vol , 17, No. 4, p. 1, July 1955. 

Highway Research Board, "Improving the Water Repellency of Hardened 
Concrete." HRB Bul l . 197, 1958, 23 pp. 



Maintenance and Equipment 

1. EQUIPMENT DEVELOPMENT 

a. Development of End Loader Attachment, Arizona 

An attachment for end loaders was developed for use in cleaning culvert . The use 
of this device reduced maintenance costs by ellmmating most of the hand labor. 

Reference: None submitted. 

b. Warnmg Lights on Winter Maintenance Equipment, West Virginia 

The warnmg lights on snow removal and ice control equipment were changed to 
conform with recommendations resultmg f r o m research. A reduction in accidents 
was reported. 

References: 
Highway Research Board, "Recommended Practice for Snow Removal and 

Treatment of Icy Pavements. " HRB Current Road Problems, No. 9-3R, 1954. 
Highway Research Board, "State Survey on Lighting of Snow and Ice Removal 

Equipment." Research Correlation Service Circular 338, May 1957. 

c. Investigation of Red Lamps on Emergency Equipment, California 

The Division of Highways mvestigated the comparative angles of observance and 
visual values of various ruby and red lamps which can effectively attract attention or 
be observed under both daylight and night conditions on highway equipment. Increased 
benefits were reported. 

Reference: None submitted. 

d. Use of Blue Lights on Winter Maintenance Equipment, New Hampshire 

On the basis of information f r o m research. New Hampshire and many other states 
adopted the use of blue lights fo r warnmg motorists of winter maintenance equipment 
on highways. Improved safety was reported. 

Reference: 
Highway Research Board, "Recommended Practice fo r Snow Removal and Treat

ment of Icy Pavements. " HRB Current Road Problems, No. 9-3R, 1954. 

e. Welded Metal Snow Plow Cuttmg Edges, New Hampshire 

Development of method and shop faci l i t ies fo r welding narrow metal strips on to 
cutting edges of blades and hardemng them to a "Br inne l l " of 525, added longer l i f e 
to blades, reduced equipment costs and yielded superior quality of plowing. 

Reference: 
Sawyer, E . M . , "Process of Welding and Hardening Snow Plow and Wing Blades." 

Contractors and Engineers Monthly, January 1952. 

2. JOINT SEALERS 

a. Sealing Reflection Cracks in Bitummous Overlay Pavements, Massachusetts 

Improvements in f iUmg and sealmg materials and methods were effected through a 
cooperative effor t by the Massachusetts Department of Public Works and M . I . T. 

Refernces: 
Tons, Egons, and Roggeveen, V . J . , "Field Testing of Materials f o r Sealing 

Cracks and Joints in Bitummous Resurfacing." HRB Bul l . 166, pp. 16-27, 
1957. 

Tons, Egons, "A Theoretical Approach to the Design of a Seal f o r Road Joints ." 
HRB Bul l . 229, p . 20, 1959. 
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3. ORGANIZATION, PLANT AND EQUIPMENT 

a. Development and Application of Plan fo r a Maintenance Organization, Plant and 
Equipment f o r Connecticut Turnpike, Connecticut 

A study to develop a complete plan to satisfy maintenance requirement of the turn
pike was started in 1952. By January 1958 when the turnpike construction was com
pleted, a complete, fu l ly equipped maintenance organization was ready to operate. 

Reference: 
Connecticut Highway Department, "Planning f o r Mamtenance of the Connecticut 

Turnpike." Departmental report . 

4. WEATHER REPORTING 

a. Establishment of Weather Reportmg Stations to Supplement Reports of the 
U.S. Weather Bureau, Connecticut 

The State Highway Department m cooperation with the Weather Service and Research 
Center, Travelers Insurance Company, established seven, 24 hour-day, weather r e 
portmg stations at various t o l l stations, state police barracks and state hospitals. 
These stations became operative in 1956 to supplement data f r o m the U.S. Weather 
Bureau. Eqmpment mstalled cost approximately $7,000. Early s torm warnings ob-
tamed have saved, m highway mamtenance costs, many times this amount. 

5. WINTER MAINTENANCE 

a. Ice Prevention of Highway, New Hampshire 

Developments in the technique of preventing the formation of ice on New Hampshire 
highway pavements have been applied and saved at least three-quarters of a mi l l ion 
dollars yearly since 1941. Safety has been increased by providing bare pavements fo r 
winter t r a f f i c . 



Traffic and Operations 

1. CHANNELIZATION 

a. Development of Techniques f o r Channelization, North Carolma 

The separation or regulation of conflicting t r a f f i c movements into definite paths of 
travel by the use of pavement markings, raised islands or other suitable means f a c i l i 
tates the safe and orderly movements of both vehicles and pedestrians. This technique 
is applicable both to new highway faci l i t ies and to the redesign of "problem" intersections 
where accidents and congestion are creating "bottlenecks." 

References: 
Highway Research Board, "Median Design: Effect on Tra f f i c Behavior." HRB 

Bul l . 137, 1956. 
Highway Research Board, "Directional Channelization and Determination of 

Pavement Widths ." HRB BuU. 72, 1953. 
Telford, Edward T . , and Israel, Rudolph J . , "Median Study (Cal i fornia) ." 

HRB P r o c , Vol . 32, pp. 208-231, 1953. 
Highway Research Board, "Channelization." Special Report No. 5, 1952. 
Highway Research Board, "Hi^ways With a Narrow Median." HRB B u l l . 35, 1951. 
MuUins, B . F . K . , "Annotated Bibliography on Channelization and Related Problems 

of Highway Tra f f i c Engineering." A & M College of Texas, Texas Engineermg 
Experiment Station, Bul l . No. 117, 1950. 

2. HIGHWAY CAPACITY 

a. Use of Capacity Manual to Determine Tra f f i c Capacity of Streets, Highways, 
Interchange Ramps, Channelized Intersections and Tra f f i c Signals, New Jersey 

Aids in developing a system that is balanced fo r capacity. 
References: 

Highway Research Board, "Current Intersection Capacity." Correlation Service 
Circular No. 376, December 1958. 

AASHO, "A Policy on A r t e r i a l Highways in Urban Areas. " 1957. 
Highway Research Board, "Highway Capacity Studies." Bu l l . 167, 1957. 
Highway Research Board, Correlation Service Circular , "Effect of Trucks on 

Intersection Capacity." HRB Bul l . 307, January 1956. 
Highway Research Board, "Effects of Tra f f i c Control on Street Capacity." 

HRB Bul l . 112, 1956. 
Webb, George M . , and Moskowitz, K a r l , "California Freeway Capacity Study— 

1956." H R B P r o c , Vol . 36, pp. 587-642, 1957. 
AASHO, "A Policy on Geometric Design of Rural Highways." 1954. 
HRB Committee on Highway Capacity, "Highway Capacity Manual ." Bureau of 

Public Roads, U.S. Government Printing Office, 1950. 

b. Use of Capacity Manual for Volume-Capacity Analysis of Freeway, Washmgton 

A volume-capacity analysis was made of the 16 mile reversible lane Interstate 
Freeway through the City of Seattle. 

References: 
Same as listed under 2 a. 

c. Use of Highway Capacity Manual in Determining Relative Operational Characteris
tics of Streets and H i ^ w a y s , Hawaii 

References: 
Same as listed under 2 a. 
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d. Highway Capacity Calculations, New Mexico 
The Highway Capacity Manual, and other articles and reports enlarging on and re 

vising the original findmgs are used in urban studies and are used m the determination 
of relative sufficiency of highway sections. 

References: 
Same as 2a. 

3. HIGHWAY UGHTING 

a. Connecticut Turnpike Continuous Lightmg of Western Section, Connecticut 

Benefits are obtained in night driving comfort, accident reduction and 24 hour safer 
use of roadway. It is expected that nighttime t r a f f i c w i l l be generated. 

References: 
Highway Research Board, "Night Vis ib i l i ty . " HRB Bul l . 163, 1957. 
I . E.S. Journal, March 1957. 
Taragm, Asr i e l and Rudy, Burton M . , "Tra f f i c Operation as Related to Highway 

lUummation and Delmeation." Reported at HRB Annual Meetmg January 1960. 

b. Graduated Lighting at Interchanges to Provide Eye Adaptation, Connecticut 

Benefits obtained and References same as 3 a. 

c. Use of Directional Luminaries, Connecticut 

Benefits obtained and References same as 3a. 

d. Formulation of Design Policy on Lightmg, I l l inois 

Department of Highways study on "Effect of Expressway Lighting on Accidents" 
currently in use as reference in formulation of design policy. This unpublished study 
revealed accident reduction of over 40 percent by il luminatmg expressway interchanges. 

4. ORIGIN AND DESTINATION 

a. The Standardization of O & D Techniques, North Carolina 

Through research, techniques have been developed and tested, permit tmg standard
ization of those techniques which have proven to be most useful. 

References: 
Highway Research Board, "Origin and Destination Surveys and Tra f f i c Volume 

Studies." HRB Bibliography No. 11, 1951. 
Highway Research Board, "Tra f f i c Assignment by Mechanical Methods." HRB 

Bul l . 130, 1956. 
Highway Research Board, "Travel Characteristics in Urban Areas . " HRB Bul l . 

203, 1958. 
U.S. Bureau of Public Roads, "Manual of Procedures for Home Interview." 

Tra f f i c Studies Revised October 1954. Reprmted 1957. 
National Committee on Urban Transportation, Procedure Manual 2 A, Origm and 

Destination and Land Use, 1958. 
National Committee on Urban Transportation, Procedure Manual 2 B, Conducting 

a Home Interview Origm-Destination Survey. (Prepared by the Bureau of 
Public Roads.) 

The Accident Prevention Department—Association of Casualty and Surety 
Compames, "Manual of Tra f f i c Engineering Studies." 1953. 

b. O & D Surveys in St. Louis and Kansas City, Missouri 

These studies are bemg used to determine the transportation needs and the location 
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and design of the faci l i t ies to serve the expanding t ra f f i c and city development, con
tributing to savings in t ime, operation cost, accident reduction and highway depart
mental savmgs. 

References: 
Reports on these studies to be published m the Fal l of 1959. 

c. Use of Fratar 's Method m Forecasting Interzonal Trips, Hawaii 
Reference: 

Fratar, Thomas J . , "Forecastmg Distribution of Interzonal Vehicular Trips by 
Successive Approximations." HRB P r o c , Vol . 33, pp. 376-384, 1954. 

d. O & D Surveys Made by Controlled Postcard Method, Ohio 

A study in Ohio confirmed the rel iabi l i ty of the Postcard Type Survey which can be 
made at a considerable saving over the Home Interview Type. 

References: 
Murray, Frank J . , "Controlled Postcard Surveys in Ohio. " HRB B u l l . 41, 

pp. 1-20, 1951. 
Murray, Frank J . , "A Comparative Study of Origin and Destmation Data Obtamed 

by Home Interview and Controlled Postcard Methods. " HRB P r o c , Vol . 36, 
pp. 669-679, 1957. 

5. PAVEMENT MARKING EQUIPMENT 

a. Use of Positive Action Gear Pump for Uniform Application of 
Tra f f i c Paint, I l l inois 

A study of the use of a positive action gear pump rotating at a predetermined rate 
per mile in lieu of a i r pressure to force paint to the spray gun for applying t r a f f i c 
lines on pavement was made. It was found that a predetermined quantity of paint can 
be accurately applied, regardless of the speed at which s t r ipmg equipment is moving. 
Also, i t w i l l be possible to realize a material reduction in weight and cost of tanks in 
which paint is carried, smce the tanks w i l l not be under pressure. 

Reference: None submitted. 

6. TRAFFIC ASSIGNMENT 

a. California Method Used to Assign Diverted Tra f f i c to Proposed 
Freeways, California 

Reference: 
Moskowitz, K a r l , "California Method of Assignmg Diverted Traf f ic to Proposed 

Freeways." HRB Bul l . 130, pp. 1-26, 1956. 

b. Use of HRB Publications in Tra f f i c Assignment, New Mexico 
References: 

Highway Research Board, "Tra f f i c Assignment by Mechanical Methods." 
HRB Bul l . 130, 1956, 77 pp. 

Highway Research Board, "Factors Influencing Travel Patterns." HRB Bul l . 
119, 1956, 94 pp. 

Highway Research Board, "Tra f f i c Assignment." HRB Bvdl. 61, 1952, 70 pp. 
Highway Research Board, "Shopping Habits and Travel Patterns." HRB Special 

Report 11-B, 1955, 21 pp. 

c. Detroit Method of Mechanical T ra f f i c Assignment Used f o r Proposed Seattle 
Expressway Network, Washmgton 

The I B M Traf f i c Analysis Procedure as employed in Parts I and n were modified 
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and adapted to the joint City-State 1985 Tra f f i c Analysis of the Proposed Seattle 
Expressway Network. Only a small portion (the Alaskan Way Viaduct) is m operation 
at present. 

Reference: 
Campbell, E. Wilson, "A Mechanical Method f o r Assigning Tra f f i c to Express

ways. " HRB Bu l l . 130, pp. 27-46, 1956. 

d. T ra f f i c Assignment Based on Diversion Curves, Connecticut 

Tra f f i c assignment is based on diversion rates developed f r o m study as to their 
relationship with t ime ratios fo r vehicle t r ips with l ike te rmin i but imlike routings. 
Assignment is thus made on a quantitative factual basis rather than on a guesswork 
opmion basis. 

References: 
U.S. Bureau of Public Roads, "Public Roads." Vol . 26, No. 12, February 1952. 
Highway Research Board, "Tra f f i c Assignment. " HRB B u l l . 61, 1952, 70 pp. 
AASHO, "A Basis f o r Estimating Tra f f i c Diversion to New Highways m Urban 

Areas . " Prepared by the Subcommittee on Factual Surveys, December 1952. 

e. Tra f f i c Assignment Based on Diversion Curves, Delaware 

To estimate t r a f f i c diversion to Interstate Routes, the time-distance curves of BPR 
were applied between various zones. This is to some extent standard practice, but 
was originally a research derivation. Use of these curves results in a gain m accuracy 
or reasonableness of t r a f f i c estimates. 

References: 
Same as 6d . 

f . Chicago Area Transportation Study Utilized a Method of Tra f f i c Assignment by 
Electronic Computor Developed by the Staff, I l l inois 

Use of this method of t r a f f i c assignment results in great savmg in time to prepare 
t r a f f i c information which is essential f o r the proper location and design of the express
way system. 

Reference: 
Carro l l , J , Douglas, J r , , "Method f o r Assignment of Tra f f i c to a Network," 

HRB Bu l l . 224, 1959. 

g. Travel Time Ratio Diversion Curves Used fo r Tra f f i c Assignment to Proposed 
Expressway, Ohio 

References: 
Same as 6d, 

h. Use of Tra f f i c Diversion Curves fo r Tra f f i c Assignment to Proposed 
Facil i t ies, Hawaii 

References: 
Same as 6d , 

General References: 
Schmidt, Robert E . , and Campbell, M . Ear l , "Highway Traf f i c Est imation." 

The Eno Foundation f o r Highway Tra f f i c Control, 1956, 
Highway Research Board, " T r i p Characteristics and Traf f ic Assignment," 

HRB Bul l , 224, 1959. 
Highway Research Board, "Travel Characteristics in Urban A r e a . " 

HRB Bul l . 203, 1958. 
Highway Research Board, "Urban A r t e r i a l Planning. " HRB B u l l . 153, 

1957, 43 pp. 
Highway Research Board, "Tra f f i c Assignment by Mechanical Methods." 

HRB Bul l . 130, 1956, 77 pp. 
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Highway Research Board, "Factors Influencing Travel Patterns." HRB Bul l . 119, 
1956, 94 pp. 

Fratar, Thomas J . , "Forecasting Distribution of Interzonal Vehicular Trips by 
Successive Approximations." HRB P r o c , Vol . 33, pp. 376-384, 1954. 

Carpenter, J . C . , "Proportionate Use of Maine Turnpike by Tra f f i c Through 
Por tsmouth-Por t land C o r r i d o r . " HRB P r o c , Vol . 32, pp. 452-463, 1953. 

Highway Research Board, "Tra f f i c Assignment. " HRB Bul l . 61, 1952, 70 pp. 

7. TRAFFIC CONTROL DEVICES 

a. Photometric and L i fe Tests on Tra f f i c Signal Lamps Led to New Specifications 
Resulting in Lowered Costs, California 

New specifications led to lower maintenance and replacement costs. 
Reference: 

Departmental Report issued with Specifications f o r Lamps. September 1956. 

b. Correlation of Geometrical Design and Directional Signing Study Applied to 
Directional Signing on New Freeways, California 

Benefits not determined. 
Reference: 

Webb, George M . , et a l . , "Correlation of Geometric Design and Directional 
Signing." California Divison of Highways, Revised January 1959. 28 pp. 

c Lower Case Letters Used in Directional Signs, California 

Use of lower case letters in directional signs improves readability. 
Reference: 

Forbes, T . W . , Moskowitz, Kar l , and Morgan, Glen, "Comparison of Lower Case 
and Capital Letters f o r Highway Signs." HRB P r o c , Vol . 30, pp. 355-371, 
Discussion, pp. 371-373, 1951. 

d. Sequencing of Multiphase Tra f f i c Signals by Determination of Intersection 
Capacity, California 

Tra f f i c delay at signalized intersections has been greatly reduced. 
Reference: 

Webb, George M . , and Moskowitz, K a r l , "Intersection Capacity." Tra f f i c 
Engineering, pp. 147-152, January 1956. 

e. Pavement Edge Markings Used as Result of Studies During 1953, Connecticut 

Results obtained f r o m the installation of pavement edge markings are: (a) a more 
orderly transverse vehicle placement; (b) relatively low speed differentials; (c) r e 
latively low speed differentials between speeds during hours of daylight and darkness; 
(d) Increased ease of dr ivmg during darkness and adverse weather conditions. 

Reference: 
WiUiston, Robert M . , "Effect of Pavement Edge Markings on Operator Behavior." 

Presented at 39th Annual Meeting, Highway Research Board, January 1960. 

f . Divided Highway Sign with the Words "Divided" at the Top and "Highway" at the 
Bottom, and an Arrow Pictogram in the Middle Showing Allowable Movements, 
Delaware" 

This sign is moimted just under Stop signs at divided highways to take the place of 
f r o m one to four separate One-Way and Keep Right signs. 

Reference: None submitted. 
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g. Standardization of Highway Signs, North Carolina 
Reference: 

"Manual on Uniform Traf f i c Control Devices fo r Streets and Highways." Prepared 
by a Joint Committee of American Association of State Highway Officials , 
Institute of Tra f f i c Engineers and National Committee on Uniform Traf f i c 
Laws and Ordinances, Published by Department of Commerce, Bureau of 
Public Roads. 

h. Establishment of Warrants f o r Rural 4-Way Stops, Il l inois 

A study showed that accident rates were lowered 45 percent after change f r o m 
2-way to 4-way Stop. Change was most effective with ADT below 4,000 v. p . d. 

Reference: 
State of n imois , "Manual of Uniform Traf f i c Control Devices fo r Streets and 

Highways." I l l inois Division of Highways, p . 49. 

i . Findings in Tra f f i c Paint Research Resulted in More Durable Materials, 
New Hampshire 

Benefits included more durable materials for t r a f f i c pamts, better night legibi l i ty, 
convenience and safety. 

References: 
Highway Research Board, "Pavement Markmg . " HRB Bul l . 36, 24 pp. , 1951. 
Highway Research Board, "Pavement Markmg Materials. " HRB B u l l . 57, 

1952, 133 pp. 
Rhodes, C. C. , "A Comparative Study of the Drop-In and Overlay Methods of 

Reflectorizing Tra f f i c Paints." H R B P r o c , Vol . 36, pp. 359-370, 1957. 
Rhodes, C. C . , "Procuring Tra f f i c Pamt on the Basis of Performance Tests." 

HRB P r o c , Vol . 35, pp. 299-313, 1956. 
BoUen, R . E . , and Zuick, A . J , , "Selection of Tra f f i c Paint by Performance 

Tests ," H R B P r o c , Vol . 34, pp. 292-296, 1955. 

] . Research on Letter Width and Spacing Resulted m Better Night Legibil i ty of 
Signs, New Hampshire 

Reference: 
Solomon, David, "The Effect of Letter Width and Spacing on Night Legibili ty of 

Highway Signs." H R B P r o c , Vo l . 35, pp. 600-617, 1956. 

k . Research on Intersection Control Led to More Appropriate lypes of 
Control, Wisconsm 

Use of least restr ict ive control consistent wi th providing adequate opportunities to 
enter main highway reduced unnecessary delay at mtersections. 

References: 
Volk, Wayne N . , "Effect of Type of Control on Intersection Delay." HRB Proc. , 

Vol . 35, pp. 523-533, 1956. 
Holmes, E . H . , "The Effect of Control Methods on Tra f f i c Flow, " Public Roads, 

February 1934, 
Greenshields, B . D . , Shapiro, D . , and Ericksen, E . L . , "Tra f f i c Performance at 

Urban Street Intersections. " Yale Bureau of Highway Tra f f i c , 1947. 
Raff, M . S . , and Hart, J . W . , "A Volume Warrant f o r Urban Stop Signs. " Eno 

Foundation for Highway Traf f i c Control, 1950. 
Berry, D.S . , and Van T i l , C . J . , "A Comparison of Three Methods of Measuring 

Delay at Intersections." Tra f f i c Engmeermg, December 1954. 
Rivett, I . , "A Simple Method f o r Tabulating Tra f f i c Delay." Tra f f i c Engmeering, 

September 1940. 
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I . Research Demonstrated Reduction of Accidents as a Result of Speed Zoning, 
Wisconsin 

Total accidents and particularly their severity were substantially reduced as com
pared with unzoned highways, but the observed speed of vehicles was not materially 
changed. 

Reference: 
Mohr, Harvey, "Results of Speed Zoning on Rural Highways. " HRB P r o c , 

Vol. 33, pp. 429-446, 1954. 

m. Use of Aluminum in Sign Support Structures, Michigan 

Welded aluminum alloy 6061-T6 extruded tubes is used in overhead sign support 
structures designed for 300 sq ft of internally illummated case signs. It is expected 
that the higher mitial cost of the alummum will be offset by long serviceability, no 
maintenance, easier erection and transportation, and in greater versatility of material. 

Reference: 
Michigan State Highway Department, Standard Specifications. 

n. Application of Photometric and Colorimetric Methods to Design and Specifications 
for Testmg of Traffic Control Devices, Michigan 

This work has contributed to the development of more effective signs and signals 
and methods of testmg them. 

References: 
Highway Research Board, "Reflectors and Night Visibility. " HRB Bull. 34, 

1951, 28 pp. 
Highway Research Board, "Pavement-Marking Materials. " HRB Bull. 57, 

1952, 133 pp. 
Mighigan State Highway Department, Standard Specifications. 

o. Use of Aluminum Alloy (ASTM B209) for Traffic Signs, Virgmia 

With thicker metal sheet, need for battens was eliminated, thus reducing costs. 
It is believed that a savings of about $20,000 per year will result from adoption of the 
research findings. 

Reference: 
Straub, Arthur L . , "Causes and Costs of Highway Sign Replacement. " HRB Proc . , 

Vol. 34, pp. 418-430, 1955. 

p. Fully Reflectorized License Plates in State Colors, Delaware 

Better readability for enforcement, better visibility for safety and improved 
appearance at no added cost. 

References: 
Newspapers and Trade Magazines in 1958. 

q. Reflectorized Median Cross-Over Markers, Delaware 

Use of fully reflectorized median cross-over markers with diagonal white stripe 
on green background provides distinctive cross-over marker. 

References: 
Trade Magazines in 1958. 

8. T R A F F I C COUNTERS 

a. Recording Mechanism on Traffic Recorders, Nevada 

Research by Nevada on a traffic recorder design initially developed by Texas, 
modified by New Mexico, resulted in a mechanism which is a satisfactory replacement 
for the recordmg mechanism of the IBM fixed recorders Installed in 1936. The 
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reduction in power costs in operating the new unit as compared to the IBM unit more 
than offsets the difference in cost of film used in the new unit as compared to paper in 
the IBM unit. Mechanical failure has been reduced to a mmimum. 

Reference: None submitted. 

b. Use of Magnetic and Radar Detectors in Traffic Counting, Washington 

Benefits are large savings in maintenance, increased reliability and accuracy. 
Reference: None submitted. 

9. T R A F F I C ESTIMATION 

a. Multiple Regression Used to Forecast Urban Area Traffic Volumes, California 

More accurate forecasts of traffic volumes leads to improved design. 
Reference: 

The Eno Foundation for Highway Traffic Control, Highway Traffic Estimation, 1956. 

b. Traffic Estimation Techniques Used to Forecast Trips to Shopping Centers, 
Waslungton 

Reference: 
Same as 9 a. 

c. Traffic Growth Trends Used to Determme Design Traffic Volumes, Connecticut 
Traffic growth trends for specific road categories are used in the determination of 

design traffic volumes. Matching capacity provision with capacity demand lessens the 
possibility of over-design involving added costs, or of under-design resulting in early 
obsolescense and higher unit costs for providing supplementary capacity. The benefits, 
as regards the listed factors, resulting from balanced design are self-evident. 

Reference: 
Same as 9 a. 

10. T R A F F I C VOLUME COUNTS 

a. Use of Poisson Distribution Method for Estinnating Required Storage Space at 
Signalized Intersections, Minnesota 

Accurate and realistic estimates of storage space requirements are obtained. 
References: 

Unpublished work by Deane M. Wenger, Traffic Engineer, St. Paul, Minnesota. 
The Eno Foundation for Highway Traffic Control, Poisson and Traffic, 1955. 

b. The Development of Factors by Which Sample 48-Hour Traffic Counts are 
Converted to Average Annual Daily Traffic Volumes, Minnesota 

This results m a greater accuracy in estimating annual daily traffic at a lower cost. 
Reference: 

Darrell , James E . P . , Dale, Ralph, and Hayne, William J . , "Minnesota 
Experience in Counting Traffic on Low Volume Roads." HRB Proc . , Vol. 37, 
pp. 396-417, 1958. 

c. Use of Traffic Counting Procedures Developed Through Use of Statistical Methods, 
Tennessee 

The number of automatic traffic recorder counts was Increased by 75 percent 
without increasmg the cost of operation. 

Reference: 
Petroff, Boris B . , and Kancler, Anthony P . , "Urban Traffic Volume Patterns in 

Tennessee." H R B P r o c , Vol. 37, pp. 418-435, 1958. 
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d. Use of Small, Rigid, Periodic Sample of Traffic Count Locations in Determining 
Vehicle Miles, Washington 

Benefits were: Reduction of number of count locations needed; increased and 
,measureable accuracy of results, and, large savings m office computation time. 

Reference: 
Petroff, Boris B . , and Blensly, Robert C . , "Improvmg Traffic Count Procedures 

by Application of Statistical Method." H R B P r o c , Vol. 33, pp. 362-375, 
1954. 

e. Application of the Vickery Short Count Method Urban Traffic Volume Counts, 
Puerto Rico 

Benefits were obtained by the reduction of manpower, field work supervision, 
saving in time and less usage of mechanical traffic counters. 

References: 
Vickery, C . W . , "Estimating Street Traffic by Extremely Short Counts." 

HRB, Abstracts, No. 65, pp. 8-9, 1939. 
Department of Public Works of Puerto Rico, "Probable Error of Traffic Volumes 

Estimated Usmg Short Counts." 

11. V E H I C L E CLASSIFICATION STUDIES 

a. Samplmg Method Used in Vehicle Classification Studies, Puerto Rico 

Reliability of percentages of traffic classification counts calculated from a sample 
of fourteen-hour duration, between 6:00 AM and 8:00 PM was determmed. Monetary 
benefits were obtained in terms of savings m working time and operation cost. 

Reference: 
Department of Public Works of Puerto Rico, "1956 Traffic Classification Study." 

b. Application of Statistical Techniques to Vehicle Classification Studies, Washington 

The work and benefits derived so far in the application of statistical techniques to 
these and other studies have only scratched the surface. Reduction m sample size 
has been made without a reduction m accuracy, but with a measurable error of result. 

Reference: 
Highway Research Board, "Time Saving Methods in Highway Engmeermg." 

1955-56. 

12. V E H I C L E CLIMBING LANES 

a. Have Applied Results of Arizona Research re Truck Bays, Idaho 
Reference: 

Highway Research Board, "Vehicle Climbing Lanes." HRB Bull. 104, 1955, 
33 pp. (Contains 3 papers reporting research in Arizona, Washington and 
Texas.) 

13. V E H I C L E OPERATING CHARACTERISTICS 

a. Studies of Fuel Consumption, Speed and Delay, E t c . , Before and After the 
Opening of the Olympic Freeway, Washington 

Data will be provided on the value of freeways to motorists for use m economic 
studies and public relations. 

Reference: 
May, Adolph D . , J r . , and Kaneko, Edwin J . , "A Comparative Study of Two 

Vehicle Operating Characteristics Instruments." H R B P r o c , Vol. 37, 
pp. 375-395, 1958. (Contains a list of 17 references). 
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14. V E H I C L E SPEEDS 

a. Application of Statistical Techniques in Speed Check Studies, Washington 
Reduction in sample size was made without loss of accuracy but with a measurable 

error in result. 
Reference: 

Highway Research Board, "Time Saving Methods in Highway Engineering. " 1955-56. 

b. Continuous Record of Traffic Speeds Maintained at Selected Sites Used m 
Formulating Speed Laws, and Also in Design, Indiana 

References: 
Baerwald, John E . , "Current Characteristics of Rural Motor-Vehicle Speeds 

(Indiana)." HRB Proc . , Vol. 34, pp. 473-482, 1955. 
Indiana Traffic Speeds, 1942-1952, Engineering Reprint No. 79 of the Joint 

Highway Research Project. 
Eighteen-Year Progress Report on the Highway Research Program at Purdue. 

15. V E H I C L E WEIGHT STUDIES 

a. Application of Statistical Techniques to Vehicle Weight Studies, Washington 

Same comments and references as l i b . 



SoilSf Geology and Foundations 
1. CHARACTERISTICS 

a. Use of Block Diagrams for Determination of Type of Pedological Soils, Oklahoma 

Block diagrams indicate, m terms of three dimensions, the nature and position of 
the parent material, the surface features of relief, slope and shape of the landform, 
and the relative position of each pedologic soil series with respect to these features of 
topography and parent material. The diagrams serve as an aid in classification of 
soil into areas of like soils and thus facilitates preliminary surveying, reduces testmg 
and facilitates the application of the proper thickness designs of flexible type pavements 
to defmite areas having generally similar soils, and drainage characteristics. 

References: 
Helmer, R . A . , "Flexible Paving Research Project." Part 1 of a two-part project. 

The Oklahoma State Highway Department in Cooperation with the U.S. Bureau 
of Public Roads, 1958. 

Oklahoma State Highway Department, "Soils Manual." 1959. 

b. Use of Subgrade Index Numbers for Determination of Type of Equivalent Thickness 
of Bases Needed for Various Soil Series, Oklahoma 

Oklahoma Base Index Numbers, which are a revision of the Group Index Number 
("The Classification of Soils and Soil-Aggregate Mixtures for Highway Construction 
Purposes", AASHO Designation: M 145-49) are being used for determmation of 
equivalent thickness of bases for various Soil Series. Their potential monetary and 
other benefits cannot be evaluated at this time, however, their use will permit better 
design of pavement thickness. 

Reference: 
Helmer, R . A . , "Flexible Paving Research Project." Part 1 of a two-part 

project, pp. 14-16, The Oklahoma State Highway Department m cooperation 
with the U.S . Bureau of Public Roads, 1958. 

2. COMPACTION 

a. Embankments Compacted m 6-In. Lifts for Minimum Total Compactive 
Effort, Illinois 

Different sizes and weights of sheepsfoot and rubber tired rollers were used on 
FA Route 141, White County, to determine the lowest number of passes required to 
obtain compaction on 6-in. and on 12-m. construction lifts. The tests showed that 
the 6-in. lift was satisfactory and resulted m reduced operating costs. 

Reference: 
The results of this research have not been published. 

b. Adoption of End-Product Specifications Covermg Embankment Compaction, 
Washington 

The development of an entirely new method of determming standard compaction 
requirements (maximum density and optimum moisture content of granular materials 
by taking into account the fluctuations in gradation) makes it practicable to apply end-
product specifications to materials containing considerable amounts of coarse aggregate. 
The method was evaluated on over 30 construction projects before being adopted. Its 
use permits more positive control of m-place density and allows the contractor latitude 
in the selection of new and more efficient compaction equipment. 

References: 
Research—Humphres, H.W. , "A Method for Controlling Compaction of Granular 

Materials." HRB Bull. 159, pp. 41-57, 1957. 
Application — Humphres, H.W. , "Washmgton Adopts 'End Product' Compaction 

109 
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Specs." Pacific Road Builder and Engmeermg Review, Vol. 88, No. 4, 
pp. 12, 33, April 1957. 

3. CURING SOIL-CEMENT 

a. Curmg of Soil-Cement Bases by the Use of Bituminous Materials, Virgmia 

Field experiments showed that cover materials (moist earth, waterproof paper) 
and applications of liquid bituminous materials were adequate as curing agents in soil-
cement construction. It was considered that the additional costs of removing cover 
material and adding bituminous prime could be saved. If bituminous materials are 
used for both curing and prime coat the savmgs amount to approximately 50 percent 
for those two items of construction. 

Reference: 
Research — Maner, A . W , , "Curing Soil-Cement Bases." HRB Proc . , Vol. 31, 

pp. 540-558, 1952. 
Application — Indirectly through current specifications of the Department. 

4. DESIGN O F SUBGRADES, BASES AND SLOPES 

a. Comparative Bearing Values of Base Materials, Florida 
Study was made of the comparative bearing values of the most widely used base 

materials in Florida. Results are used as background information in determining 
methods of strengthening weaker base materials. 

Reference: 
Interdepartmental memorandum. 

b. Strengthenmg Sand-Clay Bases by Addition of Slag, Florida 

Study was made of the strengthening of sand-clay bases by the addition of slag. 
Fmdings have been applied to two construction projects. 

Reference: 
Interdepartmental memoranda. 

c. Load-Bearing Tests Have Provided Information for Design for Longer Service-
Life, and for Restriction of Sprmg-Time Axle-Loads, Mmnesota 

Findmgs from load-bearing tests relating to loss of load-bearing capacity of sub-
grade soils due to frost-action have been applied to road design and to weight restric
tion on highways during spring thaw. The use of the findings has resulted m standardi
zation and more consistent design practices throughout the state; anticipated improve
ment in flexible pavement performance; and a more logical basis for imposing spring
time axle load restrictions, plus more ready acceptance of such restrictions by road 
users. 

References: 
Highway Research Board, "Load Carrying Capacity of Roads as Affected by 

Frost Action." HRB Bull. 207, 1959. 
Highway Research Board, "Load Carrymg Capacity of Frost Affected Roads." 

HRB Bull. 96, 23 pp., 1955. 
Highway Research Board, "Load Carrying Capacity of Roads as Affected by 

Frost Action." HRB Bull. 54, 1952, 17 pp. 
Highway Research Board, "Load Carrymg Capacity of Roads Affected by Frost 

Action." HRB Bull. 40, 1951, 38 pp. 
Highway Research Board, "Recommended Testing Procedures on Load Carrying 

Capacity of Roads as Affected by Frost Action." HRB Research Report 
10-D, 1950, 18 pp. 
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d. Design and Control of Subgrades and Subbases, North Carolma 

A program of researches over a period of several years relative to factors m-
fluencmg behavior of subgrades and subbases has resulted in better design and control 
of subgrades and subbases to meet the requirements of traffic. 

References: 
Hicks, L . D . , "Design and Construction of Base Courses." HRB Bull. 129, 

pp. 1-9, 1956. 
Hicks, L . D . , "Flexible Pavement Design as Revised for Heavy Traff ic ." HRB 

Research Report 16-B, pp. 29-39, 1954. 
Hicks, L . D . , "Use of Soil Survey Data m Design of Highways." HRB Bull. 83, 

pp. 32-39, 1953. 
Hicks, L . D . , "Observations of Moisture Contents and Densities of Soil Type 

Bases and Their Subgrades." H R B P r o c , Vol. 28, pp. 422-423, 1948. 
Hicks, L . D . , "Current Base Design Practices in North Carolina." HRB P r o c , 

Vol. 26, pp. 58-65, 1946. 
Hicks, L . D . , "Soil-Cement Design m North Carolma." H R B P r o c , Vol. 22, 

pp. 415-418, 1942. 

e. Slope Design for Various Types of Soil and Rock, West Virgmia 

Studies were conducted by the Soil Mechanics Department of the State Road Com
mission to determme the slope design best suited for various types of soils and rocks. 
The new designs have resulted in greater stability of slopes, less maintenance costs, 
and less mconvenience and greater safety to the traveling public 

References: 
Baker, R. F . , "Analysis of Corrective Actions for Highway Landslides." 

American Society of Civil Engineers, Proc. , Vol. 79, Separate No. 190, 
May 1953. 

Baker, R. F . , "Design of the Slope of Highway Rock Excavations in West Virginia." 
Third Annual Symposium on Geology as Applied to Highway Engineering, 
Virginia Department of Highways, February 1952. 

f. The Base Course on Three Sections of a Project Has Been Enclosed m an 
Impervious Envelope Made of a Bituminous Aggregate Mixture, Maini 

In some areas, the supply of frost-free and durable base course materials are 
becoming limited. Materials containing some silt and clay but properly treated to 
prevent loss of strength may have to be used. It was hoped the bituminous envelope 
type of treatment would prevent changes in moisture content of the base course. No 
monetary benefit has been received at this time, however, the potential is great. It 
I S hoped that maintenance work in the future could be minimized. 

References (Departmental reports, as follows): 
Maine, Report on Preliminary Investigations, Construction Procedures and 

Observations of Behavior to July, 1950 for Experimental Installations on 
Eddington Project S-66 (2), Maine. F irs t Progress Report, 1950-51. 
Second Progress Report, 1951-55. Third Progress Report 1955-56. 
Fourth Progress Report 1956-57. Fifth Progress Report 1957-58. (To be 
published m 1959.) 

5. DRAINS AND DRAINAGE 

a. Use of Vertical Sand Drains in Stabilizing Weak Foundation Soils, California 

Study is being made of the operation of vertical sand drains in stabilizing weak 
foundation soils. Many of the factors affecting the operation of vertical sand drains 
are not presently understood. Evaluation of these factors on actual installations are 
improving the accuracy of the predictions made in design of sand drains. The findings 
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will enable more comprehensive use of sand drains in stabilizmg weak foundation soils 
and allow the use of fills where structures are now required. 

Reference: Results of research have not yet been reported. 

b. Use of Horizontal Drilling Machine for Subsurface Drainage in Slide Areas as 
Developed by the California Division of Highways, Oklahoma 

The department has used a horizontal driUmg machine for the past one and a half 
years and have apparently controlled three major landslides by its use. 

Reference: None submitted. 

c. Use of Hydrauger Drains for the Stabilization of Cut Slopes, Hawaii 

The monetary benefits have not yet been determined. 
Reference: 

Krynme, D . P . , and Woodward, R . J . , "Experience With Subsurface Water. " 
H R B P r o c , Vol. 32, pp. 512-526, 1953. 

6. EMBANKMENT STABILITY 

a. Sandwich Method of Constructing High Embankments Utilizing Soils with Natural 
Moisture Well in Excess of Optimum, Hawaii 

This method has resulted in savings m highway costs. 
Reference: 

Hirashima, K . B . , "Highway Experience with Thixotropic Volcanic Clay ." 
HRB Proc . , Vol. 28, pp. 481-496, 1948. 

7. FOUNDATIONS 

a. Traffic Sign Foundation Strength Infornaation Obtained From Tests of Tiltmg 
Moment Resistance of Cylindrical Reinforced Concrete Foundations for Overhead 
Sign Supports, Ohio 

The preliminary data resulted in a change to a more economical cylindrical design 
for sign foundations. 

Reference: 
Behn, F . E . , "Tests of Tiltmg Moment Resistance of Cylindrical Reinforced 

Concrete Foundations for Overhead Sign Supports," HRB Bull. 247, 1959. 

8. FROST ACTION 

a. Use of Research on Cold Quantities m the State of New Jersey and Frost Reaction 
Studies of New Jersey Soils in Design of Vertical Pavement Sections, New Jersey 

This has resulted m pavements that are neither adversely affected by frost nor 
over designed for the depth of frost m any particular area of the state. 

References: 
Lobdell, H . L . , Turner, K . A . , J r . , andJumikis, A . R . , "Study of Subsurface 

Temperature in Six Soils During the Winter of 1953-54." HRB BuU. 168, 
pp. 123-142, 1957. 

Turner, K. A . , J r . , "Loss and Recovery of Bearmg Capacity of 30 New Jersey 
Soil Materials as Determined by Field CBR Tests." HRB Bull. 168, pp. 9-49, 
1957. 

Jumikis, A . R . , "Cold Quantities in New Jersey, 1901-1955." HRB Bull. 135, 
pp. 119-123, 1956. 

Turner, K . A . , J r . , andJumikis, A . R . , "Subsurface Temperatures and Moisture 
Contents in Six New Jersey Soils 1954-55. " HRB Bull. 135, pp. 77-108, 1957. 

Turner, K . A . , J r . , andJumikis, A . R . , "Loss of Bearing Capacity and Vertical 
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Displacements of New Jersey Soils." HRB Bull. 135, pp. 24-76, 1957. 
Rogers, F . C . , and Nikola, H. C . , "Frost Action Studies of Thirty Soils in New 

Jersey." HRB Special Report No. 2, pp. 287-295, 1952. 

9. INSTRUMENTATION 

a. Use of Bumpometer to Check Pavement Smoothness, North Dakota 

Reference: None submitted. 

b. Development of a Resistivity Set, Maine 

Reference: None submitted. 

10. MANUAL 

a. Development of a Soils Manual for the State, Oklahoma 

The use of the soils manual will permit better design of pavement thickness and 
better completed flexible bases. 

Reference: 
Oklahoma Highway Department, "Soils Manual." 1959. 

11, MARSH DEPOSIT TREATMENT 

a. Use of Surcharge Fil ls and Sand Drains for the Consolidation of Deep Swamp 
Deposits, Hawaii 

This should result in reduction of maintenance due to long term settlements and 
reduction in driver inconvenience. 

Reference: 
Smacori, M . N . , Hofmann, W . P . , and Emery, A . H . , "Treatment of Soft 

Foundations for Highway Embankments." HRB P r o c , Vol. 31, pp. 601-621, 
1952. 

12. MACHINE ANALYSIS O F EMBANKMENT STABILITY 

a. Use of the Electronic Computer in Analyzing Embankment Stability and Determining 
Correct Design if Foundation is Unstable, Illinois 

The computer determines the steepest slope that will provide a factor of safety in 
excess of a predetermined mmlmum and also provides an alternate berm design for 
the flatter slopes. During 1958 the computer was used In nine major stability studies 
and accomplished approximately 1,200 man-hours of computations in 51. 5 machme 
hours. This time saving resulted m a more detailed analysis than would ordinarily 
have been possible. The more detailed berm analysis provides a considerable savmgs 
in earthwork quantities by reducing "over design" and reduces width of right-of-way 
required. The savings in right-of-way alone justifies the development and use of the 
computer program. 

References: 
Research published m Report of the G-15 Users Exchange Organization, Bendix 

Computer Division, Bendix Aviation Corporation, Los Angeles, California, 
April 1958. 

Application published m Illinois Highway Engineer, Vol. 10, No. 2, 1958. 

13. TESTS, SOILS 

a. The Use of the One-Point Moisture-Density Determination with Typical Moisture-
Density L\irves, OSo 
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This has resulted in processmg three times as many samples per time imit for the 
one-point moisture-density curve as for the five-point curve. 

Reference: 
Joslin, J . G . , "Ohio's Typical Moisture-Density Curves." ASTM Special Tech. 

Pub. 239, pp. 111-118, 1959. 

b. Method of Test for Amount of Material Finer Than No. 200 Sieve in Aggregates 
and Soils, Arizona" 

This test method saves the salary of one to two test operators or approximately 
$600 per month. 

Reference: 
Brown, H. H . , and O'Harra, W. G . , "Amount of Material in Soils Finer Than the 

No. 200 Sieve in Aggregates and Soils. " American Society for Testing 
Materials, Procedures for Testing Soils, pp. 121-123, April 1958. 

c. Determination of Distribution of Portland Cement in Field Mixed Cement-Treated 
Bases by the Titration Test Method, California 

This method has resulted in savings in cement quantities through improved control 
of mixing operations. 

Reference: 
The results of this research have not been published. 

d. Design of Highway Structural Sections by the Hveem Stabilometer and Expansion 
Pressure Tests (R-Value Test Method), California 

This provides a reliable method of designing an adequate and economical structural 
section to satisfy the destructive effect of anticipated traffic. 

Reference: 
Research — Hveem, F . N . , and Carmany, R . M . , "The Factors Underlying the 

Haiional Design of Pavements." HRB P r o c , Vol. 28, pp. 101-136, 1948. 
Application — Current issues of California Planning and Materials Manuals. 

e. Test to Indicate the Amount, Fineness, and Character of Clay-Like Materials 
Present m Coarse Aggregate, California 

Savings in time have been realized, as well as the added information obtained by the 
test that indicates the nature of the fines. 

Reference: 
Hveem, F . N . , "Degradation of Aggregates." Presented at the 44th Annual 

Meetmg of the American Association of State Highway Officials, San Francisco, 
1958. The paper has not been published in AASHO publications. 

14. TESTING EQUIPMENT 

a. Development of a Density Ring Measuring Device to Determine In-Place Density of 
Compacted Base Courses Containing Large Sizes of Coarse Aggregates, Tennessee 

More accurate densities can now be obtained with greater speed and more imiform 
results. 

Reference: 
American Association of State Highway Officials, "Standard Specifications for 

Highway Materials and Methods of Sampling and Testing." Part m, 7th 
Edition, pp. 341-343, 1958. Designation: T181-57. 

b. Measurement of In-Situ Permeability Utilizing Non-Metallic Type Piezometer, 
California 

This apparatus increases the accuracy of rate of settlement estimates and results 
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in reduced maintenance costs. 
Reference: 

The results of this development have not been published. 

c. Development of a Water-Level Type Settlement Unit, California 

This test equipment results in savings in time and costs through more dependable 
control of construction operations. 

Reference: 
This development has not yet been reported. 

15. STABIUZATION (CHLORUDES, L I M E , CEMENT, E T C . ) 

a. Stabilizing Organic Fi l ls With Lime Enables Construction Over Soft Organic 
Material, Louisiana 

Title self-explanatory. 
Reference: 

Taylor, W . H . , J r . , "Stabilizing Organic FiUs With Lime in Louisiana." 
American Road Builders' Association, Technical Bull. No. 233, 1957. 

b. Use of Cement-Treated Aggregate Construction - Uses Aggregate With 
Plasticity Index Too High for Other Types of Construction, Wyoming 

Title self-explanatory. 
Reference: 

Withycombe, E . , "Base Stabilization With Portland Cement." HRB Abstracts, 
Vol. 24, No. 2, p. 19, February 1954. 

c. Use of Sodium Chloride and Calcium Chloride in Stabilization of Granular Road 
Surfaces, Idaho 

Monetary benefits have not been determmed. 
Reference: 

Interdepartmental reports. 

16. SURVEYING, MAPPING AND CLASSIFICATION 

a. Classification of Soils — Better Construction — More Durable Pavements, Georgia 
Title is self-explanatory. 
Reference: 

Abercrombie, W. F . , "Flexible Pavement Design as Currently Practiced m 
Georgia." HRB Bull. 177, pp. 21-25, 1958. 

b. Information From an Investigation of Soil Exploration and Mapping Utilized m 
Making Soil Surveys, Illmois 

This information is helpful to the soils engineers in field classification and location 
of borings. It also makes possible the saving of time in the preparation of soil reports. 

Reference: 
The results of this research have not been published. 

c. Use of Engineering Soil Survey of New Jersey in Preliminary Estimation of 
Quantities of Rock and Unsuitable Material Along Proposed Alignments as Well as 
Extent and Probable Depth of Subgrade Investigation Required on any Job; also, as 
an Aid in Locating Possible Sources of Select Materials, New Jersey 

Time and expense of preliminary exploration program is avoided. 
References: 
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Rutgers University, "Engineering Soil Survey of New Jersey." Reports Numbers 
1 to 21, mclusive. New Brunswick, N . J . , January 1951 to June 1955. 

Holman, W.W., McCormack, R . K . , Minard, J . P . , and Jumikis, A . R . , "Practi
cal Applications of Engmeermg Soil Maps. " Engineering Soil Survey of New 
Jersey, Report No. 22, Engmeering Research Bull. No. 36, New Brunswick, 
1957. 

17. SUBSURFACE EXPLORATION 

a. Use of Cumulative Data Plottmg of Electrical Resistivity Electrode-Spacing Curves 
to More Accurately Define Layer Changes in Electrical Resistivity Method of Subsurface 
Exploration, New Jersey 

Increases accuracy of exploration which reduces the number of borings required. 
Reference: 

Moore, R. W. , "An Empirical Method of Interpretation of Earth Resistivity 
Measurements." Public Roads, Vol. 24, No. 3, pp. 75-82, January-
February-March, 1945. 

18. SHORE PROTECTION 

a. Groins and Sand Fi l l s , Delaware 
Benefits will be determinable in the continuation of research; initial cost always 

high but application over the years may result in savings. 
Reference: 

Research — "Roads That Stay Young Longer." Dupont Magazme, Vol. 53, No. 1, 
pp. 6-7, February-March 1959. (Use of neoprene rubber asphalt in surface 
treatment, Delaware Highway Department.) 
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INDEX TO CITATIONS O F HIGHWAY RESEARCH APPLICATIONS 

(Assignment of Individual topics to major subject areas was predicated upon 
the subject areas of concern to the six departments of the Board 

without cross referencing.) 
Page 

Economics, Fmance and Admmistration 51 

Item 
No. Citation: 
1. Administrative Policy, Practice and Procedure 51 
2. Economic Analysis 51 
3. Economic Impact of Highway Improvement 51 
4. Education and Training 52 
5. Electronic Computers 52 
6. Fmance and Taxation 53 
7. Forecasting Revenues and Traffic 54 
8. Highway Classification 55 
9. Highway Law 55 

10. Motor Vehicle Operating Costs 55 
11. Needs and Fiscal Studies 55 
12. Personnel 56 
13. Programming Priorities, Scheduling 56 
14. Right-of-Way 57 
15. Sufficiency Ratings 57 

Design 58 

Citation: 

1. Bridge Design 58 
2. Culvert Design 59 
3. Drainage (Surface, Sub-Surface, Hydraulics) 61 
4. Erosion Control and Roadside Protection 62 
5. Flexible Pavements 63 
6. Geometric Highway Design 64 
7. Guardrail and Protective Barriers 66 
8. Instrumentation 67 
9. Noise and Fumes Control 67 

10. Photography and Photogrammetry 68 
11. Piling and Foundations 69 
12. Prestressed and Precast Concrete 70 
13. Structural Design of Pavements 70 
14. Shoulder Design 71 
15. Rigid Pavement Design 71 
16. Time Savings m Road Design 73 

Materials and Construction 74 

Citation: 

1. Aggregate — Tests 74 
2. Bituminous Material and Tests 75 
3. Bitummous Mix Design 77 
4. Bituminous Surfaces 79 
5. Cement Air-Entrainmg Agents, Additives and Tests 79 
6. Concrete Aggregates 80 
7. Concrete — Prestressed 82 
8. Construction Practices — Flexible Pavements 83 
9. Construction Practices — Rigid Pavements 84 
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10. Culverts 86 
11. Curing of Concrete 86 
12. Durability of Concrete 87 
13. Epoxy Resin 90 
14. Flyash 90 
15. Highway Posts — Treated and Untreated 90 
16. Joint and Crack Sealers and Fil lers 91 
17. Metals and Welding 91 
18. Paint and Marking Materials 92 
19. Portland Cement Concrete — Cold Weather Placement 94 
20. Portland Cement Concrete — Mix Design 95 
21. Reinforcing Steel 96 
22. Silicones 96 

Maintenance and Equipment 97 

Citation: 

1. Equipment Development 97 
2. Joint Sealers 97 
3. Organization, Plant Equipment 98 
4. Weather Reportmg 98 
5. Wmter Maintenance 98 

Traffic and Operations 99 

Citation: 

1. Channelization 99 
2. Highway Capacity 99 
3. Highway Lighting 100 
4. Origin and Destination 100 
5. Pavement Markmg Equipment 101 
6. Traffic Assignment 101 
7. Traffic Control Devices 103 
8. Traffic Counters 105 
9. Traffic Estimation 106 

10. Traffic Volume Counts 106 
11. Vehicle Classification Studies 107 
12. Vehicle Climbing Lanes 107 
13. Vehicle Operating Characteristics 107 
14. Vehicle Speeds 108 
15. Vehicle Weight Studies 108 

Soils, Geology and Foundations 109 

Citation: 

1. Characteristics 109 
2. Compaction 109 
3. Curing Soil-Cement 110 
4. Design of Subgrades, Bases, Slopes 110 
5. Drams and Drainage 111 
6. Embankment Stability 112 
7. Foundations 112 
8. Frost Action 112 
9. Instrumentation 113 

10. Manual 113 
11. Marsh Deposit Treatment 113 
12. Machine Analysis of Embankment Stability 113 
13. Tests, Soils 113 
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14. Testing Equipment 114 
15. Stabilization (Chlorides, Lime, Cement, Etc . ) 115 
16. Surveying, Mapping and Classification 115 
17. Subsurface Exploration 116 
18. Shore Protection 116 

HRB:OR-332 



r r ^ H E NATIONAL A C A D E M Y OF S C I E N C E S — N A T I O N A L R E S E A R C H COUN-
C I L is a private, nonprofit organization of scientists, dedicated to the 
furtherance of science and to its use for the general welfare. The 

A C A D E M Y itself was established in 1863 under a congressional charter 
signed by President Lincoln. Empowered to provide for all activities ap
propriate to academies of science, it M'̂ as also required by its charter to 
act as an adviser to the federal government in scientific matters. This 
provision accounts for the close ties that have always existed between the 
A C A D E M Y and the government, although the A C A D E M Y is not a govern
mental agency. 

The NATIONAL R E S E A R C H COUNCIL was established by the A C A D E M Y 
in 1916, at the request of President Wilson, to enable scientists generally 
to associate their efforts with those of the limited membership of the 
A C A D E M Y in service to the nation, to society, and to science at home and 
abroad. Members of the NATIONAL R E S E A R C H COUNCIL receive their 
appointments from the president of the ACADEMY. They include representa
tives nominated by the major scientific and technical societies, repre
sentatives of the federal government, and a number of members at large. 
In addition, several thousand scientists and engineers take part in the 
activities of the research council through membership on its various boards 
and committees. 

Receiving funds from both public and private sources, by contribution, 
grant, or contract, the A C A D E M Y and its R E S E A R C H COUNCIL thus work 
to stimulate research and its applications, to survey the broad possibilities 
of science, to promote effective utilization of the scientific and technical 
resources of the country, to serve the government, and to further the 
general interests of science. 

The H I G H W A Y R E S E A R C H BOARD was organized November 11, 1920, 
as an agency of the Division of Engineering and Industrial Research, one 
of the eight functional divisions of the NATIONAL R E S E A R C H COUNCIL. 
The BOARD is a cooperative organization of the highway technologists of 
America operating under the auspices of the A C A D E M Y - C O U N C I L and with 
the support of the several highway departments, the Bureau of Public 
Roads, and many other organizations interested in the development of 
highway transportation. The purposes of the BOARD are to encourage 
research and to provide a national clearinghouse and correlation service 
for research activities and information on highway administration and 
technology. 
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