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INTRODUCTION

This 1nvestigation was conducted more in the nature of a survey
of the low cost road situation than as a detailed and serutinizing
research This procedure appeared advisable because of the im-
mediate need of a large mileage of low cost roads. The subject must
receive study and attention 1f highway service is to keep pace with
motor vehicle registration and the increasing radius of travel by
motorists, for 1t has been truly said, “ We pay for roads whether we
have them or not.” The loss sustained by not having roads has not -
been calculated nor can all the benefits of adequate road service be
stated in dollars and cents The public at large is interested only in
improved road service, while the road builder is concerned with
furnishing this service at as low a cost as possible

The selection of type for these roads may be affected by character
and intensity of traffic, interest on 1nvestment, cost of replacement,
maintenance cost and that somewhat mtangible item, cost of vehicle
operation. Calculations based on all of these items have indicated
to some that genuine maximum economy les in the selection of a
high type surfacing

However, in many of the Western, Middle Western and Southern
states, advantage cannot be taken of the absolute and theoretical
economics of the situation 1f transitory or even temporary service
is to be given These sections of the country represent a tremendous
area, they contain a small population per unit of area and they need
at once a large mileage of serviceable roads. Some of these states
have no treated surfaces and less than 10 mmles of pavement,
whereas some of the North Eastern states have no untreated surfaces
and several thousand miles of pavement in their state highway
systems.

Within a few years many highway departments have constructed
and are maintaining thousands of miles of low cost roads, which
furnish continuous service between objectives Over them the public
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8 LOW COST ROAD INVESTIGATION

18 traveling in safety and comfort, and at high rates of speed. This
has been made possible by the extensive use of local materials, intelli-
gent maintenance, and surface treatments

The successful low cost surface is on a light traffic road, carrying
not more than 1500 vehicles per day with an average of 600 or
less This may be mixed traffic with a fair percentage of light
trucks and an occasional heavy truck Tow cost roads of this type will
adequately meet the needs of a large area of the country for
many years to come, provided intelligent maintenance methods are
perpetuated

In order to determine which types of surfacing and what points
of interest on them wonld be useful to road builders, a canvass was
made which showed the points of interest to be

1 First Cost
2 Maintenance Cost
3 Traffic and Service

Other points mcluded conditions of chmate, salvage, soil and sub-
grade, construction and maintenance methods, typical cross section
and topography.

Preference for types to be investigated was affected somewhat by
the local conditions surrounding the highway officials questioned, but
the majority favored the following order of importance.

1 Bituminous surface treatments of gravel, stone, clag and ms-
cellaneous materials

2. Bituminous macadam and various types of bituminous concrete

3 Untreated surfaces of traffic bound stone or gravel, water-bound
macadam, earth and sand clay.

4 Nonbituminous surface treatments of gravel, earth and sand clay

It was felt that all of these types and the factors affecting them should
be considered 1n a survey of this character, but it was early recog-
nized during the investigation that nearly every type and each of
the factors affecting the respective types could well be made the
subject of a separate investigation This survey has therefore been
confined to those types which are considered as serviceable invest-
ments by those responsible for their existence Although the data are
not always complete 1t 1s the purpose to 1etell the facts, as obtained,
through field observations, conferences, and published information
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The report is condensed to as brief a form as is consistent with
clarity and consists of:

Introduction. Outline of the object, procedure and scope of the in-
vestigation.

Chapter 1 Summary statement of conclusions.

Chapter 2 Practical application of findings.

Chapter 3. Digest of findings.

Chapter 4. Presentation of findings.

Chapter 5. Supplementary discussions.

A summarized outline was presented on November 1, 1927, to the
Executive Commttee of the Highway Research Board through the
Director, Charles Upham. This was read at the seventh annual
meeting held on December 2, 1927.

The final report was presented to Director R. W. Crum on April
15,1928. It was then reviewed by Professor Thomas R. Agg, member
executive committee, Highway Research Board, and was approved
for publication by the executive committee of the Highway Research
Board on October 15, 1928.

Valuable assistance and cooperation were offered and given by the
Bureau of Pubhe Roads, Weather Bureau, Forest Service, Patent
Office, practically all State Highway Departments and several
counties.

Comment and suggestions were requested and received from repre-
sentatives of the following industries: Asphalt, Tar, Calcium
Chloride, Lime rock, Asphalt, Crushed Stone, Sand and Gravel,
Machinery and Equipment.

In fact the possibilities for usefulness of the entire report were
greatly increased by the assistance and information furnished without
charge by all of these organizations.

The National Research Council through the Highway Research
Board has aided with clerical assistance. Mr. E. J. Preisler, a
highway engineer from North Carolina, has assisted in the prepara-
tion of exhibits and filing of data

The investigations and report were originally made financially
possible by contributions from General T. Coleman Dupont and the
American Road Builders’ Association. Additional financial support
was given by: Various members of the Asphalt Association, the
American Tar Products Company, the Highway Research Board,
the Barrett Company, the Texas Company, the National Crushed
Stone Association, and the Calcium Chloride Co-operative Publicity
Committee.
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OBJECT OF THE SURVEY

The object of this survey was to collect and correlate available
information on the various types of low cost improved roads.

Analysis of each type and comparisons between types have been
made wherever sufficient information could be secured. In some in-
stances this was not possible, since:

1 Maintenance costs and traffic counts were not available.
2. Few low cost test roads have been built. Conclusions on these
apply to local conditions.
Authentic records of salvage values have not been kept.
4. Detailed condition surveys on satisfactory and unsatisfactory
types would have required a considerable force of investigators
over a period of several years

w

The 1nvestigation is confined prineipally to roadway surfaces which
are rendering a reasonable service under the field conditions which
govern their construction and operation

- PURPOSE OF THE SURVEY

The purpose of this report 1s to assist those interested in low cost
roads to improve and increase mileage of this type by furnishing
information on:

1. The use of local materials and foreign admixtures.

2. Methods of construction and maintenance.

8. Details which affect cost, traffic, capacity, selection of type, and
service.

PROCEDURE

Necessarily some data obtained were not sufficiently complete for
inclusion yet the procedure of obtaining whatever information was
available was followed throughout and consisted of :

1. Study of typical cross section, specifications, patents, official re-
ports of state and county highway commissions, construction
and maintenance cost information, articles by highway en-
gineers in the technical press and proceedings of various
associations.

2. Conferences with highway engineers and officials in both the
technical and industrial field. ‘

8. Field surveys of low cost roads under service and construction
conditions.
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5.
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Inspection of machinery, equipment and materials

Correlation of the results of this survey with those of previous
and current investigations

SCOPE AND LIMITS '

The survey consisted of :

1

®

.U!

~T

Study of typical cross sections from 28 states, Canada and
Mexico, Bureau of Public Roads and Forest Service

Study of 43 sets of specifications

Study of 64 sets of patents

Study of 40 annual or bienmial reports of state and county high-
way commissions

Study of construction and maintenance cost information from
39 different states.

Study of leading technical articles, highway text books, and pro-
ceedings published during the past 5 years

Conferences with highway engimeers of 25 state departments and
20 industrial organizations.

Field inspections in 24 states and Mexico of construction, man-
tenance and equipment.

The survey was limited 1n general to untreated surfaces which

cost less than $10,000.00 per mile, and to surface treatments and
surface courses which cost less than $6,000.00 per mile

It was advisable to investigate other types whose cost exceeded

these amounts This was done on some which had been successful
under particular local conditions, on others to show their relative
position 1n cost and service compared with lower cost types

PRESENTATION OF DATA

The data consist of information on:

N?O)UI!PODL\'JH

Materials of construction and maintenance
Methods of construction

Methods of maintenance.

Costs of construction and maintenance.
Selection of type.

Selection of typical cross section

Effect of climate and soil upon type.
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8. Service, traffic and costs.
9. Equipment for construction and maintenance.

The types 1ncluded are:

10.
11.

12
13
14
15

16.

17
18

19.

UNTREATED SURFACES

Sand-clay surfaces.

Chert, shale and disintegrated granite surfaces.
Gravel surfacing.

Traftic bound surfaces of gravel, slag and stone.
Macadam.

Lime rock, marl, caliche, base and surface
Miscellaneous untreated surfaces.

SURFACE TREATMENTS AND SURFACE COURSES

Nonbituminous dust preventives.

Single bituminous surface treatments.

Dual bituminous surface treatments.

Mixed-in-place bituminous surface, fine aggregate type.
Mixed-in-place bituminous surface, coarse aggregate Type I
Mixed-in-place bituminous surface, coarse aggregate Type 11
Pre-mixed bituminous surface, laid cold

Natural rock asphalt surfaces.

Modified or “ puddle” bituminous macadam.

Bituminous macadam, hot penetration method

Pre-mixed bituminous surfaces, laid hot

Miscellaneous surfaces, principally lime treatments of clay.

The practical application of findings is based on the foregoing

information.
The findings of the investigation are summarized under three
principal headings

1 Conclusions
2 Strong indications
3 TFurther suggested research.



CHAPTER 1

SUMMARY OF CONCLUSIONS, STRONG INDICATIONS
AND SUGGESTED FUTURE RESEARCH

CONCLUSIONS

1 There is an immediate need for a large mileage of low cost
improved roads having a traffic capacity of 300 to 1500 vehicles per
day exclusive of heavy trucks.

2. Progressive or stage construction in which the road is improved
with successively higher type surfaces, as required by increasing
traffic, is an economic and safe method of improving highways. It
avoids building in excess of traffic requirements. Progressive type
surfaces can be built which are adequate for existing traffic and which
can be improved from time to time so as satisfactorily to serve in-
creased volumes of traffic without the destruction or waste of the
original investment.

3. The utilization of local, short-haul, materials as surfacing or
aggregate is the principal factor in keeping the cost of construction
and maintenance at a minimum.

4. Materials which are adaptable and suitable for untreated sur-
faces and which can be improved later by the addition of other types
of surfacing nclude stone, slag, gravel, lime rock, marl, caliche,
chert, shale, disintegrated granite, sand clay and voleanic cinders.

5 Non-slaking binders for untreated surfaces, such as disin-
tegrated limestone and stone screenings, are more satisfactory than
clay and loam.

8. For bituminous surface treatments by the surface application
and mixed-in-place methods, crushed aggregates which are hard and
durable are preferred; they include crushed stone, crushed slag and
crushed gravel Clean gravel and clean coarse sand are satisfactory
and their cost is usually lower than that of the crushed aggregates.

7. Bitumens are the most adaptable and the most widely and
satisfactorily used binders for the improvement of existing roadway
surfaces which are composed of the materials listed under the fourth
conclusion.

8. Calcium chloride in certain 1nstances reduces dust and loss of
surfacing materials at a cost commensurate with the results obtained

13
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9. Construction and maintenance methods which include blading,
dragging or screeding result in smooth riding surfaces. Blading is
the most important operation in securing a uniform mixture of
bitumen and aggregate for mixed-in-place types Low crowns, 14-inch
to 3g-inch per foot, are desirable and feasible.

10  Untreated surfaces capable of carrying mixed traffic of 300 to
500 automobiles and light trucks daily can commonly be built for less
than $10,000 per mile, with a width of not less than 18 feet

The annual surface maintenance cost exclusive of lost material 1s
usually less than $500 per mile. Replacement of lost surfacing may
greatly increase the annual maintenance cost.

11 Bituminous surface treatments of the dual and mixed-in-place
types, capable of carrying daily 600 to 1500 automobiles mcluding
light trucks, can commonly be built for less than $5000 per mile for
a width of not less than 18 feet The annual surface maintenance cost
mcluding searifying and retreatments usually averages less than $800
per mile.

12. The cost per vehicle mile for construction, maintenance and
Interest on investment averages less than $0.01 over a period of
from 5 to 10 years when progressive construction is used.

13. Progressive construction is not satisfactory unless intelligent
maintenance operations begin during the construction period and are
perpetuated

14 The passage of a few heavy trucks during a period of un-
favorable weather and bad soi1l conditions may seriously damage an
untreated or treated surfacing which 1s not of the rigid pavement
type

STRONG INDICATIONS

1. Low cost improved roads will continue to include more than
half of the surfaced mileage in the United States

2 Relatively expensive high type pavements have been con-
structed where a surfacing costing less than half the amount would
have furnished adequate service. Relatively low cost untreated
surfaces have been and are being laid where probable future traffic
will warrant the pavement type; but they are considered a good in-
vestment as a subgrade treatment and they are giving reasonably
good service in certain instances during the time required for the
stabilization of new embankments

3  Soft aggregates can be used more economically in a base course
than in a surface course
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4. Surfaces constructed or maintained by blading or by dragging
should be composed of aggregates passing the 1 or 3/4-inch screen.

5. Tar products of low viscosity are generally preferred for
penetration prime coats on previously untreated surfaces, but satis-
factory results are claimed in certain localities where asphalt products
are used for prime coats.

6. Either asphalt products or’tar products give good results as
subsequent applications. They are of higher viscosity than the prime
coats.

7. Preference for asphalt products 1s found 1n certain locations.
Preference for tar products is found in other places. Several locali-
ties use both asphalt and tar products for surface treatments.

8. Asphaltic cement is preferred for bituminous penetration
macadam. '

9. Asphalt products and tar products are used for pre-mixed-
bituminous surfaces which are laid at atmospheric temperatures.

10. Asphaltic cement 1s preferred for pre-mixed-bituminous sur-
faces which are laid hot. .

11. Improved construction and maintenance methods are making
low cost roads more popular within recent years because of the more
durable and smoother riding surfaces which are obtained

12. More accurate and uniform maintenance cost data will become
available from state highway departments, and future traffic con-
ditions can be estimated These estimates will greatly assist in the
selection of type.

13 Comprehensive surveys of local types under local conditions
of climate, so1l and traffic are justified and should be encouraged.
Present examples are, the 1nvestigation of “ Light Asphaltic Oil Road
Surfaces ” on the Pacific Coast, “ Surface Treatment of Top-Soil
Roads ” in South Carolina, “ Semi-Gravel, Top-Soil and Sand-Clay
Road Materials” 1n Georgia; “ Investigation of Sand-Gravel Sur-
faced Roads ” 1 Nebraska

SUGGESTED FUTURE RESEARCH

1. The development of standard tests for determining the suit-
ability, proportions and characteristics of aggregates and their grada-
tion for mixed-in-place bituminous surfaces and for pre-mixzed-laid-
cold bituminous surfaces.

2 The development of bituminous emulsions suitable for cold
surface treatments of various types.
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8 A determination and classification between limits of the 1m-
portant characteristics of bitumens most smitable for treatments of
the surface application, mixed-in-place or other types, together with
sumplified and reasonably umform specifications for materials and
methods of construction

4 A study of nonbituminous materials which may be now st-
able for surface treatments and the development of others

5 A study of finishing methods for pre-mixed bituminous surfaces
with a view of developing smoother 11ding surfaces



CHAPTER 2
PRACTICAL APPLICATION OF FINDINGS

Although complete detailed information may be lacking on such
important subjects as drainage, subgrades, climate, maintenance and
vehicle operating costs on simplified classifications of bitumens and
on weights and volumes of traffic, nevertheless construction and main-
tenance of low cost improved roads have gone forward.

Practical applications of the furnishing of adequate service over
thousands of miles of roads may be seen 1n the field as demonstrations,
but to illustrate their feasibility four tentative charts of stage con-
struction are presented. The materials costs and traffic limitations are
assumed for no particular piece of road but are based on known con-
ditions which exist in the field. They are selected typical examples.

Figure 1 illustrates how a graded road is surfaced with sand
clay, clay gravel or similar material Under maintenance 1t can be
made to serve daily up to 300 or 500 automobiles and light trucks.
Later, by a mixed-in-place or a dual bituminous surface treatment,
greater traffic volume may be carried and at the same time dust and
loss of material will be eliminated. Such surfaces reduce the hauling
costs of materials for subsequent pavement construction because they
are more serviceable than ordinary earth subgrades. They have also
proved valuable as subgrade treatments.

Figure 2 shows how a graded road 1s 1mproved by a compacted
gravel or macadam surface. Such surfaces are st1ll being bwlt but
a large mileage of them now in poor condition were inherited from
the early days of macadam construction.

Instead of tearing them up and wasting the materials and labor
which they represent as was the practice in certain localities they are
now being surfaced with bituminous materials. Modern methods of
construction increase their life and traffic capacity and greatly im-
prove their riding qualities.

Figure 3 illustrates the improvement of a gravel or macadam sec-
tion of modern construction. For this the depth and condition of the
untreated surface should be sufficient to warrant the addition of

17
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relatively expensive types of bituminous surfaces, The cost of such
bituminous surfaces is near the upper limit for low cost improved
roads.

Figure 4 illustrates the improvement of a graded road with a traffic
bound surface. Such surfaces represent a minimum initial invest-
ment. The surfacing is gradually increased in thickness at periodic
» intervals to meet increased traffic until a well compacted surface of
appreciable thickness is obtained. The next step may be a treatment
with ealeium chloride to reduce dust and loss of surfacing material.
This step may or may not be omitted before a dual or mixed-in-place
bituminous surface is added.

The method used for estimating the average annual cost of the
roadway surface follows the procedure described by Agg and Carter
mn Bulletin 69 of the Engineering Experiment Station, Towa State
College. This method was examined by the Committee on Economic
Theory of Highway Improvement, of the Highway Research Board
and the 1924 report of this committee recommends it as being correct

Briefly stated as applied to these cases the average annual cost of
the roadway surface is computed as follows:

C =M + RS, in which

C = Average annual cost of surface per mile

M = Equated annual maintenance cost

8 = Salvage value, or permanent value, of the surface
R — Interest rate.

As the annual maintenance cust usually varies from year to year it
18 necessary to take account of the time value of money in determining
the average annual cost of maintenance during the cycle from rebuild-
ng to rebuilding. This 15 accomplished as follows: Compute the sum
to which the maintenance cost for each year would amount if placed
at compound interest until the end of the period in question. Add
together all of these sums and then determine the annuity required
to produce that quantity during the same period. This theoretical
annual deposit is the factor M 1n the formula. If the annual main-
tenance costs are equal, the cost equate themselves and the arithmetical
average cost may be used for the factor M.

In estimating the costs of the road surfaces for the following ex-
amples of stage construction, the cost of the first stage (the graded
road) 1s not included since the comparison is to be between surface

types.
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STAGE CONSTRUCTION

METHOD I

Feather edge sand clay or clay gravel. Followed by a mized-in-
place, fine aggregate type, bituminous surface or by a dual bituminous
surface treatment Shown wn Figure 1

Stage 2, It is assumed that the use of the sand-clay surface covers
three years before the bituminous surface is applied. The costs during
this period are estimated as follows:

Amount of
maintenance 1n
Year Construction Maintenance 3 years at 4%
1 $1500 $500 8567
2 500 500 541
3 1000 . 1040
$2000 $2148

The annual deposit necessary to accumulate $2148 in three years
18 $688, which is the average annual maintenance cost. Since the
roadway is maintained to keep it in the same condition each year
the salvage or permanent value equals the amount spent for con-
struction or $2000.

Average Annual Cost =M + RS

Average annual maintenance $638
Interest on 2000 @ 4% 80
) 8768

If the average traffic during this period is 100 vehicles per day, the
road surface in cost per vehicle mile equals

$748 = 400 X 365 = $.0051

Stage 3, 1t is assumed that the mixed-in-place bituminous surface
will need renewal every three years. In has therefore no permanent
value, but the salvage value of $2000 of the sand-clay base still
remains

Amount of expenditures at

Year Expenditures end of 8 vears at 4%

1 $3000 $3375
2 1000 1082
3 . 500 520

84977

The annual deposit necessary to accumulate $4977 in three years

at 4 per cent is $1594.
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Average Annual Cost

Average annual mamtenance . . $1504
Interest on $2000 at 4% 80

RS

$1674

This would be the average annual cost so long as prices and traffic
did not change.

For a daily traffic of 1000 vehicles the road surface cost per vehicle
mile would be $.0046

METHOD II

Untreated surface of gravel or macadam Followed by mized-in-
place bituminous surface, coarse aggregate, Type I or II. Shown
wn Figure 2.

Stage 2, The average annual cost of the gravel or macadam sur-
face would consist of the interest on the original cost (= salvage
value i this case) plus the average annual maintenance, and if the
yearly maintenance costs are equal plus one year’s interest on the
maintenance cost.

Average Annual Cost

Average annual maintenance $800
Interest on $800 at 4% 32
Interest on $12,000 at 4% 480

$1312

For a daily traffic of 700 vehicles the cost per vehicle mile would
be $.005.

Stage 8, Assuming that the mixed-in-place bituminous surface
would be renewed at five-year intervals the average annual cost would
be as follows:

Amount of expenditures in

Year Expenditure 5 years at 4%
1 £3000 $3651
2 500 585
3 500 563
4 500 541
5 500 520
$5860

The annual deposit necessary to accumulate $5860 1n five yeais at
4 per cent would be $1082.

Average Annual Cost

Average annual mamtenance . $1082
Interest on $12,000 at 4% 480

$1562
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For a daily traffic of 1500 vehicles the cost per vehicle mile would
be $.0031.

METHOD III

Bonded gravel or macadam. Followed by one and one half inch
pre-mized bituminous top, lard cold on prime coated base. Shown
in Figure 3.

Stage 2, The annual cost of the gravel or macadam would be as
follows before treatment, yearly maintenance being equal:

Average Annual Cost

Annual mamntenance $800
Interest on $800 at 4% 32
Interest on $12,000 at 4% 480

$1312

For a daily traffic of 800 vehicles the cost per vehicle mile would
be $.0045. )

Stage 8, Assuming that the surface treatment would need renewal
1n five-year cycles the average annual cost would be as follows:

Amount of expenditures in

Year LCxpenditures 5 years at 4%
1 $12,000 $14,600
2 300 351
3 300 338
4 500 541
b 600 624
$16,454

The annual déposit necessary to accumulate $16,454 in five years
would be $3027.

Average Annual Cost

Average annual maintenance $3027
Interest on $12,000 (value of base) at 4% \ 480
$3507

For a daily traffic of 1500 vehicles the cost per vehicle mile would
be $.0064.

METHOD IV
Traffic bound stone, slag or gravel. Followed by calcium chloride

treatment ; dual bituminous surface treatment; and by mized-in-place
bituminous surface, coarse aggregate Type II. Shown wn Figure 4.
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Stages 2 and 8, This type of surface needs renewal every three
to five years Using four years, the average annual cost would be

as follows:
Amount of expenditures m

Year Lxpcnditures 3 years at 4%
1 $2300 $2691
2 600 675
3 600 649
4 600 624
$4639

‘'he annual deposit necessary to accumulate $4639 in four years at
4 per cent would be $1092, which 1s the average annual cost of the
surface

For a daily traffic of 600 1ehicles the cost per vehicle mile would
be $ 005

Stage 4, The use of caleium chloride would tend to lessen the
loss of material and should therefore prolong the rebmilding cycle

An estimate of cost 1s as follows:
Amount of expenditures in

\ ear Expenditures 5 years at 4%
1 $2700 $3286
2 600 702
3 600 675
4 600 - 649
5 600 624
$5936

The annual deposit necessary to accumulate $5936 1n five years would
be $1096, which would be the average annual cost of the surface
ineluding the rebuilding of the original surface.

For a daily traffic of 800 vehicles the cost per vehicle mile would
be § 0038.

Stage 5, Assuming that this surface would need renewal in three
vears, the average annual maintenance cost would be estimated as
follows.

Amount of expenditures in

Year iExpendntures 3 years at 4%
1 $3000 83375
2 400 430
3 400 416
$4221

The annual deposit necessary to accumulate $4221 in three years
would be $1352.
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Average Annual Cost

Average annual maintenance . . .$1352
Interest on $2000 (salvage value of gravel base) at 4% 80
81432

For a daily traffic of 1200 vehicles the cost per vehicle mile would
be $.0032.

Stage 6, This surface being heavier should last longer before re-
treading is necessary. Assuming five years, the average annual main-
tenance cost is estimated as follows: :

Amount of expenditures in

Year Expenditures 5 years at 4%
1 $5000 $6085
2 400 468
3 400 450
4 400 433
b 400 . 416
87852

The annual deposit necessary to accumulate $7852 in five years
would be $1450

Average Annual Cost

Average annual maintenance $1450
Interest on $2000 (salvage value of gravel base) at 4% 80
$1530

For a daily traffic of 2000 vehicles the cost per vehicle mile would
be $ 0021.

These estimates of cost apply only for umform traffic conditions
With increase 1n traffic, maintenance costs for any of these types will
increase until either the annual cost becomes greater than that of
the next higher type, or until it becomes impossible to keep the road
in a satisfactory condition In such cases we are not interested in
the average annual cost but in the actual cost from year to year.

The value of the surface as a subgrade treatment for a pavement
type has been demonstrated in the field

There is-a saving in the cost of vehicle operation on surfaced
highways as compared with earth roads For example, assume for
comparison an average of 400 vehicles per day operating on ordinary
earth roads and on best gravel roads. According to Towa * tests, the

* Bulletin No 69 Engmeering Experiment Station, Jowa State College
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cost for operation on earth for automobiles 18 12.6 cents per vehicle
mile and on best gravel 1t 15 10 9 cents The saving is 1.7 cents per
vehicle mile, or $6.80 per day for the 400 vehicles Over a yearlv
period the saving is $2482 for 400 vehicles traveling one mile each
day of the year If the 400 vehicles traveled 30 miles each day the
annual saving would be $84,460 If the gravel surface had a bitu-
mnous surface treatment the cost of operation would be still further
reduced.

There is a value in time saved by travel over a well-maintained
surfaced highway compared with ordinary earth m a poor state of
maintenance. Assume the average daily trip of an automobile to be
80 miles and that 90 minutes are required to travel the 30 miles on
earth roads, and 60 minutes on a surfaced road. The time saved per
day per vehicle is 80 minutes. The average daily traffic 1s assumed
to be 400 vehicles. The value of a car minute was determined 1n
studies for the Holland Vehicular Tunnel, between New York and
New Jersey and is given by F. Lavis, consulting engineer, New
York, as:

For trucks, 2 3 cents per minute.
For passenger cars (busses), 2.1 cents per minute.
For pleasure cars, 1.0 cent per minute.

Assume the average value of a car minute on rural highways to be
1.5 cents The daily saving in time for one car traveling 30 miles
per day is 30 minutes; for 400 cars it 18 12,000 minutes The value
of this time saved each day 1s 12,000 X $ 015 = $180 00 In one
year this represents a saving of $65,700.

Low cost improved roads are profitable investments provided they
are intelligently maintained and not overloaded by heavy trucks.



! CHAPTER 3

DIGEST OF FINDINGS
MATERIALS OF CONSTRUCTION AND MAINTENANCE

Practically all roadway surfaces contan two essential elements,
aggregate and binder. Among the untreated types of surfacing, gravel
is most commonly used as aggregate with clay as the binder. For
surface treatments and surface courses gravel, coarse sand and crushed
stone predominate as aggregates, and bitumens are most widely used
with them as binders.

The quality of aggregates usually depends upon that of the avail-
able local materials Gradation is governed by geveral factors, among
which are ease of maintenance for untreated surfaces and stability
of surface for bituminous mixtures

Various types of surfaces are produced by combining aggregates
with binders.

I. SOURCE OF AGGREGATES

Certain materials suitable for untreated surfaces or bases are some-
times found in pits at or near the ground surface, along the roadside
or within a short-haul distance of 1t Such materials are sand clay
and top soil in the South and Southwest, shale in West Virginia and
Pennsylvania, disintegrated granite in the West and Southwest.
gravel in many of the states, chert in Georgia and Alabama, and
caliche in several of the Southwestern states. Occasionally the graded
road is composed of serviceable material and requires no mmmediate
surfacing. Arizona has stretches of road of this character Gravel,
slag, crushed stone and lime rock are furnished by commercial plants;
although it is not unusual for the project contractor or state and
county forces to produce their own aggregates

1II SOURCES OF BINDERS

Such binders as clay and voleanic cinders for untreated surfaces
are usually obtained locally.
Tars, asphalts, caleium chloride and lignin binders are commercial
products.
29
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Some bituminous mixtures are prepared at central plants and
shipped relatively long distances. Among them are the natural rock
asphalts and mixtures of stone or slag and bitumen. These mixtures

Figure 5. Sand Pit—North Carolina

Figure 6. Chert Pit—Georgia

are shipped by rail and laid at atmospheric temperatures usually not
lower than 50° or 60° F.
III. QUALITY AND GRADATION OF AGGREGATES

Quality is usually determined by tests for percentage of wear and
toughness, although the toughness test is not as frequently specified
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as the wear test. Some specifications sxmply call for “ hard, durable”
material. Nearly all specifications require that aggregates shall be
clean and free from * foreign ”’ material.

The gradation requirements of aggregate are principally affected
by the purpose for which they are to be used. If the material is
intended for base construction, softer aggregates and larger sizes are
sometimes perm1tted than for wearing courses ; but surfaces which are
maintained by machining and dragging are usually composed of
durable gates whose maximum size 1s less than 1 inch

t

A. Aggregates for Untreated Surfaces

Sand Clay This mixture for best results should contain sand com-
posed of hard durable grains, preferably angular in shape. Silt is
usually present by tolerance. The clay should be sticky and non-
slaking in character. The total sand content should be 65 to 80 per
cent of the total, silt not more than 15 per cent, and clay not more
than 20 per cent Sand in sizes above No. 10 sieve is particularly
desirable.

Chert. Several kinds of chert may be found in one county according
to experience in Alabama; one very hard and durable, another soft
and chalky. There are no standard tests for chert, but 1ts suitability
and durability are determined by usage. A typical specification in
Georgia requires that all material pass the 1l4-inch screen and at
least 60 per cent be retained on the No. 10 sieve.

Shale. There are various classes of shale but those which have given
best results under traffic in West Virginia contain more than 55 per
cent silica and more than 4 per cent iron oxide. The maximum size of
particle allowed in that state, is 3 inches Under traffic and main-
tenance the larger pieces are broken down to much smaller sizes.

Disintegrated Granite. The wearing quality of this matenal is
furnished by the silica content which is more than 60 per cent of the
total. The bonding properties are furnished by the iron and calcium
content, which form over 6 per cent of the total. The material is
placed on the road in sizes up to 4 and 6 inches but is broken down
to less than half these sizes under maintenance, traffic or rolling.

Gravel. Surfacing gravel is usually specified as a “hard and
durable ” material. Clay in excess of 20 per cent is not usually
tolerated. Ten to 15 per cent total clay and loam is considered better
practise, but non-slaking binders such as 1ron oxide and lime stone
are preferred. In California 50 per cent of the gravel must consist

/
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Figure 8. Soft Sand Stone Quarry—West Virginia
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of crus‘hed particles. Experience has shown that best results are
obtained when all of the aggregate passes the 1-inch screen, and where
a high percentage, 35 or more, is retained on the No 10 sieve.

Gravel, Slag and Stone for Traffic Bound Surfaces The quality
of these materials for such surfaces 1s usualiy high ; that 1s, the parti-
cles must be hard and durable. As specified they are equal to those
used for water-bound and penetration macadam, or highest quality
gravel roads. Screenings when used are produced from hard rock
In gradation, best results are effected when all material passes the
%g-inch or 34-inch screen Practise varies as to the lower lhimits  Ohio
practise permits about 10 per cent through the 10-mesh sieve, Ten-
nessee uses all stone through the 134-inch screen mcluding dust of
fracture

Stone for Macadam. For base courses softer aggregates are tol-
erated than for wearing courses For example, in Ohio the maximum
allowable per cent of wear may be as high as 10 or 12 for limestones,
15 or 20 for slag and 25 for sandstone In such cases the gradation
calls for larger size particles; all passing the 514-inch screen and
retained on the 214-inch for the coarse stone.

The top coursé 1s usually composed of harder stone but 1f a bitu-
mimous surface treatment or bituminous surface course is to cover
the top course, soft stone 13 sometimes permutted. Usually the top course
is stone having a per cent of wear of not more than 5 or 6. The grada-
tion of the coarse stone for this surface 18 between the 4-inch and 21%-
inch sereen 1 Ohio, and between the 214-inch and 1/ -inch screen in
Massachusetts, thus showing considerable variance in practise.

Lime Rock, Marl and Calsche These materials are soft, 1n fact so
soft that wear tests are meaningless. They consist principally of
carbonate of lime, of which more than 50 per cent is desirable The
best bases of Florida Lime Rock contain more than 70 per cent car-
bonate of ime Small stones and sand are not undesirable. A small
percentage of clay, less than 10 per cent, is tolerated in caliche. When
power rolling and watering are used in the shaping and bonding
process, Florida permits all material to pass the 314-inch screen with
not less than 30 per cent retained on the 34-inch In some of the
western states using caliche smaller sizes, all passing the 11/ or 1-inch
screen, are specified when the surface is to be traffic bound without
watering.

Miscellaneous Materials such as Stone Screenings, Mine Chats,
Iron Ore Top Soil, Stamp Sand, and others

v
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As used, nearly all of these aggregates are fragments of hard, dur-
able material. In size they all pass the 114-inch or 1-inch screen and
may or may not contain a high percentage of material passing the 14-
inch sereen or No. 10 sieve. The fines should preferably be non-slaking

in character.

Figure 10. Lime Rock—Florida

B. Aggregates for Surface Treatments and Surface Courses

Calcium Chloride. Various aggregates have been treated with this
material, including surfaces of sand clay, shale, gravel, marl and
stone. The principal use has been on gravel surfaces, in regions of
average or high humidity and rainfall.

Single and Dual Bituminous Surface Treatments. The aggregates
for this work are commonly hard durable materials and include
stone and slag chips, fine gravel and coarse sand. Clean material is
always specified. If the aggregates are hard and durable their size
is commonly between 3/-inch and Yg-inch. If the particles are friable,
larger sizes are used up to 11/-inch.

Single treatments with a light liquid bitumen are used with finer
aggregates than the heavier hot or cold applications used in dual
treatments.

Mized-in-Place Bituminous Surfaces, Fine Aggregate Type. There
are few specifications published for aggregates used with this type
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Figure 11. Caliche—New Mexico
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of surfacing The aggregates actually used are those found m the
existing road surface and include mixtures of fine gravel or sand, loam
and clay. When seal coats are used the aggregates for cover are simi-
lar to those used 1n Single and Dual Bituminous Surfage Treatments

The presence of an excess of clay, more than 15 or 20 per cent, 18
not considered desirable. Analyses of road samples show that nearly
all material passes the 14-inch screen and that 5 to 11 per cent pass
the 200-mesh sieve The class and gradation of the aggregates have a
direct bearing on the quantity of bitumen used. Preliminary analyses
or even test sections of road may be necessary to determine the cor-
rect percentage of aggregate and bitumen.

Mized-in-Place Bituminous Surface, Coarse Aggregate Type I
The principal aggregates are crushed and uncrushed gravel, stone or
slag as found in the existing roadway surface If nmew material 18
added it 1s similar to that already 1n the untreated roadway surface
The hardness and toughness of these materials and their suitability
1s usually judged by their previous service For example, a surface
which had been 1nadequate for 300 or 400 vehicles per day, except
for dust, would appear unsuitable

The largest size particles are commonly less than 1-inch in size
and more than 40 per cent 13 retained on the 10-mesh sieve Clay
in excess of 20 per cent 1s unsatisfactory and smaller percentages
are better. Laboratory analyses of field tests are desirable in de-
termining switable percentages of aggregate and bitumen

Mized-n-Place Bitumwnous Surface, Coarse Aggregate Type I1
Crushed stone or crushed slag are the aggregates In quality they are
equal to these materials as specified for bituminous penetration
macadam The maximum allowable per cent of wear is usually not
more than 5 or 6.

The gradation depends somewhat on the proposed thickness of
fimished surface Practise 1n Pennsylvania and Tennessee calls for
stone passing the 114 or 1%4-inch screen and retained on the 5% or
34-inch, for surfaces up to 2 inches in thickness. In Indiana for
surfaces 2 to 3 inches in thickness all stone passes the 3-inch screen,
95 to 100 per cent passes the 2V5-inch, 0 to 15 per cent passes the
114-inch.

Pre-Mized Biutuminous Surface, Laid Cold The customary aggre-
gates are crushed stone or slag Gravel 1s also used Sand may be
added for greater density. In quality they are hard and durable
with a2 maximum percentage of wear of 5 or 6 for stone, and some-
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what higher for slag. Sand must be clean and coarse Uniform
grading from coarse to fine 1s recommended for all aggregates. For
courses 1% to 2 inches 1n thickness the coarse aggregate, for one
specification which uses asphalt, passes the 2-inch screen and is re-
tained on the 34-inch; for one using tar, coarse aggregate passes the
1%4-1nch screen and is retained on the 54-inch; for another using tar,
coarse aggregate passes the l-inch screen and 1s retained on the
Va-inch ; larger sizes are also used but details are not available. The
correct amount of a given class of bitumen will vary with the grada-
tion and porosity of the aggregates, the more porous and finer
aggregates taking more bitumen than the more dense and coarse
materials.

Natural Rock Asphalt and Surfaces. There are no wear tests for
the aggregates in these natural mixtures. The gradation of the lime-
stone rock asphalts when crushed and ready for use includes that
which passes the 34-inch screen The gradation of the sand in sand-
stone rock asphalts is similar to that in sheet asphalt, though not as
good according to Hubbard

Modsfied or Puddle Bituminous Macadam Cold Penetration
Method. Both hard and soft stone have been used for this work.
Hard stone having a percentage of wear of not more than 5 is
specified in Virginia and West Virginia But soft sand stone which
crushes under ordinary rolling 1s also used in West Virginia

In Virgima coarse stone passes the 4-inch screen and 1s retained
on the 2V4-inch screen. Intermediate stone passes the 214-1nch screen
and is retained on the 1-inch Fine stone or chips pass the 1-inch
screen and are retained on the 34-inch In Wést Virginia the soft
sand stone 1s specified in larger sizes than hard stone.

Bituminous Macadam Hot Penetration Method. Crushed stone or
slag are the aggregates. Hard durable materials are desirable. The
maximum allowable per cent of wear for stone is seldom more than
6. A higher percentage is tolerated for slag

The gradation and maximum size vary with the proposed depth
of surfacing. The maximum size is usually about equal to the
proposed depth. For surfaces 214 inches thick the coarse stone passes
the 2V%5-inch screen and is retained on the 114 or 11/4-inch, the inter-
mediate stone passes the 114 or 1-inch and is retained on the 34 or
5g-1nch, the fines pass the 34 or 9 and are retained on the 3§ or
14-inch.

For 3-inch thick surfaces the sizes are proportionately larger.
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Pre-Mized Lasd Hot Bitumwnous Surfaces. For the more durable
and standard surfaces the quality and gradation of aggregates are
carefully selected When local materials of somewhat inferior grada-
tion are used the requirements are not as severe

Crushed stone, stone screemngs, sand and filler dust are the
principal aggregates for Bituminous Concrete and Sheet Asphalt of
the standard types Suitable quality and gradation are stated 1n
specifications of the Bureau of Pubhe Roads, various State Highway
Departments and the Asphalt Association

The specifications for such local mixes as Sand Asphalt, and Bitu-
minous Concretes using local aggregates are covered by the States of
North Carolina, Massachusetts, Michigan and others

Mascellaneous Surfaces Principally Lume Treatments of Clay. As
indicated, clay is the principal aggregate although treatment of other
so1ls with Lime and Portland Cement 1s being investigated

There are a few isolated and non-conclusive experiments of treating
stone with silicate of soda or deliquescent salts

IV. CLASSES OF BINDERS

There are three classes of binders, mineral, bituminous and those
not 1ncluded in these two classes

1. Muwneral Binders These include, clay, loam, volcanic cinders,
stone screenings, limestone, lime rock dust and materials containing
iron oxide All are nsed with untreated surfaces. The clays and loams
are least desirable, particularly because they are unfavorably affected
by wet and dry weather conditions The other materials are less
affected by moisture but may become dusty in dry weather

9. Bituminous Binders These are widely and satisfactorily used
n low cost road work They range all the way from hght road oils
up to asphaltic cements Extensive details of each are not covered
m this report.

There is on the market a class of bitumen more or less suitable
for nearly every type of surfacing yet devised, in fact several of
the satisfactory types were developed under the direction or at the
suggestion of producers of bitumen Within reasonable limits of
success the following bitumens have been used with the types in-
dicated.

Bituminous Surface Treatments, Single Application Method.

Cold liquid tars, of low specific viscosity

Cold liquid road oils.
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Hot tar, of such consistency that 1t must be heated for application

Hot asphaltic oil which must be heated before application

Cut-back asphalts and tars which require Liquifiers to produce a
fluid state for cold application

The cold applications appear more popular at the present time

Dual Butuminous Surface Treatments Present practise indicates
a cold liquid tar for a prime coat especially on porous bases Cut-back
asphalts are also used

For the second application a hot asphaltic o1l or hot tar is more
generally specified than are cold applications If a cut-back material
is used it 15 of higher viscosity, that 1s, of a heav1er material, than
18 used for the prime coat

Mized-in-Place Bitumwnous Surface, Fine Aggregate Types The
bitumen 1s usually a slow curing asphaltic road 1], a cut-back asphalt
and less frequently a tar product

The seal coat, 1f used, 15 a heavier bitumen, usually of asphaltic
content, which requires heating or a hquifier before 1t can be applied
from a distributor

Mzed-in-Place Butuminous Surface, Coarse Aggregate Type I
Both tars and asphalts have been used for this type The tars as
used are of relatively low viscosity and are applied cold, or with
slight heating, from a distributor.

The asphaltic road o1ls are usually of high asphaltie content which
may be applied at atmospheric temperatures or with slight heating

The second application may be a heavier bitumen than the first.
The first should have high penetrating qualities to assist in stabilizing
the existing surface, but both should be of such consistency that the
necessary manipulation of the aggregate and bitumen may be ac-
complished before they set or become sticky and hard.

Mized-in-Place Bituminous Surface, Coarse Agregate Type II.
The bitumens are usually apphed at atmospheric temperature or with
hight heating They must not become sticky or hard before the
necessary mixing and shaping have been finished Iiquid tars, and
to a lesser extent, cut-back asphalts have been the binders used

Pre-Mized Bitumnous Surfaces, Lawd Cold. Both tar and asphalts
have been used. They must be of such grade and consistency that the
mixture may be laid without heating at normal temperatures. Heating
may be necessary before the mixture 1s unloaded from cars
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A material which fulfills the requirements for this type of surface
1s 80 heavy that liquifiers or heat may be necessary for the plant
mixing As the volatile oils evaporate the mixture becomes stiff,
and finally on the road it sets into a hard and dense mass.

Natural Rock Asphalt Surfaces. Texas limestone rock asphalts
contain bitumens of low penetration and are mixed with a flux before
being used for road work. Pure bitumen picked from the rock erevices
showed a penetration of 2 (at 77 F., 100 g. 5 sec.). Bitumen re-
covered by extraction showed a penetration of 7.

In their natural state Kentucky sand stone rock asphalts contain
bitumen which 1s said to vary from “ soft to hard.” As shipped ready
for use the bitumen is said to be of “ very high penetration.” Exact
data are not available.

Modified or Puddle Macadam, Cold Application. Cold hquid tar
or asphalt are the bitumens used. In Europe emulsions are said to
be satisfactory.

The liquid tars or asphalts are cut-back materials which become
stiff after the volatile oils have evaporated Their specific viscosity
18 below 35 (Engler 50 cc. at 40 C.) as used in West Virginia.

Butumanous Penetration Macadam, Hot Penetration Method. The
bitumen is commonly an asphaltic cement or heavy asphaltic oil.
Tars are not as widely used. The penetration of the asphalt is
usually between 80 and 100, but in a few localities it 18 used at
from 100 to 120.

Pre-Mized-Laid Hot Bitumanous Surfaces The bitumen for these
surfaces is asphaltic cement. The quality and penetration as specified
by various Highway Departments conforms rather closely to those
recommended by the Asphalt Association. They range in penetration
from 30 to 80. The exact 10 point limits are set to suit the various
conditions of climate, traffic and materials.

Sand asphalt, for example, 1n North Carolina contains bitumen
of 30-40 penetration. The “ Mixed Macadam ” as laid in Canada
contains bitumen of penetration between 75 and 100.

3. Calcium Chlomde and Hydrated Lime. These are well-known
commercial products. They are not varied in composition to suit any
local condition of climate, traffic or material. Standard specifications
and requirements are published by the American Society of Testing
Materials.
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CONSTRUCTION METHODS AND CLASSIFICATION OF LOW TYPE
ROAD SURFACES

Current technical hterature and text books have devoted much
space to research and usage on construction methods for high type
pavements Construction methods for low type roads deserve much
more attention and study than they have received. In spite of this
apparent lack of attention by road builders as a whole, those engineers
who through necessity have had large mileages of low cost roads
to construct have worked out methods which show marked improve-
ment over methods of even five years ago. The improved successful
" methods are similar 1n different parts of the country. They differ
somewhat 1n details but their similarity is sufficient to permit classifi-
cation 1nto groups They are principally the result of experimenting
with materials and equipment in the field, rather than in the labora-
tory or on test roads They were necessarily cut and dry methods
which have since become more or less standard practise, but there
is now evidence that laboratory control and definite tests may assist
in the construction of even the lowest types.

Several methods of construction are common to both low and high
type surfaces For the purpose of identifying and collecting them,
the methods are discussed as they apply to three general types of
surfacing:

I Untreated surfaces
II Types using nonbituminous admixtures
III. Bituminous surface treatments and surface courses.  *

I. UNTREATED SURFACES

The principal differences in construction methods for untreated
surfaces lie in the processes of bonding, spreading and compacting the
surfaces and in the number of courses With these conditions in mind
the following classification 1s made for untreated surfaces.

1. Traffic bound, layer method.
2. Traffic bound, one course method.
3. Roller bound, one or two course method.

There are some variations in practise such as obtaining com-
paction by rolling in addition to that of traffic, in both 1 and 2.

1. Traffic Bound, Layer Method. The principal example of this
method on an extensive scale 1s the recent work in Ohio. It has been
practised also in other states, including Tennessee, Indiana, Nebraska,
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Iowa and Minnesota. It is useful in obtaining quick service over
long mileages at a nominal cost. By 1t the correct amount of aggregate
is concentrated over the weak spots of the subgrade and a minimum
amount of necessary material is placed on the more substantial areas
of subgrade. The final surface although of unequal thickness is of
uniform capacity throughout.

The object of this method is to first stabilize the raw subgrade by
the addition of clean hard aggregate. Blading and dragging keep the
surface regular Traffic does the compacting. New material is added
periodically. This becomes bonded and keyed to that previously
placed until a dense and regular surface is obtained. Compaction 1s
thus secured from the bottom or subgrade upward.

The successive applications of aggregate are in reality layers or
courses. Due to the thinness of each layer, which is less than 2 inches,
a maximum degree of compaction is secured.

The construction operations are very simple. They consist of haul-
ing, dumping, and spreading of the aggregates, all done by mechanical
equipment. This equipment is practically the same as that used in
maintaining soil and gravel roads

9. Traffic Bound, One Course Method. This method is generally
followed for the construction of selected soil, sand clay and one course
gravel and is one of the most commonly used.

After the materials are spread on the subgrade, the principal opera-
tion is mixing in place This is accomplished by plowing, harrowing
and blading. If rains are infrequent, sprinkling with water produces
an increased density

Traffic and hauling over the surfacing material finally bring it
down to a well compacted mass. It may be advisable to use a roller
on materials which carry little or no binder, and a heavy roller is
successfully used on the lime rock bases of Florida although they bind
together readily

Some surfaces built by this method are not smooth because the
aggregates were dumped 1n separate piles on the subgrade and allowed
to remain there for a considerable time before being spread and
harrowed.

Power rolling of a course as thick as 1t is usually bwmlt is not
always effective because of the type of roller used. Even where the
surface is built up in relatively thin layers the standard types of three-
wheel and tandem rollers may result in compaction of the immediate
surface of each layer only. Excessive rolling with rollers of this type
may partially destroy the bond between successive layers.
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8. Roller Bound, One or Two Course Method. Water-bound mac-
adams using various aggregates come under this heading

The method 1s primarily to spread a layer of coarse aggregate, shape
it, roll lightly and then fill the voids with a finer aggregate Water
may or may not be sprinkled on the surface to assist in the void filling
and binding process Compaction 1s secured by frequent and pro-
tracted rolling.

These surfaces are seldom as smooth as those which use blading
or dragging as a part of the construction process.

They are usually built up 1 one or two layers of from 2% to 5
inches in thickness Single courses of more than 6 inches compacted
thickness are unusual

The cost of mitial construction, 1ts relatively slow rate of progress,
and the fact that these surfaces are difficult to maintain with blades
have reduced the popularity of this method and type

II TYPES OF NONBITUMINOUS ADMIXTURES
The nonbituminous methods may be classed as-

1 The surface application method
2. The mixed-in-place method
3 The pre-mixed method.

They are all done without heating

1. The Surface Application Method Caleium chloride 13 applied
to the surface 1n flake or powder from a lime spreader. The spreader
18 hauled by a truck Frequent light applications of 14 pound per
square yard appear to be favored over less frequent and heavier
applications

If a light surface mulch of fine gravel 1s retained on the roadwav
surface, the chloride appears to be more effective It 18 possible to
apply chloride 1n solution as 1s done with Lignin bindess.

2. The Muxed-wn-Place Method The principal work of this
method has been experimental T.ime or Portland cement 1s mixed
with road soils The soil is first loosened by plowing and harrowing
The admixture 1s then applied, followed by mixing with plow, harrow
or road blader The final surface contour 1s obtained by blading.
Traffic does the compacting.

3. Pre-Mized Method Cold. Although limited in actual work
done and conclusive results obtained, this method is included because
of the possibilities of utilizing local materials which are not cus-
tomarily used
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The binder and aggregate are mixed in a standard concrete paver,
dumped and spread in much the same manner as in standard Port-
land cement concrete paving. The aggregates are quite fine (all pass-
ing the 34-inch screen) which allows unusual freedom in methods
of fimshing, when Portland cement 1s the binder

The resulting mixture 18 so dry and dense that workinen may walk
over and work upon this surface in less time than 1n the case of
ordinary concrete paving The fimshing methods 1nclude screeding,
tamping, rolling, and the removal of high spots by scraping with
hand tools Low spots are easily filled with the scrapings or with new
mixture This bonds 1eadily with the unset material

IIT BITUMINOUS SURFACE TREATMENTS AND SURFACE COURSES

During the past four years new construction processes have been
undertaken and developed Some of them are radical departures
from the old methods

They are creating a wider interest 1 low cost roads and from
present indications they will fill a long felt need 1n this field

These methods are principally the results of usage, and of some
cxperimentation which may or may not be classed as research They
have been tried out mn one way or another in many parts of the
United States and under widely varying conditions of climate and
topography

Tars and asphalts have been used separately and in combination

Early experiments and developments of these methods used tars
for binders, but within a few years asphaltic binders have entered
the smface treatment field

As m neatly all types of surfacing theie aie three different methods
1n use

1 The penetration method

2 The mixed-in-place method
3 The pre-mixed method

1. The Penetration Method. This method 18 1n common usage for
penetration macadam The penetration method is used also in all
types of surface treatment work, that is, surface treatments which
include one or more applications of bitumen and one or more spread
ings of cover material.
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For the dual treatment or two application method, the principal
operations are:

i

1. Cleaning the compacted base by sweeping with powder sweepers

2 The application of one or two prime coats of bitumen, cold.

3. Allowance of time for this to penetrate. A light cover coat of
coarse sand or chips may or may not be used This should be
omitted if traffic conditions will permut.

1. The second application of bitumen, hot or cold.

Immediate cover with coarse clean and hard aggregates.

6. Compaction with a power roller or by traffic Good practice calls

for a power roller.

After several days or weeks a seal coat of cold or hot bitumen
covered with fine chips, gravel, or coarse sand may be used
The texture of the surface and apparent bitwmen content will
indicate whether or not this seal coat is advisable !

f
Thorough sweeping 1s 1mportant as a layer of dust may destroy

the bond between base and top, or it may prevent the penetration of
the prime coat

Bitumens are usually applied from a power distributor. ‘Better
penetration and greater speed are made possible

Cover materials are spread from piles along the roadside, from
dump boards, direct from trucks, by spreading devices attached to
the trucks or by mechanical spreaders

Satisfactory results are obtained by using any of these methods.

Following the spreading, some brooming with hand push brooms
18 usually necessary.

Dragging or light blading with a road machine or both will 1m-
prove the regularity of the surface

Although some specifications and practise do not call for rolling
the final application of cover, rolling with a power roller secures
quick initial compaction and prevents, to a large extent, the loss of
cover material.

When traffic alone does the compaction the loosely bound cover is
easily displaced by the fast moving wheels and it may be lost or
mixed with earth at shoulders or ditches.

The construction methods as used for bituminous macadam of the
penetration type are described on pages 234-239. They are similar n

=

-1
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some features to those described for the dual surface treatment. The
principal operations are:

1 Place a layer of coarse stone on the prepared base and roll until
particles are interlocked.

2. Apply hot or cold bitumen from a distributor

3. Spread immediately, stone of intermediate size, broom and roll
thoroughly.

4. Apply second application of bitumen, hot or cold, and cover with
stone chips, fine gravel or coarse sand.

5 Roll thoroughly.

Tightly bound surfaces of stone, gravel, sand clay, hme rock and
various other surfaces are suitable for this method The smoothness
of the resulting surface is almost directly dependent on the smooth-
ness of the surface to be treated.

9. The Mized-in-Place Method. From present indications the
main features of the mixed-in-place method are growing in popularity.
[t 1s comparatively new and was developed in Wisconsin about 1923
as a means for forming a bituminous surface on gravel roads which
had a loosely bound surface. Today 1ts principal features are used
for surfacing sand-clay roads, crushed and screened gravel roads and
old or new macadams.

Tt 1s particularly adapted to treatments of loosely bound and other-
wise unstable aggregates. Surfaces of from 1 to 6 inches thick have
been built up by this method.

The depth of treatment depends somewhat on the distance from
the road surface to a plane of previously compacted or bonded
material, or in the case of sand clays to the predetermined thickness
which the engineer may consider adequate to meet climatic and
traffic conditions. The resulting surface is regular in contour and
has smooth riding qualities. Minor irregularities in the old surface
are automatically corrected by this constructive process.

There are two principal types of the mixed-in-place method: 4,
o which no new aggregates are added to the existing surface; B,
\n which the base is undisturbed and new aggregates are added for
mixing with the bitumen
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A When no new aggregates are added to the existing surface,
except mineral cover for the seal coat (if used). The following are
the principal operations:

1. Bring surface to be treated to a regular and smooth contour.

2. Secarify, if necessary, to the proposed depth of new surfacing,
harrow, blade and shape

Apply first coat of bitumen and mix with harrow and road blade

Apply second coat and mix thoroughly.

5 Sometimes a third coat 1s applied followed by more mixing Mix-

ing is continued until a umform color results

6. Follow with a final shaping by road blade or drag.

Secure initial compaction by rollmg. Traffic may serve the
purpose.

8 A seal coat of bitumen and chips, gravel or sand may be necessary

AN

Practise 1n some states calls for a blading of material to the road
side The exposed surface 1s then treated with a prime coat This is
followed by a second application The material at the roadside is
then bladed over the treated surface and mixed by blading back and
forth across the road

B. When new aggregates are added to the existing surface:

—t

The old compact surface is smoothed and patched

A prime coat of bitumen 1s applied and allowed to penetrate. It
may be left under traffic for several days. A light cover of
aggregate may be applied to prevent picking up by traffic

3. If cover 1s applied it is ightly bladed or turned over with a road
machine set nearly cross-wise of the road

The second coat of bitumen 1s apphied and covered with aggregate

Blading is continued until the cold mix begins to set up

Compaction 13 preferably secured by a roller instead of traffic
alone.

Yo

o

[~

C. An alternate method 1s the following:

Patch and smooth the existing surface

Spread layer of aggregate

Roll until properly shaped

Apply first coat of bitumen.

Blade lightly to retain crown and cross section until bitumen
begins to set.

Roll.

Apply bitumen for seal coat and spread mineral cover.

R

S
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If the existing surface is gravel poorly bonded and of inadequate
depth, a mixed prime coat of bitumen ‘with the existing gravel may
be used 1nstead of the penetration prime coat After mixing, shaping
and rolling this course 1s covered by a bituminous mixed-in-place
surface using new aggregates This 1s 1 effect two courses, the first
or lower course a mixed-in-place prime coat and the second or top
layer a mixed-in-place wearing course.

3. The Pre-Mized Method This may be either a hot or cold
process. The hot mixed method includes standard mixes of sheet
asphalt, bituminous concrete, black base and mixed macadam The
cold mixes mclude cold-patch mixtures, Amiesite, natural rock
asphalts and “unnatural” or synthetic rock asphalts They are
newer in design and methods of construction that the hot mixes.

The principal steps in construction according to present practise
are quite similar.

1. Appheation of prime coat (af used) of bitumen to the prepared
base.

Placing and rolling binder course (1f used).

Mixing and hauling the top or wearing course mixture.

Dumping, spreading and raking

Compaction by rolling

Application of seal coat (1f used)

L

o o oo

Prime coats of bitumen on bases for hot or cold top have not been
standard practise They are called for now in some specifications
There 18 indication that they assist in binding together and water-
proofing the immediate surface of the base, and that the top course
1s more securely bonded to the base The bitumen is applied from
a power distributor Cover material 18 not commonly used.

Binder courses may consist of pre-mixed black base or a course of
stone penetrated with bitumen. Binder courses are intended to key
the top to the base and to ncrease the stability of the entire surface.

Dumping, spreading and raking methods are similar for both hot
and cold mixes Recently successful attempts have been made to
obtain smoother surfaces at less expense for these operations by
using mechanical equipment to spread, rake and smooth the loose
mixtures, prior to rolling

The cold mixes allow a longer period for patching, luting and
screeding A new method used on Kentucky rock is to blade the
surface with a heavy road drag after rolling. This insures a much
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smoother surface than rolling alone. The placing and finishing of
cold mixes is less interrupted by traffic and weather conditions than
the hot mixes.

Initial compaction of the hot mixes is generally done with a heavy
roller and the rolling completed on a given stretch within a few
hours Compaction by rolling on the cold mixes may continue with
good results over a period of several days.

New construction methods which are meeting with success, and
which give promise of mcreased usage are:

The traffic bound stone, gravel or slag surfacing method.
The mixed-in-place surfacing method
The pre-mixed cold method, and the cold penetration method

New methods m low cost road construction are resulting 1n
smoother riding surfaces, better compaction, faster progress and less
interruption to traffic. '

MAINTENANCE METHODS

Maintenance work 18 commonly done by the owner, that 1s the
State, County or Mumnicipality, but contracts are not unusual,
especially when the work is extensive and can be definitely specified.
The field work is usually performed under the patrol system, or less
frequently by the gang system, or by both.

Patrol maintenance 1s effective for surfaces which require constant
attention, such as the frequent blading or dragging of untreated sur-
faces Gang maintenance is commonly employed where heavier work
of considerable extent 13 necessary, such as scarifying and reshaping,
the addition of new materials or the retreatment of bituminous
surfaces

Just what the correct definition of highway maintenance may be is
still a moot question. In some instances it includes all work not
done by the construction contractors, in others it does not include
betterments and reconstruction For the purpose of clarity in de-
seribing the methods of maintenance it will here include the princi-
pal work done to the original surface course for the purpose of
keeping 1t 1n serviceable condition These items are:

1 Scanfying and reshaping.

2 Blading and dragging.

3 Patching.

4, Addition of new materials, which are similar to those in the
existing surface.
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One or several of these operations are commonly necessary on any
type of low cost road surface. In fact low cost surfaces can give
adequate service only by perpetual and persistent maintenance. Be-
cause this fact has become generally realized, noteworthy progress
\n mamtenance methods and quahty of service has been made

I. SCARIFYING AND RESHAPING

When a roadway surface 1s so irregular that traffic cannot use
1t in safety and comfort these two operations may become necessary.
The immediate conditions which require these operations on un-
treated surfaces are high crowns, large areas of pot holes, large pro-
truding stone and corrugations

Bituminous surface treatments and surface courses are scarified
and reshaped because of excessive pot holes, corrugations, shoving
and raveling. This does not apply to the hot mix and pavement type
of surfacing Generally the depth of scarifying is only sufficient to
correct or get to the bottom of the irregularities Deep scarifying to
the subgrade is usually avoided, care being taken to loosen no more
of the existing compacted surface than is necessary.

The surface is scarified or loosened by spikes, securely fastened
in a suitable frame. This frame in turn is attached to or pulled by a
power roller, tractor or road machine.

Following the scarifying the loosened material is harrowed until
the lumps are broken to about the average size of the aggregate in
the road. The large lumps and over-size stone are removed

The surface is then bladed until the materials are uniformly mixed
and the surface has the desired crown and regularity of contour.

Final compaction 1s by a power roller or by traffic The operation
of scarifying and reshaping usually precedes the addition of new
material. '

The work 15 done, 1f possible, during the season of the year when
traffic 1s light Heavy rains on newly scarified sand-clay roads may
make them impassable to traffic or the lack of rain may delay their
bonding. Less difficulty to traffic 1s experienced with stone and gravel
surfaces. The season of the year usually selected is soon after the
frost has left the ground and before heavy summer traffic begins, or
before freezing begins in the fall of the year and after the peak of the
summer traffic.
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Figure 12. Scarifying a Well-Compacted Sur-
face, Using a Light Roller with Scarifying Attach-
ment : :
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Figure 14. Blading the Thin Surface Gravel Mulch with Spring
Blade Swung Beneath a Truck. An Effective Method

Figure 15. Heavy Drag of the Sled Type, also Known as a
Road Planer
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2. BLADING AND DRAGGING

For Untreated Surfaces containing aggregates which pass the 115-
inch screen one or the other of these operations are required daily or
at least three times each week in order to retain a smooth riding
surface. The purpose is to cut down the high spots and fill up the
low ones.

Maintenance of this character is most satisfactory when the un-
treated roads or surfaces are treated with calcium chloride and have
a thin (about 14-inch) layer of loose stone or gravel on their surface.
By blading or dragging this loose material back and forth or along the
surface the formation of pot holes and corrugations is retarded.

Figure 16. Blading with Road Machine and Caterpillar Tractor

Light road machines, one-man patrol graders, spring blades attached
to trucks and drags are used for the daily and routine maintenance.
Heavy road machines and planers are used at less frequent intervals
when required to remove irregularities upon which the lighter equip-
ment is not effective.

The light routine work begins as soon as the surface is shaped up
in the spring, continues through the summer months and is stopped
during the winter if the road is frozen.

During seasons of little or no rainfall an excess of loosened ma-
terial may be bladed to the outer edges of shoulders to be bladed
back again when weather conditions permit.

The blading and dragging operations are continued regardless of
weather conditions, except as stated during the time the road surface
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18 frozen These untreated surfaces are put in the best possible con-
dition before going into the winter months, rainy seasons or dry
season.

Water-bound macadams or other surfaces which are composed of
aggregates larger than two inches are usually well compacted They
may be maintained by light blading and dragging 1f a thin layer of
pea gravel or fine stone 1s kept on the surface at all times

The use of heavy road machines and planers on water-bound
macadam is rare A few isolated cases have been reported. Bifu-
manous Surfaces seldom require blading and dragging for surface
maintenance.

In Long Island on the mixed-n-place fine aggregate type, high
spots are cut down and low ones are filled by cutting with a heavy road
machine which 1s followed by a drag or planer. This method 1s
suitable for bituminous surfaces which are more or less plastic and
become soft during high atmospheric temperatures.

On bituminous macadam in Connecticut, a treatment with a cut-
back or other cold bitumen 1s used to soften the surface This is
followed the next day by repeated draggings with a very heavy
road plane. The material thus cut fills the low spots or is spread
evenly by drags along the shoulders The results are said to be very
satisfactory.

For Bituminous Concrete and Sheet Asphalt the surface heater is
used to soften the surface, so that irregiilarities may be removed.

3. PATCHING

Patching 1s a necessary but often a temporary expedient

For Untreated Surfaces or those with nonbituminous materials it
becomes necessary to fill pot holes which are not properly filled
by ordinary blading and dragging. In macadam the loose material
is removed and the edges cut square. The hole is then cleaned and
fillled with new aggregates containing sufficient binder. Water may
be sprinkled on the patch or mixed with the aggregates. Calcium
chloride 18 used as a powder sprinkled on the patch or mixed in
solution

Patching of untreated surfaces 1s done during the seasons of heavy
traffic, which are frequently the dry summer months, or when scarify-
ing, reshaping and heavy blading are not advisable.

For Bituminous Surfaces patching is common practise and the
results somewhat more permanent than for untreated surfaces. It
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15 for the purpose of filling holes or correcting surface raveling and
disintegration

Large holes are cleaned out, their edges cut vertical, the sides and
bottom painted with bitumen and the hole filled with a pre-mixed
bitumen and aggregate Bituminous concrete and sheet asphalt are
patched with either hot or cold patch mixtures For all other bitu-
minous surfaces cold patch mixtures are customarly used. Shallow
holes and raveling may be patched by separate applications of aggre-
gate and a hot or cold bitumen ‘

Patching 1s done throughout the year, except that the major work
18 not commonly done during the winter months

4 ADDITION OF NEW MATERIALS

This method of maintenance must be resorted to frequently for
untreated surfaces Treated surfaces or surface courses require much
less new material

For Untreated Surfaces the replacement of lost aggregates is the
most costly item in surface maintenance This cost and the depletion
of supplies of local aggregates has forced the majomty of mghway
builders to use surface treatments.

The report of the Commuttee on Maintenance, Sixth Annual Meet-
ing, Highway Research Board, on observations in Indiana showed
that the amount of gravel lost was directly proportional to the amount
of traffic. Over a three year period on 236 miles of gravel road under
observation, the average loss was 257 cubic yards per mile, for an
average daily traffic of 892 vehicles Some enhghtening information
15 found in “ Public Roads,” Vol 8, No 7, where the following state-
ments are made relative to untreated gravel and fine crushed stone
roads; “ Wyoming and Colorado report an mch of material lost per
year under traffic of 200 or 300 vehicles per day and even higher
losses in districts where wind is unusually severe Wisconsin reports
a loss of 1 to 1% 1nches per year for traffic of 500 vehicles per day,
and Califorma and Oregon confirm Wisconsin figures ”

A report of the Sub-Committee on Maintenance, American Asso-
cation State Highway Officials, 1926, estimated the annual loss of
surfacing gravel to be not less than 300 cubic yards per mile for
400 or more vehicles per day.

A report by Dr. C. M Strahan on Sem1-Gravel, Top-soil, and Sand-
Clay Road Materials (Highway Research Board, Seventh Annual
Proceedings, 1927) states under the subtitle “ Toss of Slab Material
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for Patching Bituminous Treated Gravel

S - — ——

Figure 17. Equipment

Figure 18. Tamping Cold Patch Material into Holes
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under Service,” “ An approximate general figure from the observed
data may be indicated, lying between lj-inch and 1-inch per year
under trafic count of 400 to 600 vehicles per day.”

In spite of the necessity of replacing lost material many roads must
still be maintained in this manner until funds and time are available
for surface treatments.

New materials are those similar to that in the existing surface, as a
general rule. They are hauled to and there spread and shaped over

Figure 19. Reshaping Bituminous Macadam. The Surface Has Been
Scarified. After Shaping It Will Be Rolled and Given a Surface Treat-
ment of Bitumen and Stone Chips

the old surface. The new material is usually compacted by traffic
and mixed by blading.

The most suitable season for this work appears to be when there is
sufficient moisture for blading and compaction, and when the new
material can become bonded to that in the old surface.

Under traffic, gravel and other surfaces may become loosened, clay
is then added as a binder. It must be thinly and evenly applied and
thoroughly mixed with the gravel. Iron oxide and non-slaking binders
are preferred.
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For Butumanous Surfaces scarifying and reshaping are followed by
retreatments of bitumen and aggregate for cover. Sometimes add-
tional aggregates are placed and rolled prior to retreatments

Bituminous surfaces which show wear, appear dry and cracked,
open or “lean,” are given a light retreatment of bitumen and a light
cover Surfaces which appear too “rich ” and become displaced by
traffic ate sometimes improved by rolling stone chips or crushed
gravel into the surface.

There has been a general marked improvement in maintenance
methods during the past eight years.

COSTS OF CONSTRUCTION AND MAINTENANCE

Contract prices for umt 1tems of construction vary from one proj-
ect letting to another and at a single letting unit bhd prices on a given
item for a given type of surfacing frequently show wide varations
Unit costs for maintenance and construction done by force account
are more difficult to obtain than for contract work, this 18 due in
part to the wider variations in mamtenance methods, designation of
items, standards of workmanship and methods of recording costs
Until maintenance records and standards become reasonably uniform,
cost data must remain approximate. Nevertheless, from the informa-
tion available at the present time we may clanfy the situation by
stating, between necessanly wide lumits, the various costs of con-
struction and maintenance They will show, relatively, what work
has been done with stated amounts of money ’

The principal items of cost 1n construction operations are; for
materials, their preparation, hauling and placing This survey does
not include an analysis of each of these 1tems. It 1s evident that the
use of local aggregates involving no rail haul effects a saving in mitial
cost compared to the use of materials shipped by rail or water. Fre-
quent sources of supply of aggregate along a project will reduce the
length of local haul and consequently the cost of construction, pro-
vided frequent and expensive plant set-ups are not required 1n the
preparations of the surfacing mixtures.

Surfaces which are prepared on the road by mixing m place or by
the penetration method show a lower initial cost than those which are
prepared at a mixing plant.

The larger the quantity of aggregate and binder which must be
shipped in and hauled to the road surface, the greater the cost
will be.
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For example, sand-clay surfaces are low in first cost because
all of the materials are found along the roadside and within short
haul distance of final placement, on the other hand pre-mixed types
guch as natural rock asphalts and certain commercial types of bitu-
mmnous concretes are shipped relatncly long distances by rail, un-
loaded, and hauled relatively long distances to the point of placement

The principal item of cost 1n maintenance operations 18 for new
material which must be added to the road surface, including cost of
haul Daily blading or dragging of untreated surfaces 1s a fixed 1tem
which 1s seldom execessive Scarifying and reshaping 1s done at mfre-
quent intervals of from ome to thiee or four years and does not
1epresent a high yearly cost Patehing of untreated surfaces 1s a small
item, but fo1 overloaded bituminous surfaces or pavement types 1t
may reach serious proportions Light retieatments of bituminous
surfaces 18 a relatively small item when figured over a number of
years as compared with the necessary addition of large quantities
of new aggregates to untreated gravel surfaces

Preliminary surveys for locating suwitable local aggregates have 1
many 1nstances effected a saving 1 the cost of construction and
maintenance.
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TABLE 1, APPROXIMATE INITIAL COST OF SURFACING LENGTH
ONE MILE, NOT LESS THAN 18 FEET WIDE

Ty pe of surface

Sand Clay

Chert, Shale, Disinteg-
rated Granite
Gravel

Traffic-Bound, Gravel,
Slag, Stone
Macadam

Lime Rock, Marl, Ca-
liche

Misc Untreated Surfaces

SurrF\cE

Nonbituminous Dust
Preventives

Single Bitum Surface

Treatments
Dual Bitum Surface
Treatments

Mixed-in-Place  Bitum
Surface Fine Aggregate
Types I and II

Mixed-in-Place  Bitum
Surface Coarse Aggre-
gate Type 1

Mixed-in-Place  Bitum
Surface Coarse Aggre-
gate Type II

Pre-mixed Bit Surface
Laid Cold

Natural Rock Asphalt

Modified or “Puddle”
Bit Macadam Cold
Application

Bitummous Macadam
Hot Penetration

Pre-mixed-laild Hot Bi-
tuminous Surfaces

Miscellaneous Surfaces
Prineipally Lime Treat-
ments of Clay

UNTREATED SURFACES

Initral cost

$1300 to $2600
$3000 to $7000
$1500 to $9000
$2000 or less
€8000 to $15,000

84000 to $15,000

Less than $10,000

Examples n

Southern and Western
States

Geo, Ala, W Va, Penn,
Anz, Mex

Nearly every state and
Canada

Ohio, Ind, Tenn, Nebr

Ind, Ky, Ohio, Tenn,
N. England

Fla, N C, Mmn, Ohio,
Anz, Tex, New Mex-
1co

Conn, Mo, Tex, Oho,
Mich, La, Mexico

TREATMENTS AnD Surrace COURSES

$ 400 to $ 700

$ 300 to $1000

81100 to $3000

8 800 to $5000

81100 to $3000

$2000 to $4500

$7000 to $12,000 or more
83500 to $6500 or more

$7500 and up

$9000 to $17,000

$10,000 to $25,000

$2600 to $3300

Mich, Me, Vi, M,
Wis, N J

N England, Del, Md,
N Y, Penn, Va, Ind,
Ohto, Tenn

Me, Va, N H, N C,
Ohio, Fla, 8 C, Calif,
Tex, Oregon

N. C,8 C, Nev, Cal,
LIs,NY

Wis, Minn, La, Calif,
Wyo, Ohio

Penn, Tenn, Ind

Md, Penn, Del, Tex

Tex, Tenn, Ky, Fla,
Ind, Ohio, Ga
W Va, Va, Md

New England, N Y, Pa,
Ind, Tenn, Va, Ohio
N C, Fla, Del, Mass,

R I,Mich,N J, Ga,
Canada
Mo, Iowa S D
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TABLE 2 UNTREATED SURFACES, SURFACE TREATMENTS AND
COURSES—THE INITIAL COSTS OF WHICH FALL WITHIN
THE VARIOUS LIMITS NOTED

Costs For 1 MILE, Surracing Nor Less THaN 18 Feer WIDE

8500

IIntreated sui faces
Sand Clay
Traffic Bound Gravel, Slag, Stone
Misc Surf of Vol Cimders, Mine-
taihngs, Industrial Wastes using
Traffic Bound Construction

to $3,000

Surface treatments and courses
Nonbituminous Dust Preventives
Single Bitum Surface Treatments
Dual Bituminous Surface Treatments
Mixed-in-Place-Bitum  Surface Fme Ag-
gregate Type 1 |
Mixed-1n-Place-Bituminous Surface Coarse
Aggregate Type I
Mixed-n-Place-Bituminous Surface Coarse
Aggregate Type 11

$3.000 to $6,000

Disintegrated Granite
Gravel 1n General
Caliche and Marl

Mixed-in-Place-Bitum Surface Fine Ag-
gregate Type 11

Mixed-m-Place-Bituminous Surface Coarse
Aggregate Type II

Natural Rock Asphalts-14” to 1”7 thick

$6 000 to $9,000

Macadam
Lime Rock, Caliche, Marl
Chert, Shale

Giavel in General

£9,000
Macadam
Lime Rock
$12,000 to
Macadam
Lime Rock

Pre-mnxed-laid cold-Bit Surf Course Type
1-2” thick Type II-2” thick

Modified or Puddle Bitumimous Macad-
am, Cold Appheation

Pre-mixed, Hot Bitummnous Surface
Courses, 2" thick Top only

to $12,000

Pre-mixed-laid Cold Bituminous Surfaces
Bituminous Macadam, Hot application

Modified or “Puddle” Bituminous Ma-
cadam

$15,000 or more

Pre-mixed-laid Cold Bituminous Surfaces
Bituminous Macadam, Hot Application
Pre-mixed-laid Hot Bitummous Surfaces
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The following information is taken from “Roads and Streets,”
January, 1928, and is based on reports from state officials, for con-
tract work done during 1927.

AVERAGE CONSTRUCTION PRICES FOR SURFACING °

Maine. . Contract prices
Gravel subbase ............cc.ciiiiiiiiii i, $2.156 per cubic yard.
Gravel base course ............... eereeteneneeas 1.865 per cubic yard.
Stone base course...........coiiiiiiiiinieaaan, 2.822 per cubic yard.
Crushed stone base course................. eeeanes 4.375 per cubic yard.
Grave] surface course ..........coveviineinnnnnen.. 1.959 per cubic yard.
Bituminous Macadam surface course, Stone........ 5.125 per cubic yard.

Bituminous material applied and delivered in bar-
rels but does not include freight and cost of

bitumen ...........c i 0.055 per gallon.

Pennsylvania. : :

3-inch Penetration on Reconstructed Base Course..$1.10 per square yard.
Ohio. . Miles Contract prices

Surface treating .........coccoiiiieiiinrinninaann.. 2475 192,523

Traffic Bound Macadam.............c..covvnnennn.. 1758 352,203

Bituminous Macadam .........c.covvvivieinnnnnnn., 1573 4,015,683

Water-bound Macadam ..................ee.n... 1025 2,115,994
Indiana.

Bituminous Macadam 7-9 inches thick, 18 feet

15 - $18,000 per mile.

Macadam ..ouvenieneiniriieerienienerninatenannenn 7,000 per mile.

Gravel ... ..ot e i i 5,000 per mile.

Bituminous Re-tread top 2 inches x20 feet.......... 5,000 per mile.
Wisconsin. ’

Crushed Stone Surfacing ..............ccovvennnn.. $2.19 to $2.43 cubic yard.

Gravel Surfacing .........ocoiviiiiiiiiiiiiiiin.. 1.00 to 140 cubic yard.

Shale Surfacing ...ttt 122 to 1.44 cubic yard.

Top-Soil Surfacing .........cccoviiiviiiiiiiinen., 0.82 per cubic yard.

Mine Tailings Surfacing............ccovvveeevnnn.. 0.77 per cubic yard.
North Dakota. )

Preparing subgrade for gravel surface.............. $75.00 per mile.

Load, unload, compact and maintain gravel......... 0.23 per cu. yd.

Gravel hauling ..........coiiiiiiiiiiinieiiina., 0.17 per cu. yd. mile.

Screening gravel ........ ..ottt 0.03 per cubic yard.
South Dakota.

Gravel 24 feet wide, 7 inches thick.................. $5,000.00 per mile.
Nebraska.

Estimated for 1928

500 milesof gravelroad................ccovvvunnnn.. § 2,000,000.
Delaware.

Total 14-ft. widening with concrete 8 inches thick...$ 8,000 per mile.
Macadam 12 feet wide, 6 inches thick.............. 8,000 per mile.
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Maryland. .
Macadam 15 feet wide, 8 inches thick................. $16,000 per mile.
Gravel 15 feet wide, 8 inches thick................. 9,000 per mile.
Concrete Shoulder 3 feet each side
Total 6 feet wide, 8 inches thick................... 10,500 per mile.
Virginia.
Widening and oiling 322 miles............... Ceieens $965,774.
West Virginia. ’
Stone base ..... et e RETTTPIN $5.00 per cu. yd.
Top for Bituminous Macadam roads............... .76 per sq. yd.
Oil asphalt applied.................. PN .18 per gallon.
Tar applied .......coiiviiiiinniiiiinieennnn. SERER 20 per gallon.
North Carolina.
Plain Concrete 16 and 18 feet wide—8"-6"-8” and
B” thick «..vvviiiiii it iriientenenanesans $25,000 per mile.

Gravel, Top Soil and Sand Clay—30 to 35 feet
wide, feather edge section (9 inches center thick-

DEBS) vevvernrvntnraerantnrsaarcantioneraonanns 9,000 per mile.
Sand Asphalt 18 feet wide, 5 inches thlck ............ 17,000 per mile.
Road Oil Treatment (various widths)............. 5,200 per mile.
Florida.
Lime Rock Base surface treated 2366 mi........... $3,580,584.
{daho.

: Oil Treated Macadam 18 feet wide 2 inches thick..$2,017 per mile.
Crushed gravel or rock surfacing................... 1.748 per cubic yard.
Surfacing Binders .........ccoiiiiiiiiiiiiiiieanenn 053 per cubic yard.

Montana.
Gravel road 16 feet wide and 6%% in. thick.......... $10,000 per mile.
Wyoming.
Grave] SUrfacing «..ovvveereennrerernrernerienennns $1.569 per cubic yard.
Crushed rock surfacing..........coivvinieiinnnes 2.76 per cubic yard.
Overhaul ......ovvinii it eens 0.03 per station yard.
Nevada.
Gravel and Crushed Rock (Surfacing)—15 feet
wide, 6% inches thick................ ...l 87,364 per mile.
Gravel Surface only—18 feet wide, 64 inches S
YT < Y 3991 per mile.
Oiled Gravel, Turnover Method, 18 feet wide, 3
inch Penetration ...........ccoieiiiiiiiiiiinin, 2,105 per mile.
Crushed Gravel surface........... e eeraeraneaaaans 1.36 per cubic yard.
Oregon.
Gravel or broken stone surface, 18 feet wide, 8
inches thick.........coovviiiiiiiiiiiiiiinieen, $7,000 per mile.
Oiling surfacing ......cocveiiiuriiiiiininnrieenenas 900 per mile.
California. )

Graded and Rock Surfacing.
Surfacing 4 to 8 inches thick and 20 to 24 feet )
B L/ (- T $25,154 per mile.
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AVERAGE 1927 CONSTRUCTION PRICES FOR GRADING
AND DRAINING

Miles  Contract prices

Ohio ............. Grading and Drainage Structures. 128 $1,914,282
Wisconsin ........ Graded and Drained ............ 6,050 per mile.
Minnesota ....... Graded and Drained 30 to 40 ft.

WIde ..ovriiiiiiii e 11,378 per mile.
Missouri ......... Graded and Drained ............ 14,000 per mile.
North Dakota ....Graded and Drained 24 ft. wide.. 3,800 per mile.
South Dakota ....Graded and Drained ............ 200 640,000
Nebraska ........ 200 miles of grading and 500 miles

of gravel road ................ 2,000,000
Virginia ......... Graded and Drained ............ 110 2,146,338
West Virginia ....Graded and Drained ........ e 15,000 per mile.
NorthCarolina ..........ccccvviiiiiiiniiiiiinin., 8,500 per mile.
Georgia .......... Grading ............ciieiiann.. 354 2,866,231
Mississippi ....... Graded and Drained ............ 5,000
Oklahoma. ........ Graded and Drained ............ 5,500 per mile.
Texag ............ Grading and Drainage Structures. 389 2,648,752
Idaho ........... Graded and Drained ............ 3,243 per mile.
Montana ........ Graded and Drained ............ 9,500 per mile.
Wyoming ........ Graded and Drained ............ 7,000 per mile.
New Mexico ..... Graded and Drained ............ 7,193 per mile.
Oregon .......... Graded and Drained ............ 15,000 per mile.

California ........ Graded and Drained ............

19,038 per mile.

‘AVERAGE COST OF FEDERAL ROADS 1917 TO 1924

From U. S. Dept. of Agriculture Bulletin 914, Page 114

PERCENTAQE OF COST INVOLVED IN SURFACING AND OTHER FEATURES
PER CENT

O 10 20 30 40 SO 60 70 80 90 100

| ERN S A A |

I

GRADED AND DRAINED ' .

\
SAND -CLAY ~------- Vo222
- GRAVEL ------------ ’ [ 7777777774
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#BITUMINOUS CONCRETE

PORTLAND .
CEMENT CONCRETE
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Figure 20. In the Construction of a Road the Grading and Structures
May Be Considered as the Relatively Permanent Parts of the Road, and
the Expenditure Therefor as a Mote or’ Less Permanent Investment. The
Surfacing Requires Renewal at Intervals, the Length' of Which Depends

Upon the Type and the Traffic
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TABLE 5 AVERAGE COST OF FEDERAL-AID ROADS PER MILE
1917 TO 1924

From U S Dept of Agriculture Bulletin 914, Page 114

Per centage of average cost
per mile for—

Average =
@

Type cost per " S £ =

mile ] H = , -

- - o | 9O

9 S El geloe

a 1) o o ; Z £

> ) S5 S8

_ o @ @ [} =
.

Per Per | Per | Per Per

cent cent | cent | cent | cent

Graded and dramned earth $7800 | 68 28 4
Sand-clay . 7400 | 41 | 25 29 5
Gravel 9900 | 31 | 47 18 4
Water-bound macadam .. .| 17,500 | 17 | 69 11 3
Bituminous macadam 1ncludes base 2100 ! 13 | 73 | 2 | 10 2
Bitummous concrete includes base 33,500 9 | 81 1 6 3
Portland cement concrete 38300 | 13 | 76 1 8 2
Brick includes base 44,700 9 8|1 5 1

Average for all types 16,900 | 23 | 58 1 15 3

Note —Structures include culverts under 20 feet in span, drains, retaining walls, revetments, etc

500 T i
- Year Construction Maintenoance
| 107 e 624,241 40,732
1918 70,314,886 34/974,908
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Figure 21 Annual Expenditures by State Highway Departments

(From Engineering News Record Vol 99, No 6 * Road Maintenance by Oontract.”
ByC F Schleslnger)
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Figure 22, Annual Expenditures on State Roads Per 1000 Motor Vehicles,
(Maintenance Includes Repairs and Reconstruction)

(From Engineering News Record, Vol 89, No § ‘ Road Maintenance by Contract "
By G F Schlesinger )

Year State Locol Total
1400 :BZI 413241,662 623,346,110 1036,587,772

9?1300 N923 442959556 549775055 992734611

gl?OO 1925 048,125,101 649,814,600 1,268,939,70
2 B state Control

1100

o Total
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Figure 23 State vs. State and Local Highway Expenditures

(From Engmeering News Record, Vol 99, No 5 ‘‘ Road Maintenance by Contract *
By G F Schlesinger )
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ARIZONA MHIGHWRY OEPARTMENT
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Figure' 24. Budgeting Maintenance Costs in Arizona
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The cost of grading and drainage may or may not be a relatively
expensive 1tem as compared with the total cost of the completed road
The foregoing information from the various states and Figure 20 show
that the average cost of grading and drainage is no more than the
cost of the more expensive types of untreated surfates In moun-
tainous country 1t may be much more, but in flat and gently rolling
country 1t may be much less than the cost of the more expensive un-
treated surfaces

Where anticipated traffic 15 light, Ohio has utilized the locations
of existing roads 1n fdirly heavy country. Only the necessary widen-
ing and drainage has been done This, with a traffic-bound surface
of stone, slag or gravel has kept the imitial cost of grading and sur-
facing to 4bout $3000 per mile

Untreated surfaces in general cost less than $10,000 or $12,000 per
mile and more than $2000 Sand clays and the trgffic-bound types
are the lowest n cost, lime rock and macadams are the most ex-
pensive, the cost of gravel 1s about an average of these two The
annual maintenance cost of untreated surfaces is seldom permitted
to exceed $600 or $800 per mile for traffic up to about 600 vehicles
per day before surface treating or a change 1n type Some untreated
surfaces are carrying more than this number at a lower maintenance
cost, while others are carrying a smaller number at an equal or greater
cost.

Surface treatments and surface courses on previously untreated
surfaces which are used as bases, seldom exceed $5000 to $6000 per
mile, according to present practise They are expected to accommodate
from 600 to 1500 vehicles per day

The 1mtial calerum chloride treatments and their first year’s surface
maintenance 18 less than $1000 per mile. The dual bituminous sur-
face treatments and some mixed-in-place types cost less than $3000
per mile for the initial construction and first year’s maintenance

The thicker mixed-in-place types which use relatively high cost
aggregates may cost $4000 to $5000 per mile.

Natural rock asphalts and pre-mixed bituminous concretes, when
shipped by rail, and bituminous macadams usually cost $8000 to
$12,000 or $15,000 per mile.

If the combined cost of base, surface treatment and surface course
exceeds one half the cost of a pavement such as Portland cement
concrete, engineers commonly consider the pavement preferable, for
new construction.

Highway officials appear willing to spend for maintenance up to
$600 per mile for untreated surfaces, up to $1000 per mile for sur-
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face treatments and up to about $300 to $500 per mile for the more
expensive types of surface courses. This is, provided these surfaces
are carrying up to 500 or 600 vehicles daily on the untreated surfaces,
up to 1000 or 1500 for the surface treatments and more than 1500
for the pavement types.

Budgeting maintenance costs is now common practise in state
highway organizations. The Arizona chart (Figure 24) 18 an example
The chart (Figure 25) for Massachusetts shows that maintenance costs
of various types in that state are under yearly comparison. The
curves shown 1n  Figure 21 indicate that maintenance on state high-
ways is about 30 per cent of the construction costs.

Figure 22 shows that maintenance costs on state highways for each
1000 vehicles have not increased in the past seven years and that con-
struction costs have decreased.

Figure 23 1ndicates that the state highway units have gradually in-
creased their expenditures until 1926 when they were 14 the total
amount spent by the local units and state highway departments com-
bined.

Surfaces low 1n first cost are still being built where funds are not
available for high types and the cost of maintenance on these types
for traffic of less than 1000 vehicles per day apparently 1s not a
deterring factor 1n their selections.

SELECTION OF TYPE

The selection of type for low cost road surfaces is based on two
principal factors, necessity and adequacy. Necessity 1s evidenced by
the 1mmediate need for long mileage of roads of this class in com-
mumties which have insufficient funds for long connected mileages
of high type surfaces.

The adequacy of certain local materials for surfacing has been
demonstrated by states which have used them extensively either
treated or untreated.

Such materials will quickly become inadequate without careful
construction and intelligent maintenance.

Selection of untreated surfaces is based primarily on the availa-
bility and cost of suitable local aggregates. They should be of such
quality and gradation that the surface built from them can be bladed
or dragged at frequent intervals by motor-driven equipment. Un-
treated surfaces which meet these requirements are sand clay, gravel,
shale, chert, disintegrated granite, traffic bound surfaces of fine stone,
slag or gravel and caliche.
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Macadam and hme rock need a layer of gravel or fine crushed
stone before they can be maintained by blading.

Surface treatments with nonbituminous dust preventives are ade-
quate when maintained by frequent blading or dragging.

Bituminous surface treatments or surface courses are considered
adequate provided they are susceptible to scarifying, reshaping and
retreating at periods of from 1 to 8 years and the cost does not exceed
about $1200 per mile for the work and materials. Such types are
the dual bituminous surface ticatments and the mixed-in-place bitu-
minous surfaces.

Surfaces which approach or include the pavement types, such as
bituminous macadams, natural rock asphalts and the pre-mixed bitu-
minous types which are laid hot or cold are not as readily maintained
by scarifying, reshaping and retreating, and they are not as fre-
quently selected for low cost surfaces.

The riding qualities of a surface are of prime importance Those
types which include blading, dragging or sereeding 1n their construec-
tion or maintenance have better riding qualities than those which
do not.

Types are desirable which under maintenance or reconstruction
can be renewed by the addition of small quantities of new materials
as required and without serious interruption to traffic

The reconstruction and resurfacing of old existing surfaces which
have been compacted through years of traffic are frequently possible
and advisable This new surface 18 usually one of the low cost bitu-
minous types.

Progressive or stage construction is now recognized as a sound
economic policy.

It means the gradual improvement of a highway, first by proper
grading and draining; and second, by the addition of untreated
surfacing aggregates either in thin layers placed at periodic intervals
as required, or placed to a greater depth in one operation.

As traffic demands 1ncrease, this untreated surface is given one of
several types of surface treatment. When traffic requirements become
st1ll more severe, a pavement type of surfacing may be indicated By
this method of stage construction, the original investment has not
been lost because the materials already in the road have given ade-
quate service for the changing conditions of traffic and the weak spots
in the subgrade have been corrected under maintenance.

In the last stage, the existing untreated or treated surface is of
value as a sub-base for a pavement.
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Although 1t is true that tests have shown a greater cost of vehicle
operation and tire wear on gravel and stone surfaces than on pave-
ment types, yet it has not been shown by research or test what it
costs the owners of vehicles to be without these gravel and stone
surfaces. ‘

Tt is also probable that tests on surface treated gravel and stone
would show a considerable reduction in vehicle operation costs below
those for the untreated surfaces

There 18 small doubt that expensive pavement types have been
constructed where a surface of less than half the cost would have been
adequate The desire to cut mamtenance costs, to avoid the incon-
venience of perpetual surface maintenance, and the lack of knowledge
or of equipment to perform this maintenance have been the principal
reasons for such selections.

Climatic and soil conditions apparently have not been of major
importance m selecting low or high type surfaces, for treated and
untreated gravel 1s found 1n nearly every state regardless of the local
conditions.

There is no doubt that unit vehicle weight is a factor which cannot
be ignored 1 the selection of type. If the present or probable traffic
is to include even a small number of heavy trucks, equipped with
solid tires, low type surfaces will become inadequate. This was
proved for average conditions of soil and climate during the war
period of 1916-1918 when many miles of macadam and lower cost
roads were destroyed.

More recently busses, milk trucks, and gasoline trucks have become
a factor which must be considered or regulated when making a
selection of surface.

Selection of type 1s a prescription proposition

An engineer who is already famihar with the local conditions of
his own surfaces, available materals and funds, will do well to make
an examination of the work done by others under similar conditions
His final choice will be more easily and intelligently made.

In spite of the deterring factors and perplexing problems in-
volved in selection, low-cost road construction has been found neces-
sary and must continue as evidenced by the following tabulations and
this recent statement from the Chief of the Bureau of Public Roads:

“ Ag a matter of fact, to a large extent all highway construction
must be stage construction, and there can be no just criticism of what-
ever is undertaken if 1t be undertaken intelligently with a well-
defined conception of the future development and 1f the execution of
the idea is efficient.”
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80 LOW COST ROAD INVESTIGATION

1923 g GRADED AND DRAINED

-CLAY
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s |
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mee

TUMINOUS CONCRETE

1323 CEMENT CONCRETL

TETEEE RS IER I EOBEOEOIOEEEEGEOLGE

MILES
Figure 26 Mileage of Each Type of Road Constructed with Federal Aid
Each Fiscal Year Since 1920
(From “ Public Roads,” Vol 8, No 1)



DIGEST OF FINDINGS 81

Total Mileage in Existence ot the End.of Each Year

1921 . . 1925
Thousand Miles Type of Thousand Miles
200250 20 10 10 0 0 Surface 0_S0 100 ‘l§0 200 250 Jw

63,339 70,887
286,920 "y
Untreated gravel V72070202222

O, Sond-clay

199,899 72777222

¢ Surface-freated
4 macadarn and grove,

4,978 {Bituminous concrefe 8,242
1601 | Sheet asphalt 2,760
%

15,611

4 .
[ Portland cerment
concrefe ?37' 98t

§ Bridge and other 5302 .

34208 biock pavernents
11,3038 Miscellarieovs 559 L]
Total 381,760 52,915

Figure 27. Showing Trend in Types of Surfacing on Federal Aid
Highways, from 1921 to 1925

(From article by Thomas H. McDonald, Ohief, U. S. Bureau Public Roads, Washington, D. C.,
Engineering News Record, Vol. 89, No. 9)

" TABLE 8

ILLUSTRATING THE TREND IN TYPES FOR FEDERAL AID PROJECTS
TO 1927. LOW COST ROADS AND STAGE CONSTRUCTION
PREDOMINATE .

(From U. 8. Bureau of Public Roads)

The total of Federal-aid projects completed, under construction, or approved for
construction as of July 1, 1927, was 76,708 miles, divided as follows:

; Miles
1. Stage construction, graded, and drained............... 15,500
2. Sand, clay, and gravel................. i eieeaes 34,474
3. Waterbound macadam .. .. .........c.ciiiiieiiaan 1431
4. Bituminous macadam ............ .o iiiiiieiiaiianens 4,307
5. Cement CONCTELE . ......veuveereeereeinrenmiriesornenns 18,009
B. BIiCK "evvervrronnrninaeeaertriariatasniieienianaes 832
7. Bituminous concrete and asphalt.. . ................... 1,923
8 Bridges ...........coiiiinn et - 232
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SELECTION OF TYPICAL CROSS SECTION

The principal features of a typieal cross section for roadway
surfacing are width, thickness at various ponts, and crown

These must be suitable for the materials used, and for the methods
of construction and maintenance. Alignment, traffic, and weather
conditions must also be considered

UNTREATED SURFACES -

Such surfaces as sand clay, gravel, fine crushed stone, and other
materials which are maintained by constant blading are commonly

UNTREATED SURFACES

TRENCH SECTION

2'T06 WHER LAID AS 1 COURSE
&'T00 WHEN LAID A3 2 COURSEY

W'to 30

MoPe % 1 TO % )
bt

FEATHER EDGE SECTION

USUALLY 1 COURSE

241030
15 to 20

~—

COMBINATION TRENCH ao FEATHER EDGE
Secmon

Figure 30 The Three Principal Cross Sections Used for Untreated
Surfaces. Except for the Trench Section They Are Commonly Main-
tained by Blading and Dragging

built from out to out of shoulder or within 3 feet of each shoulder
edge. The total surfaced width is seldom less than 24 feet on state
highways where the feather edge section 1s used.

The feather edge section has 1ts greatest depth at the road center
and tapers to 1-inch or less at the outer edges. The center depth is
usually from 4 to 9 inches The crown 1s from 1 to V5-inch per foot
with a tendency toward the lower limits in dry weather and the
higher in wet weather. On super-elevated and widened curves a
uniform depth section with no ecrown is used.
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UNTREATED SURFACES ADAPTABLE TO
BITUMINOUS SURFACE TREATMENTS oe SURFACE COURSES

a——

he————— 187020

TRENCH SECTION

870 20'

THICKENED EDGE SECTION

STEPPED SECTION

/’f — ?"‘\

THICKENED EDGE ano STEPPED SCCTION

Figure 31. Sections Which Are Consolidated by Rolling and Are Com-
monly Used as Bases for. Bituminous Surface Treatments and Surface

Courses
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Such surfaces as macadam, lime rock, gravel, chert and other
materials which are compacted by rolling during construction and
which are not easily maintained by blading or dragging are com-
monly built in widths of from 15 to 20 feet. The trench section 1s
commonly used with a umform thickness of from 4 to 8 inches.

A few cross sections show an increased edge thickness, the center
being 6 inches and the outer edges 8 inches The stepped section is
also used, that is, one in which the lower courses are wider than those
above. The offsets at each edge vary from 3 to 12 inches for the cases
studied.

Florida shows 12 inches and Ohio 3 inches One section showed
a thickened edge and offsets. The crown 1s seldom less than 4-inch
to the foot and seldom more than l15-mch From Y to 34-inch 1s
general practise for the cross sections studied.

SURFACE TREATMENTS

Surface treatments with such materials as calcium chloride, single
or dual bituminous appliecations, and the bituminous mixed-in-place
types which utilize the aggregates in the roadway surface may ex-
tend from out to out of shoulder, 1f the existing surfacing aggregates
have that width. Commonly, however, they are not less than 17
or 18 feet wide nor more than 24 or 26 feet. The intention is to
secure a umiform depth of treated surface of from 14 to 3 inches

The crown is that of the surface being treated usually from 4 to
Yo-inch per foot, with preference shown for 14 to 3g-inch.

SURFACE COURSES

Such surfaces as bituminous macadam and all pre-mixed bitu-
minous types have a width equal to or less than the base on which
they are laid. Their thickness is uniform for the entire width of
surface and 18 seldom less than 1-inch mor more than 3 inches for
one course construction Thickened edge designs are unusual

WIDTH

Untreated surfaces with the feather edge cross section are com-
monly built to a greater width than trench or stepped sections. Wide
sections from shoulder to shoulder are desirable because of easier
maintenance with blade and drag, a wider distribution of traffic, less
tendency to form or travel in ruts and less undesirable shoulder

~
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material such as sand or clay becomes mixed with the selected sur-
facing aggregates.

Surface treatments and surface courses of the bituminous types
when built with a uniform depth of section and less than 18 feet in
width, show a tendency to break down or become displaced vertically

CONCRETE HEADER BIT TOP LINE QOCK BASE PORTLAND CEMENT CONCRETE

ROUSH HEADER STOME wLEAN CONCRETE FINLEY PROCESS BIT MATURE PEN oxMiXED MACADAM

Figure 32. Various Methods Used to Prevent Edge Breakage
Under Traffic

and laterally near their edges This 1s due to wheel concentrations
Width greater than 18 feet tends to reduce such breakage and dis-
placement,

CROWN

Crowns of more than 14-1nch to the foot are rare m modern sur-
facing of any type Steep crowns are dangerous to traffic; they
create a tendency to formation of ruts. Distribution of traffic over
the entire surface is unusual on roadways having steep crowns.

Greater erosion occurs with steep crowns on untreated surfaces
and skidding on treated surfaces is more frequent
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Crowns of 1 to 34-inch to the foot have proved sufficient for
surface drainage; they are less easily eroded and more eagily main-
teined. The riding qualities and distribution of traffic are better

with the lower ecrowns. ,

THICKNESS

The factor of safety for recent designs in concrete pavements is
about 2; that 18 the strength of the pavement under maximum prob-
able loading conditions 1s designed to be two times the internal
stress created by that loading.

The factor of safety for all other types, except for a few pave-
ments, has not been determined by controlled tests or by sustained
theory. It has been accepted within wide limits of thickness by
usage only. In general, the thickness of untreated surfaces, surface
treatments and bituminous surface courses 18 such that 1t will not
show excessive failure under the expected loads, or, 1f 1t does fail,
1epairs may be made without serious traffic interruption or expense.

The compacted thickness of untreated surfaces of the traffic bound
stone or gravel type is sometimes as low as 2 inches If the traffic is
light this may be sufficient.

On the other hand, common practise n the New England States
calls for a sub-base of gravel or stone which may be from 2 to 12
mnches in depth, before even a gravel surface of 4 to 6-inch thickness
is laid.

There appear to be two tentative theories, one in which a fairly
narrow trench section of uniform depth or a thickened edge section of
15 to 18 feet 1 used with a depth of from 6 to 12 inches, and the
other in which a feather edge or uniform depth section of 20 to 30
feet width is used with an average depth of from 2 to 7 inches. The
volume of material may be about the same for each case. Apparently
the thought 15 to prevent wheel concentrations by using the wide
sections which are of shallow depth in the one case or by using a thick
but narrower section (or one with a thickened edge) to absorb the
stress of wheel concentrations in the other. In other words, 1t 1s
a case of lateral or vertical distribution of the effects of traffic.

EDGE STRENGTHENING

Edge strengthening by various methods is illustrated 1n Figure 32
An excellent article by A. T. Goldbeck, Director Bureau of En-
gineering, National Crushed Stone Association, on “ Studies in the
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IMPROVEMENT OF EXISTING UNTREATED SURFACES

I 20’

BITUNINOUS SURFACE - DUAL TREATMERT 0R MIXED IN PLACE
FEATHER EDGE GRAVEL or SAND CLAY

BITUMINOUS SURFACE - DUAL TREATMENT or MIXED IN PLACE
FLORIDA LIME ROCK o2 MACADAM - TRENCH SECTION

19-24'

2 T03 8T CONCRETE oa| BIT MACADAN

P

- D, ST B X

1"T08°ALAIN CONCRETE
SHOVLDER

COMCRETE SwouLpeg | TO PROVIDE EQUIVALENT oF & new
24 12-16" T 2~4'~

RECONSTRUCTION OF OLD MACADAM AND WIDENING
BY ADDITION OF CONCRETE SHOULDERS

Figure 32
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Structural Design of Bituminous Macadam Roads,” treats this sub-
Ject at some length.

The possible value of the strengthened edge designs for other than
concrete roads is attracting deserved attention.

An ideal section is one whose width, thickness and crown are of
such dimensions that all portions of the section transmit external
loads to the subgrade without the internal resistance of these portions
being exceeded. These conditions are fairly well met by sections
wider than 20 feet which are of uniform thickness or of the feather
edge type, and, for narrower sections, by those which have suitable
edge strengthening Flat crowns of 14 to 34-inch per foot should not
be exceeded in either case.

EFFECT OF CLIMATE AND SOIL ON ROAD TYPE

The effects of climate and soil on construction and mamntenance

show wide vanations. Soil and subgrade studies are still 1n progress,
principally by the U S Bureau of Public Roads. The effects of
weather conditions on pavement construction has been made a subject
of 1nvestigation by the Engineering-News Record and by the U S
Bureau of Public Roads.
. Untreated surfaces of gravel and other types which are located
1n regions of low rainfall suffer serious losses of surfacing material,
particularly during high winds, even under traffic of less than 300
or 400 vehicles per day.

Arizona reports such conditions.. Western Oregon, where the rain-
fall 15 moderately heavy, has less difficulty 1n maintaining gravel and
stone roads than the eastern portion of that state which has low
rainfall.

Alaska, where there 1s plenty of ramn, cold weather and a con-
tinuously wet soil, reports no trouble from dust on gravel surfaces.

Table 9 is made up from a study of U. S Weather Bureau reports
and shows weather conditions over the United States
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TABLE 9

91

WEATHER DATA, UNITED STATES OF AMERICA, COMPILED BY
F D NASH, FROM U § WEATHER REPORTS,

SEPT AND OCT 1927

Mean

annual Highest Lowest

precipitation mean mean
State Portion inches  temp temp
Alabama Nor & Western 49 00+ 105 — 9+

‘ E Cent. & Sou 65 32+ 105 zero
Alaska S & 8 Eastern 75 40+ 85 —16+

“ Inter Valleys 24 80+ 89 —59+

“ W & Northern 27 21+ 78 —49+
Arizona Southern 10 85+ 118 + 9+

“ Northern 16 12+ 107 —10+
Arkansas . Southern 46 22+ 108 — 9+

‘f Northern 47 25+ 109 —17+
California . Southern 14 10+ 110 +15+

“ Central 18 85+ 111 +17%

“ Northeastern 84 81+ 108

o Northwestern 40 22+ 107 +14+
Chesapeake Bay Region 42 82+ 104 —11+
Colorado Southeastern 17 80+ 99 —80+

“ Northeastern 16.88+ 99 —82+

o Western 17 8+ 94 —38+
Connecticut 42 01+ 99 —24+
Delaware (See Chesapeake Bay Region)

Florida Northern 53 60+ 103 +10

“ Southern 41 43+ 99 +22
Georgia Western 52.48+ 104 — 4+

" Cent & Eastern 49 44+ 107 — 2+
Hawalii .o All 76 80+ 90 +49+
1daho Northern 23 22+ 103 —24+

o ..Southern 14 56+ 105 —20+
Tlhinois Northern 8312+ 107 —27+

. . Central 86 04+ 106 —25+

“ + «eseSouthern 41 41+ 109 —20+
Indiana Northern 36 07T+ 106 —23+

“ Southern 492 52+ 107 —22+
Iowa Western 32 39+ 108 —864

«“ QOentral 82 80+ 108 —88+

“ Eastern 32 39+ 107 —81+
Kansas . All 28 60+ 111 —27
Kentucky Eastern 46 87+ 104 —20+

“ ..Western 45 50+ 108 —21+
Louisiana . Southern 656 37+ 108 + 7

“ Northern 49 32+ 107 — 2+
Maine All 40 66+ 98 —29+
Maryland W and Central (See Potomac River Basin)

“ ...Eastern (See Ohesapeake Bay Region)
Magsachusetts - 42 014 99 —244
Michigan ...Upper Penin 80 00+ 99 —81+

“ . Western Lower 31 00+ 102 —20+

‘ Eastern Lower 82 00+ 103 —20+
Minnesota .+« Southwestern 26 81+ 104 —38+

“ « «..Southeastern 28 85+ 106

“ Northern 24 98+ 102 —48+
Mississippi Northern 49 30+ 104 —

“ . Southern 65 82+ 104 + 2+
Missouri Southwestern 40 00+ 109 —27+

“ Southeastern 44 98+ 109 —244

“ Northern 86 67+ 109 —26+
Montana Southeastern 14 85+ 108 —46+

.”" Southwestern 16 06+ 101 —434

o Western 17 82+ 102 —83+

« North Central 16 00+ 102

“ Northeastern 14.27+ 108 —52+
Nebraska Northwestern 19 75+ 106 —36

«“ Northeastern 27 15+ 109 —36

“ . Southern 25 00+ 111 —33
Nevada ..All 721+ 106 —21+
New Hampshire 42 01+ 99 —24~+
New Jersey S Int. & Seacoast 4768+ 103 —10+—

“ o ou Northern 47 4+ 104 —184
New Mexico Western & Sou 13 43+ 113 —18+

oo« ..Northwestern 14 09+ 100 —22+

v . Northeastern 17 87+ 102 —20-+
New York Western 85 20+ 99 —28+

“ o COentral 89 09+ 08 —30+

“ oo South Central 88 76+ 29 —80+

“oo ..Eastern 41 68+ 100 —24+
North Carolina East & West 61 66+ 98 —16+

“ e W Oentral 51 46+ 102 — 7%

“ooo« QCent. & S East 48 06+ 104 — 44

“wooe .N Eastern 48 23+ 102 — 2+

Mean
freezing
date in
spring

Apr 26+
Apr 20+
May 20+
June 20+
June 10+
Apr 16
June 1+
Mch
Apr 1
Apr 103
Apr 20+
June 14
May 2
May
June 16+
June

July 1+
June b

Apr 16%
Mar 10
Apr 2
Apr 20
No frost
June 25+
July 1+
June

May 16+
May 10+
May 26+
May 16+
May 20+
May 20+
May 2564
Apr 26+
May 10+
May 103
Mar 10
Apr 20
June 156

June
June

-

£
Tege

June
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H
Bt
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Mean
freezing
date in

fall
Qct 16+
Oct 15+
Oct 1
Sept 1
Sept. 20
Oct 25+
Sept 20+
Nov 10+
Oct 16k
Nov 1+
Oct 16+
Oct 6+
Oct 156+
Oct 25+
Sept 15+
Sept 15+
Sept 5+
Sept 10
Nov 1+
Dec 1
QOct. 20
Oct 15
Sept 1+
Sept. 1+
Sept 16+
Sept 20+
Sept 25+
Sept 16+
Sept 20+
Sept 16+
Sept 16+
Oct. &+
Oct 20+
Sept 26+
Sept 25+
Nov 16+
QOct 20+
Sept 10
Sept 10
Sept. 1
Sept 10+
Sept 10+
Sept 25+
Oct 1+
Sept 1+
Oct 10+
QOct. 20+
Sept. 20+
Sept. 25+
Sept 25+
Sept. 1+
Aug 20+
Aug 254
Aug 26+
Aug 263+
8ept 10+
Sept. 16+
8ept. 156+
Sept 1+
Sept 10+
Sept. 26+
Sept. -+
Oct. 20+
Sept. 26+
Oct 1
Sept. 10
Sept. 10
Sept. 10
Sept. 16
Sept 25+
Oct &
Oct 10
Oct 16
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TABLE 9—CoNTINUED

Mean Mean Mean
annugl  Highest Lowest ireezing freezing
precipitation mean mean date in date in
State Portion inches temp temp spring fall
North Dakota Western 16 69 106 —47 Abt June 15 Abt. Aug
oo Eastern 19 26 105 —48 June 15 Avg 20
Ohio Northern 86.74+ 104 —28+ June 14 Sept 15+
« Southwestern 89 864 105 —24+ May 20+ Sept 25+
“ South Central 38.68+ 105 —26+4- May 254 Sept 20+
’“ Southeastern 39 38+ 104 —~26-+ May 25+ Sept 20+
Oklahoma Eastern 88 76+ 110 —14 Apr 25+ Qct. 10+
‘¢ Western 30 00+ 112 —14 May 1+ Oct 1+
Oregon Western 51 44+ 101 — 5+ June 1+ Sept. 25+
“ Eastern 14.00+- 104 —24+—  June 20+ Sept 10+
Pennsylvania Western 41 41+ 103 —14+ June § Sept. 15
“ Central 40 08 103 —24 June 6 Sept. 16
“ Eastern 48 09+ 103 —18+ May 20 Sept 20
Potomac River Basin 3987+ 104 —194 May 16 Oct 5
Rhode Island - 42 01+ 99 —24+ June B8 Sept. 10
South Carolina Western 48 76+ 105 — 1+ Apr 20 Oct 15
“oou Eastern 4716+ 106 + 2+ Apr 15 Oct 20
South Dakota Western 18 60 108 —40 June 1 Abt Sept
“ “ . Eastern 22 80 107 —42 June 25+ Sept
Tennessee Middle West 50 83+ 104 —18+ May 156+ Oct. 1+
“ Eastern 51 66+ 98 —16+ May 20+ Sept 25+
Texas Northwestern 24 50+ 109 —10 May 10 Oct 15+
“ Central 26 50+ 110 — 4 Apr 25 Oct 20+
“ Eastern 40 00+ 111 — 5 Apr 25 Oct 20+
«“ Southern 31 88+ 107 + 8+ Apr 5+ Oct 25+
" Western & Sou 13 43+ 118 —18+ May 74 Oct 20+
Utah . Eastern 11 18+ 104 —26+ June 20+ Sept 10+
“ Western 18 93+ 103 —23+ June 256 Sept 103+
Varginia 8 & Southwest 43.60+ 100 —19-4- May 20+ Sept 25+
“ « 8 & Eastern 42 87+ 102 — 4+ Apr 25 Oct 10
“ ««+Oentral 41 60+ 104 —18+ May 15 Oct. 5
Vermont 42 01+ 99 —24+ June 5 Sept 10
Washington Western 49 14+ o7 Zero Mav 25+ Sept 25+
“ Eastern 16 48+ 107 —244 June 25+ Sept 15+
West Virginia . Northern 45 84+ 108 —26+ Vav 80+ Sept. 25+
“ oo S & Southwest 43 60+ 100 —19+ Mav 204 t. 25+
Wisconsin Northwestern 30 00+ 101 —43+ June 10+ Sept 5+
“ Central 32 00+ 102 —414 June 10+ Sept 5+
“ Eastern 81 40+ 106 —324- June 1+ Sept 20+
Wyoming Western 16 04+ 94 —46+ July 154 Aug 10+
« Southeastern 14 284 98 —38+ June 20+ Aug 25+
“ Northeastern 18 08+ 101 —838+ June 20+ Aug 20+

The following remarks, from the 1927 report of the Committee
on Structural Designs of Roads of the Highway Research Board
are pertinent to subgrade studies:

“One cannot walk over certamn road grades without realizing that the require-
ments for supporting traffic 1n some locations must be different from those in
others The influence of this subgrade vamation 18 very marked 1 our low type
pavements, 1n certain flextble types and m rigid types of less than 6 inches thick-
ness As the pavements become thicker and especially when remnforcement 1s
added and jomnt or groove spacing 18 reduced, the subgrade influence gradually
vanishes This means that the pavement, throughout 1ts length has been designed
to meet the requirements which 1 some instances exist in prhaps but 2 or 3 per
cent of 1ts length

“Thus 1t can be seen that the object of subgrade studies 1s not primanly tc
learn how to build a ngid pavement, but rather to determine when ngid pave-
ments are required and when and where other types will be satisfactory, and mn this
way recetve from our road expenditures a considerably increased mileage of ser-
viceable roads ”

The extracts of discussions and conclusions which follow repre-
sent present thought on the features of soil, subgrade and weather
conditions as they affect roadway surfaces.
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By A. C Rose, Assocuate Highway Engineer, U 8 Bureau Public
Roads, ““ Public Roads,” September, 1925

Relating to Subgrade Studies Completed or wn Progress 1 Gener-
ally speaking, all the data obtained in the United States indicate, the
character of the clay remaining constant, that good subgrade soils
have a low clay content by mechanical analysis and bad subgrade
soils are characterized by a high percentage of clay. Illustrative of
A exeeption 13 the “ rotten limestone ”” formation 1n the Black Waxy
Belt of Texas, which, though high mn clay, 1s not a bad subgrade
material

The construction methods which may be adopted 1n bad subgrades,
assuming the quality of the materials and the workmanship on the
pavement to be umform, are in general as follows:

(a) Use upland coarse grained soils for building fills over lowland
clay soils

(b) Use side ditches of special design

(c) Use tile drams In heavy clays these are generally useless
except 1n uncommon cases such as open seams or pores
n the so1l, water-bearing strata, or hydrostatic pressure

(d) Use a granular sub-base such as sand, sand clay, topsoil, stone,
or gravel.

(e) Thicken the pavement.

(f) Add steel reinforcement

The study of the Califormia highway system by the Bureau of
Public Roads showed that 70 per cent of the pavement failures
occurred on adobe so1ls The eracking of the pavements on adobe so1ls
indicated a distortion of the subgrade due to varying moisture con-
tent and shrinkage.

Clay soils, as compaied with sands, show a relatively large heave
when frozen, according to field tests by Stephen Taber, Statec Geologist
of South Carolina.

Bureau of Public Roads laboratory tests show a greater percentage
of water freezable m sands than in clays This does not mean that
the amount of the heave 1n s#hds due to freezing will be greater
than 1n clays. On the contrary it would seem that the greater heaving
would occur 1 clay with capillary water present because of the
greater total amount of water frozen

Cracks are infrequent in pavement laid on well-drained sand or
porous subgrades. '
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The more compact the subgrade soil, the more f;equently cracks
oceur.

The permeability or the porosity of soils seems to increase with
the size of the soil grains, the character of the grains remaining
constant.

The best subgrades are found in fills and the worst in cuts.

The selection and redistribution of subgrade soils to secure a
stable roadbed is a possible method of construction. The use of a
granular sub-base over the undisturbed subgrade soil 1s the more
general practise.

A sand sub-base prevents clay subgrade material from working
up into the voids of a macadam road

Granular sub-bases seem to be more beneficial on bad subgrades
than admixtures of Portland cement or hydrated lime

Sand 1s as effective as Portland cement or hydrated lime when
used as an adulterant to reduce the shrinkage of a clay soil.

Semigravel, topsoil, and sand-clay roads provide effective surfac-
ing material in the Southeastern States. They could be and have been
used elsewhere but under other names

It is not possible to remove capillary water from subgrades by
drainage. Free water only may be removed by practicable methods.

By A. T. Goldbeck, Director, Bureau of Engineering, National
Crushed Stone Associaton, “ Crushed Stone Journal,” 1926.

In general, 1t might be said that the extreme characteristics of
subgrade soils are as follows:

Bad Souls

- Extremely fine state of subdivision (as in clays).
. High moisture capacity

Extreme plasticity.

Difficulty of drainage

Low bearing value.

High volume change.

Good Soils

. Coarse, granular texture
. Low moisture capacity.
Non-plastic when wet.

. Easily drained.

High bearing value.

Low volume change.

The RS o8

Th e Q0 o
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IMPROVING BAD SUBGRADES

It goes without saying, that if granular soils furnish good support
and plastic soils poor support, it will be quite possible to improve a
bad soil by the admixture of enough good material. The use of an
admixture of sand with a clay soil to form a sand-clay road surfacing
18 a typical example of this procedure and guch a surfacing forms an
excellent foundation for a broken stone road. The much discussed
“ gtage ” construction of the South consists in the building of a sand-
clay or top-soil road for the small amount of traffic then to be accommo-
dated, to be followed later with a higher type of surfacing, often &
bituminous macadam. The use of a layer of granular material such
as fine stone screenings, cinders, fine sand or similar material would
also be beneficial for several reasons.

A. Because such a layer would serve as so much more effective thick-
ness for distributing the load to the subgrade

B. Because such a layer would aid greatly in preventing the upward
intrusion of clay into the broken stone layer, thereby prevent-
ing its full effective depth from being decreased through
lubrication of the stone by the clay.

C. Drainage of the upper layers of the subgrade would be facilitated
and the accumulation of capillary moisture in the upper layer
would be lessened.

Admixtures of certain materials which might improve the physical
characteristics of plastic soils are also not without possibility and
are under experiment at the present tume by several agencies. A few
states have been using a granular sub-base under their pavement
surfaces with very good results. A subbase of granular material
having the characteristics listed above for good soils would be bene-
ficial under macadam roads laid on bad subgrades

By F. H Eno, Ohio State University. Proceedings Sixth Annual
Meeting Highway Research Board.

PAVEMENT DISPLACEMENT DUE TO WATER AND FROST

1. No definite relationship appears to exist between the displace-
ment of the pavement and the mechanical analysis of the soil, or with
the various characteristics of the subsoils. The nearest possible
chance of a relationship appears to be with capillary water. Dis-
placement seems to increase with increased capillarity.
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2 There appears to be greater 1rregularity of displacement of the
pavement on bituminous and macadam roads than upon brick and
concrete roads, also upon new roads than upon long used roads.

3 The displacement is due both to moisture and freezing There
are not sufficient data at present to evaluate the amount due to each
cause In three cases at least the moisture caused the maximum
moements, for they occurred in May and August. Six times the
mimimum height occurred during February or March.

4 In Ohio under normal seasonal conditions, the displacement
of the pavements 1s upward during the late fall and early winter and
downward during the late winter, spring, summer and early fall
Exceptions are noted in paragraph No 3 above

5 The amount of displacement ranges from 0 025 to 0.265 of a
foot, averaging about 0 063 foot in Ohio for the two seasons 1925
and 1926

6 The wet, humd weather of August, 1926, made some rather
marked differences 1n the movement of pavements in August of the
two years 1925 and 1926.

7. The maximum height of pavements occurred later 1n 1926 than
m 1925, due evidently to different weather conditions. The maxi-
mum height was reached later mn the northern portion of the state
than 1n 1926 than 1n the southern part

8. It is quite certain that there are more severe climates in other
parts of the Unmited States than in Qhio and that in more severe
winters and wetter seasons greater movements of pavements will take
place

By C. A. Hogentogler, I. B. Mulls and A C Benkelman, U. 8.
Bureau of Public Roads Proceedings Sixth Annual Meeting
Haighway Research Board

PRESENT SUBGRADE PRACTISE

A scrutiny of current practise in regard to subgrades seems perti-
nent at this point. Many states give 1t little or no consideration,
using the same pavement designs for all conditions of support. Other
states consider subgrade influence and compensate for it in varying
degrees and manner From information furnished by the District
Engineers of the Bureau of Public Roads, specific practises in sub-
grade compensation are given as follows:

Arizona. Design of pavements dependent on subgrade, rainfall
and temperatures Type and thickness of pavement varied Silty
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sand subgrade stabilized by adding mixture of gravel, caliche and
clay Very fine dust subgrade (high cementing value) surfaced with
clean coarse gravel Adobe soils surfaced with voleanic cinders, gravel
or similar available material In some cases, this treatment is used
as “stage” construction for surfacing

Calsforma  Subgrade soil tests are part of routine on new con-
struction jobs Soils of low shrinkage and low moisture equivalent
values are given preference for embankments When moisture equiva-
lent exceeds 30 per cent and the lineal shrinkage exceeds 5 per cent,
subgrades are stabilized by the addition of sand, decomposed granite
or similar material

Oregon. Inspections by division engineers generally determine
subgrade conditions but 1n some cases laboratory tests are employed
Tn some cases of questionable subgrades, sand sub-bases (thickness
dependent on so1l shrinkage values) are used, while others (soft places
or “ dobe ") slab design 1s changed by adding reinforcement and re-
ducing joint spacing

Washington Subgrades are mspected by Construction Engineer,
and the District Engineer Questionable subgrade compensation con-
sists of mcreasing the thickness of paving, increasing or adding reimn-
forcement, reducing the slab lengths or by adding gravel sub-bases
Soft spots are dug out and back filled with gravel Tile drains are
used 1n wet and spongy places

Colorado Subgrades sampled and tested before pavement con-
struction Subgrades having lineal shrinkage in excess of 5 per cent
receive sand treatments 2 to 10 inches) varying i depth 1m accor-
dance with the extent the moisture equivalent exceeds 20 per cent

Minnesota Clay subgrades are stabilized by additions of sand and
gravel and sand subgrades by the admixture of clay In swampy
sections, fills are made with coarse-gramed upland materials while
deep wide ditches and a generous amount of tile are used to accommo-
date free water Frost boil failurcs are treated with admixtures of
gravel Special reinforcement is added to concrete pavements when
so1l seems especially unstable In some cases subgrades are oiled

Kansas In isolated cases, a sand sub-base 18 used on gumbo so1l

Massachusetts Subgrade conditions determined by visual inspec-
tion during spring breakup, test pits along the proposed project and
by inspection during construction Concrete pavements are not varied,
but foundations (stone and gravel) and drainage are. Side drains
are effectively used.

4
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Rhode Island Subgrade conditions are determined by inspections
made 1n the spring when frost 1s leaving the ground and the subsoil
18 well saturated with water When road follows new location sam-
ples of subgrade are secured for test Sub-bases of gravel are used
under penetration macadam or concrete roads as questionable sub-
grade compensation.

Connecticut. Double remforcement in the slab and either sand,
gravel or stone sub-bases connected to underground drains, are used
m locations where heaving 1s expected

Maine, New Hampshire, New Jersey and New York also compen-
sate for questionable subgrade This compensation includes gravel
and stone sub-bases, bituminous treatments on the subgrade and steel
reinforcement 1n the slab

Where extreme conditions of lack of support are found, rather
elaborate precautions have been taken. In North Carolina one road
consisting of heavily reinforced slabs has been laid on four rows of
piling. In the flat land of southwest Missour:, drainage by tiling 1nto
wells which are carried down to a sand or gravel stratum has been
used. And 1n Louisiana, conditions were improved by dredging out
the origimal muck and back filling with lake bottom soil.

Weather and Climate, Engineering News-Record, September 8, 1927.

With the end of the ““ third wettest August (1927)” since 1871
commiseration with road builders 1s 1n order. Occasion, too, 18
offered for comment on the fact that of all hindrances to steady profit-
able road-construction output, those due to ramn are accepted with the
least show of determmation to find preventives Tn a study made
by the Bureaun of Public Roads of losses in concrete road construction,
one-half of all time losses 1s charged to weather—rain, cold and frost
As a rule delays due to actual frost are small, and cold weather milder
than freezing acts only to prolong the period for which the effects of
ramnfall hinder construction Substantially, then, rain 1s the whole
weather cause of time loss 1n fine grading and paving for concrete
roads, and be 1t remembered weather losses are a half of all time
losses. That of the Bureau of Public Roads, for exawnple, shows that
1t 15 not 1nches of rainfall but continuity of light rains, 14 to 34-1nch
falls, which most delays construction Tt shows that ramn in the hot
months 1s less a hindrance than 1n cold months It shows that failure
to provide means by which the subgrade will quickly drain off rain-
fall prolongs rain delays In general it indicates “ that a goodly pro-
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portion of the time lost now as the direct or indirect result of rainfall
18 not inherent 1n the nature of the physical conditiors, but rather,
at least in part, 18 due to difficulties inherent 1n or connected with
the present methods of operation and management.” These are con-
clusions which challenge the road builder to take stock of his practises
before accepting weather delays as irremediable dispensations of
Providence.

By A C. Rose. A paper presented at the April 22, 1 9%7, meeting of
the Amerwcan Society of Cunl Engineers.

FOUNDATIONS AND DRAINAGE OF HIGHWAYS

The adverse character of the subgrade soil depends primarnly on
the volume change caused by variations 1n moisture content or frost
action The mam adverse action of the volume change occurs 1n one
direction—the vertical

The volume changes of the so1l distort the subgrade, which displaces
the pavement unevenly and subjects 1t to excessive localized stresses.

The adverse character of the subgrade soil 1s shown to increase
with the clay content.

Commattee on the Structural Design of Roads, Highway Research
Board Report of Subcommnuitee on Subgrade Studies, Decem-
ber, 1927.

Climatic and topographical conditions being equal, the resistance
of a subgrade against deformation depends on the purely mechanical
properties of the soil, viz, compressibility, elasticity, and perme-
ability.

Surfaces of the exposed soils change moisture content quickly from
2 to 124 per cent of the dry weight of the soil due to rain, thawing
and drying weather

Only free or gravitational water can be removed by ditches and
dramn tile.

Water, capillary and absorbed, cannot be reduced by drain tile or
trenches directly. Thus drain tile laid in dense soil free from stratifi-
cation cracks and other openings 1s not generally useful.

Observations made at the University of North Carolina showed
that drains were not sufficient for removing capillary moisture from
the subgrade.

On one section of the Bates Road 200 feet long tile drans were
laid under the side edges of the pavement 24 inches below the sub-
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grades, the trenches were back filled with cinders and free outlets
were provided for the tile. Observations covering a period of three
years showed no measurable difference 1n moisture contents of the
subgrade where the tile was used and in adjacent sections where no
drainage was provided

Observations on experimental sections at Arlington, Va, did not
show that side ditches with drain tile were effective for reducing the
moisture content of the subgrade nor for reducing the heaving of
the pavement slabs during frost.

In railroad work tile drainage has been effective for removing or
intercepting free water under all conditions where the resistance to
flow through the tile is less than that of the material to be drained.
In stratified soils tile drainage 1s 1meffective unless 1t 18 placed in
a-favorable position for receiving and delivering the flowing water.

The behavior of sand and clay subgrades during freezing is dif-
ferent.

Noticeable heave from frost is confined to clays and other soils
with very small voids.

The difference in behavior of so1ls upon freezing 1s dependent upon
the proportions of free and unfree water and the number of succes-
sions of frost and thaw.

Pavements can heave under continuous frost action or with re-
peated freezings and thawings.

One investigator finds detrimental heaving occurs with freezing
following a thaw.

In locations subjected to extreme moisture conditions well drained
sub-bases of stone, gravel, slag, ete., may be efficient for reducing the
heaving, cracking and breaking up of pavements

Sub-bases in all cases have not been beneficial.

The strong indication is that additional depth over 2 inches in
porous sub-bases is detrimental as well as more expensive

The benefits of subgrade treatments have yet to be determined

Cement-clay and lime-clay admixtures for sub-bases beneath high
type roads are impracticable due to the 1mpossibility of securing a
reasonably good admixture with a sticky, tough, clay so1l durmg any
continued rainy weather conditions.

For equal superimposed loads the pressure on the subgrade when
exerted through a concrete slab is distributed over a larger area and
18 of considerably less maximum magnitude than when exerted through
a broken stone surface.
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Rigid slabs laid on soft and yielding subgrades of very low but
uniform supporting value might develop less cracks than those laid
on firm unyielding subgrades especially 1f rough.

Slabs laid on firm subgrades such as old road bed and rolled stone
base course, might develop cracks before slabs laid on softer bases.
Firm bases, however, seemed effective against breakage and surface
unevenness in the slabs.

In a survey of the California roads the pavements with no breakage
were laid on sands, those with a slight amount of breakage were laid
on loams, and those containing the greatest amount of breakage were
laid on clays.

With respect to the type of topography, roads whose lateral drains
do not extend below the lower surfaces of the pavement, ‘major pave-
ment failures due to subgrade weakness are frequently found

a. On transverse slopes.
b. At or near the foot of hills.
¢. On low level plains contiguous to higher ground.

Likewise the fewest pavement failures occur on the tops pf ridges
From 1nvestigations primarily of railways it was found that the
best conditions were usually on fills (settlement and shde not con-
sidered). Likewise the poorest conditions were found 1n cuts and on
transverse slopes unless the inflow of gravitational water had been
intercepted. A cut increases the probability of encountering springs
or seepage while a fill decreases such probability.
In railways soft spots” result from seepage, impervious under
.lying layers or uneven soil structure, and are most frequently found
on transverse slopes, at or near the change of the road grade, at points
where water-bearing strata reach the subgrade sometimes on fills near
the mouth of a cut on a higher elevation and in fills containing water
pockets.
“ Frost boils” occur under conditions similar to those favorable
to “ soft spots ”” but are of course confined to sections where consider-
able freezing occurs.

By H. G. Nucholson, Minnesota Highway Dept., “ Oiled Subgrade
Stops Frost Bous in Gravel Roads,” Engineering N ews-Record,
January 19, 1928.

1. For the class of road developed (gumbo soils) 1t is cheaper and
more expedient to treat subgrades with oil before application of
gravel.
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2. Conservation of gravel is made possible.

3. Maintenance costs are reduced.

4. A more serviceable road 1n all seasons is developed.

5. The dust hazard is practically eliminated, making traveling
safer and more pleasant for the riding puble.

Information by letter from Calcwum Chloride producer.

LOWEST HUMIDITY AT ANY GIVEN TEMPERATURE AT WHICH
CALCIUM CHLORIDE IS EFFECTIVE FOR DUST PREVENTION

Below is a series of temperatures and corresponding humidities.
At the temperature given, any relative humidity above that indicated
should furnish sufficient moisture to the Caleium Chloride to dissolve
it. It should be remembered, however, that when the relative humidity
is only slightly higher than that indicated for any given temperature
the absorbtion of moisture and dissolving of the Calcium will be very
slow. The higher the humidity, the faster is the absorption

Minimum
. Temperature % relative
°F humidity
plus 140 452
320 425
500 380
680 323
770 28.5
833 243
851 226
864 210

SERVICE TRAFFIC AND COSTS

Of the three factors, service, traffic and costs, the one of service
is probably the most important to the public, whereas all three
deeply concern the road builder.

The cost of service 1s commonly reckoned in cost per vehicle—or
ton—mile and may be made to include two main classifications. One,
the cost of construction, maintenance and financing; two, the cost
of vehicle operations and the cost (or value) of time gained by
having adequate service, or lost by having inadequate service.

Road builders are giving increased thought to the quality of ser-
vice as evidenced by smoother riding surfaces, snow removal and
generally improved maintenance conditions.

The importance of traffic surveys for determining the volume and
weight of traffic is recognized by nearly all highway officials.
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For a given locality 1t 1s possible to calculate within reasonable
limits the cost of furnishing adequate service for a given number of
vehicles whose weights are known and to estimate the probable life
of a road surface for such vehicles Changes in volume and weights
of vehicles must be based on forecasts

Forecasts are made from a knowledge of present and past traffic,
vehicle registration, industry and population.

Adequate service 1s possible only with continuous maintenance. In
general terms it means that vehicles may pass between objectives in
safety and comfort and at reasonable rates of speeds

Untreated surfaces of sand clay, gravel and stone are usually
limited to adequate service for a traffic of less than 500 or 600 vehicles
per day. These vehicles are commonly limited to automobiles and
light trucks with pneumatic tires Heavy trucks and an mcreased
number of vehicles may use such surfaces but increased dust and loss
of surfacing material are the results The passage of a few heavy
trucks during periods of freezing and thawing may seriously break
the surfacing

Bituminous surface treatments of the various types improve the
quality of service by preventing dust and the loss of surfacing ma-
terial. The number of automobiles and light trucks can be safely
increased when bituminous surface treatments are placed on sand
clay, gravel and stone bases

Treatments of these surfaces with nonbituminous dust layers are
effective in reducing dust and the loss of surfacing material.

The passage of heavy trucks may seriously damage bituminous and
nonbituminous surface treatments except under favorable conditions
of climate, season or subgrade The number of automobiles and light
trucks with pneumatic tires which may economically use these surfaces
appears to vary between limits as wide as 600 and 3000 per day. An
average capacity of 800 to 1200 per day appears to be all that road
builders are expecting of them

With few exceptions a pavement type of surfacing is selected when
moderate or heavy trucking 1s to use the road even though the number
of automobiles and light trucks may not exceed 400 or 500 per day.

Conclusions reached by prominent economists and road builders
are valuable 1n considering service traffic and costs. The following
extracts are given to show the trend of current opinion based on re-
search and to add correlated information on this subject
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TRAFFIC ANALYSIS

Report of Commattee on Hrighway Traffic Analysis, Proceedings Sizth Annual
Meeting Highway Research Board

The unit weight of truck traffic on certain highways may be such
as to definitely require a high type surface. These cases, however, are
exceptional and selection is generally influenced by economy rather
than carrying capacity.

It 18 frequently stated that the type of improvement should be
selected so as to give the lowest annual average cost per mile when
the fixed charges (1nterest on investment and depreciation), and main-
tenance costs are added to operating costs (average costs of motor-
vehicle operation per car mile on the particular type of surface multi-
plied by the annual traffic, total number of vehicles).

A difficulty appears here. Traffic conditions are so changing from
year to year and our acquaintance with present day high-type pave-
ments 18 8o short that it 13 difficult to forecast economic hife and an-
nual maintenance costs

Passing this difficulty there are four objections to using a hard
and fast rule for any theory of selection of type by traffic:

1. From the standpoint of first cost, funds are not always available
i amount sufficient to make all improvements that actually
appear economic, Until our state highway systems are 100 per
cent 1mproved, there will have to be considered in some locali-
ties the expediency of stage construction and the laying of more
miles of “semi-durable” type than would be possible with a
higher type.

2 From the standpoint of annual cost there are many cases where
the carrying charges and maintenance costs (not considering
operation costs) for the “semi-durable” type would be less
than for the higher type.

3 From the standpoint of traffic service, the traveling public, which
actually assumes the cost, in many cases shows a preference for
the “ semi-durable ” types

4. From the standpoint of practicability, availability of materials
and construction features would provide many exceptions

The traffic volume, along with economic factors, has a determining
influence in the selection of the general class of pavement, and the
economic factors determine largely the choice of type within the
groups Where the traffic 1s composed of a considerable number of
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heavy trucks the type selection must be confined to those pavements
which can economically carry the loads applied.

It 15 suggested that each selection of type be principally mﬂuenced
by economy in annual charges (average annual maintenance plus
equal annual charges for depreciation and interest) and that value
or economical first costs be the basis of final determimation.

The danger in a low traffic community les largely in over-improve-
ment by selecting the high-class pavements to the sacrifice of needed
serviceable highways.

The relative value of two or more types can be determined, assum-
ing that information as to economic hife and maintenance costs is
sufficient, by use of a table of annuities.

In many cases where the economy of a particular type and practi-
cability of financing is evident, the economacal type should be selected.
In cases where there 1s reasonable doubt as to the economy of one
type as compared with another, especially 1f funds are limited, and
there 1s a greater demand for 1mprovements than can be immediately
satisfied, it may be desirable to give preference to the lower first
cost type, provided it furnishes satisfactory traffic service.

It is true that construction costs have increased greatly in the last
twenty years, and that within the next twenty years there will prob-
ably be further increase, so that from this standpoint long life im-
provements are advantageous, but, on the other hand, we have been
continually 1mproving our design for high-type pavement and the
lower first cost improven:ents may be safer investments

SUPPLEMENT TO ROAD LAWS OF OHIO, 1925

Sec 7250 (Reduction of weight and speed during times of thaws
and moisture.) When thaws or excessive moisture render the im-
proved highways of this state or any sections of the same insufficient
to bear the traffic thereon, or when such improved highways or any
sections of them would be damaged or destroyed by heavy traffic dur-
1ng the period of thawing or excessive moisture, the maximum weight
of vehicle and load, or the maximum speed, or both, for motor vehicles
as prescribed by law shall be reduced 1n the following manner.

On main market roads and inter-county highways of the state,
which have been taken over by the state, the director of highways
and public works shall prescribe such reduction which shall not be
more than twenty-five per cent; on improved highways other than
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main market roads and inter-county highways taken over by the state,
the county commissioners shall prescribe such reduction which shall
not more than twenty-five per cent

PLANNING THE IMPROVEMENT OF HIGHWAY SYSTEMS

By J G McKay

Chief, Dwnsion of Highway Economics and Transport, U S Bureau of
Public Roads

In Proceedings Association Highway Officials North Atlantsc States 1927

The principal traffic factors mvolved 1n the classification of high-
ways are:

(a) Average daily and muximum total traffic and truck traffic

(b) Forecast of average daily total traffic and truck traffic for periods
of 5 and 10 years

(c¢) Average daily and expected future number of loaded light,
medium and heavy trucks for each route or section of route.

(d) The ratio of the total number of loaded trucks to the total traffic
1n order to separate for special consideration routes or sections
of routes on which motor trucks are an abnormally large or
small proportion of total traffic

(e) The number and frequency of critical heavy loads.

(f) Average maximum traffic as one measure of the width of the
mmprovement, the necessity for improvement of additional
parallel routes and the “ by-passing ” of congested centers of
local traffic

(g) Analysis of highway inaintenance and capital costs and vehicle
operating costs as an important factor in determining the
traffic limits for the various types of improvement.

The influence of large centers of population 1s marked. Traffic in
the terminal areas of Philadelphia and Pittsburgh 1s greater 1n vol-
ume and in the numbers of loaded large capacity trucks using the
highways 1n these areas than any other sections of the state (Penn-
sylvania).

Areas of low, decreasing population have a comparatively small
expectancy of traffic on adjacent highways, while areas of dense and
rapidly increasimg population will have large increases of traffic on
the highways. A highway department having no traffic data available
can obtain a fair knowledge of the future traffic importance of high-
ways 1n the various parts of the state by an analysis of population
density and its trend.
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The Ohio Transport Survey is one of the most recent and clearly

ndicates its valne. Extensive surveys of this character cannot always

be made but the conclusions reached are of 1mmense value to road
builders for studying their own traffic conditions.

THE OHIO TRANSPORTATION SURVEY ¥

By J G McKar
Chief of the Dwision of Highway Economwcs and Transport, U S Bureau of
Public Roads

Conclusions from Survey Summarized

The results of the survey show that during the next five years the
state should reconstruct 1220 miles of the state system, widen 1594
miles, and build 1707 miles, the latter comprising 1007 miles of con:
struction superior to gravel and 700 mules of trafficbound improve-
ments. The cost is estimated at $100,000,000

On the basis of the traffic obsers ed during the survey, 1t is estimated
that the state highway system, which comprses 13 per cent of the
total rural mileage, provided highway service for a traffic of 2,160,
435,000 vehicle-miles, equal to 57 7 per cent of the total motor-
vehicle traffic on the rural highways of the state 1 1925; that the
county highways, which include 27 1 per cent of the rural mileage,
provided service for 1,108,870,000 vehicle-miles, 29.6 per cent of the
total traffic; and that the township highways, which constitute 59.9
per cent of rural mileage, provided service for 477,055,000 vehicle-
miles, or only 12 7 per cent of total rural traffic The daily traffic on
the state system averages over nine times that upon the county and
township roads.

The largest volume of moutor-vehicle traffic 18 found 1n the areas
adjacent to large centers of urban population and on the main through-
traffic routes.

Of the 11,000 miles of state highway system, 1.2 per cent carried
2500 or more motor vehicles per day, 7.8 per cent carried 1500 or
more, 29.4 per cent carried 600 or more, and 70 6 per cent carried
less than 600 vehicles per day 1n 1925.

Motor-truck traffic is an 1mportant part of total traffic on the princi-
pal routes. On the state system in 1925, 2.7 per cent of the mileage
carried 200 or more trucks pur day, 5 7 per cent carried 150 or more,
13.1 per cent 100 or more, and 27 5 per cent carried 60 or more

* Digest of report of Cooperative Studies of U S Bureau of Public Roads and
Ohio State Highway Department given 1n June Public Roads



108 LOW COST ROAD INVESTIGATION

trucks per day. Based on the traffic forecast, it is expected that by
1935 over 1300 mules of state highways will carry 200 or more trucks
per day, while a comparatively small mileage 13 expected to carry
from 500 to 1000 trucks a day. ‘

Four-fifths of the trucks operating on the state system are small
units, 215 tons capacity or less. The comparatively small number of
large capacity trucks and heavy loads observed may perhaps be attrib-
uted in a measure to the grossload limitation of 20,000 pounds
fixed by law in the state

The average daily density of ‘traffic in 1925 was 538 vehicles on
the state system, 132 on county highways, and only 26 on township
roads, each mile of road of the state system providing traffic service
more than equal to that of 4 miles of county and 20 miles of town
roads.

The federal-aid system, slightly more than half the state system,
carried 70 6 per cent of the daily traffic of the state system ; the main
market roads, approximately one-third of the state system mileage
and included for the most part in the federal-aid system, carried over
half of the traffic, and the priucipal routes of the system, 8 8 per cent
of the mileage, carried over one-fourth of the traffic.

The survey clearly shows that the traffic using the state system 15 _
predominantly ity passenger-car and motor-truck traffic, farm-owned
passenger cars and motor trucks making up only 12 4 per cent and
15 5 per cent respectively, of the total passenger-car and motor-truck
traffic. The improvement and maintenance of state highways (in
Ohio) is, therefore, primarily the result of the demand for highway
service by city motor-vehicle owners.

The volume of traffic in a given area is principally produced by the
population residing within a radius of 30 miles since less than 30 per
cent of the truck traffic and less than 40 per cent of the passenger-
car traffic travels more than 80 mules.

As a basis for the plan of highway improvement, the state high-
ways are classified in three groups designated as major, medium, and
minor traffic highways, according to their average daily traffic Routes
or sections of routes carrying 1500 or more motor vehicles per day
are classed as major routes, those carrying 600 to 1500 vehicles per
day as medium routes, and those carrying less than 600 vehicles daily
are classed as minor routes.

Experience in many states indicates that ordinary untreated gravel
and similar surfaces can not be economically maintained when the



DIGEST OF FINDINGS 109

traffic exceeds 500 to 600 vehicles per day and similar experience in
Ohio points to approximately 600 vehicles per day as the limit. Above
that traffic density the type and design of surface required are largely
functions of the frequency of heavy loads, the choice of types nclud-
1ng bituminous macadam for the lower densities and the several rigid
types for roads of greater density.

If, on the basis of this experience, those sections of the Ohio state
systems which carry a traffic of 600 or more vehicles per day be con-
sidered as requiring a type of surface superior to untreated gravel,
1t 15 found that 1n 1925 over one-third of the 11,000 miles of the state
system, or 3852 miles, required such surfaces, and 10 years later,
1n 1935, based on the estimated traffic, approximately half the system,
or 5221 mles, should be so improved.

Truck Traffic an Important Factor

Although motor-truck traffic on the state highway system 18 only
9 5 per cent of total motor-vehicle traffic measured 1n vehicle-miles,
motor-truck traffic is an 1mportant factor in highway-traffic planning

The average gross weight of motor-trucks using the state system
1s over twice that of passenger-cars, while maximum motor-truck
weights are four times the maximum weights of passenger cars The
mmportance of the motor truck 1s further emphasized by the fact that
many trucks are equipped with cushion and solid tires, which are
much less effective in cushioning the impact of the wheels than the
pneumatie tires with which the passenger cars are equipped A study
of the rear-wheel tire equipment of motor trucks using the state high-
way system shows that 15 per cent of all the trucks are equipped with
solid tires and a like percentage with cushion tires, and that 95 per
cent of the 3 to Tls-ton trucks are equipped with cushion or sohd
tires on the rear wheels

Since motor trucks carry heavier gross loads than passenger cars,
and the larger capacities are equipped with solid or cushion tires, and
because the trucks do not have the refinements i shock-absorbing
devices and spring equipment possessed by passenger cars, the motor
truck, where 1t forms an appreciable part of motor-vehicle traffic,
presents a special problem for the highway builder.

On routes carrying a small average daily truck traffic, especially
those on which there are less than 80 trucks, and many sections on
which the daily density runges from 30 to 59 the number of trucks
18 practically neghgible in planming highway improvements An im-
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provement sufficient for passenger-car trafic will, with but few ex-
ceptions, prove satisfactory for the small-capacity trucks using these
routes. On those routes carrying 60 or more, and particularly the
routes carrying 100 or more, the motor truck becomes an important
factor 1 planning the improvement of the highways

Proposed new construction, reconstruction and widening in Ohio
should be planned to provide service for future traffic as well as for
present traffic The buildmg of a highway which will not meet traffic
demands during the expected life of the 1mprovement will result n
traffic congestion and early reconstruction and 18 an uneconomie in-
vestment of public funds. Building 1n excess of the traffic needs of
any route 1s undesirable, since 1t requires an outlay of public funds
which could be used more advantageously for other highway improve-
ments The principle of stage construction in highway development
18 a conservative method of adjusting highway improvement to traffic
needs when the trend of traffic increase is unknown A knowledge of
future traffic, in so far as it can be predicted with reasonable accuracy,
15, however, essential 1n the establishment of a sound plan of highway
1mprovement.

In the absence of any comprehensive historical series of traffic
records in Ohio 1t has therefore been assumed that highway traffic
in Ohio 18 increasing directly with the increase in motor-vehicle
registration

The 1ncrease of motor-vehicle registration is a function of two
variables. (1) The increase 1n population; and (2) the mcrease in
ownership and use of motor vehicles in proportion to population,
measured by the number of persons per motor vehicle The past trend
of both of these factors may be determined from available records.

THE HIGHWAY TRAFFIC PROBLEM

By W A VanDuzer

Deputy Engwmeering Ezecutwe, Pennsylvania Department of Highways,
13th Annual Road School, Purdue University, 1927

The Traffic Problem wn Itself

The development of motor traffic 1s largely measured by motor-
vehicle registration.

There 15 a tendency for hghter cars. They have been developed to
a high point of efficiency in continental Europe. We may expect simi-
lar development 1 this country.
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As a matter of fact, the combined 1nfluence of increased efficiency
of automobile equipment, decreased operation costs and increased
road facilities (notably uninterrupted use of the roads throughout
the winter) must be expected to continuously 1increase the ratio of
traffic to registration from year to year

Classifying the Roads

Classification of highways according to the expected loads these
highways will carry 1s, therefore, the logical result of traffic studies.
The probable classification would be industrial, sem1-1ndustnal, and
non-industrial, or light traffic roads. The industrial highways would
be those carrying a large percentage of maximum weight trucks, the
semi-industrial carrying a very small percentage of heavy trucks but
a large number of medium weight trucks, and the non-industrial
carrying principally passenger-car traffic

Selecting the Type of Improvement

The nature of traffic, that is, the amount and frequency of heavy
wheel loads, practically determines the type of surface improvement
The surface to be laid should be such as will justafy itself by carrying
traffic at reduced operating cost and with a reasonable road cost in-
cludmg interest, depreciation and mantenance.

A hght type surface will carry up to a certain amount of wheel
load without injury, and will carry an occasional injurious load with
such shight damage that the annual cost of the light type, mcluding
repars, will be less than the costs of a higher type surface In some
instances there are practical conditions, searcity of funds or diffi-
culties of construction, that retard the transition to heavy type
surfaces.

Increasing frequency of injurious wheel loads, however, will, at
a certain point, Justify increased expenditure for surface construe-
tion, especially 1f consideration 1s given to the fact that traffic is sub-
jected to annoyance by frequency of repairs and by the deteriorated
road surface awaiting repair.

In order to permit constant passing, the total number of cars on a
9-track road should not exceed the theoretical capacity of a single
lane, that is to say, a 2-lane road should not carry traffic exceeding
about 2000 vehicles an hour.
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Car Mqle Costs

The effect of traffic on maintenance costs is important. In general,
maintenance and repair of road surfaces are necessitated by traffic
and weather With most types of surface, a certain amount of traffic
18 a preservative rather than a destructive agent. On an earth, gravel,
or stone road, light t1affic will keep the road from heaving.

Bitummous binders will retain their hife, that is, their elasticity,
longer 1f they are under compression at moderate intervals than if
they are permitted to lie dormant.

Records 1n Pennsylvania show mamntenance costs increasing with
volume of traffic for all types except hard surfaces. Our hard sur-
faced roads are comparatively new and so far do not show sufficient
wear to determine relative effects of varying volume of traffic

The final measure of costs 1s the vehicle mile or ton mile. Including
allowance for depreciation and interest on the &osts of construction
as well as maintenance and repair costs, a number of sections of road
m Pennsylvania on which we have investigated show with fair con-
sistency vehicle-mile costs ranging between a fourth and a half of
a cent.

Whatever form of expression 1s used, whether vehicle-mile cost,
or ton-mile cost, the figure 15 of great mnterest in connection with
problems of selection of type for improvements

TREND IN MOTOR VEHICLE LEGISLATION

By RusseLL HurFManN
Secretary Motor Vehicle Conference Commaltee

From an Article wm Hyhway Engineer and Contractor, October, 1926
Swze, Weight and Speed

At the present time three-fourths of the states have enacted laws
regulating the width and height of motor vehicles. These regulations,
of course, only affect busses and trucks. In 1921, only one-half of
the states had such regulations. The greatest width permtted in any
state at the present time is 108 inches and the narrowest width 1s 84
inches. The majority of the states have fixed the width Limit at 96
mches and the height at 12 feet 6 inches. It must be noted, however,
that the tendency 1s toward the reduction 1n the permissible width

All the states but three have enacted regulations fixing the weight
of vehicles operating over the highways In 1921, 40 states had such
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requirements These requirements, generally not only fix the gross
weight and capacity weight permitted on four wheels, but also the
axle and per inch width of tire weight. The gross weight limitation
ranges from 30,000 to 18,000 lbs, the average being about 24,000
Ibs. Practically every state has a provision in 1ts law which permits
state and local highway officials to decrease this weight allowance
when weather conditions have softened the roads so that 1t wonld be
unadvisable to permit heavy vehicles to operate.

One of the noticeable movements during the past two years with
reference to weight limitations 1s the tendency on the part of the
highway officials to base the weight allowance upon the character
of the highway over which the vehicle 1s to operate This 1s known
as the classification of highways Under this method all highways are
divided into four classes—terminal highways, highways connecting
industrial centers, intermediate highways and local highways Under
this plan the heavy loads are confined to those highways constructed
to carry such weight. While no state has yet enacted such a law
several of the state highway officials are using this plan to fix the
weight permitted over certain of the state highways There 18 no
doubt but that this plan has great merit, and 1t may go a long way

" toward solving the difficulties as regards highway weight regulations

which exist now 1n a great many of the states

Tt 15 interesting to note at this time that one of the very recent
developments with reference to speed regulations is the tendency
toward & minimum speed limit rather than a maximum limit. There
1s considerable agitation at the present time for mimmum speed laws
among some of the state highway officials, and at least one state has
enacted a law which prohibits the operation of a motor vehicle on
the highways which cannot maintain a certain minimum of speed.

TRENDS IN MOTOR TRUCKS

In an article by Edward F. Loomis, Secretary, National Motor
Truck Commuttee of the National Automobile Chamber of Commerce,
published in Manufacturers Record, January 5, 1928, Mr. Loomus,
writing on  Trend 1 Motor Trucks,” says, “ From the manufactur-
1ng end, two particular trends in 1927 are noted. First, the demand
for high-speed, pneumatic tired vehicles. Second, increased con-
gervatism 1n selling methods ”
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COST OF VEHICLE OPERATION

That this 1tem of cost 1s recerving more attention 1s evidenced by
current engineering literature The following is taken from the En-
gineering News-Record of January 26, 1928, and refers to a paper
presented at the Highway Division meeting, in January, 1928, of the
American Society of Civil Engineers

“ Economic Comparison of Various Types of Road Surfacing”
was the subject of a symposium before the Highway Division meeting
on Thursday afternoon Paul D Sargent, former chief engineer of
the Mane State Highway Commssion, Frederick E Everett, com-
missioner and chief engineer of the New Hampshire State Highway
Department, and H. J Kuelling, Wisconsin state highway engineer,
presented papers giving, for their respective states, the economic fac-
tors considered 1n road surfacing, construction and maintenance costs
for different types of surfacing and the tire and fuel costs for operat-
ing vehicles over these roads The experiences of these three indicato
that operating costs were almost mvariably much higher than those
for construction and maintenance The comparison was arrived at
through traffic counts to give an average per-mile yearly travel 1n
the discussion of these papers 1t was brought out that the highway
problem 18 being viewed from a broader viewpoint by most engineers,
the economic factors having become a major consideration Traffic
counts were shown to be of little value 1n considering switable road
surfacing, unless distinction is made between truck and hght car
traffic A suggestion was made that road surface selection be con-
sidered from the standpoint of returns on capital investment. The
type of surface selected should be that which produces the maximum
return, represented by the saving in maintenance and vehicular opera-
lion, 1n proportion to the capital invested in the road

The Highway Engimeer and Contractor contained this statement
in October, 1926 :

“ Salesmen who are paid for the use of their cars on a mileage
basis and who travel all classes of roads find that the saving on
paved roads over that on ordinary earth averages 214 cts per mile
Few people keep an accurate account of the cost of their automobile
transportation Traveling salesmen who use cars constantly and par-
ticularly those who are paid upon the mileage basis usually keep a
somewhat accurate account. A tabulation or summarization of hun-
dreds of these accounts bear out the expressed opinion that the
saving on paved roads 1s at the approximate rate of 214 cts. per mile.”



DIGEST OF FINDINGS 115

What 1t Costs to Own and Operate Automobiles

(Estzmated by Bureau of Industrial Technology of Natwonal Automobile
Chamber of Commerce, 1926)

ANnnvuaL Costs

Per cent

Cost of cars and accessores $3,750,000,000 = 262
Depreciation 2500,000,000= 175
Upkeep and Repairs 2,000,000,000 = 140
Drivers' Wages 1,600,000,000 = 112
Gasoline 1,200,000,000 = 84
Garages 900,000,000 = 63
Taxes 625,000,000 = 44
Interest on Investment 500,000000= 35
Tires 618,000,000 = 43
Oill 300,000,000= 21
Insurance 300,000,000= 21

Total $14,293,000,000 = 1000

Average Cost per Car pe1 Year = 87000

The report of the Commattee on the Economic Theory of ITghway
Improvement of the Highway Resear ch Board, 1924, contained wn-
formation on the cost of vehicle operatwon T R Agg reported on
the “ Investigation of Rolling Plus Awr Resistance ” at Iowa State
College, wn part as follows

The work that has been completed indicates that the magmtude of
rolling plus air 1esistance for self-propelled types of vchicles 1s affected
by the following factors.

1 The smoothness of the road surface

The degree.of mgidity of the 10ad suiface

The type of tire.

The temperature of the tire, and of the 10ad surface if of bitu
minous type

The exact texture of the road surface

The gross weight carried by the tires.

That size of tire seems to affect rolling resistance very hittle so
long as the tires conform to good practise as to size relative to
load.

8. That low pressure cord tires have somewhat higher rolling resist-

ance than the high pressure cords but the difference decreases
for the rougher surfaces.

Ll A

:\TCbO'
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9. That average values for rolling plus air resistance for the several
classes of vehicles under all-the-year-round operating condi-
tions appear to be as follows-

Busses and automobiles at 35 miles per hour, high pressure cord
tires:

Best paved surfaces 37 Ibs per ton

Paved surfaces i aveiage condition 42 lbs per ton
Best water-bound gravel 55 lbs per ton
Ordinary gravel 65 lbs per ton
Fair to good earth roads 75 lbs per ton
Best earth roads . 65 lbs per ton

For low pressure cord tires, add 10 pounds per ton

Trucks with pneumatic tires at 15 miles per hour.

Best paved surfaces 22 lhs per ton
Paved surfaces 1in average condition 30 Ibs per ton
Best water-bound gravel 40 Ibs per ton
Ordinary gravel 50 Ibs per ton
Fair to good earth roads 60 lbs per ton
Best earth roads . 50 lbs per ton

The investigations of the relation between rolling resistance and
fuel consumption show that the higher the resistance the greater the
fuel consumption, but the relation 1s by no means a simple one Type
of vehicle, speeds, and the personal equation of the driver all enter
into the problem.

Table 10 shows the average cost of vehicle operation over each
type of road in cents per mile as determined by erperiments and a
study of actual cost records as reported by T R. Agg Since trucks
vary a great deal in weight the figures for trucks are 1n terms of the
ton-mile To get the total cost per mile for any truck, multiply the
figure mn the table by the weight of the truck plus the average load

TABLE 10

Type and n-peed of vehicle

Solid tire Pneu tire Automobiles Mo!:orﬁ
trucks trucks 25 to 85 busses
IOMPH, 5MPH, MPH, 2%MPH

centsper centsper centsper  cents per
Type of surface ton mile ton mile vehlcle ml  bus mile
Ordinary earth with hght traffic Yearly
average . 95 995 126 296
Best earth, well packed by trafic Yearly
average . e 92 950 1200 278
Ordmary gravel Yearly average 90 940 118 278
Best gravel Yearly average 85 88 109 257

Best P C concrete and asphalt filled bnck 775 770 93 22 60
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Another portion of the report of this commattee was made by
W O. McNown, Unwersity of Kansas, and contained the following
conclusions.

Tt is believed that certan general conclusions can be made from
this preliminary work.

1 The difference 1n the effects of certain high type pavements such
as concrete and brick and probably asphalt, upon tire wear is
not great if these pavements are in high-class surface condition

2 Roughness of longitudinal contour causing bounding, accelera-
tion, impact, and deceleration, with its accompanying slippage,
has a marked effect upon the wear of tires running with
standard 1nflation.

3. Under-inflation is probably the cause of much greater wear then
is ordinarily assigned to it, although it cannot be said how
much this effect 18 offset by decreased wear due to the lessened
amount of bounding and impact.

4. A vast amount of tire wear results from various causes not assign-
able to pavement type And if a great amount of value in tires
is dissipated m other ways than in running, properly con-
trolled, over well made surfaces, then care should be taken not
to over-estimate these values in the solution'of problems in
highway economics until more data are available

Tire wear investigation, using laboratory methods and small-scale
devices instead of standard equipment, may give results wholly
misleading Relative values may be obtained, but should be
used with caution until more is known about the relation be-
tween the amount of value actually existing in tires and that used
in other ways than by running properly over first-class pave-
ments, such as by stopping and starting, by physical deteriora-
tion while standing, running over rough pavements, and abuses
such as under-inflation and high speeds

.C?l

It should be noted that no data are given for operating costs on bitu-
minous surfaces or surface treatments On such surfaces it should
be less than on untreated gravel and similar untreated types and it
ghould mot exceed that on concrete surfaces by any appreciable
amount. .

The Proceedings of the Second Annual Convention of the Asso-
ciation of Highway Officials of the North Atlantic States, February,
1926, contawn an enhightening paper by William H. Connell, en-
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gineering executwe, Department of Hughways of Pennsylvania My
Connell in part stated:

“This saving 1 motor vehicle costs, both for Pennsylvania and the entire
United States, exceeds the annual cost of the improved highways The average
cost of durable type construction m Pennsylvania 1s about $50,000 a mile The
annual cost for each mile of road constructed, including nterest and sinking fund
on the capital outlay, plus the annual mamtenance charge, 18 about $4,800 per
tile or $21,600,000 for 4,500 miles The construction of these roads also saved
the annual mamtenance charge of $2,250,000 for the 4,500 miles of dirt roads
which have been replaced Therefore, the additional annual charge due to the
construction 15 only $19,350,000 Deducting this from the saving in operating
costs of $51,750,000, leaves a net annual saving of $32,400,000 .

“The average cost of the several types of hard-surface road construction m the
United States 1s about $33,200 a mile and of gravel roads about $10,000 a mule,
based on costs on the Federal-aid system from 1917 to 1925 The annual cost for
each mile of hard-surfaced road constructed, mecluding interest and sinking fund
on the capital outlay, plus the annual maintenance charge, 1s about $3,350 or about
$446,000,000 for 133,196 muiles, for the gravel roads 1t 1s about 82,000 per mile, or
$305,000,000 for 153,000 miles, making a total of $751,000,000 annual charge for the
hard-surfaced and gravel roads The mamtenance costs that have been used for
the different classes of roads in the Umited States are based on the mamntenance
costs for simlar roads in Pennsylvanma for the traffic of 700 vehicles a day that
has been assumed for the United States The construction of these roads also saved
the annual mamntenance charges of $143,000,000 for the 286,000 miles of dirt roads
which have been replaced Therefore, the additional annual charge due to the
construction 1s only $608,000,000 Deducting this from the saving 1 operating
costs of $1,630,000,000, leaves a net annual saving of $1,022,000,000

“ While the owners of motor vehicles 1n Pennsylvania are saving $51,750,000
annually as a result of the building of 4,500 mules of hard-surfaced roads to
replace dirt roads on the State Highway System, they only paid to the State n
1925 $29,500,000 (to support the construction and upkeep of the entire 10,800
miles mamtamed by the Department) m motor vehicle registration fees and
gasoline tax, which leaves them a net saving of $22,250,000

“ The figures for the entire United States show that while the owners of motor
vehieles save annually $1,630,000,000 1n operating costs due to the construction
of 286,000 miles of gravel and hard-surfaced roads, they only paid $420,000,000
m 1925 1n motor vehicle registration fees and gasoline taxes, leaving them a net
saving of $1,210,000,000 ”

COST OF ROAD SERVICE

The cost of vehicle operation has not been kept 1n highway organi-
zation records, except mn a few instances, but the cost of maintenance
per vehicle-mile 1s a matter of record with several of them

In some the cost of surface maintenance is not separated from other
items, nor are the record forms or items of work always similar as
between various states or counties That some orgamzations are mak-
ing records and studies of these 1tems 1s evidenced by the following
data which are from typical examples
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Taken from 1927 Annual Report, Board of County Road and Park
Commassioners, Kent County, Michigan

ToraL MAINTENANCE Costs For ALy ITEMs oN 33929 Mmes oF Roap

(The gravel surfaces are all treated with calcium chloride Details may be found
1 the report 1tself)

AVERAGE COST OF MAINTAINING THE TRUNK LINE MILBAGE WAS $539.88 PER MILE
Ay ~

Average cost per vehicle mile of State Trunk Line $0 001134
Average cost per vehicle mile of gravel 002293
Average cost per vehicle mile of concrete 000832
Average cost per vehicle mile of asphalt 000527
*Average cost for mile of gravel ' 690.31
*Average cost for mule of concrete 479.37
Average cost for mile of asphalt 33538
AVERAGE COST OF MAINTAINING THE COUNTY ROAD MILEAGE WaAS $629 18 PER MILE
Average cost per vehicle mile of County Road $0 006372
Average cost per vehicle mile of gravel 007418
Average cost per vehicle mile of concrete 001797
Average cost for mile of gravel . 67473
Average cost for mile of concrete . 301 65

AVERAGE COST OF MAINTAINING THE STATE TRUNK LINE AND COUNTY ROAD MILEAGB
was $605 82 PER MILE

Average cost per vehicle mile of State Trunk Line and County Roads $0003761

Average cost per vehicle mile of gravel 006609
Average cost per vehicle mile of concrete 001102
Average cost per vehicle mile of asphalt 000527
*Average cost for mile of gravel 676 58
*Average cost for mile of concrete 40213
Average cost for mile of asphalt . 33538

* Does not include T L. 87

From the Eleventh Biennial Report of the State Highway Com-
masswoner, Michigan, 1925-1926.

1925 TRUNK LINE AND FEDERAL A1 MaINTENANCE CoSTS
Average Average

Total cost maintenance maintenance
1 cost cost per

Type Miles maintenance per mile vehicle mle
Earth 495120 $78,64811 2158 85 $ 003370
Stamp Sand 66 900 19,517 56 291 74 003078
Gravel .. 2,729 605 1,160,909 43 42530 004016
Water-bound Macadam 416 450 238,619 63 57299 003453
Bitumimmous Macadam 31 300 18,123 11 57901 002292
Brtuminous Concrete 143 537 53,999 67 376 62 000654
Cement Concrete 1,108 161 400,726 79 36227 000688
Brick 6 965 1,297.32 186.26 000385
Unclassified 1,854 937 680,631 93 36693 002498

Totals 6,850 975 $2,652,473 655 $387 17 $ 001978

=Y
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Above costs for State of Michigan 1nclude the following features
of maintenance work:

1. Work on Grade

2. Bridges and Culverts

3. Dragging and Patching.

4 Dust layers or Surface Treatments on practically all Water-bound
Macadam Roads and on approximately 600 miles of Gravel
Road.

Resurfacing of Gravel and Stamp Sand Roads

Snow Removal on the more heavily traveled roads.

Taking Traffic Census and Enforcing Truck-loading Law

Markers and Signs.

Overhead and Supervision.

INVESTIGATION OF NEBRASKA SAND-GRAVEI, ROADS

Summary of Test Analyses and Field Data For Samples Obtained
from 76 Nebraska Road Projects

An extensive mvestigation of Sand-Gravel Surfaced Roads has just
been completed by the Department of Public Works, Nebraska.
Under the date of March 1, 1928, this report states wn part the
following.

During the past four years Nebraska has constructed 3246 miles of
sand-gravel roads, varying 1n thickness from l4-inch to 4 inches Priox
o 1924 the total mileage of sand-gravel roads in Nebraska was only
153, but this small amount was sufficient to show the adequacy of this
type of Low Cost Improved Road The following summary will show
the rapid growth of sand-gravel roads mn Nebraska and the thickness
of the application used.

Year Miles
1919 42
1920 15
1921 32
1922 53
1923 11
1924 462
1925 908
1926 693

1927 1451
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Includes 268 miles which have been given a second application

Thickness Miles
4+ mch 7
4 mnch 53
1 nch 224
14 mnches 98
2 1nches 1121
3 inches 1897
4 nches 263
6 1nches 4

1t can be clearly seen from the above tabulation that sand-gravel
roads 1n Nebraska are no longer an expermment. This type of Low
Cost Improved Road 1s bemng referred to mn this investigation as a
sand-gravel road because 1t 1s distinetly different from the class of
roads usually referred to as gravel roads or from the class referred
to as sand-clay roads From the standpoint of materials of construe-
tion it lies between these two classes and 1s superior to both It par-
takes of the smoothness of a sand-clay road and has the wearing and
carrying capacity of the best gravel roads

The general specified analysis of the material to be used for sur-
facing is as follows 100 per cent passing one inch sieve, from 0 to
50 per cent retained on a No 4 sieve, and from 70 to 90 per cent
retained on & No 10 sieve This material 1s fine enough so that the
surface does not ravel and with proper maintenance can be kept 1n
excellent condition.

This type of road is entirely free from slipperiness and can be
safely traveled at higher speeds than most pavements and with more
comfort. The only objectionable feature of this type of road 1s the
dust nuisance which it 1s hoped may later be partially overcome by
the use of the proper road oil The low cost of construction and
maintenance of sand-gravel roads in Nebraska is largely responsible
for their rapid growth A road consisting of a 3-inch application of
sand gravel and of a width 3 feet less than the clear roadway can be
constructed, maintained and replaced every 2 or 3 years, for a price
equal only to the nterest, figured at 5 per cent on the amount that
would be required to construct a pavement.

Nebraska by adopting the present sand-gravel road program has
been able to expand its mileage of improved roads from 10 to 20 times
the amount that would have been possible under a paving program
It is generally considered that gravel roads are not economical 1n
other states where the traffic exceeds 500 vehicles per day, but this
type of Low Cost Improved Road constructed with a 4-inch apph-
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cation of sand gravel has proven successful where traffic has been
as high as 2500 vehicles daily in Nebraska

The greater part of the sand-gravel roads of Nebraska have been
constructed on the natural surface soil, which after being shaped to
the proper cross-section and grade is considered the subsoil of the
road surface However, some of the roads located largely in the north
central section, have been constructed over very sandy so1l and before
surfacing these with sand gravel it was first necessary to clay surface
the natural soil.

It is not now and may never be possible to state the exact traffic
capactty of any type of road surface or 1ts exact initial and main-
tenance costs It 18 practicable to now indicate between conservative
limits the volume and weight of traffic which each type is serving in
a given locality, and the in1tial cost and the maintenance cost

The relative cost of vehicle operation may be estimated but the loss
to a community which has no surfaced highways can be shown as
greater than the cost of operation on well maintained untreated sur-
faces such as gravel or sand clay Data on all of the fundamental
traffic and cost items can be determined From them 1t is possible to
decide whether or not a defined type is a feasible investment under
known local conditions As the number of variables 13 small and their
quantitative value can be closely estrmated, the problem can be solved

EQUIPMENT FOR CONSTRUCTION AND MAINTENANCE

The maintenance and construction of low cost roads received real
encouragement with the distribution of surplus war material by the
federal government to the various states Although much of 1t is now
worn out or obsolete, 1t nevertheless was the means of improving
thousands of miles of roadways and showed the possibilities of main-
tenance and construction with motorized equipment.

Present practise and future tendencies call for equipment which
will do road work quickly and efficiently, with little delay or obstruc-
tion to traffic It 1s important to have equipment which will be in the
right place at the right time and which ean “ get 1n and out ” quickly

There 15 a tendency toward equipment which 1s suitable for con-
struction and for mamtenance including snow removal and for equip-
ment which may be used for maintaining untreated as well as treated
surfaces. One-man umits such as the patrol grader are replacing the
drag hauled by a truck with 1ts driver and one or two assistants
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Heavy bladers have proved their usefulness for mixing-1n-place on
the road both bituminous and untreated surfaces and smooth riding
surfaces have resulted The use of a drag or screeding device has been
found valuable in producing smoother riding bituminous surfaces of
all types

TFollowing are listed surfacing types of this report with which
various types of equipment are commonly used.

BLADERS
For Construction and Maintenance

Grading

Sand clay

Disintegrated gramte

Shale

Chert.

Gravel.

Traffic bound surfaces

Lime rock, marl, caliche

Volcanic cinders

Mine tailings.

Nonbituminous dust preventives

All mixed-in-place bituminous surfaces.
Soil treatments with nonbituminous materials.

SCARIFIERS OR PLOWS

¢

Grading
Sand clay
Dasintegrated granite.

Shale.

Chert.

Gravel.

Traffic bound surfaces

Macadam.

Lime rock, caliche and marl

All mixed-in-place bituminous surfaces.
Bituminous penetrated surfaces.
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DRAGS OR ROAD PLANES
For Construction, Reconstruction and Maintenance

Grading.

Sand clay.

Disintegrated granite

Shale

Chert.

Gravel.

Traffic bound surfaces

Caliche.

Volcanic einders.

Mine tailings

Macadams with gravel or stone surface mulch
Mixed-in-place bituminous surfaces

Soil treatments with nonbituminous materials

POWER ROLLERS
For Construction and Reconstruction

Grading, chert.

Some gravel surfaces

Macadam.

Lime rock .
Some single bituminous surface treatments
Some dual bituminous surface treatments
Some mixed-1n-place bituminous surfaces
Pre-mixed-laid-cold bituminous surfaces.
Natural rock asphalt.

Modified or puddle macadam.
Bituminous macadam, hot application
Pre-mixed-laid-hot bituminous surfaces

HARROWS
For Construction and Reconstruetion

Grading

Sand clay.

Some gravels.

Some mixed-in-place bituminous surfaces.

[
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DISTRIBUTORS
For Construction, Reconstruction and Maintenance

Single and dual bituminous surface treatments

All mixed-in-place bituminous surfaces

Prime coats of bitumen for pre-mixed bituminous surfaces
and natural rock asphalts. °

Modified or puddle macadam. .

Bituminous macadam

PAVERS

For mixing cold-mix bituminous patehing and surfacing mixtures

PIANT FOR BITUMINOUS SURFACES
Including tanks, screens, driers, elevators, bins, mixers

Pre-mixed laid cold, and pre-mixed laid hot types.

Sand stone rock asphalts are mixed at a plant near the source of
supply by combining rock asphalts containing various percentages of
bitumen

Lime stone rock asphalts require plant mixing at the supply source
or near the place of laying the material

POWER SHOVELS, SCOOPS, TRACTORS, FRESNOS, TRUCKS, SCRAPERS
For Construction and Reconstruction

Grading
+ Sand clay.
Disintegrated granite
Chert.
Shale.
Gravel.
Lime rock, marl, caliche

TRACTORS
For Construction, Reconstruction and Maintenance

Grading.

Sand clay.
Disintegrated granite.
Chert.
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Shale.

Gravel.

Lime rock, marl, caliche.

All mixed-in-place bituminous surfaces.

Soil treatment with nonbituminous materials.

TRUCKS .

For Construction, Reconstruction and Maintenance of all
Types of Surfacing

Cuts of equipment are designated by numbers and name. A brief
description of each is given. The numbers progress approximately as
the order of the work to which the equipment is adapted.

8
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Figure 34. Power Shovel. Used for Grading and Moving Surfacing
Material from Pit to Trucks or Wagons




Drag Scraper

Fresno

Wheel Scraper

Figure 35. (Three Photos Grouped.) Drag Scraper, Fresno,
Wheel Scraper Are Used for Grading and Moving Surfacing Ma-
terials from Local Pits to Roadway or Through a Hopper into
Trucks or Wagons -

1
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Figure 36. Blade Graders Are Used for Rough and Fine Grading,
Ditching, Surface Maintenance, Mixing Aggregates with Bitumen in
Place on the Road, Scarifying, Shaping and Reshaping. They Are Self-
Propelled or Hauled by Truck or Tractor. There Are Various Types
and Lengths of Blades. A Recent Model Has Two Blades. Several
Models Have “ Leaning ” Wheels. The Wheels on Drive Axle May
Have Solid or Pneumatic Tires or Caterpillar Tread

Figure 37. Drags Are Commonly Used for Smoothing Untreated Road-
way Surfaces. They Have Been Found Useful in Shaping Up the Cover
Coat of Bituminous Surface Treatments. Drags Are of Metal or Wood,
or Both. They Are of Heavy and Light Construction. Heavy Drags
Are Also Known as “ Road Planes.”



DIGEST OF FINDINGS 129

Figure 38. Scarifiers, Consist of Removable Sharp Metal Teeth
Securely Fastened in a Metal Frame. The Unit May Be Attached to a
Blade Grader, Roller, Tractor or May Be a Separate Piece of Equipment
on Wheels. They Are Designed for Light and Heavy Duty and Are
Used to Loosen and Break Up Road Surfaces. Surfaces Which Cannot
Be Loosened by Scarifiers Require a “ Rooter ” Plow.
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Figure 39. Disk Harrow. Harrows Are Commonly of Three Types.
Disk, Spring-Tooth and Spike-Tooth. They Are Used to Break Up
Lumps of Earth or Surfacing Materials and to Assist in the Mixing

Process of Mixed-in-Place Bituminous Surfaces. They Are Hauled
by Truck or Tractor

Figure 40. The Hand Broom I
Brooms for Removin,
Surface Prior to the
Work. Hand Brooms Are Commonl
Aggregate

s Being Replaced by Rotary Power
g Dust and Foreign Particles from a Roadway
Application of Bitumen in Surface Treatment

y Used for Spreading Cover




Figure 41. “ Aggregate Spreaders.” There Are Two
Principal Types. One Is Used to Spread Coarse Material
for Macadam Surfaces, the Other for Spreading Finer
Material for Cover of Bituminous Surface Treatments.
They Are Commonly Attached to or Hauled by a Truck

"

Figure 42. Power Distributor for Bitumen
131
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Figure 43. Hand Distribution of Bitumen



Figure 45. Rollers. The Self-Propelled Types Are Used for Com-
pacting All Classes of Bituminous Surfaces, Macadams, Some Gravels
and Other Untreated Materials. They Range in Weight from 3 to
16 Tons. They Are of the “ Three-Wheel ” and “ Tandem” Types

133
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Figure 46. Rollers for Gravel or Sand-Clay Are Sometimes Designed
to Give High Unit Pressures Below the Immediate Roadway Surface;
Two Such Rollers Are Shown; Another Type, the Sheeps’-Foot
Roller ” Is for a Similar Purpose

b , o A

Figure 47. . Tractors Are of the Caterpillar and Wheel Type; Are for
Heavy and Light Duty and Are Used to Pull Graders, Plows, Drags and
for Pulling Stumps and Small Trees

134
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Figure 48. Trucks Are a Most Important Piece of Equipment in Con-
struction and Maintenance. The One Shown Is Effective for Hauling
Surfacing Materials, Blading the Roadway Surface, and for Snow
Removal by Attaching a Plow to the Bracket in Front

Figure 49. A Portable Plant Used in Uvalde Rock Asphalt Surfacing
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Figure 50. A Plant Used for the Preparation and Mixing of Pre-
Mixed Bituminous Surfacing Which Is Laid Cold
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Figure 51. A Plant Used for the Preparation and Mixing of Pre-Mixed
Surfaces Which Are Laid Hot



CHAPTER 4
PRESENTATION OF FINDINGS
: SAND CLAY SURFACES
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SND CLAY SURLLS - TIIAL FLHTHER L6 LTI

Figure 52
Materials Costs per mile Service daily Examples in
Natural or artificial For construction Average  300-600 North Carolina
mixture of sand $1300 to $2600. vehicles includ- South Carolina,
and clay. For maintenance ing light trucks. Florida. Georgia,
$300 to $600 per Alabama, Texas.

year.

1. General Description. The finished surface consists of ‘an inti-
mate and compacted mixture of sand and clay.

2. Materials. “ Top soil ” is a natural mixture of sand and clay
found as a surface deposit. Subsurface material is found in two or
three foot layers and in pits having a depth of five feet or more.

For best results in Georgia, Dr. Strahan has indicated the follow-
ing specifications as effective:

Per cent
() 15, S R o SR e D 12 to 18
o1 R et Mo R, S S B g 5 to 15
AN e i e 65 to 80
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Of this sand content 45 to 60 per cent should be above the No. 60
sieve.

Sand clay and top soil roads are built and giving good service which
have wider himits than shown 1n the foregoing table

Coarse material above the No 10 sieve in amounts greater than 10
per cent distinetly increases the stability and durability of the road
slab Sizes up to 34-1nch are satisfactory

The clay should be sticky and non-slaking 1n character

An excess of silt, very fine sand, and clay, during rams, tends to
1educe percolation, retain water and rapidly weaken the stability of
the slab

The entire mass 1s stabilized because of interlocking of coarse parti-
cles, bond, and a rather complete fillng of voids with the finer

particles
Artificial mixes of voleanic einders and dismtegrated limestone
have been used successfully in Mexico -

8 Construction Methods There are four ways of placing sand-
clay surfacing materials

1 The natural mixtuie of sand clay 1s placed on the road, given
additional mixing and consohdated

9. Sand and clay are placed separately on the road, mixed, and con-
solidated

8 Clay 18 hauled and placed on a subgrade of suitable sand, mixed
with 1t and consolidated.

4. Sand is hauled and placed on a subgrade of suitable clay, mixed
with 1t and consohdated.

In each 1nstance the subgrade should be prepared to a true and
regular cross section before the surfacing material is applied. Num-
ber 1, which contains sand and clay mixed by nature, 18 most gener-
ally nsed and gives the most uniform service .

The selected materials are hauled from the pit or fields and de-
posited on the subgrade in a loose layer of uniform width and depth.
The customary length of each layer so placed is from 500 to 1000
feet. The depth and width are such that when spread and consoli-
dated the desired typical cross section will be fulfilled

For example, a width of 18 to 24 feet having a depth of 12 to 14
inches, will spread and compact to a section 30 feet wide, 9 inches
deep at the center and tapering to 1 or 2 inches at the edge

After the materials have been deposited on the subgrade, they are
thoroughly mixed with plow, harrow and road machine blade
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During the mixing and shaping process, traffic and hauling com-
pact the surfacing from the subgrade upward.

Rains, or sprinkling with water, assist 1n securing 1ncreased com-
paction and density.

Rollers are seldom used Those having flat surfaces tend to con-
solidate only the immed:ate surface Ring rollers, sheep’s foot rollers
and similar types which produce a high unit intensity of pressure,
even though lighter 1n gross weight, are more effective.

Following a final shaping with blader the surface is practically
complete However, constant maintenance of the surface must begin
at once and continue throughout the life of the road.

For this type of surfacing the feather edge section, extending from
out to out of shoulder, 1s good practise Better surface drainage is
obtained and inferior material from the shoulder does not become
mixed with the surfacing

Flat crowns, from 14 to 34-1nch per foot are easier to maintain and
are less seriously eroded. They are smoother and safer to ride upon
and tend to increase the traffic capacity of the road.

4 Mawtenance Methods Whether sand-clay roads are opened to
traffic during or after construction, maintenance must begin during
construction This requirement is included 1n some contracts

As in all types of untreated surfaces, traffic, erosion and winds
cause loss of surface material. This loss has been estimated by some
-as about 2 inches each year This figure is higher than a careful in-
vestigation disclosed in Georgia Observed data there indicated an
annual loss of between 14 and 1-inch

The principal operations are scarifying, adding new materials,
blading, dragging and patching. The first two operations are at
periodic intervals of from one to several years The last three must
be at frequent intervals The most satisfactory results follow daily
- patrol maintenance 1n wet and dry weather Lighter equipment is
suitable when the surface 18 soft after rains

5. Construction Costs The surfacing is usually done by contract
at a unit price per cubic yard of sand clay complete in place

The typical cross sections are usually wide, that is from 24 to 30
feet. They require from 2000 to 3000 cubic yards per mile of sur-
facing

Length of haul is the principal item affecting the cost.

The costs are about the same all over the South for stmilar require-
ments of specifications and workmanship
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The range of cost per mile is from $1300 to $2600. A fair average
is about $2000.

6. Maintenance Costs. When serving within their traffic capacity
these surfaces are well maintained for from $300 to $600 per mile
per year. Surface maintenance by machining and dragging should
be from $200 to $300, scarifying and reshaping may range from $50
to $150, replacement of lost material with new material from $250
to $500 per mile. Scarifying and reshaping may or may not be done
yearly.

New materials may be necessary only at two or three year intervals.

7. Service. In the South observation and investigation have shown

Figure 53. Patching a Sand-Clay Surface

the traffic capacity of this type to be from 300 to 600 vehicles per
day. For average conditions this is about 400. Regions having ex-
tremes of wet or dry weather affect this figure unfavorably.

Poor quality of materials or maintenance seriously affect ser-
viceability. Records in Georgia show a satisfactory quality of service
for an average life of more than 6 years.

This type of surfacing has been successfully surface treated with
bitumen and aggregates in North Carolina and South Carolina.

As a sub-base for pavement it presents a subgrade uniform in qual-
ity and bearing power, well compacted and semiporous. '

In Georgia there are noticeably fewer cracks in concrete pavements
laid on old top soil roads than in those of equal age laid in unselected
natural subgrades.
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South Carohna has shown confidence 1n this subgrade support by
reducing the thickness of concrete slabs when they are laid on old
sand-clay roads

REFERENCES

1. Personal inspections in North Carolina, South Carolina, Georgia
and Florida.

2 State Highway Specifications, North Carolina, South Carohna,
Georgia and Alabama

3. DBulletins of Buieau of Public Roads

4 Highway Research Board Tth Proceedings 1928, by Dr Strahan.
5. Highway Research Board 7th Proceedings 1928, by W R Neel
6 DBulletin Umversity of Georgia 1921, Vol. XXIT.

7 Transactions A. S C E. Vol 77, Dec 1914 J. C. Koch

8 College of Texas Bulletin 19 B K Coughlan
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CHERT, SHALE AND DISINTEGRATED GRANITE SURFACES

DUISINTEGEATLD 6EANVT-IHALL e LHEET-TTATHE LDBE

Figure 54. Disintegrated Granite, Mexico

Cost per mile

/——‘J;_‘—\
Materials Const. Maint. Daily service Examples
Chert: oovsvn o tades $7,000 $550 800 vehicles Georgia, Alabama.
SHAle! inseesimvros 7,000 500 600 vehicles West Virginia, Penn.
Dis. Granite ...... 3,000 500 400 vehicles Arizona, Mexico.

1. General Description. The materials as obtained in pits are
broken or crushed to suitable size. After they have been placed on the
subgrade the surface is prepared in much the same manner as a sand
clay or one course gravel road. The principal operations are harrow-
ing and blading. Rolling is required by some engineers but not by
others. Both the feather edge and trench sections are used.

9. Materials. Disintegrated granite and shale in suitable sizes for
road work can be obtained from pits by blasting. They usually break
up into fragments and seldom require crushing by machine. The
larger pieces may be broken by hand. For this reason production cost
is lower than for cherts which may require machine crushing and
sereening as well as blasting.
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Not all disintegrated granites, cherts and shales are suitable for
surfacing. Those containing an excess of clay may become soft or
shppery during wet weather In case of doubt a short section of sur-
face may be laid as an inexpensive experiment. Such experiments
with untried local materials of this nature frequently result in a.con-
siderable saving over shipped-in and long-haul aggregates.

Chert. This material as shown by chemical analysis 13 largely
amorphous silica.

Georgia specifications for chert call for all the material to pass
the 114-1nch screen and at least 60 per cent to be retained on a num-
ber 10 sieve The material passing the 10 sieve is known as binder
with the following composition:

Per cent

“Clay ” (Amorphous silica) 20 to 40
Silt 10 to 30
Total sand . 30 to 60

Sand above No 60 sieve should be 20 to 40 per cent.
Shale According to B. E Gray, the highest grade shale as used in
West Virgima has the following analysis:

Per cent
Moisture 051
Silica 6678
AlLOs 16 40
Fe:Oa 642
Ca0O 0.56
MegO 134
Volatile matter and water of hydration 394

Fiom analysis and service results, Mr Gray concludes “ that a
percentage of silica in excess of 55 1s required, that the presence of
1ron oxide 1n excess of 4 per cent is necessary and that the cementing
quality of the material largely depends on this factor. When Al.Os
is present in excess of 20 per cent by volume the surface tends to
becomes very slippery when wet.

Drsintegrated Gramite Arizona reports that this material gives
better service than the gravel and caliche found in that state. Wis-
consin uses 1t as a temporary surfacing. The writer has used it in
Mexico with results equal to those with the best sand clays in North
Carolina.

The following table from the Encyclopedia Britannica is of in-
terest in denoting the slight differences between fresh hard granmite
and the sandy mass of disintegrated granite.
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I. Analysis of fresh grey granite -
IT Brown moderate firm granite
III. Residual sand, produced by the weathering of the same mass.

H,0 8i0e Als0g FeO FeaOs Ca0

I 122 €9 33 14 33 360 321
II 327 66 82 15 62 169 188 313
I 470 65 69 1523 439 263

NoTe —The balance of these analyses show small quantities of MgO, Na-0, K:0, and P20s

The differences are surprisingly small and are principally an
increase in the water and a diminution in the amount of alkalies and
lime, together with the oxidation of the ferrous oxide.

Tt 13 necessary to screen chert to the required size which should
not be over 114 inches for a one course surfacing Finer sizes are
even more satisfactory Disintegrated granite and shale should be
broken down to 4 inches or 6 inches 1n the pit before hauling to the
road. During the construction process they are broken down to 1 inch
size and smaller.

8. Construction Methods The materials are hauled and spread on
the subgrade 1n a loose layer of uniform thickness in much the same
manner as 1n sand clay construction Harrowing and machining bring
about a well mixed and umiform surface. When the trench section is
used rolling is required in Wisconsin for disintegrated granite The
feather edge section has been used satisfactorily and the surface
bound by traffic Sufficient machining with a heavy road planer 1s
necessary to secure a smooth riding surface Temporary side forms
and a trench section are used in Georgia for chert.

4. Mawitenance Methods Maintenance methods are much the
same as for sand-clay roads. They consist of road machining, patching
and the addition of layers of new material when the original surface
‘becomes reduced in thickness.

5. Construction Cost. These surfaces are used when suitable local
deposits of stone and gravel are not available Their cost will be less
than for imported crushed stone and about the same as for local
gravel. If the cost of crushing and screening are absent, hauling will
be the most expensive item

The initial cost of chert surfaces in Georgia, 19 feet wide, com-
pacted depth 8 inches, averages about $7000 Shale surfaces, imn
West Virginia, 18 to 20 feet wide and 8 to 9 1nches compacted
thickness, cost around $7000 per mile In Arizona, disintegrated
granite gravel and calichegravel, equivalent to 21 feet wide and
6 inches compacted thickness cost about $3000 per mile.
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6 Mawntenance Costs Direct maintenance costs nclude the neces-
sary machining, dragging, pateching and resurfacing

Chert surfaces are being mantained in Georgia for approximately
$150 per mile per year for machining, scarifymg and patching. Lost
surfacing 18 less than fo1 sand clays in that state It averages less than
lo-1nch per year

Good shale surfaces 1n West Viiginia are maintained for less than
$500 per mile per year

Disintegrated gramite i Arizona, where the annual rainfall 1s
between 10 and 16 inches, 1s said to give better service than loeal
gravels Local gravels show an annual maintenance cost per mile 1n
Arizona of less than $500

1. Service Shale as used 1n West Virginia, Wisconsin and North
Carolina 1s equal to or better than the best sand clays If 1t becomes
slippery 1n wet weather a thin layer of fine gravel, coarse sand or
crushed stone has corrected the condition

Disintegrated granite does not become shippery except when an ex-
cess of clay 13 present Some deposits in Mexico contained practically
no clay.

Good chert surfaces in the South are carrying an average of 800
vehicles per day without undue maintenance cost but with more dust
than local gravels

Shale 1n West Virgima 1s carrying from 300 to 600 vehicles per
day during the summer months and about 24 that amount in the
winter.

Disintegrated gramte in Arizona 1s carrying traffic equal to local
gravel roads Traffic counts 1 Arzona show an average of 330
vehicles per day on gravel surfaces

Chert, shale and disintegrated granite surfaces have salvage value
as subgrade treatment. Chert and shale have been successfully treated
with bituminous surface or wearimg courses No records are available
for surface treatments on disintegrated granite

REFERENCES
1 Personal inspections of shale in North Carolna and West Vir-
gmma Disintegrated granite in Mexico
2. State Highway Specifications—chert, Alabama and Georga,
shale, West Virginia and North Carohna, disintegrated gran-
ite, Arizona.
3 Roads and Road Materials, Geological Survey of Alabama, Bul-
letin No 11
4. Highway Research Board 7th Proceedings 1928—by B E Gray
5. Highway Research Board 7th Proceedings 1928—by W. R. Neel
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GRAVEL SURFACING

D (T 69972 /LATHE (L

Figure 55. Michigan

Materials First cost Maint. cost annual Service daily
Pit or river gravel  $1500 to $9000 $250 to $800 300 to 800
and binder. Average $5000 Average $500 vehicles

Examples in nearly every state and Canada.

1. General Description. Gravel surfaces consist of one or more
layers of aggregate evenly spread on the subgrade and compacted
by rolling or by traffic. !

A surface muleh of loose material, 4-inch in thickness, on com-
pacted surfaces is advantageous.

9. Materials are generally the best available local gravel. Shipped-
in gravel may increase the cost as much as 40 per cent. The top
layer which carries the traffic should be hard and durable pebbles.
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Gravel up to 214 and 3 nches 1n size for base course 1s permitted
I some specifications The states which have large mileages of
smooth riding untreated gravel surfaces do not permit material larger
than 1 inch in the entire slab Crushed gravel is preferred to rounded
particles by some, because they key together more readily and more
securely with less binder.

Good binder materials are 1ron oxide and limestone. Clay and
loam are used when no better materials are available In untreated
surfaces, clay and loam binders become dusty in dry weather and
lose their binding power 1n wet weather

The success of an untreated gravel surfacing appears to depend
upon the si1ze of coarse aggregate, and the amount and character of
the binder. When clay or loam 13 used as binder small amounts are
advisable. More than 20 per cent 1s questionable practise 10 to 15
per cent give more satisfactory results

Binder materials which are hittle affected by the presence or absence
of moisture are excellent. Such materials are voleanic ash, limestone
dust, and fines from quarries or gravel pits.

The bonding of loose gravel 1s frequently difficult, but an excess of
silt or clay should be avoided An excess of clay, particularly when
a loose surface mulch of clean aggregate 1s absent, tends toward pot
holes under traffic An excess of sand below the No. 10 sieve may
be the cause of early and persistent corrugations

Michigan has good gravel roads The specifications require.

Per cent
Passing 1-inch circular opening 100
Retained on 8-inch sieve 75 to 85

Clay and silt content not more than 10

South Dakota specifies as follows:

Per cent
Passing 14-inch screen 95 to 100
Retained on 4-screen 10 to 40
Retained on 10-mesh sieve 351t 70

California requires:

Per cent
Passing 1-nch circular opening 100
Retammed on No 3 seve.... ........ 50 to 70

The remainder shall consist of rock screenings, disintegrated granite or other
cementaceous material of which not less than 8 nor more than 20 per cent shall
pass the 200-mesh sieve At least 50 per cent of the total volume shall be crushed
aggregate
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3 Construction Methods Three general methods are used:

1. The trench method, in which a trench narrower than the graded
width 1s filled with gravel

9. The trench and feather edge, i which a trench about 16 or 18
feet wide 1s filled with gravel This is covered with a top course
of gravel which extends to the full width of the shoulders

3. The feather edge method, which consists of a surface for the full
width of roadway, that 1s, out to out of shoulders Tt varies m
depth from a maximum at the center of the road to one or two
inches at the edges. A uniform depth of matenal for the full
shoulder width 1s also used

Best results are obtained when the gravel 1s spread from vehicles
having spreading devices, from dump boards or from piles along the
road The dumping of gravel in piles on the subgrade before spread-
ing may result in a wavy surface, particularly 1f the entire pile is not
immediately spread after dumping Gravel 1s generally spread by
road machines or 1t may be done by hand shovels

The practise of using large gravel contamning particles up to 3
inches and larger n size, and then working the large material ahead
on the subgrade 1s not good practise, because some of the large particles
may be left near the surface or they will work to the surface within a
year or two They are always a source of annoyance when the road
18 reshaped or scarified Their dislodgment at that time will destroy
the compacted surface below the desired depth of scarifying. If left
in the surface they are a contributing cause of corrugations

Harrowing with a spike tooth harrow is frequently done, particu-
larly when clay 1s spread over the layers as a binder. Binder material
must be thoroughly mized with the gravel by nature, at the pit or
on the road Watering to secure bond and compaction is of consider-
able assistance when the gravel contains a small amount of binder.

Rolling is not universal practise However, if quick compaction
1s desired rolling undoubtedly gives 1t more quickly than traffic. Ring
rollers, sheep’s foot rollers and the Michigan type shown on page 134
give good results Surfaces which had early compaction obtained by
the addition of excessive amounts of clay and rolling may not resist
traffic and the elements as well as surfaces containing a smaller
amount of good binder which were compacted from the subgrade
upward by traffic. Rolling cannot, however, be depended upon to
give smoothness of surface Smooth riding qualities are secured by
harrowing and a large amount of blading
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4 Mawntenance Methods Flat crowns 1 to 3%-inch to the foot 1n
dry weather will greatly assist in maintenance. A shightly higher
crown may be used in wet weather

A Y5-mch loose layer of clean gravel passing the 34 or L-inch
screen and retained on the 14 should be retained on the surface at all
times This retards the formation of pot holes, corrugations, erosion,
and partially reduces dust The surface should be dragged or ma-
chined daily for traffic of over 200 per day For highter traffic alter-
nate days will be sufficient

Untreated gravel surfaces lose 34 of an 1nch or more of their sur-
face each year This lost mater1al must be replaced 1f sufficient depth
of surface 13 to be retained Material for resurfacing is frequently
stock piled along the road sides If the graded width between shoul-
ders is 30 feet or more, it may be placed 1n windrows along the sides,
with suitable openings for dramage

Pot holes, corrugations and dust are the prineipal objections to the
best gravel surfaces. They may be minimized as already stated, but
surface treatment or the addition of a bituminous wearing course
is indicated even when fast moving, light traffic 1s in excess

Scanfying and reshaping twice a year or annually are not unusual
These operations together with blading and dragging can well be done
durmg or immediately after rains. None of these operations are done
after the surface has been prepared for the winter in heavy frost
sections of the country Maintenance should begin during the con-
struction period

5. Construction Costs As n all types of surfacing length of haul
by truck or rail greatly affect the initial cost. Such items as washing,
screening and crushing also affect the cost For these reasons the cost
of gravel surfacing varies between wide limits Manipulation and
compaction of the material on the road are comparatively small items
1n the total.

For surfaces containing 1500 to 2500 cubic yards of compacted
aggregates the cost will be from $1200 to $10,000 per mile The
average cost for 2000 yards of material 13 about $5000

6 Maintenance Cost The items of blading and dragging are
easily determined for fixed amounts of traffic Searifying and re-
shaping may be reasonably estimated The replacement of lost sur-
facing material 1s the principal item of maintenance expenditure and
the one which seriously increases the maintenance costs of gravel
surfaces. For average traffic of 800 to 500 vehicles per day the data
show the highest losses 1 regions of low humidity and precipitation
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such as Arizona. On the other hand, Alaska reports no dafficulties
from dust and little lost material Yearly losses range from 1/4-1mch
to 2 or 3 inches In Indiana 22 sections on 236 miles of gravel road
showed an average annual loss of 257 cubic yards for an average
daily traffic of 892 vehicles The average annual rainfall in Tndiana
1s about 37 1nches The cost of daily blading should be about $200
or $300 per year, scarifying and reshaping annually about $100
The cost of new materials will naturally vary with local eonditions
With gravel at $2.00 per cubic yard loose measurement in place, a
replacement of 1 inch, loose, per mile per year would, for an 18 foot
width of surfacing, amount to $380 The cost of scarifying, reshap-
ing and continuous blading seldom amounts to more than $400 per
mile per year The cost of replacing lost surface materials therefore
s a serious item. When the cost of maintenance exceeds $600 or
$800 per mule, regardless of tiaffic intensity, common practise ind1-
cates the advisability of some type of surface treatment or a pavement

% Service. Gravel roads are furmshing service to more square
miles of territory than all other types of surfacing combined More
than 52 per cent of the total surfaced mileage of the United States 18
gravel Whenever materials are locally available, gravel surfaces are
found from Maine to California and from Louisiana to Alaska Ch-
matic and geographic conditions, although affecting the quality of
service, do not prohibit 1ts usefulness.

When constructed with suitable aggregate and maintained per-
petually, safe speeds of 40 to 60 muiles per hour can be mamtained for
hours at a time. Untreated giavel surfacés are seldom satisfactory
for more than 600 vehicles per day The average appears to be about
400, arid regions report 200 or 300 to be the maximum ; and Alagka
with 1ts damp soils, reports no trouble from the dust nuisance When
the traffic capacity of a gravel surface 1s passed, loss of surfacing
material, dust, corrngations and pot holes indicate the necessity of
surface protection.

Gravel surfaces are bemg successfully surface treated and thewr
traffic capacity doubled They have proved to be of value as a sub-
base for pavements and they are still the predominating type of
surfacing

REFERENCES

| Personal mnspections in Maine, New Hampshire, Vermont, Massa-
chusetts, Rhode Tsland, New Jersey, Virginia, North Carolina,
South Carolina, Georgia, Texas, Tennessee, Ohio, Michigan
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TRAFFIC BOUND SURFACES OF GRAVEL, STONE AND SLAG

, 2600

TR BONY- GGV LT A o TN

Figure 56. Ohio

Construction and
maintenance

Materials costs Service Example in
Crushed stone. First year $2000. 300 to 600 vehicles Ohio.
Crushed slag. Second year $1000. including light Indiana.
Screened or Third and succes- trucks. Tennessee.

crushed gravel.  sive years $500. Nebraska.
Towa.

1. General Description. This type of construction has been used
with success on previously graded and unsurfaced subgrades and as
a method of resurfacing and widening an existing untreated surface.
This untreated surface may be an old sand-clay, gravel or stone
macadam. The construction methods are similar in each instance but
more new material will ordinarily be required on raw subgrades.
Some scarifying and reshaping of old surfaces may be necessary
prior to the addition of new surfacing.

The surfacing is a layer of clean crushed stone, slag, crushed or
screened gravel evenly spread on the prepared subgrade. This layer
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is kept smooth by constant blading. Traffic gradually compacts it
from the subgrade upward.

New material is added, under traffic, periodically until a surface
of suitable thickness is built up. This surface is seldom more than
5 or 6 inches in depth after a period of several years. Tt is kept
covered at all times with a loose layer usually of the same materials
as are in the body of the surface. The surfacing should preferably
extend from shoulder to shoulder. This distance should not be less
than 20 feet; 30 is better.

The crown should be low, about % to 34-inch per foot has been
found sufficient. It is easy to maintain, to ride upon, there is less

Figure 57. Spreading Gravel, Stone or Slag

crosion than with high ecrowns, and it seldom needs building up or
cutting down when used as a base for future surface courses or sur-
face treatments.

2. Materials. Suitable materials are hard crushed stone, slag and
crushed or screened gravel. Other materials have been used, such as
stone screenings, pea gravel and cinders. They may also be success-
fully applied as a subgrade treatment for the first year. Good results
have been obtained when the materials all pass the 1-inch or 74-inch
screen, with little passing the 1/ and less than 10 per cent passing
the number 10 sieve. The material should be uniformly graded from
coarse to fine. Crusher run below the 1-inch has also been used.
Riding qualities are improved, and tire wear probably reduced, when
the maximum size is 14 or 34-inch. Materials over 1-inch and up to
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1Y% have been used, but the surface is rougher and tire wear probably
greater. _

An excess of fines may cause corrugations with gravel aggregate.
They will become more dusty in all types under traffic. Clay causes
dust and pot-holes. It is a disadvantage in case of future surface
treatments. Clay is sometimes necessary as a binder when screened
uncrushed gravel is used. It should be applied dry, evenly and
sparingly.

Several thousand miles of roads of excellent riding qualities have
been built in Towa by the methods described herein for traffic bound

l':‘igure 58. Dragging. Note the Windrows of Loose Surfacing Ma-
terial Which Have Been Bladed to the Side During Dry Weather. The
Material Will Be Pulled in As Required

surface except that pit run gravels and crusher run limestones con-
forming to the following specifications have been used:

Class A gravel Class B gravel Crushed limestone

Maximuanm "BI8es ..o v savpanre vea s 1 inch 1 inch 1 inch

Max. clay, mud-balls, ete........ 8 per cent 12 per cent 5 per cent
Passing No. 8 sieve not more than 50 per cent 65 per cent 15 per cent
Maximum per cent of wear...... 5 per cent

3. Construction Methods. The construction operations are simple
and consist of hauling, dumping and spreading the aggregates. All
of them are done by mechanical equipment. The same equipment is
also used for maintenance.

The subgrade is first prepared to a firm uniform cross section
and a loose layer of aggregate is spread and machined to a uniform
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depth. This layer should not be of greater thickness than traffic can
safely use. .

There are several methods- one of the most satisfactory is to dump
the surfacing in a continuous pile along the center of the roadway
or 1n two piles, one on each side It 1s then bladed over the roadway
1n a smooth layer of uniform depth of from 1 to 8 inches, depending
on the character of subgrade the amount of moisture 1t contains As
the first layer becomes compacted, more material 1s bladed 1n from
the side windrows so that a loose mulch about 4-1nch deep 1s present
at all times Traffic and hauling of surfacing material compact each
thin layer from the subgrade upward. Blading and dragging each
day keep the surface regular and free from pot holes and ruts

The first year’s work, which may be considered the construction
period, will result in a densely compacted surface 2 to 8 inches in
depth.

4 Mawntenance Methods. Maintenance methods are similar to the
construction methods They consist of the addition of new material
which 138 erther stock piled along the road or placed in windrows at
the sides. This 1s usually applied when the road surfaces are wet,
a condition permitting better bond with the old surface One-man
patrol graders with straight or spring blades, followed bv an oceca-
sional planming with heavier equipment serve to keep the surface in
excellent condition.

In sections of the country subject to conditions of freezing and
thawing such as Ohio, Michigan, and Indiana, these surfaces may
break through in places especially during the first winter and spring
Repairs are simple and are made before the existing surfacing be-
comes lost in the subgrade Reducing the amount and weight of
traffic during these periods has reduced the maintenance costs

5. Construction Costs On a large program of construction, suffi-
cient amounts of material delivered at the proper time and place can
best be handled by contract It should be delivered in stock piles at
several mile intervals or placed in piles at the roadside or 1n stock
piles along the road On small programs for this type of construction,
portable outfits and small set-ups have been used and the entire work
done by force account The surfacing will cost for the first year,
which may be considered the construction period, about $2000 when
local aggregates are used

6. Mawntenance Cost This imncludes furmishing and placing ma-
terial and machining 1t on the road It will gradually decrease after
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the first year For the second year 1t 1s about $1000, and for the third
about $500

7. Service This type is easily and quickly constructed, traffic, after
the grading operations, may use the road at once There 1s no time
out for the surfacing operation On account of the flat crown, surface
mulch and small amount of aggregate below the Y4-inch screen, ero-
sion is not serious In Ohio the slag and stone surfaces are less dusty
than the gravel, and show fewer corrugations

Due to the constant dragging or machining the riding qualities are
excellent. Speeds of 40 to 50 miles per hour are lumted only by
traffic, alignment and grade These roads will accommodate from 300
to 600 vehicles per day consisting of automobiles, a fair percentage
of 214 ton trucks and infrequent 5 and 7 ton trucks The surface
mulch retards the formation of potholes and corrugations. Crushed
stone and slag have been used to prevent them on gravel bases Clean
gravel has been used on macadam base

The principal objection to this type of surfacing 1s the wear on
tires and rather high tractive resistance After the road has been 1
service and under observation for 3 or 4 years 1t may be successfully
treated with one of the several satisfactory types of bituminous or
nonbituminous surface treatments TIts traffic capacity may then be
doubled and dust eliminated.

REFERENCES

Personal 1nspections in Ohio, Indiana, Tennessee, Michigan

Ohio State Highway Specifications

National Crushed Stone Association; Bulletin II by Goldbeck

Towa State Highway Specifications.

Nebraska Investigations.

Engineering News—Record June 2, 1927 Article by Harry T.
Kirk

Ohio Highway Topics, 1927. Article by Raymond Smith

8 Use of Trap Rock Screenings as a Road Surface E. T Nettleton,

Connecticut Quarries Company, New Haven, Conn
9 Highway Research Board Proceedings, 1928 Report of Com-
mittee on Structural Design of Roads '
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MACADAM
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Figure 59
Materials First cost Maintenance -cost Service Examples
Crushed stone.  $8,000 to $15,000. $300 to $600. 500 to 800 Indiana.
Crushed slag. vehicles  Kentucky.

Crushed gravel. per day. Ohio.
g Tennessee.
New England.

1. General Description. Macadam roads have been built which
show wide ranges in quality and size of aggregate, thickness of sec-
tion and method of construction. It is one of the oldest types. This
perhaps accounts for the variations, although present practise is by-
no means uniform.

In general these surfaces consist of one or more courses of coarse
broken aggregate, whose voids are partially filled with finer aggregate.
The whole mass is keyed and interlocked together by protracted roll-
ing. Water may or may not be used to assist in the void filling process.

2. Materials. These roads are usually built of crushed stone.
Crushed slag and gravel are less widely used as macadam aggregate.
A study of specification requirements shows they have been written
to secure good quality and a practical gradation of the available local
material and that a softer stone is usually permitted iu the base
course than in the wearing course. The maximum allowable per cent
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of wear for the surface course 1s about 5, for the average specification,
trap rock 18 specified as low as 4 while limestone 1s permitted as high
as 6

Base course requirements are not as severe A per cent of wear ot
10 and 12 1s tolerated for limestone, 15 and 20 for slag and 25 for
sandstone The grading requirements indicate that larger maximum
sizes are customary when softer stone 1s used

When stone of the same quality 1s nsed 1n both basc and surface
courses the gradation may be the same for each In this case the courses
may be of equal thickness For example some typical state highway
specifications for quality and gradation of stone are given

OHIO SANDSTONE BASE COURSE

“ When sandstone having an abrasion loss of over 12 per cent 1s
used, 1t shall 'be broken to sizes ranging between 3 and 515 1inches,
with the larger si1zes predominating When sandstone having an abra-
sion lpss of 12 per cent o1 less 1s used No 0 or No 1 size may be used
The sandstone shall be broken to proper size before being placed in
final position No knapping will be permitted after the sandstonc
has been placed ”

Per cent of wear not over 25, toughness not less than 3 No 0 size,
gradation requirement for passing screens having circular openings
18; through the 51%-inch 95 to 100 per cent, through the 21%4-1nch
0 to 10 per cent No 1 size gradation 1s, through 4-inch 95 to 100 per
cent, and through 215-1nch 0 to 10 per cent

OHIO WATER-BOUND MACADAM SURFACE COURSE

This course consists of crushed limestone or slag and scieenings
The maximum allowable per cent of wear for limestone 1s 8 and the
toughness factor 1s not less than 5 “ The stone shall show no signs
of checking, cracking or disintegration in the sodium sulphate test for
soundness In no case shall the maximum size permitted exceed the
compacted thickness of the course by more than 14-inch ”

The specified sizes of stone passing screens with cireular openings
are given 1n percentage -

Passing Passing
No 1, 4 inch, 95-100, 23 inch, 0-10
No 5, # inch, 95100, 4 inch, 30-60, 100 Sieve, 5-20
No 7, 3 mch, 95-100, % inch, 60-100, 100 Sieve, 10-30

Virgina state specifications designate a “ broken stone base course
or a hand broken base course ”” m which no screenings are used unless
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especially required. For the broken stone base course the coarse stone
must pass a 4-inch circular perforation and be retained on a 214-inch.
The per cent of wear is not more than 8 and the toughness factor not
less than 5.

For the water-bound macadam surface course, Virginia specifies
all stone to pass the 21%-mnch circular perforation and be retamned on
the 1-inch The per cent of wear 1s not more than 5 and the toughness
factor not less than 7. The stone screenings consist of material pass-
ing the 1-inch screen with the dust in. The quality of screenings 1s
the same as for surface stone.

In Massachusetts broken stone 13 designated as No. 1, No. 2 and
screenings No. 1 passes the 2%4-inch ring and is retained on the 1%-
mch No 2 passes the 11/4-inch ring and is retained on the 34-nch.
The screenings all pass the 34-inch. The allowable per cent of wear
18 not more than 4 and toughness is not less than 8.

Califorma specifies two types of water-bound macadam base, but
does not specify a water-bound macadam surface course. The broken
stone for Type A base course must all pass a 314-inch circular open-
ing and be retained on a 1%4-inch The screenings all pass the 14-
inch opening and include the dust of fracture Maximum allowable
per cent of wear is 5. For Type B all stone must pass the 2V5-inch
circular opening and be retained on the 34-inch. Maximum per cent
of wear i3 8 The filler or binder may be rock screenings, sandy loam
or disintegrated granite, 90 to 100 per cent of which shall pass the
14-inch screen.

3 Construction Methods. Current practise varies 1n details but
the principal features are similar The trench section is 1n general
use Wood blocks or temporary timber side forms are used to gauge
the loose depth of stone 1n the trench Earth from the shoulders is
generally used to prevent lateral displacement during the rolling
The compacted depth of any course 1s seldom more than 14-inch
greater than the maximum size of coarse stone. This type may con-
sist of a base and surface course or a base course only. Six inches
compacted appears to be maximum depth for a single course mac-
adam, but 4-1nch is nearer the average for the cases studied The prin-
cipal construction features are:

1. Hauling and spreading the layer of coarse stone. The stone is
never dumped directly on the subgrade or base course.

2. Shaping this layer of stone by hand tools. Harrowing and ma-
chining are required in some specifications
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3. Rolling with one or two, ten ton power rollers, usually the three
wheel type.

4. Spreading fine stone, screenings or other smitable fillers. These

are spread thinly and gradually and broomed over the surface

Rolling 1s then continued, usually on the dry surface.

6. Watering, the addition of more screenings or filler and protracted
rolling are continued until a thim “ mud ” or “ grout ” appears
on the surface and apphied water runs to the edges of the
surface

(524

Some states, Ohio, Indiana and others, require the surface to be
carefully tested with a straight edge and all inequalities corrected

Base courses are sometimes bwmlt without waterng Surface
courses are sometimes of the traffic bound type, not rolled, in this case
the maximum size aggregate 18 15-1nch or better still 34-inch  Roll-
ing begins at the edges overlapping the shoulder It progresses to-
ward the center of the roadway On super-elevated curves rolling is
sometimes begun on the 1nside of the curve and progresses outward
across the entire width.

4. Mawntenance Methods Experience has shown that untreated
macadam surfaces become dusty, ravel and pot hole under traffic Pot
holes are 1solated holes in the surface They are the result of lost
binder and coarse stone removed by traffic. If not patched at once
with new stone they quickly cause a very rough riding surface Pot
holes, raveling and a reduction 1n dust may be partially retarded by
covering the macadam base or surface with a Y5-inch loose layer of
34 gravel screenings or other hard aggregate. This layer must be
lightly bladed or dragged from two to six times each week. Sprin-
khing the surface with water, 1f available, is of assistance in reducing
raveling and dust. Surface treatments with bitumen or calcium
chloride are the most common practise Scarifying, reshaping and
the addition of coarse stone and filler are also common

Heavy road planes and bladers are said to be useful in removing
high spots The material planed off 1s deposited 1n the low spots and
compacted by traffic

5 Construction Cost. Skilled labor and competent supervision are
important factors for good macadam construction. These are not al-
ways available. For this reason macadam prices may be relatively
high or local contractors may not care to bid on this type of surfacing.
Except when local stone or a short haul are available macadam is not
growing in popularity

6
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The cost of watering may become a serious 1tem 1f the surface 1s
water-bound An unusually dry period during a working season, or
construction 1n naturally dry, arid regions may make a long haul
unavoidable If not previously anticipated serious financial loss may
result to the contractor

To obtain maximum density under the heavy rolling required, a
firm subgrade 1s essential This 13 dependent on variable soil and
chmatic conditions Tt 18 sometimes difficult to obtain a smooth riding
surface without frequent patching This 1s undesirable and an excess
of patching 1s expensive

For the foregoing reasons macadam 1s high 1n first cost compared
with traffic bound types These are bwilt up 1n thin layers on avcrage
subgrades, shaped with a road blader, without watering, and traffic
gives adequate compaction

In macadam types 1t 1s desirable to avoid waste by using the en-
tire output of the crusher, 1f the stone 1s erushed on the job An
excess of fines or coarse may be used with success to 1mprove the
bearing capacity of the subgrade

From the available information local stone macadam 5 to 6 inches
in thickness and 18 feet wide can be laid for $7000 to $10,000 per
.mle The cost of greater depths to smit local so1l or other conditions
may reach $20,000 For average conditions depths of 7 to 9 inches
cost about $15,000 per mile for an 18 foot wadth

6 Mawntenance Costs Untreated macadams show abont the same
traffic capacity and maintenance cost as the traffic bound and gravel
types This 1s from $300 to $600 per mile per year for a surface
which 1s maintained free of pot holes and raveling

Frost boils, occasioned by the freezing of moisture n the subgrade,
may require scarifying, reshaping, new materials and roling This
1tem may amount to $50 or several hundred dollars per mile yearly
depending on the quantity of new aggregate required

Sub-base of gravel, stone or sand will reduce frost boils A loose
surface mulch of fine hard aggregate will reduce pot holes and
raveling.

T Service Although still included as a standard type by nearly
all states the Bureau of Pubhic Roads records show a proportionate
decrease in macadam mileage as compared with other types

Macadams and rolled broken stone surfaces and bases are now
usually laid with the intention of future improvement by bituminous
surface treatments.
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Traffic of more than 600 or 800 vehicles per day quickly disin-
tegrates the surfaces as evidenced by dust, raveling and pot holes
Even though the body of the macadam remains intact these surface
failures indicate the advisability of surface treatments.

Because of high first cost, low traffic capacity, rough riding surface
and non-adaptability to machine maintenance other types are replac-
ing macadams for light traffic in all but a few states

Old macadams are excellent bases for surface treatment and bitu-
minous wearing courses and many mules are thus salvaged and im-
proved annually

REFERENCES

1 State specifications of Ohio, Tndiana, Virgima, North Carolina,
California, Massachusetts

2 Construction of Roads and Pavements, Agg

3. Highway Engineers’ Handbook. Harger and Bonney

4 Wisconsin Highway Commission Bulletin No. 16.

5. United States Department of Agriculture Bulletin No. 914

6. Personal inspections in Delaware, Massachusetts, New Jersey,

Maine, Rhode Island, Virgima, West Virginia, Ohio, Tndiana,
North Carolina, Georgia, Texas and Mexico.
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LIME ROCK, MARL AND CALICHE, BASE AND SURFACE

LIMEERT LR a0 AL

Figure 6o. Lime Rock Base. Florida

Materials Costs per mile Service Examples in

Lime rock. Construction $4,000 200 to 300 without Florida.
Ojus rock. to $15,000. Main- treatment. 1500 North Carolina.
Coquina rock. tenance, said to to 2000 with bi- Ohio.
Disintegrated lime- be high without tuminous surface = Minnesota.

stone. surface treat- treatment. Arizona.
Marl. ment. New Mexico.
Shell rock. Texas.
Caliche.

1. General Description. When deposits of stone or gravel are not
available locally or when their cost is excessive, excellent base courses
have been constructed from these materials. They are usually laid
in a one course trench section to a compacted thickness of from 6 to 8
inches. Four inches have been used but are not recommended. The
material is spread on the subgrade, harrowed, wet, machined, rolled
and machined again. The result is a finely bonded smooth riding
surface with but little resistance to the wear of traffic during dry
weather. The immediate surface may be improved by scarifying to a
depth of one or two inches and covering with fine hard stone or gravel.
Gravel or sand have been mixed with marl or caliche to increase their
resistance to abrasion. Apparently the best method is to place a bitu-
minous surface treatment. This method will be described under the
title of Surface Treatments. There is evidence also that calcium
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chloride is effective for reducing dust on marl By far the greatest
and best mileage of lime rock base 1s 1n Florida. Similar materials
are found elsewhere in the country and they may be used for this
type of construction successfully by following the Florida methods

9. Materials. All of the materials listed are a limestone formation
and consist essentially of carbonate of lime.

Florida State Specifications require the following minimum per-
centage of carbonate of calcium and magnesium. Florida Lime Rock
97; Ojus Rock 70 with cementing value not less than 45; Coquina
Rock 80, cementing value 45.

Marl 1s a calcareous clay or mixture of lime with soft friable clay.
It may also contain shells, fossils, teeth, potash and phosphoric acid
The lime content of marl suitable for road construction varies from
25 to 75 per cent and higher Marine marl is found 1n the Atlantic
Coastal Plain. Fresh water marl 1s found in Michigan, Indiana,
Ohio and Minnesota. Sand, though not abundant, is usually present

Caliche 18 described as a soft earthy limestone It is a calcareous
deposit formed beneath the surface sand or soil in Arizona and ad-
jacent territory Texas specifies suitable caliche as a natural mixture
of calcareous dust and quartz sand with or without the presence of
gravel or small stones and not more than 10 per cent clay.

Other materials such as disintegrated limestone are similar in
character. They are considered acceptable for road building provided
they show no tendency to air slake or undergo chemical change when
exposed to the weather They are found in wet or dry pits, with or
without overburden. Blasting, crushing and sizing may or may not
be necessary It is usually required for lime rock in Florida and the
Atlantic Coastal Plain In Minnesota blasting was not necessary for
marl. \

Gradation requirements are similar for all these materials. Flori-
da’s requirements where water 18 used to assist in compaction are:

Passing a screen with 314-inch circular opening 95 per cent. Re-
tained on screen 34-inch circular opening not less than 30 per cent.
All fine material shall consist of the dust fracture.

When water is not available the materials should be crushed all to
pass the 114 or 1-inch screen The surface is then bonded by traffic,
blading and an occasional rainfall

3. Construction Methods Of the various specifications studied
and work inspected in the field, the Florida methods are complete and
the resulting work 1s excellent Other specificatrons such as Texas’
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a1e similar. The following are the principal methods for constructing
lime rock base 1n Florida

Temporary timber side forms are first set and staked to line and
grade The crushed stone, containing dust of fracture, is spread on
the subgrade by any standard method Dumping directly upon the
subgrade is not permitted Care is taken to prevent segregation in
fine or coarse areas, by replacement with stone of acceptable grading.
The spread material is shoveled or raked to produce the required
loose thickness. This is about 14 more than the desired compacted
thickness Rolling 18 commenced and water sprinkled over the ma-
terial until it receives maximum compression under a 10 ton roller
Sprinkling 18 commenced while the material 1s being dumped ani
spread After being watered and rolled the entire surface 1s thoi-
oughly scarified to a depth of 4 inches or more, then shaped with a 214
ton road machine, watered and rerolled. The rolling and machining
are continued until the entire depth is thoroughly bonded and com-
pacted

If the materials are taken from a wet pit less watering or none
at all will be necessary A marl base in North Carolina was built of
wet material and no watering was required. Watering may be done
at the pit 1nstead of on the road

Blading with the road machine 1nsures a smooth riding surface
Some specifications make rolling optional with the engineer 1in charge
The surface may be constructed 1n one or more courses It 1s satis-
factorily built in one course in Florida.

On a 40 mile project in New Mexico 1nsufficient water was avail-
able for sprinkling the caliche surfacing material during construction
It was therefore crushed to pass a screen having 1%-inch circular
opening, and “ dry” compaction was obtained after several months
of traffic. Grader and drag were used continuously during this period

4 Maintenance Methods It is customary to leave these surfaces
open to traffic for a month or more before surface treatment. Under
Light traffic in dry weather the surface becomes dusty and pot holes
appear in a short time These weak spots are patched with material
similar to that in the base They are mixed or sprinkled with water
to insure bond Bitumens with stone chips or calicum chloride are
suitable surface treatments A thin layer of gravel has been found to
reduce dust and surface wear

5. Construction Costs Contract prices for the 8-inch compacted
base in Florida have varied from $1.10 to $2.12 per square yard, with
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an average of $1 45 to $1.60 Florida lime rock is frequently hauled
long distances by rail With local materials nearby and using a
thinner base, surfaces of marl and caliche have been laid for $3000
per mile for an 18 foot width In New Mexico caliche surface costs
less than gravel New Mexico claims that a fair average cost of a
caliche road would be $7000 per mile This would provide for a road-
bed 24 feet wide and a surfacing 16 feet wide by 8 inches deep

6 Mamntenance Costs For the untreated surfaces the mainte-
nance costs will be for patching, replacement of lost material, scarify-
ing and reshaping These become serious 1tems for even light traffic in
such states as Arizona and Texas In Arizona the annual surface
maintenance cost 13 'glven as about $150 per mile for comparatively
Light traffic.

7 Service Asa surface course these materials are limited to light
traffic of not more than 200 or 300 vehicles per day because of abra-
sion  As base courses for surface treatments and bituminous surface
courses they are giving excellent service mn Florida and North Caro-
lina Bases 6 and 4 inches thick on fine loose sand, have failed under
heavy traffic in Florrda A marl surface in Ohio shows an excellent
surface during freezing weather in md-winter. Untreated caliche
and caliche-gravel surfaces in Arizona show expensive maintenance
due to loss of surfacing under traffic in dry weather Some 1nstructive
experiments on the use of local marl in road construction were made
by the University of Minnesota It is evident that all of these ma-
terials make excellent bases at a reasonable cost. They show practi-
cally no cracks due to expan\sion or contraction under extreme
changes of temperature and moisture and on vairying subgrades

REFERENCES

Lime Rock Florida State Specifications

Lime Rock Florida State Road Department and City of Miam.

Lime Rock Personal inspections 1n Florida

R E Toms, Federal District Engineer, Bureau of Public Roads

Marl Personal inspections in North Carolina and Ohio.

Marl The University of Minnesota, Engineering Experiment
Station, Bulletin No. 1

i Calche State Highway Departments of Texas, Arizona and New

Mexico

8. Caliche Personal inspections in Texas and Mexico.

9  ‘“Limestones and Marls of Florda,” From Sixteenth Annual Re-

port of the Florida State Geological Survey, 1925
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MISCELLANEOUS UNTREATED SURFACES
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Figure 61. Volcanic Gravel in Mexico. Spillover or Feather Edge
Sections Are Suitable for Material Which Passes the 1-Inch Screen
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Materials Cost Service Examples in
Stone screenings  Construction, less For automobiles Connecticut
Mine “ chats” than $10,000 per and light trucks Missoun
Iron ore top soil mile Mainte- 200 to 500 per Texas
Granulated slag nance, less than day Ohio
Pea gravel $600 per mile per South Dakota
Stamp sand year Michigan
Shell Louisiana
Voleanic cinders Mexico

1 General Description Materials which are practically unknown
to the majomty of road builders have given satisfactory service in
widely separated sections of the country. This ean be seen from the
foregoing list of examples of materials and locations. In general, the
materials should contain little clay, be of good bonding quality, all
passing the 114 or 1-inch screen and be capable of maintenance with
blade machine and drag. Long haul for these materials or expensive
construction methods, which 1nvolve protracted rolling and watering
may exclude them from low cost classification.

9 Materals The specification requirements for some miscellane-
ous materials are given

Stone screenings as used in the Connecticut towns of Wallingford,
Cheshire and Winchester are fine particles of crushed trap rock in
size from 34-inch down to and including stone dust. This dust is
about 75 per cent of the total.

Mine “ chats ” are residue accumulated in the production of lead
and zinc. They have been successfully used in bituminous surface
treatment work in the Southern States and as aggregate for untreated
surfaces in Joplm Co, Missour. They are produced from a hard
flint rock formation. This material will all pass a 34-inch screen.

Iron-ore top soil as included 1 the Texas specifications consists
of hematite, hydrated hematite, or limonite ore as found at the sur-
face. It must be free from vegetable matter and contain not over
15 per cent clay. In size it must pass the 13/%-inch screen.

Granulated slag as used for base course in Ohio is specified as
water or steam cooled. It 18 of such fineness that 90 per cent shall
pass the 34-inch screen.

Pea gravel 1s specified in South Dakota and consists of hard dur-
able fragments of stone mixed with sand or clay or binding material

Passing the 114-inch screen 95 to 100 per cent.
Retained on 14-inch screen 10 to 40 per cent.
Retained on 10 sieve 35 to 70 per cent.
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Stamp sand as used 1n the Upper Michigan Penisula 1s a product
of crushing copper-bearing rock, composed of hard durable particles
of rock, uniformly graded Approximately all of thesmaterial will
pass a No. 8 mesh sieve and be retained on a No. 100 mesh sieve

Shell as a surface or base course has been and 1s st1ll used in Mary-
land, Florida, Texas and Louisiana Louisiana specifications state
that shell shall consist of reef shell, clam shell, bank shell or other
commercial shell, free from worm holes, or marks of deterioration
or disintegration. Steamed shell shall not be used Grading require-
ments are:

Clean, dry, sound shell, retained on a 14-inch sieve, shaken to refusal
and measured by volume, not less than 70 per cent. Of the
material passing a 1/4-inch sieve, not more than 15 per cent shall
be removed by elutration, and the remainder shall consist of
shell particles, chert and sand

Volcanic cinders are found 1n paits of the Southwest, Mexico and
other voleanic regions Some of these materials bind together readily
under traffic or rolling, but others require the addition of local dis-
integrated limestone or clay. They make excellent surfaces for light
traffic roads.

8. Construction Methods The traffic bound method of construc-
tion as previously described on page 153 for crushed stone, slag and
gravel or the sand-clay type are economical and satisfactory, pro-
vided the materials all pass the 114 or 1-inch screen The section used
may be the feather edge, or trench section of uniform depth A sur-
faced width from shoulder to shoulder 1s desirable.

Surfaces of these materials are also bwlt to a trench section using
temporary side forms or wood blocks to gauge the depth of placed
materials. The spread material 1s then rolled and watered to secure
compaction and density

The construction methods described on page 138 for sand clay have
been successfully employed 1n Mexico for voleanic cinders combined
with a local clay known as “ tepetate” Rolling and watering were
required as there was not sufficient traffic to secure adequate com-
paction.

The methods used for water-bound macadam construction are ex-
pensive and may generally be avoided 1f fine crushed material 1s
applied gradually and compacted by traffic.

4 Mawntenance Methods. Surfaces of fine material may be and
are maintained by light and heavy blading or dragging New material
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1s added as required Water-bound and rolled surfaces of coarse and
fine material which cannot be bladed must be maintained by patching
and occasional scarifying

5 Construction Costs Nearly all of the materials indicated under
Mscellaneous Surfaces may be obtained suitable for surfacing with-
out blasting, heavy crushing or screening The principal cost item
usually 1s for haul which can be estimated for known local conditions
The depth and width of surfacing naturally affect the quantities to
be handled In general the cost of these surfaces compare favorably
with sand clay, gravel and the traffic bound types as given on pages
138, 147, 153.

6 Mawntenance Costs The greater part of surface maintenance
consists of blading, replacement of lost surfacing, with occasional
searifying These costs for light traffic seldom exceed $600 per mile
per year If large quantities of material must be replaced annually,
that 1s 400 or 500 cubic yards, the maintenance costs will become
serious and a new type of surface or a surface treatment will be
mdicated

7 Service. Few traffic counts or reliable records are available on
these miscellaneous types From the information available and from
some personal experience and observation, these surfaces are an eco-
nomical nvestment, particuarly where no other suitable local ma-
terials are available and where their cost, if shipped 1n, would
merease the service cost per vehicle mile beyond the himits of available
funds

REFERENOCES

1 Peisonal mspections 1n Michigan, Louisiana and Mexico

2. Statc Highway Departments and specifications, Texas, Ohio,
South Dakota, Michigan, Lomisiana and Comision Nacional de
Caminos, Mexico.

3 Mme Chats “How Missour: County Builds Good Roads”
Article By W T. Withrow in The Highway Magazine, Febru-
ary, 1925

4 “Waste Products Used in Road Buwlding,” Article by Cecil
H Holmes mn The Highway Engineer and Contractor, Oc-
tober, 1925.

5 “Trap Rock Screenings for Low Type Roads.” Information re-
cerved from the Connecticut Quarries Company relative to road
work 1n Wallingford, Winchester, Cheshire and other towns
in Connecticut
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NON-BITUMINOUS DUST PREVENTIVES
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Figure 62. Surface Treatment of Calcium Chloride

Materials Cost per mile Service Examples in
Calcium chloride  First year $400 to 500 to 1200 Michigan.
or lignin binder. $700. Succeeding vehicles. Maine.
years $300 to Vermont.
$600. Minnesota.
Wisconsin.
New Jersey.

(lignin binder).

1. General Description. Caleium chloride is applied to gravel,
stone macadam, sand clay, earth and other surfaces primarily as a
dust layer but it also greatly reduces loss of binder and surfacing
aggregates. Lignin binders are applied to gravel and similar surfaces
for the same purpose. They are not as widely used as calcium
chloride. Calcium chloride is usually applied to the road surface in
flake or powder form. Lignin binder is applied in liquid form. Sev-
eral applications of these materials are required each season.

2. Materials. Commercial calcium chloride is manufactured from
a by product resulting from soda ash manufacture. For road work it
is shipped in sacks or air-tight drums. Sacks are more convenient
for handling in the field.
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Lignin binder is a liquid obtained in the manufacture of wood
pulp. It is received as a concentrated liquor and diluted with an equal
amount of water before application. Calcium chloride attracts or
absorbs moisture from the atmosphere in amounts varying with the
degree of atmospheric humidity.

Figure 63. Spreading Calcium Chloride

The materials in the surface to be treated are an important factor
in the efficacy of both calcium chloride and lignin binder. For ex-
ample it has been found that a loose or poorly bonded surfacing
allows the applications to pass on downward into the road. A sur-



AN

174 LOW COST ROAD INVESTIGATION

face containing an excess of clay binder may become shippery or easily
rutted 1n wet weather
3. Construction Methods The first season of application will be
considered as the construction period. Practise varies somewhat in
different states but results under like conditions of materials and
, climate are similar.
For calerum chloride, the construction methods of Michigan, and
for hgnin binders, the methods of New Jersey are selected for
description

CALCIUM CHLORIDE IN MICHIGAN

1 In the spring the road bed to be treated is cut with a heavy
blade machine and brought to an even and smooth cross section

2. If the gravel surface 15 too loose, a small amount of clay or
loam is added to bind the aggregates. '

3. Before the first application of chloride, the surface of the road
should have a thin cover of loose gravel lying evenly on the surface
It should all pass the 1-inch or 34-inch screen and be retained on
the Y4-inch screen,

4 For the first treatment 1 to 1% pounds of chloride are apphed
to the square yard The application is made from a hime drll or
distributor preferably on cushion or pneumatic tires. The distributor
18 haunled by a 3 to 5 ton truck.

5. The chloride is allowed to penetrate for about 24 hours

The surface 1s next bladed hghtly with the regular patrol blading
machine

The loose material on the surface 18 bladed toward the center one
day and back the next.

6 The surface for best results should be bladed once each day
thereafter throughout the season, although 1n case of light traffic, less
than 300 vehicles per day, blading every third or fourth day may be
sufficient.

7 Frequent hght treatments with chloride at the rate of 14 pound
per square yard per treatment have been successful in Michigan.

The following schedule for a season is recommended and used by
Kent County, Michigan The season begins about June 15 and ends
about August 15.

For traffic of less than 100 vehicles, no treatment.

For traffic of from 140 to 200 vehicles, two 14 pound treatments.

For traffic of from 200 to 500 vehicles, three 14 pound treatments

For traffic of from 500 to 1000 vehicles, four % pound treatments
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For roads having over 1000 vehicles, five % pound treatments or
a total of 214 pounds per season.

Other states and counties prefer to apply the same total quantity
per season but in two applications

LIGNIN BINDER IN NEW JERSEY

The roads treated were compacted surfaces of local gravel which
contained various percentages of clay binder. The best results were
obtaned when the percentage of clay was about 12

1. The material 1s received as a concentrated liquor and 1s diluted
by about an equal amount of water

9 Tt 1s apphed cold to the roadway surface with a distributor or
sprinkhing truck The 1ate of application per year 1s about 0 6 gallon
concentrated liquor per square yard or about 1.2 gallons of the diluted
mixture The total quantity may consist of two or more applications.
The successive applications follow each other at intervals sufficient
to allow each previous one to penetrate the surface, thus leaving it
1n condition to absorb the following appheation.

3. The application for an 18-foot width of surfacing 13 made over
the 12 feet at the center.

4. Mawntenance Methods These are simlar for both materials
and mclude blading, patching and the addition of small amounts of
new aggregates. A slight residual value from the previous seasons’
treatment allows a slight reduction m the imtial treatment of the
second season For calcium chloride this may be 145 to 34 of a pound
less per square yard

The maintenance operations may include scarifying, harrowimg
and reshaping of the surface 1f the surface 18 irregular from corrnga-
tions or pot holes. Pot holes at infrequent intervals are patched wath
gravel, similar to that in the road surface

Too much clay 1n the compacted surface may cause pot holes, too
little may result i corrugations. A hght surface mulch of clean,
gravel passing the 34-1nch screen if bladed daily tends to reduce their
formation.

The moist condition of a chloride treated surface will permit effec-
tive blading at more frequent intervals than one not treated Under
traffic of 2000 or more per day it may be necessary to blade the surface
to a depth of 2 or 3 inches during the summer season

5 and 6. Construction and Mawtenance Costs These are about
equal for each year except for the slight residual value from season
to season.
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Calcium chloride sells for about $24 00 per ton, £. o b. cars factory.
Due to freight charges and length of haul the cost for chloride
delivered and applied on the road may vary from $100 to $600 per
mile per year In Michigan, which 1s near a source of supply, the
costs will average from $200 to $300 for applhied chloride on a mile of
gravel treated to a width of 18 feet. To this cost should be added the
cost of blading, patching and the addition of new aggregates. These
items in sections of normal humidity and rainfall will not average
more than $300 to $400 per mile annually, but for heavy traffic this
item may reach $600 or $800

Lignin binder, as used in New Jersey, furnished and applied will
cost about $500 to $600 per mile per year. The cost of scraping,
dragging and patching in New Jersey is estimated at $300 per mile.
In many cases, particularly under heavy traffic, this cost has run from
$700 to $900 per mule per year.

7. Service The service rendered by nonbituminous surface treat-
ments is apparent to the public by the absence of dust and the pres-
ence of a good nding surface. But to the highway official the princi-
pal service 1s ‘2 reduction 1n the loss of surfacing aggregates This
may amount to from 50 to 300 cubic yards of material per year. The
cost of replacing this has been found to be about equal to the cost of
the treatments.

Experience 1n Michigan with caleium chloride and New Jersey
with lignin binder indicates that maintenance costs of surfacing will
be excessive on gravel roads carrymng over 1500 vehicles per day

REFERENCES

1. Personal inspections in Maine, Vermont, New J ersey and Michi-
gan.

2. State Highway Departments of Michigan, New Jersey, Maine,
Connecticut, Vermont, New York, Minnesota and Wisconsin.

Kent County Highway Commission, Michigan.

“ Public Roads,” September, 1924, Article by Dr. Ladd.

5. Highway Research Board Proceedings of November, 1922, meet-
ing, Committee on Maintenance, W. H. Root, Chairman

The Solvay Process Co , Syracuse, N. Y , and New York City

7. The Dow Chemical Company, Midland, Mich.
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SINGLE BITUMINOUS SURFACE TREATMENTS

%4 10 % Dep

INGLLE BT UL TREATILTYD

Figure 64. Treated Macadam, North Carolina

Materials Cost per mile Service Examples in
Asphalt, cold or For first year $300 600 to 1500 New England States.
hot; tar, cold or to $1000. For vehicles per day. Delaware.
hot; sand, gravel, each succeeding Maryland.
crushed stone, or  year $200 to $800. New York.
crushed slag. Pennsylvania.
Virginia.
Indiana.
Ohio.
Tennessee.

1. General Description. (a) Bituminous Dust Preventives. The
use of bitumens primarily as a dust preventive on earth and soil roads
has not met with marked success and is generally considered a tempo-
rary expedient.

The materials used are light asphaltic oils applied cold, with or
without cover. Tars have not been as extensively used for this pur-
pose. Some of the oils have proved unsatisfactory because they con-
tained lubricants instead of binder. Cover of earth, sand or loam is
better than no cover at all.

Except in a few notable instances the materials and construction
methods have been unsuitable. This has resulted in uns/atisfactory
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service because of peeling and pot holes The actual cost of treatment
with bituminous dust layers may be less than for a single or a double
surface treatment with suitable bitumens, cover, and accepted con-
struction methods, our present practise favors surface treatments
mstead of bitumimous dust layers because a higher residual value
results from year to year, and a more satisfactory nding surface is
obtained Experimenting with bitumens as dust layers i the early
years of surface treatment work probably led to the selection of
higher grade materials, 1improved methods and present day practise
with bituminous smiface treatments

(b) Butumanous Surface Treatments. This and similar methods
of surface treating macadams and broken stone roads have been 1n use
mn the United States since about 1910 As a method of treating sur-
faces which arc less substantial, less firmly compacted and which arc
more porous, 1t 13 of comparatively recent origin In this class are
the gravels and better grades of sand clays, shale, and similar ma-
tertals  The distinction between this and several other similar types
18 not well defined The Single Surface Treatment as described here
1s a single application of tar or asphalt covered with coarse sand,
pea gravel or stone chips, but a prime coat of bitumen is desirable
especially on the more porous and less firmly compacted bases Per:-
odic retreatments at yearly intervals or more are usually necessary
Some specifications call for two applications the first year of treat-
ment, 1n amounts of 1/, gallon each instead of one at 1/ gallon The
dual method of treatment 1s described on page 186. The use of the
single surface tieatment 1s generally confined to such bases as well
compacted macadam, and to concrete

2 Materals The bitumens used for single surface treatments
have varied all the way from thin oils applied cold up to heated
materials applied at 250° or 300° F Cover materials range all the
way from a clean sharp sand up to clean gravel and crushed stone
chips 34-1inch or larger 1n s1ze  The more fluid cold applications use
sand for cover but heavier and hot applications use the coarser ma-
terials Frequently bids are asked on tar or asphalt, either hot or
cold, to secure competitive prices Some state spectfications are written
to melude these several classes of bitumen and various classes of
cover material In some instances a definite class of bitumen and
cover are specified and a single class of bitumen o1 cover may be used
from year to year even though several alternatives may appear in a
speeification The reverse is also true, some states using either tar

\
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or asphalt, or tar and asphalt on various projects Some typical re-
quirements on bitumen follows:

The U S Bureau of Pubhic Roads specifies bituminous material
as follows:

Refined Tar for Hot Application

General The refined tar shall be homogeneous and free from
water.

Physical and Chemacal Properties Tt shall meet the following
1equirements : '

(1) Speafic gravity 25°/25° C (77°/77° F.) not less than
1.130.

(2) Float test at 32° C. (90° F.) 60 sec. to 150 sec

(3) Total distillate by weight:
To 170° C. (338° F ) not more than 1 per cent
To 270° C. (518° F.) not more than 15 per cent.
To 300° C. (572° F ) not more than 25 per cent.

(4) Total bitumen (soluble in carbon disulphide) not less than
85 per cent.

Refined Tar for Single Surface Treatment
(Cold Applications)

General. The tar shall be homogeneous.
Physical and Chemical Properties It shall meet the following re-
quitements:

(1) Speafic gravity 25°/25° C (77°/77° F.) not less than
1.100

(2) Specific viscosity at 40° C (104° F.) 8 to 13

(8) Total distillate by weight:
To 170° C (338° F.) not more than 5 per cent.
To 270° C. (518° F.) not more than 30 per cent.
To 300° C. (572° F.) not more than 40 per cent.

(4) Total bitumen (soluble in carbon disulphide) not less than
90 per cent.

Medwum Oil for Hot Applacation

General The road oil shall be homogeneous, free from water and
shall not foam when heated to 120° C (248° F.).
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Physical and Chemical Properties. It shall meet the following
requirements:

(1) Specific gravity 25°/25° C. (77°/77° F.) 0 950 to 0.980.

(2) Flash Pont not less than 100° C (212° F.).

(3) Loss at 168° C (825° F ) 5 hours not over 20 per cent.

(4) Total bitumen (soluble in carbon disulphide) not less than
99.5 per cent.

(5) Per cent of residue 100 penetration, 60-70

The Ohio Division of Highways has specifications for 5 different
classes of bitumen:

H O Road O11—Hot Application
C O Cold 01l

H T Tar—Hot Appheation

M T Tar—Hot Apphication

C T. Tar—Cold application

The specified bitumens 1n Ohio, Indiana, Michigan and some other
states are similar In Massachusetts the bituminous material is tar
or asphaltic oil applied cold 1n two applications.

Florida specifies for cold treatments an asphaltic road oil or a tar,
and for hot applications tar or road oil.

In Ontario, Canada, both asphaltic road oils and tars are gpecified

On the Pacific Coast asphaltic road oils and fuel o1l of high asphal-
tic content are in use

The cover material may be coarse sand, fine gravel, stone or slag
chips. The particles must be hard and durable for best results. Sand
and other covers which pass the 34 or 14 sieve are generally used
with the cold liqud bitumens. Chips which pass the 34-inch sieve
are used with the hot and heavier bitumens.

3. Construction Methods Experience has shown that no road
should receive this surface treatment unless 1t is strong enough to
bear traffic up to 600 or 800 vehicles per day. Weak spots in the
existing surfacing or subgrade must be repaired not less than one
month previous to treatment. The surface should have a light crown,
T4 to 3g-inch to the foot. It should be smooth and regular in contour,
because the riding qualities of the finished surface treatment will be
no better than those of the untreated surface

Customary practise is to treat one-half of the roadway at a time,
unless it can be closed to traffic. This may save the cost of a detour
or the displacement of surfacing material by traffic during con-
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struction. Although this discussion is on the single application
method it should be stated that a prime coat of bitumen even on
dense surfaces such as macadams is common practise. The two
methods are therefore presented :

Method I. With prime coats.
Method II. Without prime coats.

Method I. The base course of gravel, stone or macadam is first
thoroughly cleaned by sweeping with a power broom. In the case of
gravel or other surfacing which is not tightly bonded on the surface
care must be exercised not to loosen the larger aggregate.

Figure 65. Distributing Slag over Bitumen. Bangert Distributor,
Michigan ‘

When the heavier asphaltic oils and tars are to be used for the
second application a greater depth of sweeping may be done. This
applies especially to stone macadams.

The first application or prime coat is a light cold tar or cold asphal-
tic oil applied at the rate of 1 to Y4-gallon per square yard. If the
bitumen tends to flow too freely toward the edges of the roadway it
should be lightly covered with coarse sand, otherwise no cover is
applied. From 2 to 24 hours or longer may be allowed for the prime
coat to penetrate. In the case of more porous surfaces a second prime
coat of about 14 to V4-gallon per square yard is advisable.



182 LOW COST ROAD INVESTIGATION

The final application or seal coat may be the same as the first
application or it may be a heavier bitumen Ifa light material, applied
cold (or with very moderate heating up to 150° F .), the rate of appli-
cation varies for different specifications from 2 to .4 gallon per
square yard. The amount of cover will vary from 20 to 40 or 50
pounds per square yard.

Asphaltic o] generally takes up more aggregate than the tars The
aggregates are spread over the final application of bitumen from piles
along the road or from trucks designed for the purpose

For city streets larger quantities of cover are used than on rural
highways, to reduce displacement of the treatment by traffic and the
possible spattering of vehicles with bitumen.

Method II The smiface to be treated is prepared as in Method T

Tar or asphaltic 01l 1s applied 1n one application Tt may be either
hot or cold. The heavier the bitumen the thicker the mat which will
be formed More bitumen and consequently more cover material are
customary for the heavier materials

The rate of application varies i different specifications The more
flurd materials must be applied at a lesser rate to prevent them flowing
from the road surface Rate of application varies from .2 to 6
gallon per square yard The amount of cover will range from 10 to 40
pounds per square yard In general the amount of cover shonld be
of just sufficient quantity to prevent traffic from taking up the
material.

In both Methods I and II rolling with a power roller assists 1n
compacting the surface and in reducing the quantaty of cover kicked
to the roadside by traffic and 1n keying the cover into the base

4 Maintenance Methods The completed surface treatments
whether with or without prime coats are maintamed m the same
manner. Without a prime coat there 1s more tendency for the mat to
peel off due to the lack of bond and the fact that the old surface 1s
not stabilized and waterproofed to as great a depth

The maintenance consists in patching pot holes and deeply raveled
places with cold patch mixture of stone or gravel and bitumen Places
which are not deeply raveled are given a light (.1 to 2 gal sq. yd.)
application of bitumen and lightly sanded

Retreatments of the entire surface are customary and necessary
at mtervals of one, two or three years In the course of a number of
years the retreatments build up a mat of 14-1nch or more m thickness
This may then become unstable during the warm summer months and
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Figure 66. It Is Sometimes Necessary to Patch Large Areas of
Bituminous Surfaces

Figure 67. Light P

atching Is Done with Thin Layers of Bitumen and
Aggregates Applied Separately
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be displaced into ridges by traffic A satisfactory remedy for this
condition, as used in Philadelphia, consisted of spiking up the road,
redistributing the brtuminous covered stone to a proper cross section,
adding as much clean 34-inch stone as 18 necessary to absorb the sur-
face tar or asphalt, and then rolling thoroughly with a 10-ton roller.
After this rolling a seal coat of hot tar or asphalt at a rate of 14 to
Yo-gallon per square yard 1s applied The seal coat 1s then covered
with 20 pounds per square yard of 1% to 34-inch trap rock chips and
rolled with a 10-ton roller This method 1s reported to be effective
and satisfactory on the Lincoln Highway, Philadelphia-New York
route. *

5. Construction Costs The first year’s work or original treatment
will be considered as the construction period. It includes the prime
coats if used and the seal coat.

Single surface treatments on macadams with sand cover will be as
low as $300 or $500 per mile for an 18 foot width. On less stable
bases, with one or two prime coats and a seal coat, the cost may be
doubled. i

6. Mawntenance Costs Averaged over a period of 5 or 6 years the
maintenance cost of these treatments on stone macadams ranges from
$200 to $500 per mile for an 18 foot width On the less stable bases
where more frequent scarifying may be necessary or heavier retreat-
ment required, the maintenance costs may be doubled for an equal
amount of traffic.

7. Service. On account of the comparatively thin skin of surface
treatment, the greatest service 1n cost per vehicle mile will be on the
well compacted macadams The treated macadams and gravels which
are not scarified at periodic intervals are not in general as smooth
riding as the surfaces which are scarified, bladed and retreated Blad-
ing makes & smooth-riding road. Successive applications which build
up a thick unstable mat or the effect of frost or an unstable base may
cause a rough-riding surface The omission of a prime coat, or 1n-
sufficient cleaning of the base, may be the cause of the treatment
peeling from the base under the action of traffic.

Some statements claim traffic up to several thousand vehicles per
day, the average, however, is much less and does not exceed 800
to 1000.

REFERENCES

1 Personal inspections in Massachusetts, Rhode Island, Delaware,
Maryland, District of Columbia, North Carolina and Virginia.
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State Highway Specifications, Ohio, Indiana, Michigan, Ontario
Canada, Virginia, West Virginia, Bureau Public Roads, New
Jersey, Florida and Pennsylvama

« Water-bound Macadams and Bituminous Concrete Roads Re-
juvenated ” By Chas. F. Puff. Engineering News-Record,
Vol 84, No 19.

“ Rollingm Surface Treatment.” Article 1 “Roads and
Streets,” October, 1926

« §urface Treatment of Macadam and Gravel Roads” Munier-
pal and County Engineering, May, 1926

Highway Engmeers’ Hand Book—Harger and Bonney, Fourth
Edition.

“ The Oiling of Earth Roads.” Circular No. 11, 1ssued by the
Engineering Experiment Station of the University of Ilhinois

“ Quality of O1l for Surface Orling of Earth Roads and Streets,”
by F. L. Sperry, a paper presented at the Annual Meeting,
A. S T. M., 1925.

For Experiments and Practise using Ol for Dust Preventive,
reference 13 made to Division of Highways, Springfield, Illi-
nois, and The Pennsylvama Highway Department, Harris-
burg, Pennsylvania.

« Qurface Treatments of Various Types of Roads,” by John N.
Mackall, chief engineer, State Roads Commission, Maryland
American Road Builders’ Association, Convention Proceed-
1ngs, 1926.
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DUAL BITUMINOUS SURFACE TREATMENTS PENETRATION
METHODS

Buer

QUL BITUMINYS SURFACE TRLATMENS-FENETRRTION METHAY

Figure 68. Florida

Materials Cost per mile Service Examples in
Tar or asphalt. Construction, $1100 600 to 1500 Maine.
Tar and asphalt. to $3000. Main- vehicles per day. Virginia.

Stone chips.
Slag chips.

Fine gravel.
Coarse sand.

tenance, $200 to
$1200.

New Hampshire.
North Carolina.
Ohio.

Florida.

South Carolina.
California.
Texas.

Oregon.

1. General Description. This type of surfacing is suitable on well
compacted bases whose surface is regular and free from loose ma-
terial. Roadway surfaces of broken stone, gravel, lime rock, marl,
caliche, shale and sand clay have been successfully treated by this
method. Various classes of bitumens and cover materials are used.
Construetion methods also vary, but in general they are similar. They
consist of the application of a prime coat of bitumen with or without
a light cover of mineral aggregate. This is followed lafer by the
second application of bitumen which is immediately covered with
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mmeral aggregate and rolled The prime coat serves the purpose of
bonding and waterproofing the particles in the immediate surface of
the existing roadway, and bonds the final application and 1ts cover
to that surface

9. Materials The prime coat, or first application, 1s usually a
cold hquid tar, a cut-back asphalt or a low viscosity road o1l If a
second prime coat 1s advisable the bitumen used 1s the same as for the
first. The final application is a heavier bitumen such as a hot asphalt,
a hot tar, a cold cut-back asphalt or a heavy road o1l.

The prime coats are mot usually covered with aggregates The
omission of cover permits better penetration of the base If used,
coarse clean sand may be applied very sparingly The aggregates for
final cover material range all the way from a coarse clean sand to
stone or slag chips which pass the 114 screen and are retained on
the 14 sieve. The cover material should be hard and durable If
soft or friable material must be used then the larger sizes with angu-
lar faces are preferred As 1s the case n single bituminous surface
treatments a variety of bitumens and cover are often 1ncluded a=
alternatives 1n a given specification This 1s somewhat confusing as
the materials actually used do not always represent such wide vari-
ations. '

In Maine, New Hampshire and Wisconsin, on gravel roads where
gimilar materials and methods are used, a cold tar 1s the binder The
cover is coarse sand or fine giavel.

In California, on crushed stone and gravel roads “ fuel oils ? are
speaified for prime and second application. They have an asphaltic
content 60 to 70 per cent Light “ road o1ls” having a higher asphal-
tic content are also used for second application They are apphed
cold or slightly heated The cover material 13 hard crushed aggregate

Tn Oregon, on crushed rock and crushed gravel roads asphaltic ols
and tars have been used The prime coat, when asphaltic oils are used,
18 2 60 per cent asphalt fuel o1l with a cover of screenings The second
coat 1 95 per cent asphaltic oil apphed hot and covered with 34 to
Ife-inch screenings Light and heavy tars are applied 1n a simla
manner.

TIn Mexico, asphaltic oils are used for a prime coat and a specially
prepared heavier asphaltic cut-back is used for the second application
Coarse sand 1s used for the cover.

In South Carolina, on selected sand clay and clay-gravel, after
some experimentation with various bitumens and cover, present prac-
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tise calls for a cold tar prime coat without cover and a hot asphalt
second application. The cover for this is a coarse chip passing the
11/4-inch and retained on the 14-inch sereen, when using local granite.

In Virginia and North Carolina, for surface treatments of selected
sand-clay and clay-gravel roads, a variety of materials are specified
and have been used. These included prime coats of cold tar or asphalt;
second applications of cold tar or cold asphalt, hot tar or hot asphalt,
and cut-back asphalts. The cover used has ranged all the way from
coarse sand to stone chips and gravel. Present practise within these

Figure 69. Dual Bituminous Surface Treatment. Sweeping Surface
Before Bitumen Is Applied. Wisconsin

states has not apparently been centered on any combination of bitu-
men and cover. A light bitumen for a prime coat with little or no
cover and a hot heavier bitumen for the second application with coarse
chips are growing in favor.

In Ohio, on traffic bound stone, slag and gravel surfaces, best
results are claimed for a cold tar prime and a hot second coat of heavy
asphalt. The preferred cover is a hard crushed stone chip up to 1-inch
in size.

In Florida, on lime rock base, excellent results have been obtained
with a cold tar prime and a hot second coat of heavy asphalt and
coarse slag chips. The use of sand as cover has been abandoned.
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3 Construction Methods They are similar in the several states al-
though the materials are not. The untreated surface 1s first thoroughly
prepared for treatment by sweeping with power brooms. The sur-
face may be closed to traffic or treated one-half at a ttme The method
of treatment 18 simple and consists of .

(a) The appheation of the prime coat of bitumen from a power dis-
tributor The rate of application 18 from 2 to .3 of a gallon
per square yard If the surface readily absorbs the bitumen
two prime coats of about 2 gallon each may be used A cover
of mineral aggregate for the prime coat 18 usually omitted
to permit maximum penetration If used the quantity should
be small and preferably removed before the final applica-
tion of bitumen The prime coat 1s allowed to penetrate from
geveral hours to several weeks During this time weak spots
in the surface are corrected.

(b) The second application of bitumen (sometimes called the seal
coat) 1s apphed from a power distributor The rate of appli-
cation 18 from 3 to + of a gallon per square yard A few
states, for example Cahfornia and New_Hampshire, apply
about 2 gallon for the second application and 3 for the
prime coat.

(¢) Cover 1s immedhately spread on this application from piles along
the road or switable spreading devices attached to a truck
The amount of cover varies with 1ts character and the class
of bitumen used If the bitumen 1s a heavy material applied
hot and stone chips or dense slag 1s the cover, the amount
varies from 35 to 50 pounds to the square yard If the bitu-
men 1s 2 hght cold o1 or a cut-back, and sand 1s the cover,
1t may be applied 1 1 or 2 separate spreadings until the
surface will “take up” no more and “bleeding” ceases
The amount varies from 15 to 30 pounds per square yard.

(d) If this appheation 15 a hot bitumen, the cover of coarse chips
or gravel is evenly spread by brooms and at once rolled with
a power roller. If the bitumen 1s a light o1l or a cut-back, the
surface 1s usually dragged to an even contour. Coarse cover
is usually rolled, but fine cover may or may not be rolled

(e) A seal coat may or may not be apphed at once or during a succeed-
mg season If the surface 1s open or inclined to ravel, a
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seal coat 18 indicated It may be a cold or a hot apphieation
of 3 to V45-gallon per square yard Coarse sand is usually
the cover

4 Mawmtenance Methods They consist of blading for plastic sur-
faces All surfaces will need pa tching The deeper holes are patched
with pre-mixed aggregates and bitumen Small breaks and raveling
are corrected by an application of bitumen and cover

In the case of surface breakage or irregular surface over a con-
siderable area 1t may be as economical and more satisfactory to
lightly scarify the entiie surface treatment The broken up surface
18 then disk harrowed, spread with a road blade and rolled. Bitumen
18 then applied followed by suitable cover

Taght retreatments may be necessary at intervals of one, two or
several years

5 Construction Cost The imitial construction of prime coat,
second coat and cover varies from $1100 to $3000 per mile for an 18
foot width depending on local conditions and the class of materials
used.

6 Mawntenance Costs Such items as scarifying and retreatments
wll greatly affect the annual maintenance costs Without these two
items 1t amounts to from $200 to $500 per mile With retreatments,
with or without scarifying, maintenance of surface ranges from $800
to $1200 per mile, with an average over a period of years of $1000
and less

7 Service Traflic on this type for various bases ranges fiom 700
vehicles per day to 2000 or more. The maintenance costs increase
with the volume of traffic, but 1000 vehicles per day does not exceed
the capacity of dual surface treatments on substantial bases

REFERENCES
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MIXED IN PLACE BITUMINOUS SURFACE FINE AGGREGATE TYPE

MILD 1Y AIRCE - BITUHINOUS JUETALL /TN AGBELGATL TTPE

Figure 70. North Carolina

Materials Cost per mile . Service Examples in
Sand clay or sand Type I—Construe- Type I, 500 to 1500. Long Island, N. Y.
loam or fine tion $800 t0$3000. Type II, 300 to North Carolina.
clay gravel and Maintenance$300 1000 vehicles per South Carolina.
bitumen. to $1200. day. California. ‘
Type II—Construc- Nevada. |
tion $4000 to
$6000. Mainte-
nance $300 to
$1200.

1. General Description. This type of construction consists of mix-
ing-in-place local aggregates as found on the road with either a slow
or a quick curing cold asphaltic oil or tar. Final compaction is
secured either by traffic or by rolling. The seal coat if used may be
either coarse sand, fine gravel or crushed stone, and bitumen. The
construction may be one of two types:
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Type I. In which a slow curing o1l 1s apphed cold. Ths 18 covered
with a mixture of coarse sand or fine gravel containing some clay or
ailt or loam The surface 1s mixed by dragging and compacted by
traffic No seal coat is used

Type II. In which sand clay surfaces or sand loam as found
mixed mn the existing roadway are mixed in place with a cut-back
asphalt, tar or road o1l The surface 18 mixed by harrowing and
blading. Final compaction 1s usually obtained by a power roller. A
seal coat 1s frequently necessary

In Type I a surface of appreciable thickness 1 to 4 inches is bult
up over a period of as many or more years. In Type ITI the full depth
of section is built during the current working season.

9 Materals For both types similar aggregates have been tried
They nclude sand clays of good and poor quality, sand or fine gravel-
loams, fine clay-gravels, desert sand and beach sand containing silt
or mixed with loam The bitumens combined with these aggregates
in the road include glow curing asphaltic oils, cut-back asphalts, tars
and fuel oils of high asphaltic content.

An analysis of two samples taken from a Type I surface in Long
Island, New York, showed bitumen contents of 8 3 per cent and 7.2
per cent, all of the aggregates passed the 14-inch screen and were of
uniform gradation from coarse to fine, with from 5 to 10 per cent
passing the 200 mesh sieve.

Analysis of samples taken from Type II show that the relatively
clean, very fine sandy soils may require as high as 10 or 11 per cent
of bitumen. Soils of coarser gradation may only require 4 to 7 per
cent bitumen On the test road in South Carolina it was found that
clay 1 the clay-bearing aggregate assisted 1n bonding the mixture
and that it was then possible to use these lower percentages of
bitumen

The analyses of 6 different samples taken from Nevada Federal
Aid Project No. 46 showed this average: passing 10 mesh 91.3 per
cent, passing 40 mesh 78 2 per cent, passing 80 mesh 44 9 per cent,
passing 100 mesh 28 2 per cent, passing 200 mesh 9.8 per cent, total
bitumen 7.4 per cent.

A sample cut from an oiled sand road in Stamslaus County, Cali-
fornia, showed that the material passing the 10-mesh sieve was con-
siderably finer than an ordinary sheet asphalt mixture and the amount
of silt (passing 200 mesh) shghtly more than the dust filler for such
a sheet asphalt mix The bitumen content was 7.9 per cent.

7
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A sample taken from an oiled sand road 1n San Bernadino County,
California, showed 100 per cent material passing the 10-mesh sieve,
11 per cent passing the 200-mesh sieve and bitumen content 8 1 per
cent.

The recent experimental work 1in South Carolina showed that vari-
ations in the class and gradation of aggregate as well as the classes of
bitumen required wide variations in bitumen content for best results

3 Construction Methods Type I.

(a) The road surface 1s first graded to a low crown with a road
machine.

(b) The o1l 13 apphed cold with a pressure distributor at the rate
of .33 to .4 gallon per square yard. One half of road 1s
treated at a time.

(¢) The spread o1l 18 covered with coarse sand or fine gravel from
piles along the road side

(d) When each half of road has been treated traffic 1s allowed on
the surface.

(e) Dragging 1s done at sufficient intervals to obtain and retain a
smooth surface.

(f) A second application of o1l and coarse sand or fine gravel 1s
made the first year

(8) The second year another treatment 18 given of oil and sand.

The number of succeeding periodic treatments will vary with local
conditions of traffic

During the first year the surface 1s bwlt up to about 34-nch in
thickness, which 1s increased by successive treatments Each layer
13 compacted by traffic The total quantity of o1l applied the first
year in 2 appleations 1s from 6 to 8 gallon, and the total cover for
this amount of o1l 13 from 50 to 60 pounds of coarse sand per square
yard Periodic applications during following years amount to about
Y3 gallon of o1l and 25 pounds of sand per square yard for each
application.

Type IT

(a) The compacted road surface is first scarified to a depth usually
of from 2 to 4 inches It is then thoroughly mixed with disk
harrows, tooth harrows and road machines until the sand
and clay or sand and loam are well mixed, with all lumps out
and a powdered condition exists

(b) The bitumen 1s next apphed cold at a rate of from 5 to .75
gallon per square yard per application from a pressure
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Figure 71. Mixed-in-Place Bituminous Surface, Fine Aggregate
Type. Showing the Mixing of Sand Clay As Found in the Road with
Bitumen. South Carolina .

| A

Figure 72. Mixed-in-Place Bituminous Surface, Fine Aggregate Type.
Final Dragging of the Mixture Before Compaction with a Power Roller.
North Carolina
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distributor The entire width of the road is treated in two
trips of the distmbutor

(¢) The o1l and sand clay are then bladed back and forth across the
road to mix the bitumen with the aggregates Harrows and
drags are also used to help in this mixing process

(d) The mixing 1s stopped when the mixture has a umform dark
brown color. The uncompacted surfacing material 1s now
machined and dragged to-a smooth and even contour

(e) Compaction 1s next secured with a power roller of from 5 to 8
tons capacity The rolling process 1s similar to that done on
hot asphaltic surfaces

(f) The base thus constructed 1s exposed to traffic for several days
or longer. During this time weak spots are patched with a
pre-mixed combination of bitumen and coarse sand

(g) A seal coat 1s apphied Two principal types are used, the one
in which cut-back bitumen 1s applied to the surface and
covered with coarse sand, the other in which hot bitumen
18 applied and covered with coarse stone chips

Experience in South Carolina showed that a total of about 15
gallons (applied m two applications) per square yard of non-volatile
binder was the correct amount required to produce a stable mixture
of 2-nch thickness. In California and Nevada the total amount of
o1l per square yard was from 4 to 6 gallons for compacted depths
of about 6 inches.

Seal coats were used on work of this type in South Carolina and
North Carolina. Some of the California and Nevada work had no
seal coat. They carried a higher percentage of bitumen in the
mixture.

4. Maintenance Methods Type I. The surface 1s machined with
a heavy road machine to cut down the high places The material thus
cut 18 dragged to the low spots and compacted by trafic The surface
tends to wave and shove at times, especially during hot weather This
condition exists on the Long Island work, but the heavy road machine
keeps the surface reasonably regular i contour

At times it 1s necessary to scarify and reshape entire sections.
This 1s done with satisfactory results in Long Island Holes in the
surface are patched with pre-mixed aggregate and bitumen Shallow
holes or raveled spots may be patched with a light application of
bitumen and aggregate.
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Type II. The maintenance methods for the work in South Caro-
lina include patching, scarifying, remixing, reshaping, rerolling, fol-
lowed by a new seal coat. When heavy seal coats are not used 1n the
imitial construction and a slow curing o1l 1s the bitumen then the sur-
face may be maintained with a blade and drag The Nevada work 18
an example of this method for Type IL

5 and 6. Construction and Maintenance Costs Type I Where a
depth of from 2 to 6 inches is obtained over a period of several years
the cost of Type I in Long Island 18 from $800 to $1500 per mile per
year for varymng width of surfacing The treated width will average
from 24 to 30 feet. Some surfaces are as narrow as 16 feet. The
nitial cost of similar types in other states has been from $1800 to
$3000 the first year and $500 to $1200 for an average of each suc-
ceeding year for widths of 18 feet.

Type II The 1mtial cost of this type m the Southern States 1s
from $4000 to $6000 per mule for a treated width of 18 feet and a
treated compacted depth of 3 or 4 inches.

In Califormia and Nevada the reported imitial costs are from
$3000 to $8700 per mile for an 18 footh width and a depth of 6
inches, the average being about $5000

Maintenance costs are not available for Type II in the Eastern
and Southern states. These surfaces 1n the Western states are being
maintamed for light traffic for $500 and less per mile per year

7. Service. Type I The best example of this type over a period
of several years 18 the work 1n Long Island, New York Traffic there
during the summer months 1s said to reach 5000 to 6000 vehicles per
day on some of the surfaces The average, however, 1s probably
less than 14 of these figures Soil conditions there are favorable for
this type There 1s a tendency for this type to form into ridges
under traffic, but the condition 1s fairly well corrected during warm
summer days by blading.

Type IT. The work 1n South Carolina 18 carrying from 800 to
1200 vehicles per day with some signs of fatigue which are corrected
by maintenance methods.

In North Carolina the work near Southport 1s also new The traffic
1s less than 800 vehicles per day and requires continuous main-
tenance Conclusion on the work in South Carolina, as stated in
“ Public Roads,” are, *“ Results on mixed treatment experiments are
inconclusive, but indicate the probable success of lean mixture supple-
mented by surface enrichment.” “ A light supplementary applica-
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tion of bituminous material which will enrich the surface and at the
same time seal any small break or areas not sufficiently covered has
been found to be necessary shortly after the original treatment.”

The service of both types I and IT for conditions in Cahifornia
and Nevada 1s summarized in “ Public Roads” as follows

The success or failure of these oiled earth roads depends largely upon the
character of the material Sandy, gravelly, or even silty soils have produced
serviceable roads 1n most mstances when properly treated and mamtaned

Heavy clays or alkah soils have been similarly treated but the results have
been almost untversally unsatisfactory Thess clays are inherently unstable, have
high moisture carrymng capacity, and are constantly changing in volume Uni-
formity of soi from point to pomt on the project 1s highly desirable, but exper:-
enced workmen will overcome considerable irregularity of soil by varymg the
quantity of o1l and the details of treatment

This type of treatment 1s adapted to roads carrying less than l500 vehicles per
day where soil conditions ale suitablé and particularly n and and semi-and
climates

REFERENCES

1. Personal inspections in Long Island, New York, New Jersey,
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MIXED IN PLACE BITUMINOUS SURFACE COARSE AGGREGATE
TYPE I

MLDNY DAL - BIIMINALD UG~ LI ARG BIL- 77,

Figure 73. California

Materials Cost per mile Service Examples in
Gravel. Construction $1100 800 to 1500 vehicles =~ Wisconsin.
Stone. to $3000. Main- per day. Minnesota.
Slag. tenance $400 to Ohio.
Bitumen. $900. Louisiana.

California.
Wyoming.

1. General Description. This type of surface is designed to form
a well bonded mixture of bitumen and the more or less loose material
of the existing road surface, and further to key and bond this mixture
with the compacted and untreated materials beneath. Tt is usually
applied to gravel roads, although traffic bound surfaces of crushed
stone and slag are treated in a similar manner. There are three prin-
cipal construction methods of placing the prime or initial application,
each of which aims at the same result.

A. In which the loose material of the existing surface is first
treated with an application of bitumen before mixing and further
applications are commenced.
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B. In which the loose material is bladed from the surface and the
compacted surface thus exposed receives the first application of bitu-
men before mixing and further applications are commenced.

C. In which the surface of the existing road is strengthened by a
prime coat of bitumen appled to the exposed base followed by a
mixing with bitumen of the loose material n the existing surface,
this is 1n effect a mixed prime coat The surface thus primed is then
covered with a mixed-in-place surface of new aggregate and more
bitumen.

The most suitable method must be determined after a study of
local conditions which include thickness of existing surface, degree
of compaction, gradation of aggregates, and the characteristics of the
bitumen in combination with these aggregates

2. Materals The aggregates are usually those in the existing
road surface These methods of treatment have been used principally
on crushed or uncrushed gravel roads but equal or greater success
may be had on crushed stone or slag The aggregates should all pass
the 1145 or 1-inch screen. The gradation below this size should be
uniform from coarse to fine, with sufficient fines to properly fill the
voids Small amounts of clay may be tolerated.

The bitumens used for prime coats are frequently light asphaltic
ouls, tars or cut-backs which are low in viscosity and high in penetrat-
ing qualities For the final application (not the seal coat) higher
viscosity bitumens are favored. The same bitumen has been used for
the prime application and the actual mixture but this practise is
not as general as the use of light material for the prime and a heavier
bitumen for succeeding applications.

Experience with aggregates used and analyses of samples taken
from road surfaces are illustrative, but complete specifications for
materials and methods of construction are not generally available

In California, the conclusions are drawn that

The principles involved are similar to those governing asphaltic concrete, except-
ing that the low viscosity asphaltic binder used 1n this process covers the par-
ticles with a thinner film than does the harder asphalt Tests indicate that
three-fourths as much Light o1l should be used as asphalt for like mixtures A
stan test modified from sheet asphalt practise promises to be useful The amount
of o1l depends primarily upon the amount of sand and dust passing a 10-mesh
screen

Expenience has demonstrated that the amount of o1l to be used should be kept
at a mmmmum In Cahfornia the percentage ranges from 2 per cent to 7 per cent
with an average of 3 per cent to 4 per cent In order to obtain best results a screen
analysis should be made prior to oiling

Aggregate containing from 40 per cent to 60 per cent of 10-mesh matenal
(material retained on 10-mesh seve) usually gives more satisfactory and stable



PRESENTATION OF FINDINGS 201

results than aggregate contamming more than 40 per cent passing a 10-mesh A
hard nonporous gravel will usually require less o1l than a porous volcanie rock In
the final analysis the amount of o1l used must be governed by appearance, and
the mixing 18 continued untal the material (mixture of oil and aggregate) assumes
a dark brown or chestnut color

The experience of one industrial orgamzation 1n the use of tars
on gravels 1s valuable Better success has resulted 1n treating gravel
with a large percentage of stone than a gravel with a large sand
content The more crushed or irregular aggregate in gravel, the
better. The largest size particles of gravel should be about 1-inch,
with at least 60 per cent above the 14-1nch size. More than 20 per
cent of clay usually causes trouble and 1n general better results are
obtained with the clean gravels The fact 1s also recognized that
gravel n the pit and gravel n the road may be entirely different,
and that the material in the road should be examined before the
methods of treatment and amounts of bitumen are decided upon. Cut-
backs, that 1s, asphalt or tar cut with naptha or other material to
increase their fluidity and the movability of the mixture, are now
being tried instead of the slower curing bitumens. No definite 1n-
formation on the use of emulsions for this type of construction is
available.

8. Construction Methods. There are several principal methods of
construction each of which includes a proper preparation of surface
to be treated—from 2 to 4 applications of bitumen, blading, shaping
and compaction The object of all of these operations is to obtain
a thoroughly mixed and compacted bituminous concrete which is
bonded to the surfacing material beneath Variations in the methods
are not unusual but they must secure the foregoing results for success

The construction steps of some typical examples are given.

IN CALIFORNIA, USING ASPHALTIO OILS AND GRAVEL OR STONE

1. Prelimmary scarifying

2. Balance grading.

3 Final scarifying.

4. First application of o1l

5 Disk harrowing.

6 Second application of o1l

7. Disk harrowing

8. Third application of oil.

9. Disk harrowing.
10. Preliminary or rough blade mixing.
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11 Final or finish blade mixing.
12 Spreading mix
13. Surface compacting and smoothing

14 Seal coat (1f needed)
15 Correction of construction defects and maintenance

Where the grading of the aggregates shows 1n excess of 50 per
cent passing the 10-mesh sieve a total of 114 gallons per square yard
of o1l are used for a 3-inch mixed and compacted surface The sur-
face may be treated for 1ts entire width or one half at a time

IN WISCONSIN, USING TAR AND GRAVEL

Preliminary scanfying and shaping of untreated surface.

First application of tar to half the road

Loose treated material bladed to a few feet beyond center of road

Second application of tar to the base thus exposed by operation 3.

Treated material near road center bladed back over second ap-
plication of tar ’

6 Blading back and forth, continued unt:l all particles of gravel

are coated and the mixture 1s uniform 1n color.

7. The second half of road 1s treated in the same manner.

8 If a seal coat 1s used 1t consists of a light seal coat of tar covered

with stone chips, pea gravel o1 coarse sand.

CU s 00 MO

Compaction may be obtained by traffic or by a power roller. The
total amount of apphed tar exclusive of the seal coat is about 24
gallon per square yard. The seal coat requires about 14 gallon per
square yard The treated depth 1s from 114 to 2 inches.

IN MINNESOTA, USING TAR AND GRAVEL
/

1. Preliminary scarifying and shaping of untreated surface

2. The loose untreated gravel on half of the road 1s bladed into a
windrow just beyond the road center

3 First application of 14 gallon per square yard of tar to the
compacted surface thus exposed by operation 2.

4. The entire road is left open to traffic for 24 hours or longer
During this time the first application penetrates the hard
surface and any breaks or surface raveling are patched with
a mixture of tar and gravel.

5 Second application of 13 gallon per square yard of tar to the
previously treated half.
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Figure 74. Mixed-in-Place Bituminous Surface. Coarse Aggregate
Type 1. Mixing Loose Gravel or Stone with Bitumen with a Road

Blade

Fgure 75 Mixed-in-Place Bituminous Surface Coarse Aggregate
Type I. Distributor Applying Bitumen to Exposed Base. Traffic Bound
Stone Road. Ohio
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6. The loose untreated gravel from the windrow near road center
is immediately bladed over the wet second application of tar

7. The same processes are repeated on the other half of the road-
way. There is now 24 gallon of tar per square yard beneath
a loose layer of gravel.

8. As the tar works up into the loose gravel, the surface is remixed
by blading and kept smooth by blader and drag Blading and
dragging are continued until the surface mixture sets up and
blading cannot be continued

9 Final compaction 1s obtained by traffic.

10 A seal coat of tar and coarse sand may or may not be required

The total amount of applied tar exclusive of seal coat 1s 24 gallon
per square yard Each application is 14 gallon The depth of fin-
ished compacted surface 1s from 1 to 2 inches.

IN LOUISIANA, USING A CUT-BACK ASPHALT AND GRAVEL

1. Preliminary scarifying and shaping of existing surface
2. First application to the loose surface of 1 to 1% gallon of hight
cut-back asphalt.
3 The treated gravel 1s bladed to one side of the roadway
4 Second application of %4 to 14 gallon of light cut-back asphalt
is applied to the base thus exposed.
5. The treated gravel (moved in operation 8) 1s bladed back and
forth over the roadway surface until thoroughly mixed
6 The surface 1s struck off with a blade grader to a smooth and
uniform surface and allowed to set up (The volatile oils are
allowed time to evaporate )
7. The surface is compacted by a power roller
8 Third appheation of bitumen This 1s applied directly to the
mixed prime cbat just completed and 15 a heavy cut-back
asphalt applied at the rate of 1} to 1% gallon per square yard.
9. Clean fresh gravel 1s evenly spread over this application
10. Fourth application of bitumen consisting of the heavy cut-back
asphalt applied at the rate of 14 to 1% gallon per square yard.
11. The new gravel and heavy cut-back are mixed by blading until
the mass begins to set up. Then it 1s given a final blading to
insure a regular contour
12 Final compaction by a heavy power roller.
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The foregomng method uses from 1 to 2 gallons per square yard
of bitumen for a total depth of from 2 to 4 inches That is about
I/, gallon per inch of compacted thickness of surface.

The methods as used in California, Wisconsin and Minnesota are
fairly well standardized for those states, but shight variations are
made from time to time. The method described for Louisiana 18 new
and less information is available on 1t.

4 Mamtenance Methods. The principal operations are patching,
the addition of seal coats, scarifying and reshaping.

Small holes and raveled spots are patched with a skin coat of
bitumen and aggregate Larger holes are patched with pre-mixed
bitumen and aggregate.

If too rich a mixture is mdicated by shoving or surface displace-
ment, scarifying and the addition of fresh aggregate has corrected
the condition.

Too lean a mix may be corrected by a seal coat of bitumen and
chips or by scarifying and remixing with more bitumen

5 Construction Costs TFor the Califorma work the average cost
for this type 18 given as from $1200 to $1500 per mile for a 20 foot
width. An average of 1.32 gallons of oil were used per square yard.
Surfacing in Wyoming of a similar character and with similar ma-
terials cost $0 1131 per square yard which is about $1200 per mile
for an 18 foot width.

Tn Wasconsin, the cost of mixed-in-place surfacing 1s given as $900
to $1400 per mile for an 18 foot width

In Ontario, Canada, the Wisconsin method costs approximately
$1750 per mile for a 20 foot width.

Tn Minnesota, the costs are given as $1500 to $1800 per mile for a
width of 18 to 24 feet.

Costs are not available for the Lowisiana work but they are doubt-
less higher than for the California work because cut-back asphalts
are more expensive than the road oils as obtained in California

6. Maintenance Costs This type of surfacing in Califorma 1s
new and maintenance costs are not available The correction of con-
struction defects by scarifying and remixing has cost from $90 to
$180 per mile The addition of a seal coat of 5 gallon of oil per
square yard with cover would not make the total cost including
patching more than $500 per mile per year.

In Wisconsin, the average yearly maintenance cost over a four
year period has been $600 per mile.



206 LOW COST ROAD INVESTIGATION

In Minnesota, the annual maintenance costs are given as $300 to
$600 per mule.

In Ontario, Canada, the expected maintenance cost was given as
$800 per mile, using the Wisconsin method

In Indiana, the average maintenance cost on a 12.6 miles un-
treated gravel was $700 per mile for a 6 months period just prior to
treatment. Kor the first 6 months after treatment 1t was $210 dollars
per mile.

7. Service The riding qualities of mixed-in-place types are uni-
versally claimed to be better than for penetration types This 1s be-
cause the surface 1s bladed by a road machine As proof of the
relative smoothness 1n California a device called the Roughometer ”
showed the average roughness of 153 miles of the surface penetra-
tion type to be 53 2 inches and for 119 miles of the mixed-in-place
type to be 31 6 inches. Nearly all the states using this type consider
1t suitable for a daily traffic of from 800 to 1500 vehicles. During
periods of the year traffic may greatly exceed these amounts Wis-
consin reports 6000 vehicles daily during summer months with aver-
age throughout the year of 1375.

With this type of surfacing it 13 possible to economically improve
thousands of miles of gravel and crushed stone surfaces
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MIXED IN PLACE BITUMINOUS SURFACE COARSE AGGREGATE
TYPE II

MRLDNY AALL -BTUINND SHORLL - LRI AGRELGATE TV

Figure 76. Tennessee

Materials Cost per mile Service Examples in
Crushed stone. Construction, $2000 800 to 2000 ve- Pennsylvania.
Crushed slag. to $4500. Main- *hicles per day. Tennessee.
Bitumen. tenance, $300 to Indiana.

$700.

1. General Description. This type of construction was developed
on a large scale in Pennsylvania as a surface intended to be more
durable than the single or dual surface treatments.

It was not expected to give results comparable with bituminous
penetration macadam.

It has been used with gratifying results on old, well compacted
bases of stone, slag, gravel and shale.

The principal features are the priming of the base course with a
cold bitumen, followed by the application and mixing of more bitu-
men with a hard, clean, crushed coarse aggregate. Compaction is
usually obtained by rolling. The exact details and procedure of con-
struction may vary but similar results are obtained with similar ma-
terials. This Type II is probably more substantial than Type I
owing to the higher class of selected and specified coarse aggregate.
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It 18 also more expensive than Type I. The type is known by
various names, such as “ O1l Bound Broken Stone Surface,” in Penn-
sylvania;  Carpet Treatment,” 1n Tennessee, and quite gexeerally
by the trade name of “ Retread.”

9. Materals. The aggregate generally used 1s hard crushed stone
Crushed slag has also been used to a limited extent Slag unless non-
porous requires more bitumen than crushed stone.

As specified 1n Pennsylvania, the stone shall be umformly graded,
free from dust, dirt, foreign materals and coatings of any character,
and from an excess of flat and elongated pieces. The stone shall be
umformly graded and conform to the following mechanical analyses

Min Max.
percentage percentage
Passing 13-1mnch screen 100
Passing 14-inch screen 95 100
Passing #-inch screen 0 30
Passing §-1nch screen 0 8

The crushed stone shall be obtarned from clean, tough, durable rock
free from slaty texture or cleavage planes and having a percentage
of wear of not more than 5 and a toughness of not less than 6. All
stone shall meet the requirements of the “ Soundness Test.”

The crushed stone as used in Tennessee all passes the 1V4-inch
screen and is retained on the 54-inch screen A hard and durable
product 18 required. .

The size and gradation of stone as used in both Pennsylvania and
Tennessee are about the same for each state but the finished depth of
surfacing 1n Tennessee is from 1 to 114 inches, while in Pennsyl-
vania 1t is 2 inches.

Tn Indiana, the following gradations are used for the ndicated
loose depth of surfacing:

Percentage Passing Circular Opeming
Loose depth of stone 4-mch 2inch 1mnch 1}mech 13 mnch 23 mmch 3inch
1 inch 0-15 25-75 100
2, 24, 3 mnch 0-2 - 0-15 95-100 100

The quality of stone for all recommended cases 13 similar to that
used for bituminous macadam for which a per cent of wear of 6 is
permissible. If softer stone must be used 1t should be specified in
larger sizes.

The bitumens used are a cold application of either tar or a cut-
back asphalt.

Pennsylvania and Tennessee use tar gemerally. Indiana started
with tar but 1s now using tar or a cut-back asphalt.
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In Pennsylvama, the tar mixture of flux and base has a specific
viscosity (Engler, 50 cc. @ 40° C ) of 20 to 28.

In Tennessee, the prime or first application of tar consists of
material having a specific viscosity between 13 and 18 and for the
second application between 18 and 27.

In Indiana, where erther tar or asphalt are specified, the following
classes of bitumen are included, but the so-called “ cold applications
are generally used

1. Cut-back Asphalt, Liquid Asphalt A C, which has a specifie
viscosity of 20 to 100 at 122° F. It must be applied at such a tem-
perature that 1t will flow readily on the road surface or be incor-
porated with the aggregate

2 Asphalt O H 2 (for use mn final appheation). The residue
from distillate 1s required to have a penetration of 175 to 250 at
25° C (50 g 5 sec).

8 Liquid Asphalt C B (for use in final application: also in all
applications if stone 1s comparatively large)

The residue from distillate 18 required to have a penetration at
7% F. (100 g 5 sec ) of 50 to 110 When applied this asphalt shall
be at such a temperature that 1t will flow readily on the road surface
or be mcorporated in the mix

4. Refined Tar T H (for use in final application)

The float test at 32° C shall be from 120 to 180 seconds The tar
T H shall be at a temperature between 150° F and 200° F. when
applied to the road surface.

5. Tar T M (for use in first and second application)

The specific viscosity at 40°C must be between 25 and 40. It
shall be at a temperature of 125° to 250° F when appled to the
road surface

3 Construction Methods In general they are similar but vary in
details In all methods a suitable existing base of stone, slag, shale,
gravel or other well compacted material 1s selected. It should be free
from holes but may be shightly irregular in contour Variations in
regularity of 1% to 34-nch in the base may be tolerated. The base
must be thoroughly cleaned of all foreign substances by brooms,
blowers or other effective equipment. '

PENNSYLVANIA METHOD

1 Scarify and shape old base adding additional stone if necessary
or merely sweep base clean of dust and dirt if it 1s already of proper
cross section and grade, and well solidified.
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9. Spread layer of loose stone to such depth that when compacted .
1t will be 2 inches in thickness.

3. First application of bitumen at the rate of 0.5 to 0 75 gallon per
square yard.

4 Blade surface to proper cross section

5. Continue blading to maintain desired cross section until sur-
face begins to set.

6. At the end of 4 or 5 days after the surface has set apply about
0.25 gallon of bitumen followed by a lght cover of stone chips
Traffic is permitted to operate during the entire construction

Raking may be substituted for blading but it 1s not as satisfactory.

Rolling with a 5 to 10 ton roller is desirable The rolling may
follow immediately after the first application and blading

Rolling gives good results even after the mixture of bitumen and
stone can no longer be bladed

Rolling of the seal coat 18 also effective 1n securing quick compac-
tion and reducing loss of chips

As in all surfacing of similar character, operations are sumplified
if traffic is kept off the road during construction.

TENNESSEE. METHOD

Although patterned after the Pennsylvama method, the actnal
procedure varies somewhat from it and also from place to place
within that state.

1. The base 15 thoroughly cleaned and must be well compacted
over a period of several months previous to bituminous surfacing.

9. First application of bitumen 1s made at the rate of 3 to 4
gallon per square yard.

3 Stone chips are spread at the rate of 10 to 20 pounds per square
yard and 1mmediately bladed with a hight one-man blader

4 Blading 1s continued until the bitumen sets up

5. The surface is kept open to traffic from 4 to 15 days. During
this period the bitumen partially penetrates the base, and weak spots
and pot holes developed by traffic are patched Patching 1s done by a
mixture of bitumen and stone placed in the holes and tamped.

8. The second application of bitumen 13 made at the rate of .3
to .5 gallon per square yard.

7. This 1s 1mmediately covered with stone at the rate of 50 to 80
pounds per square yard.
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Figure 77. Mixed-in-Place Bituminous Surface. Coarse Aggregate
Type II. Blading to Obtain a Regular Contour. The Blade Is Set At a
Greater Angle with the Road Than in Mixing (Figure 37), and the Mix-
ture Is, Not Turned Over.

Figure 78. Mixed-in-Place. Bituminous Surface, Coarse Aggregate,
Type II. Final Compaction with Power Roller
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8 The second application of bitumen and stone are bladed and
dragged for 2 or 8 days unti] the volatile matter has evaporated and
the mixture becomes too stiff for blading

9 The surface 1s rolled with a 3 to 5 ton roller. The rolling 18
continued each succeeding day until the surface is thoroughly hard
and consolidated Seal coats are not customary practise.

INDIANA METHOD

1 Scarify and shape old base, 1f necessary or merely sweep it
clean of stone and dirt.

9. Spread layer of stome to the desired thickness (2, 2V or
3-inch loose, use 114 to 2-inch commercial size stone, 1-inch loose
use 34 to 114-1nch stone)

8 Roll stone lightly

4 TFirst appheation of bitumen 18 appled at the following rates
per square yard for different depths of materals: .5 gallon for 8-inch
loose stone, .4 gallon for 2, and 3 gallon for 1-inch.

4 Blade 1mmediately only moving the top layer (about 1-inch).

6 Roll immediately after blading and again after 2 days.

7. Tl surface vords with stone chips applied sparingly.

8. Second appheation of bitumen, after first application has set,
18 applied at the rate of about 2 gallon per square yard

9. Drag surface, preferably with light drag.

10. Roll chips into surface after dragging

11. The third appheation of bitumen after about 2 weeks is ap-
plied at the rate of about .15 gallon per square yard

12 Cover sparingly with chips and roll thoroughly

Tt has been found that a primre coat of bitumen, applied the year
before the mixed-in-place surface 1s put down, may be advisable on
some gravels and shales

8 Mawntenance Methods. Maintenance should begin 1mmediately
after the completion of the surface

“Pot holes are patched with pre-mixed material consisting of bitu-
men and stone Raveled and lean spots are patched with an applica-
tion of bitumen and chips. A seal coat over the entire surface may
be advisable the second year, for the more open and lean surfaces.
Tor this 25 to 50 gallons of bitumen 15 used and 30 to 40 pounds
of 34-inch chips

A second mixed-n-place surface may be placed on the initial
surface after one or several years as conditions may 1indicate.
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4. Construction Cosls In Pennsylvama this type of smrfacing
costs on the average $2500 per mile for a 16 foot width and depth of
2 1nches.

In Tennessee the average cost 1s given as $2000 per mile for an 18
foot width and depth of 1-inch

In Indiana the cost 1s stated to be $3500 to $5000 per mile for a
width of 20 feet and thickness from 1 to 214 inches

5 Maintenance Costs The average maintenance cost for surface
repairs i Pennsylvama 1s given as $405 per mile In Tennessee,
surface maintenance exclusne of retreatments, 1s stated to be $300
per mile Maintenance costs in Indiana are not available

6 Service The highway officials of Pennsylvama claim that this
surface 18 not economical for more than 500 vehicles per day for a
section having a 4-inch stone base and a 2-inch mixed-1n-place top
Several roads of this type i that state are carrying more than 500
vehicles per day

In Tennessee the traffic ranges from 400 to 1000 vehicles per day
including several bus lines Figures are not available on the Indiana
transport conditions
. Considering the traffic which surface treatments of the dual appli-
cation and mixed-in-place gravels are carrying, there 1s good reason
to believe that these thicker smifaces of crushed stone and bitumen,
which approach bituminous macadam n quality should give even
better service

Due to the blading process in construction mixed-1n-place surfaces
have excellent riding qualities On account of the coarse chips or
stone at the surface they do not become shippery 1in wet weather
For the same reason they are not easily displaced 1nto ridges under
traffic.

REFERENCES

1 Personal inspections 1n Tennessee and Pensylvania

2 State Highway Departments of Pennsylvania, Tennessce and
Indiana.

3 Highway Specifications of these states

4. Discussion by C N Bass, Commissioner of Highways, Nash-
ville, Tenn, on “The Surface Treatment of Gravel, Sand
Clay and Dirt Roads,” at meeting of American Association
State Highway Officials, November, 1926
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« Retreading Our Highways,” article by A T. Goldbeck, D1-
rector Bureau of Engineering, National Cirushed Stone Asso-
ciation, Washington, D. C, “ The Crushed Stone Journal,”
October-November, 1927

“ Winning the Tennessee Public with Crushed Stone and Tar ”
An article m © The Highway Magazine,” September, 1927

Bureau Public Roads R E Toms, District Engimeer, District
Eight, Montgomery, Ala

“ Modern Bituminous Roads” Paper by A. H Hinkle pre-
sented at Convention National Crushed Stone Association,
January, 1928.

« Recent Developments i Road Maintenance Methods,” by
A. H Hinkle Bulletin No 16, Purdue Umversity.

« Salvaging Road Surfaces,” by A H. Hinkle Convention Pro-
ceedings, 1925, American Road Builders’ Association.
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PREMIXED BITUMINOUS SURFACE LAID COLD

PREMIED BITUMINOUS SUBIACE -LAD LoD

Figure 79. Tarmac in Pennsylvania

Materials Cost per mile
Coarse aggregate, Type I. Type I $8,000 to $12,000 (estimated).
Stone, slag or gravel and bitumen.
Fine aggregate, Type II. Type II $7,000 to $10,000 (estimated).
Sand, dust and bitumen.

Service Examples in Type I
Type I 1000 to 2000 or more ve- Maryland, Penn., Delaware, Texas.

hicles.
Examples in Type II

Type II no data. Florida.

1. General Description. With the exception of some patented
products pre-mixed surfaces, which are laid cold, are new. During
1926 and 1927 interest in the possibilities of this type became evi-
dent. The surfacing is primarily an intimate mixture of aggregates
and bitumen. Although the actual mixing may be done with hot or
cold materials the resulting mixture must be such that it can be laid.
at normal atmospheric temperatures.
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Type I uses coarse aggregate and may or may not require a seal
coat It 1s ssmilar to asphaltic concrete, coarse aggregate type.

Type IT uses a fine aggregate and 1s similar to sheet asphalt in
composition

On porous bases a prime coat of bitumen may be advisable A thin
course of penetrated stone or mixed binder course may increase the
stability of Type IL >

9. Materwals For Coarse Aggregate Type 1, the aggregates are a
durable crushed stone, slag or gravel. The bitumens are a cut-back
tar or asphalt. Sand may also be added to obtain a dense mixture
Hydrated lime is added 1n the patented product known as “ Amiesite ”
The amount of sand, 1f used, will depend upon the hardness of the
coarse aggregate. A soft stone which fractures readily will require
less sand than a hard material There should be enough material
below the 14-inch sereen to sufficiently fill the voids -One part sand
to 3 parts stone is recommended by one producer of tar.

Cold cutback tar and asphalt have been used Hot asphaltic
cement and a liquifier are used 1n Amiesite mixtures.

Materials for Amiesite

This patented pavement 1s usually laid in two courses to a total
compacted thickness of 2 inches, the bottom course 114 inches and
the top course V5-inch

The following limitations should not be exceeded for Amesite:

Bottom layer ' Top layer
Materials Maximum percentage Maximum percentage
Broken rock . 86 to 92 83 to 90
Liquifier ) 04to10 04to10
Asphalt cement 4to6 5t07
Hydrated lime 05to 10 05to10
Mineral filler Oto 6 0to8

Broken rock for the bottom layer must be dry, clean and durable
It is required to pass a 2-nch circular opening and be retamed on
34-inch sereen with not more than 15 per cent retained on the 116-
inch opening TFor the top layer all stone must pass the 5&-inch
circular opening and be retained on an 8-mesh screen

The liquifier 15 a mineral oil, both kerosene and naphtha have been
used.

The asphaltic cement has a penetration of 65 to 110 at 77° F.

Hydrated lime 1s required to meet the A. 8 T M standard speci-
fications
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The mineral filler 18 clean, erushed rock screenings, 90 per cent
of which will pass an 8-mesh sieve

The aggregate for the squegee coat, 1f used, has 90 per cent passing
the 16-mesh sieve, and 75 per cent retained on the 50-mesh sieve, the
bitumen is a cut-back asphalt applied cold having a penetration of 55
to 100 at 70° F.

The mixtures using tars, are aggregate and a tar similar to that
used 1n cold-patch work This 1s specified 1n the U. S Government
Master Specification “ Tar for Use in Repair Work ” as TR-1-25
and TR-2-25. TR-1-25 has a specific viscosity (Engler at 40° C )
of 35 to 60, TR-2-25 has a specific viscosity of 60 to 80

The aggregates are specified as “ 34-inch broken stone and sand,
about one part sand to three parts broken stone” The proportions
recommended are 12 gallons of cold-patch tar to 27 cubic feet of
total aggregate Three-quarter-inch stone 1n some states 13 a uni-
formly graded product all of which passes the 114-1nch screen and
18 retained on the 9g-inch sereen If slag 1s used as coarse aggregate
a larger proportion of bitumen 1s usnally required This 1s due to
the porosity of the average commercial clay

The bitumen for the seal coat 1s the same as for the mix Coarse,
clean sand is used for cover

On some small projects in Ottawa, Canada, asphalt in the form of
a liquid cold patch material was used with crushed stone The quan-
tity of asphalt used varied from 8 to 11 imperial gallons per ton
of stone.

Materials for Type I1 Fine Aggregate Type

The object 1s to use material which will produce, when complete
1 place, a surface having the characteristics of hot mix sheet asphalt.
The gradation of the fine aggiegates is said to be similar to the dust
used for filler The bitumens used are asphaltic cements and flux
Few definite data are available on the exact proportions

3 Construction Methods In both Type I and Type II the aggre-
gates and bitumen are thoroughly mixed m a standard concrete
mixer, a pug mill or by hand Machine methods are preferable The
aggregates should be clean and dry Whether or not heating of the
bitumen is necessary will be governed by its consistency If the
bitumens contain volatile o1ls a sufficient time, after mixing, may
be required for them to evaporate Three or four days are usually
sufficient Many of these mixtures may be stored for several months
before being laid as surfacing
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A prime coat of V45 to 74 gallon of liquud tar or asphalt may be
advisable on previously untreated surfaces which are porous or un-
stable at their surface

The coarse aggregate types are laid in two courses to a compacted
depth of 2 inches The second course 1s the seal and may be from
4-nch to Y4-nch in thickness depending on the type of seal coat
used

The construction operations for Type I are:

1 Clean the base thoroughly
9 Spread the pre-mixed material on the base from dump boards
or other suitable devices
3 Rake to a smooth regular surface.
4. (A device for obtamning a regular surface after raking 13 desir-
able )
Roll with 10 ton roller for hard stone on a firm thick base Use
a highter roller for soft stone and a less stable base
6. Apply after 7 days a squegee coat of bitumen and sand or stone
chips for cover, and roll again
7. Or spread mixed seal coat, rake and roll

.C,‘(

The construction methods for Type II consist of suitable dumpng,
spreading, raking and rolling

The surfaces may be laxd for one half the roadway width, allowing
traffic on the other half. Although not prohibitive 1t 18 advisable to

* keep traffic off the newly laid surface for 24 hours until some of the

lighter oils have evaporated and the surface 1s less easily displaced

4 Mamntenance Methods The usual procedure 1s to patch surface
breaks with pre-mixed surfacing mixture Seal coats may be required
at varying periods 1f the surface 1s too open or tends to ravel under
traffic

5 Construction Costs Tattle rehable cost data 1s available. The
bid prices are usually in competition with pre-mixed hot bituminous
surfaces or bituminous macadam '

The actual construction costs should be less than for hot mixes,
because less expensive plant equipment 18 required, and more fre-
quent plant set-ups along the construction work may be made at a
smaller cost per move

If the surfacing is mixed at a central plant and hauled long dis-
tances by rail, this will represent a considerable item in the total cost

6 Maintenance Costs Except for Amesite the surfaces are so
new that costs over a period of years are not available. On Amuesite
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Figure 80. Premixed Bituminous Surface. Laid Cold. Dumping on
Dump Board, Placing and Spreading. Pennsylvania

Figure 81. Initial Compaction with Heavy Roller on Premixed
Bituminous Surface Laid Cold. Pennsylvania
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the maintenance costs are said to be low, and comparable with
standard hot mixes on sumilar bases

7 Service. Because of better control of aggregate gradation and
bitumen content, a more uniform surface mixture 18 obtained than
with the mixed-in-place bituminous surfaces This should result in
better service except that with present construction methods the nd-
ing qualities of pre-mixed types are not so good The traffic capacity,
however, should be equal to or greater than mixed-in-place types of
equal thickness and on similar bases

Sk 0 o

i

10
11

REFERENCES

Pennsylvania State Highway Department

Maryland State Road Commission

Delaware State Highway Department

Texas State Highway Department.

¢ Cold Mixes for Minor Paving Jobs,” by Allan K Hay “ Con-
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The Asphalt Association, New York City
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NATURAL ROCK ASPHALT SURFACES

DRTURL K ADPHALT

note Ty Jectians are for Limesione £ock Aspbal] anjy

Figure 82. Texas

Materials Cost per mile 18 feet wide
Prime coat of asphaltic oil or tar. Construction, 4 inch to 1 inch thick.
Surface course natural rock asphalt with $3500 to $6500.
or without flux. Maintenance, $200 to $400.
Service Examples in

1000 to 2000 or more vehicles per day. Texas, Georgia, Tennessee, Kentucky,
Florida, Indiana, Ohio.

1. General Description. The base to be treated should be suffi-
ciently substantial to warrant the expenditure necessary for this
type of surfacing.

The surfacing work consists of first treating or priming the base
course, if previously untreated, with asphaltic oil or tar. This is
allowed to penetrate and is then covered with a loose layer of natural
rock asphalt laid at atmospheric temperature.

After being spread it is rolled with a power roller. The surface
is then complete except for a light seal coat which is a meal or fine
mixture of natural rock asphalt in the case of the Uvalde rock asphalt.

2. Materials. There are two prineipal classes of this material.
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Class 1. Limestone which has been impregnated by nature with
asphalt.

Class IT. Sandstone which has been coated or impregnated by na-
ture with asphalt.

These materials have been used 1n Europe for the past 30 years
The best known deposits in the Umted States are those i Texas
and Kentucky The material 1s also found in Alabama, Oklahoma,
California and Utah.

Class 1. Uvalde rock asphalt 1s quarried and prepared for road
use near San Antonio, Texas As quarried, the impregnated lime-
stone contains from 9 to 12 per cent of pure bitumen, and from 88
to 91 per cent of limestone. The material as received from the mines
1s first run throngh a hammer mll pulverizer with the grates
spaced about 14-inch clear. This gives a grading from %-inch and
down For a thickness of 1-inch and more compressed surface, 34-
inch size and down may be used The state of Texas requires in its
specifications Y4-inch material for hight surface treatments. Suffi-
cient fine material (passing V4-inch screen) is screened out for use
as a seal coat. The pulverized material 1s placed 1n either a drum
or pug mill mixer and hot asphaltic o1l (asphaltic content of 100
penetration, not less than.50 per cent by weight) is sprayed on the
rock asphalt as it cascades About 4 gallons of fluxing o1l is used
per 2000 pounds of Uvalde rock asphalt. The flux is necessary be-
cause of the hardness of the natural asphalt with which the limestone
1s impregnated The rock as received from the mines may be crushed
and fluxed on the construction work by the road contractor instead
of by the producer.

Class II Kentucky rock asphalt, os obtained near Bowling
Green, Kentucky, 1s a bituminous sandstone Hubbard says, “ In
bituminous sandstones, while the bitumen permeates the natural
rock it appears to coat the mineral particles rather than to impreg-
nate them.”

The rock is hard and harsh and will scratch glass. As quarried 1t
runs from 3 to 10 per cent bitumen and the remainder is sharp
grained silica sand fairly well graded, although not as well graded
as sheet asphalt paving mixture. The rock contaimning varying per-
centages of bitumen is first crushed at the plant. It is sorted, mixed
and analyzed until the final product contains the per cent of bitumen
required by specifications This is usually from 7 to 714 per cent
State highway specifications vary in their requirements from a mini-
mum of 59 to a maximum of 9 per cent of bitumen
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The state of Kentucky requires that 95 per cent shall pass the
34-inch screen and 20 per cent shall be retained on the 14-inch
screen, and that a uniform percentage of bitumen shall be maintained
in the rock asphalt used on each contract. This 13 from 5 9 to 7.65
per cent.

Analysis of typical rock asphalts of asphaltic limestone and as-
phaltic sandstone follow:

ANALYSES OF NATURAL LIMESTONE ROCK ASPHALTS

Percentage
Utah Oklghoma Alabama Texas
Bitumen . 12 t040 347to1453 355to 990 364to1447
Limestone . 88 to 60 90 10to0 7553 9524 to 8923 9044 to 8416

Magnesite, Quartz, Clay,Y mncluded in ]
ete) the 88 to 60 643to 994 121to 087 592to0 137

Nore —The percentage and quality of the bitumen vary a little 1n each quarry

ANALYSES OF NATURAL SANDSTONE ROCK ASPHALTS

Percentage

Alabama California Kentucky Missouri
Bitumen 37 tollé6 40t0186 30to 84 37to 81
Sandstone 874 to871 917t0801 959to914 895t0898
Limestone
Magnesite 1870t0 1625 43to 13 11to 02 68to 21
Clay, ete

Oklahoma Texas Utah

Bitumen 66to104 40toll6 41to 79
Sandstone 884t0885 888t0883 870to879
Magnesite, ete 50to 11 72to 01 89to 42

Nore —The percentage and quality of the bitumen and of the sandstone differ
in the above locations, and vary a little m each location

The foregoing tables are from J W Howard, consulting engineer
on roads and pavements.

3. Construction Methods. The methods as specified by Texas for
limestone rock asphalts and by Kentucky for sandstone rock asphalts
are given.

LIMESTONE ROCK ASPHALT SURFACE

A cold mix is used and the compacted depth of surfacing, as speci-
fied, is laid from 14 to 114 inches 1n thickness.

1 The base course is thoroughly cleaned and all depressions filled
with pulverized rock asphalt.
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9. A prime coat of hot asphaltic o1l 18 applied to the base in two
applications. The first at the rate of 010 to 015 gallon per
square yard 18 allowed to penetrate for 24 hours

3 The second priming apphcation 1s applied at the rate of 0.10
gallon per square yard immediately before the crushed rock
asphalt is spread.

4 The rock asphalt 1s spread on the road surface from dumping
boards or it may be dumped on the surface provided each pile
18 entirely rehandled by shovels

5. The spread material 1s raked to a regular and smooth surface.

6. The surface is rolled with a power roller having a weight of 200
pounds per inch width of tread.

7 The rolled surface 1s patched as required with rock asphalt and
rerolled.

8 A thin “meal” of rock asphalt, free from flux and passing the
14-inch sieve 1s spread evenly on the surface and rolled This
18 the seal coat

In recent practise, finished surfaces 1-nch or more 1n thickness
have been laid 1n two courses The first 1s a leveling up course about
14-inch 1n compacted thickness A very hight application of o1l 1s
applied between courses and the first contains less bitumen than the
second

KENTUCKY ROCK ASPHALT SURFACE

A compacted thickness of 114 inches is customary for this material
when laid on previously untreated bases of gravel or water-bound
macadam. Tn Florida 1-inch has been used on lime rock base

When laid on a brtuminous macadam, which has no seal coat, the
customary depth of rock asphalt 1s 1-inch A prime coat of 1/10 to
14 gallon of liquid asphalt or tar per square yard 1s recommended on
old gravel bases After the prime coat has been applied or the bitu-
minous macadam laid or if neither are used, the construction opera-
tions are:

1 Clean the base surface thoroughly
2 Spread the rock asphalt from suitable dumping boards or piles
if entirely rehandled.
8. Rake to a smooth, regular surface which is free of all segregated
areas of lumps All lumps over 1-inch in size are removed.
4. After being raked the loose surface is left exposed to the sun and
air until 1t presents an oily appearance
8
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5 The surface 18 rolled once with a 5 to 7 ton power roller.

6 Depressions and irregularities are corrected by raking and the
addition of fresh material.

7. Rolling 1n a longitudinal direction is continued for 5 consecutive
days with a 10 ton power roller

8 Cross rolling with a 5 to 7 ton tandem roller may or may not be
required and continued until no roller marks appear.

9. Immediately before final rolling, the surface may be covered with
limestone dust or Portland cement. Too much rolling at one
time may result i waves, hair cracks or checking of the
surface.

After the surface has been laid, raked and gone over once with
the roller 1t may be made more regular by pulling a heavy drag or
road plane over the surface This method has been used with success
in Indiana.

4. Maintenance Methods are similar for both classes of material.
They include for failures involving the base, a replacement of base
with tamped gravel, macadam, sand clay or other materials similar
to those in the original base This 1s brought up to the bottom of
surface treatment. The patch 1s painted with tar or asphalt, and
covered with tamped rock asphalt. If the area which has failed is of
any appreciable size, say 10 square yards or more, a new surfacing
or base may be necessary These materials are also suitable for
patching laid-hot bituminous surfaces.

5 Construction Costs The price of Uvalde rock asphalt at the
mines 1n Uvalde 18 given as about $3 50 per ton, The price of Ken-
tucky rock asphalt at the plant in Bowling Green 1s gix;en as about
$9 00 per ton The cost of completed surfaces with erther material
is considerably affected by the freight charges from supply point to
destination

Approximate prices for Uvalde rock asphalt surfacing in Texas
are estimated as follows:

20c per square yard for $-inch thickness

35c [{] [{4 €« [{4 é_mch “°
5lc [{} [ {3 &« l_mch [
65c €« [{1 [ &« lé_inch «

Or about $2100, $3700, $5400 and $7860 per mile for an 18-foot width

Kentucky rock asphalt surfaces thinner than 1-inch are still in
the experimental stage, according to the producers They estimate
a 34-inch surface should cost less than $6000 per mile for a width of
18 feet
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The actual cost of laying these “ cold ” materials 1s less than for
hot mixes

6. Mawtenance Costs. In Texas, Uvalde rock asphalt surfacing
1-inch 1n thickness 1s carrying over 1500 vehicles daily for less than
$300 per mile for maintenance. Surfaces 14-inch 1n depth are giving
service about equal to that of dual surface treatments 1n that state.

The annual maintenance cost for Kentucky rock asphalt surfaces
does not exceed $300 per mile per year for traffic of 1500 vehicles
or more

7 Service These surfaces are simply and quickly laid and are
easily repaired They are sufficiently plastic to adjust themselves,
without serious cracking, to 1rregularities of the base course From
information they are giving good service for traffic of from 1000 to
2000 vehicles per day To justify the initial cost of these surfaces,
1t 18 customary to use them only on substantial bases whose traffic
capacity may be estimated with reasonable accuracy.
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MODIFIED OR PUDDLE BITUMINOUS MACADAM COLD
APPLICATION

MWL D ce PUVL BIINOLS IEIRY - LD AN

Figure 83. West Virginia

Materials Cost per mile Service Examples in
Crushed stone. Construction $7500. 100 to 2000 ve- West Virginia.
Bitumen (cold). Maintenance $250 hicles per day. Virginia.

to $500.

1. General Description. As constructed in West Virginia the base
course may be hand knapped stone, crushed stone, shale or gravel,
which have been well compacted by traffic for a number of years.
Originally a hard stone was used for the base and surface course
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but recently serviceable base and surface have been bmlt with local
soft sandstone.

In general, the surface course 18 constructed in the same manner
as a water-bound macadam except that cold bitumen 1s used for
“ puddling ” 1nstead of water. A seal coat is usually advisable. The
total depth of surface course 1s from 3 to 4 inches This surface is
specified by West Virginia as “ Modified Bituminous Macadam
and a similar type in Virginia 18 named “ Cold Bituminous Bound
Macadam ”’ An excellent discussion of this type by B E. Gray, Div1-
sion Engineer of West Virgima appears with this report.

2. Materals The mineral aggregate for the bituminous surface
is graded to utilize the output of the crusher.

WEST VIRGINIA SPECIFICATIONS FOR AGGREGATE

Coarse Stone, 95 per cent passes the 3-inch screen and 85 per cent
18 retained on the 114-1nch.

Chips, 95 per cent passes the 114-1nch screen and not more than 15
per cent passes the 34-1nch screen

Screenings, 95 per cent passes the 34-inch screen and the total
passing the 14-1nch screen is 40 to 80 per cent.

The stone 1s specified to have a percentage of wear of not more
than 5, but sandstone as used by Mr Gray may be much softer The
s1ze of chips for soft stone 1s 14 to 1%/4-inch

VIRGINIA SPECIFICATIONS FOR AGGREGATE

Coarse stone all passes screens having 4-inch perforations and is
retained on screens having 2%4-inch perforations.

Chips are from 1% to 1-inch in size for void filling and keying the
coarse stone.

For cover, chips 1-inch to 34-inch are specified.

For seal coat, chips from 14 to 34-inch

Percentages of wear, not more than 5.

BITUMENS

The bitumen commonly used for first and second applications is
a cold tar or a cut-back asphalt. Cold or hot bitumens are specified
for the seal coat.

The State Road Commission of West Virginia specified an asphalt
having penetration of 150 to 200 (25° C, 100 g 5 sec) and two
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grades of tar having a specific viscosity (Engler 50 cc at 40° C)
of 8 to 85. These are the same as used by Mr. Gray who specifies 1n
addition a cold asphalt having a specific viscosity (50 cc at 50° C )
of 18 to 30.

The State Highway Department of Virginia specifies a road o1l
for cold application having a specific viscosity at 50° C. of 30 to
60, a cold tar with specific viscosity at 50° C. of 10 to 20 and another
tar with specific viscosity at 50° C. of 5 to 15.

3. Construction Methods The object of the methods 1s to build
a macadam surface which 1s bonded by bitumen applied cold, rather
than by water, and further, to use a smaller amount of bitumen for
a given depth of surface than 1s used for bituminous macadam The
methods are a combination of water-bound and bituminous macadam
construction All bases must be thoroughly cleaned by sweeping be-
fore work on the bituminous surface course 1s commenced

WEST VIRGINIA METHODS

1. Spread a layer of loose, coarse stone from dump boards or piles
along the roadside The total depth of loose stone 1s one and one-
third times the required thickness of proposed finished surface.

2. Roll with 10 ton, three wheel power roller until stone 1s com-
pacted to a firm and even surface

8 Spread screenings, from dump boards or piles along the road-
side, in thin even layers.

4 Roll each layer of screenings, until voids 1n coarse stone are
filled and thorough compaction is obtained

5. Sweep the surface clean of loose screenings

6. Test surface with 10 foot straight edge, correcting all irregu-
larities and segregated pockets of fine or coarse stone.

7. Reroll and resweep.

8. Apply first application of bitumen at the rate of 0.7 to 08
gallon per square yard. o

9 Spread immediately a unmiform even layer of stone chips pass-
1ng the 114-1nch sereen and with 85 per cent retained on the 34-inch
screen.

10 Roll and broom The addition of small amounts of chips,
brooming and rolling are continued until the surface 1s regular and
well compacted

11 After 24 hours sweep the surface clean.
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12 Apply second application of bitumen at the rate of 05 to
0 6 gallon per square yard.

13 Spread, broom and roll additional chips 1n small quantities at
a time until regular and umform surface results

The total amount of bitumen does not exceed 1.35 gallons per
square yard

When softer stone 1s used the methods deseribed by Mr Gray have
been successful 1 north eastern West Virginia It should be noted
that a thick layer of screenings 18 spread on the surface during the
mitial rollmg This 1s to prevent undue crushing of the soft sand-
stone.

VIRGINIA METHODS

1 Spread coarse stone from dump boards or piles.

2. Roll coarse stone with 10 ton roller to a firm, even surface

38 Spread stone screenings over surface.

4 Roll, screenings (without water) until voids between stone are
filled and remove excess screenings with brooms

5 Apply first application of bitumen at rate of 14 gallon per
square yard.

6 Spread stone chips (14 to 1-inch 1n size) at rate of about 25
pounds per square yard, or enough to cover bitumen

7 Roll the surface thoroughly.

8 Apply second application of bitumen at rate of 1% gallon per
square yard.

9 Spread stone chips (34 to 1-inch in size) at rate of 30 pounds
per square yard.

10 Roll thoroughly for several days until surface 1s compact and
hard.

11. Apply third application of bitumen at rate of 14 gallon per
square yard.

12 Spread stone chips (1% to 34-1nch size) at rate of 25 to 30
pounds per square yard.

13 Roll thoroughly and open to traffic Rolling is continued for
several days thereafter.

4 Mawntenance Methods They are similar 1n all respects to those
for bituminous macadam, hot application and include patching and
retreatments at periodic intervals. These consist of about 0 25 gallon
of bitumen per square yard covered with stone chips
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5. Construction Costs. In West Virginia, using soft sandstone as
aggregate, the average cost for a 3%%-inch depth of surface is $7500
per mile 18 feet wide. Since these surfaces use less bitumen than

e .

Figure 84. Puddle Macadam. Spreading Sandstone
Top Course

bituminous macadams of equal depth, a saving of at least 20 per cent
is claimed under the cost of that type, for bitumen alone.

6. Maintenance Costs. The average annual maintenance costs, as
given by Mr. Gray, have not exceeded $50.00 per mile for patching;
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and less than $200 per mile for surface treatments as averaged over
a three-year period.

%, Service The traffic on these surfaces in the mountains of West

Virginia has ranged from 500 to 3000 vehicles per day with a daily
average of 500 to 800 The foregoing 1s for soft sandstone aggregate
The harder stone should show a greater capacity.

[\
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BITUMINOUS MACADAM HOT PENETRATION METHOD

b 9wz’ {

BITUMIAG GURY  HOT APLRTIOY

Figure 85. Ohio

Materials Cost per mile Service Examples in
Crushed stone, Construction,$9,000 1000 to 2000 ve- New England States.
or crushed slag. to $17,000. Main- hicles per day. New York.
Bitumen. tenance, $150 to Pennsylvania.
$600. Ohio.
Indiana.
Tennessee.
Virginia.

1. General Description. Bituminous penetration macadam has
been used in the northeastern part of the United States for more than
13 years. The agregate is usually crushed stone and the bitumen a
hot asphalt. Hot tar is not as extensively used. Broken stone or slag
is commonly used for the base course although this type has been
built on lime rock and gravel bases.

The surface is a stone macadam bonded together by bitumen and
by the interlocking of the stone particles.

There are three principal operations in its construction.

First. The spreading and rolling of a layer of coarse stone, the
voids of which are partially filled with hot bitumen.
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Second The spreading and rolling of a layer of keystone, smaller
1n size, than the coarse stone. The keystone by the process of rolling
st1ll further fills the spaces between the coarse stone.

Thurd A hght application of bitumen followed by a cover of stone
chips This forms the seal coat. The seal coat 18 rolled

9 Materwals The maximum size stone required varies with the
proposed depth of the course and with the hardness of the stone.

This size 1s about equal to, or J4-1nch larger than the proposed
compacted thickness of the finished course.

Specifications for hard trap rock i New England require the
following:

For first or penetration course, all to pass the 214-inch ring and
retained on the 114-nch ring, for intermediate or keystone passing
the 1-nch and retamned on the 54-inch, for the cover or seal coat
passing the 3/ or 34-inch and retained on the 34 or Y4-inch.

In Indiana, the stone or slag for the first or penetration course
must all pass the 4-inch screen and be retained on the 1-inch

The variation 1n size requirements by different states 13 due partly
to variations 1n hardness of stone, and to an attempt to use the
entire output of the crushing and screening operations

The bitumen for the penetration method 1s generally an asphaltic
cement with penetration of from 80 to 100. Some specifications
admit higher penetrations, 100 to 120

Practise as to bitumen used 1n the seal coat varies In place
of using the same penetration as 1n the first application, a more fluid
asphalt 13 sometimes used with penetration as high as 130

The total amount of apphied bitumen will vary with finished com-
pacted thickness It will be about one gallon (or shightly less) per
inch depth of finished thickness The first application for thicknesses
of from 214 to 3 inches will range from 150 to 175 gallons per
square yard

Most specifications require but one seal coat applied at the rate of
from 0 50 to 0 75 gallon per square yard. When two seal coats are
specified the first 1s applied at about two times the rate of the second,
the total for the two ranging from 100 to 1 50 gallons.

Some typical specifications for aggregate and bitumen are given

Bureau PusLic Roaps

Percentage
Coarse Stone

Passing 3-inch screen 95-100
Retained on 13-inch screen, not less than .. 95
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Intermediate Stone Percentage
Passing 14-inch screen .. ... 95-100
Passing 1-inch screen .. 25- 75
Passing $-mnch screen, not more than 15

Chips
Pagsmg #-inch screen 95-100
Passing 4-inch screen . . 60- 75
Passmg }-inch screen, not more than . 15

Maximum per cent of wear for limestone, §

Maximum per cent of wear for sandstone, 4

Mazimum per cent, of wear for slag, 15

Penetration of asphaltic cement (25° C 100 g 5 sec ) . 85-100
Softening Point of tar (Ring and Ball), 35-40° C

AMERICAN Soctery For MunicipaL IMPROVEMENTS Prorosep OcToBer 1925

Percentage

Coarse Aggregate

Passing 23-inch screen 95-100

Passing 14-inch screen 0-15
Intermediate Aggregate

Passing 14-inch screen 95-100

Passing 1-inch screen 25- 75

Passing 4-inch screen 0- 15
Fine Aggregate

Passing 4-inch sereen 95-100

Passing 4-inch screen 25- 75

Passing 4-inch screen . 0- 15

Maximum per cent of wear for stone, 6
Maximum per cent of wear for slag, 10
Penetration of asphaltic cement, 85 to 150
(The engineer to specify the exact penetration desired between these Iimits )

RuoDE IsLAND

The coarse stone all passes the 24-inch ring and 1s retamed on the 14-inch
The ntermediate stone all passes the 1-inch ring and 1s retamned on the §-inch
The chips (fine stone) 1s clean stone screening § to §-inch 1n mze

A hard trap rock 1s used

The bitumen 1s an o1l asphalt of 85 to 100 penetration

O=xIo0
Percentage
Coarse Aggregate
“No 2" passing 3-inch eircular opening 95-100
passing 2-inch ecrrcular opening 0- 10
Intermediate Aggregate
“No 4" passing 1-inch circular opening . . . 95100
passing #-inch circular opening 75- 90
passing 3-inch circular opening 25- 50
passing 4-inch circular opening . 0- 10
passing No 10 sieve . 0- 5
Fine Aggregate
passing 3-inch circular opening 95-100
passing $-1nch eircular opening . 0- 50

passing No 10 sieve .. ...... 0- 10
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Maximum per cent of wear, limestone Grade A-1,18 6
Maximum per cent of wear, lhimestone Grade A-2,187
Maximum per cent of wear, slag, 18 15

Penetration of asphaltic cement, 85 to 100 or 100 to 120
For tar, float test at 50° C, 120 to 180 sec

3 Construction Methods They are simple and uniform as to pro-
cedure for the cases studied. Careful workmanship and 1ntelligent
1mspection are so necessary for good results that surface failures can
frequently be traced to their neglect.

The number of contractors and 1nspectors who are competent and
willing to build penetration macadam appears to be decreasing.

Temporary side forms or permanent headers are not 1n general
use, probably because of the extra expense. Indiana specifies tem-
porary side forms All specifications require that the shoulder ma-
terial shall not become mixed with the penetration stone. The several
construction operations are:

First. Spread the coarse stone 1n a uniform layer from trucks,
dump boards or rehandle from piles.

Second. Roll with a 10 ton roller until the stone 18 keyed together
Rolling is stopped just before the voids are closed enough to prevent
free and uniform penetration of bitumen The surface is next tested
carefully with a straight edge Irregularities of surface and segre-
gated areas of stone are corrected

Thurd Hot bitumen 1s apphed at the rate of from 1.50 to 1.75
gallons per square yard ; asphalt at from 300° to 250° F, tar at from
200° to 275° F. Even distribution 18 necessary. This 1s immediately
covered with the intermediate or keystone, and while the surface 13
st1ll hot.

In cold weather the higher temperature should be approached The
road should then be thoroughly rolled before the bitumen hardens
enough to prevent the intermediate stone from being readily pressed
into it.

Low air temperature will necessitate an early completion of the
rolling; high temperature a delayed completion.

Fourth. The surface should again be tested with a straight edge
and irregularities corrected A seal coat of hot or cold bitumen is
next applied and covered with the stone screenings Rolling is now
continued. Good practise frequently requires this last rolling to
continue for several days; five days in Indiana

A smooth riding surface can only be obtained by close attention
to all details, careful checking of the surface with a straight edge and
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the correction of all surface irregularities. The blading or dragging
of the coarse stone before the first application of bitumen may assist
in securing a more regular surface, but segregation of coarse or fine
material occasioned by this process must be avoided.

The modern bituminous macadam is more carefully constructed
than those of 12 and 15 years ago. The class of bitumen and the
gradation of aggregates are more suitable for increased service at
lower maintenance costs.

4. Maintenance Methods. They include surface treatments, patch-
ing, scarifying, reshaping and the addition of new surfacing ma-
terials.

Figure 86. Bituminous Macadam. A Heavy Application of Bitumen
to Coarse Stone

Surface treatments are applied at infrequent intervals. Some
bituminous macadams have needed no retreatment in 12 years, in
other places they are treated at varying intervals of from two to
several years. Too frequent retreatments may result in a softening
of the surface which will become displaced under traffic in hot
weather. Coarse chips, spread and rolled into the surface may correct
this condition.

A light application of cold bitumen may be applied to soften the
surface. This is followed the next day with a heavy road plane. By
dragging the planer over the softened surface, high spots are cut
down, and low spots are filled. The excess materials loosened by the
planer are deposited in an even layer on the shoulders. The macadam
surface is thus smoothed and a bituminous surface is gradually built
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up on the shoulders The foregoing method 1s claimed to be success-
ful on Connecticut highways. .

Holes and depressions are remedied by cutting their edges mto
vertical sides and cleaning out all soft and loose material. The edges
are then pamted with bitumen and the holes are filled with stone and
penetrated with hitumen or they are filled with a cold patch mixture
of stone and bitumen This new material 18 then hand tamped or
rolled with a power roller.

If the surface has, through neglect or otherwise, become badly
broken up, 1t must be scarified, reshaped and rolled. This 1s followed
by a new bituminous surface or other type of surfacing.

Present practise favors the salvaging of old macadams as a base
rather than digging them out and wasting the materials, when a
higher type of surfacing 1s scheduled for construction

5. Construction Costs. The surfaces are commonly bult from 2
to 8 inches 1n thickness. The cost will naturally vary in a given
locality with the depth The costs for 2%5 to 3-1nch depth varies from
$9000 to $17,000 per mile for an 18 foot width

The cost of materials is an important factor but careful construe-
tion cperations are imperative for good results Enforcement of
ngid specifications appears to be reflected 1n higher bid prices.

6 Mawntenance Costs The use of excellent materials and careful
workmanship are rewarded by low maintenance costs Investigation
has shown this cost, in Rhode Island, to be as low as $150 per mile
per year Modern types of asphaltic bituminous macadam are main-
tamned 1in Massachusetts for an average of less than $300 per mile
per year The average for the old types and methods 1s more than
$800.

The average for the cases studied is about $350 per mile per year

These 1nclude retreaiments.
% Service The modern bituminous macadam 18 a smooth riding
surface Some macadams have coarse chips at the surface which
prevent skidding, others which have been surface treated with sand
and bitumen have the appearance of asphaltic concrete and still others
display the coarse aggregate stone used in the first layer, which
takes the wear and prevents skidding. Some of these surfaces are
not taking their capacity himit. Others are overloaded.

For average conditions, a good bituminous macadam will eco-
nomically carry from 1000 to 2000 vehicles per day Capacity for
trucks will vary with the strength of the foundations and base
courses.
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PREMIXED BITUMINOUS SURFACES LAID HOT

PEEMATD L AID HOT- BTN SUTRELS

Figure £7. New Jersey, Sheet Asphalt

Materials Cost per mile Service Examples in
Sand. Class I, two courses, 1000 to 2000 ve- North Carolina.
Gravel. 4 inch to 6 inch, hicles per day. Florida.
Crushed stone. $10,000 to $25,000. Delaware.
Asphaltic cement. ClassII, one course, Massachusetts.
2 inch to 3 inch, Rhode Island.
$10,000 to $15,000. Michigan.
Maintenance,$50 to New Jersey.
$300. Ontario, Canada.
Georgia.

1. General Description. Two classes of surfaces are here con-
sidered. Class I, in which the base and surface course are bituminous
mixtures; Class IT, in which the surface course is a bituminous mix-
ture laid on a well compacted base of macadam, lime rock, or gravel.
There is a wide variety of surfaces which vary principally in the :
kinds of aggregate and the percentages of bitumen. The construction
and maintenance methods are similar for each type. The materials
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used and the construction methods followed are also similar to stand-
ard specified practise as 1ecommended for bituminous concietes and
sheet asphalt by the Asphalt Association

The types considered are.

Crass I

a Bituminous Mixtures, Both Courses Using Fine Aggregate
b Bituminous Mixtures, Both Courses Using Coarse Aggregate

Crass IT

¢ Bituminous Concrete, Fine Aggregate Type

d Bituminous Concrete Coarse Aggregate Type

e Sheet Asphalt or Bitummous Concrete, on Mixed Binder Course

f Sheet Asphalt or Bituminous Concrete, on Penetrated Binder Course

There are also variations 1n several of the foregoing types such as
use and omission of prime coats, seal coats and squegee coats In fact
these types could well be made the subject of a ‘separate mvestigation.

2. Materuals.

CLASS 1

a Bituminous Concrete, Both Courses Using Fime Aggregate.

Materials for “ Sand Asphalt” surfacing 1n North Carohna are
local sand and asphalt for the base, and local sand, asphalt and filler
for the top Timber side forms are left 1n place

For the base course all sand passes the 1-1nch sieve and is graded
from coarse to fine. This 15 combined with bitumen by weight as
follows:

Sand 91-94 per cent
Bitumen 6- 9 per cent

For the surface course sand, mineral filler and bitumen are com-
bined to meet by weight the following:

Percentage

Passing 10 mesh, retained on 40 mesh ; 10 to 40
Passing 40 mesh, retained on 80 mesh . 22 to 45
Passing 80 mesh, retamed on 200 mesh 12 to 30
Passing 200 mesh sieve 10 to 15
Total Bitumen . 9.5 to 12

The proportions are varied within the Limits designated by the
engineer to suit the local aggregates In North Carolina the bitumen
13 asphaltic cement having a penetration (at 25° C, 100 g., 5 sec )
of 30-40 In Florida the sand gradations and general specifications
are similar to North Carolina, but the asphaltic cement specified has
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a penetration of 40 to 50 Actually in both states, the aim is to have
the penetration as near 40 as practicable The base course 18 3 inches
thick and the surface course 1s 2 1nches.

b Bituminous Mixtures, Both Courses Using Coarse Aggregate

The materials are crushed stone, crushed or screened gravel, sand
and bitumen, usually asphaltic cement A typical example 18 the
recent work in Ontario, Canada There 1s little difference between it
and “ Black Base ” 1 the materials used, although 1t has been called
“ Mixed Macadam ”

The coarse aggregate consists of crushed stone, sereened or washed,
and screened gravel The materials must be free from dust and clay
and be sound and durable

Percentage
Passing 2-inch screen 95
Passing 1-inch screen 25-75
Passing i-inch screen 0

The fine aggiegate 18 clean sand or stone screenings, hard, durable
and free from clay, loam and other foreign matter

Requirements for gradation of sand when tested with laboratory
screens and sieves:

Passing Retained on Percentage
1-1nch screen . 100
}-inch screen 10-mesh sieve 0-20
10 sieve . . 40 seve 15-20
40 sieve 80 sieve 25-65
80 sieve 200 sieve 7-40
200 sieve 0-6

The final mix of coarse and fine aggregate 18 required to show
the following proportions

Percentage
Passing 2-inch, retained on 1-mnch screen 20-45
Passing 1-inch, retained on %-mnch screen 25-45
Passing §-inch 25-35
Asphaltic cement 4- 6

The asphaltic cement has a penetration of 75 to 100 (77° F,
100 g, 5 sec ). The exact 10 point penetration limits are set by the
“ Engineer ”’

After final compaction a seal coat 1s added The seal coat consists
of from 14 to 1% gallon (imperial) of asphaltic ol or Light tar or
medium tar per square yard. The cover 1s stone chips, screenings,
fine gravel or coarse sand appled at the rate of 1 cubic yard per one
hundred square yards This type of surfacing in Canada is laid 1n
two courses each having a depth of 3 inches, exclusive of seal coat



244 LOW COST ROAD INVESTIGATION

In Massachusetts, on Cape Cod, a bituminous concrete has been
laid which utihized local erushed and screened gravel, stome, sand
and stone screenings. It was originally laid in one course to a com-
pacted depth of 4 inches Recent practise is two courses of 2 inches
each The finished pavements exclusive of bituminous sealing mix-
ture, must not vary in composition more than the limits given below
for each course:

N Percentage
Pagsing  1-inch, retained on -inch circular opening 0-15
Passing  $-inch, retained on }-inch circular opening 20-45
Passing  {-mmch crrcular, retained on 10 mesh square opening 10-25
Passing 10 mesh, retamned on 30 mesh square opening 4-12
Passing 30 mesh, retamned on 50 mesh square openming 6-12
Passing 50 mesh, retained on 80 mesh square opening 6-12
Passing 80 mesh, retaned on 200 mesh square opening 5-11
Passing 200 mesh 5-8
Total stone content retained on 10 mesh sieve 50-70
Bitumen content . . 65-8

The seal coat 1s a light squeegee coat of bitumen applied hot to the
top course and it 1s covered with “ pea ” stone The bitumen for the
mixture and for the seal coat 1s an asphaltic cement having a pene-
tration of 50 to 60 (25° C, 100 g, 5 sec.).

There are, of course, many other examples of the foregoing types
of surfacing The examples given are considered typical

CLASS II

The following material requirements include typical examples of
the standard types of hot-mix-bituminous surfaces with some vari-
ations. They are laid on existing compacted bases other than Port-
land cement concrete Many of these types are also laid on Portland
cement concrete base

¢. Bituminous Concrete Fine Aggregate Type

This consists of a mixture of broken stone, sand, mineral filler and
asphaltic cement. These are combined to produce a mixture in the
finished surface conforming to the following proportions:

Percentage
Passing  §-inch screen, retained on 4 mch .. . 12-25
Passing  i-inch screen, retammed on 10 mesh sieve . 10-20
Passing 10 mesh screen, retained on 40 mesh sieve 7-25
Passing 40 mesh screen, retained on 80 mesh sieve 11-36
Passing 80 mesh screen, retained on 200 mesh smeve 10-25
Passing 200 mesh sieve . . e o 7-11

Total bitumen . . .. . .. . e .. 75-95
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The penetration of the asphaltic cement is given by Hubbard as 60
to 70 for the northern chimate and 50 to 60 for the southern. The
compacted thickness 13 usually 2 inches.

d Bitumous Concrete, Coarse Aggregate Type

This type of surfacing includes a bituminous concrete covered
with a flushed squeegee seal coat or a pre-mixed seal coat. One type
of asphaltic concrete, Warremite Bitulithic, 18 2 patented pavement
which uses a mixed seal coat rolled into the surface of the bituminous
concrete, 1mmediately after 1t is laid.

The bituminous concrete usually consists of broken stone, sand,
mineral filler and asphaltic cement When combined in the road the
following are typical requirements:

Percentage
Passing 14-inch, retained on 4-inch screen
Pasaing  3-inch, retained on 4-inch screen 15-25
Passing  4-inch, retamed on 10 mesh meve .. .. . .. ... ... 518
Passing 10 mesh sieve, retamed on 200 mesh sieve 20-35
Passing 200 mesh sieve .. . . 4-6
Total bitumen . 5- 8

The penetration of the asphaltic cement varies for chimatic con-
ditions and according to the opinion of the local engineer, the 20
point limits are 60 to 80. In some of the southern states a penetra-
tion of 40 to 50 is customary.

The flush seal coat used 1s asphaltic cement applied hot and cov-
ered with stone chips, 95 per cent of which passes the 14-inch screen
and 100 to 95 per cent is retained on the 10-mesh sieve.

The mixed seal coat consists of aggregate passing the l4-inch
screen and 1s similar to sheet asphalt in gradation and percentage of
bitumen The compacted thickness usually is 2 inches, including
seal coat.

e. Sheet Asphalt or Bituminous Concrete on Mixed Binder Course.

This type of surfacing consists of two layers, The bottom is a
binder course of the coarse aggregate type but is not usually as dense
as bituminous concrete, coarse aggregate type. The top or surface
course is commonly a sheet asphalt but bituminous concrete fine
aggregate type is also used.

The binder course i3 commonly 114 inches in compacted depth but
1-inch is also used.

The surface course is commonly 114 inches thick but 1-inch is
sometimes used on binder courses which are at least 114 inches
thick.



246 LOW COST ROAD INVESTIGATION

The materials for the binder course are clean durable crushed
rock, occasionally gravel, sand and asphaltic cement They are com-
bined 1 such proportions as to produce a mixture within the follow-
g limits:

Percentage
Passing 1-inch circular mesh and retamed on 4-inch cireular mesh 35-65
Passing 4-inch circular mesh and retained on 10-mesh sieve 10-35
Passing 10-mesh sieve 25-35
Asphaltic cement ‘ . . . 46

The materials for the sheet asphalt surface course are sand, mn-
eral filler and asphaltic cement They are commonly combined within
the following lLimits-

Percentage
Passing 10 mesh, retained on 40-mesh sieve 10-40
Passing 40 mesh, retained on 80-mesh sieve 22-45
Passing 80 mesh, retained on 200-mesh sieve 12-30
Passing 200-mesh sieve 10-20
Asphaltic cement 9 5-12

The asphaltic cement has a penetration of from 40 to 50, or 50 to
60, depending upon climatic conditions In the southern states 40 to
50 13 commonly specified

Bitumimous concrete for this surface course when used is com-
monly of the fine aggregate type as previously described The total
depth of fimshed surface 1s 214 or 3 inches

f Sheet Asphalt or Bituminous Concrete on Penetrated Binder
Course .

For purposes of economy a penetrated binder course is laid instead
of a mixed binder This 1s from 2 to 3 inches in thickness The top
course of sheet asphalt or bituminous concrete fine aggregate type is
from 34 to 2 inches in thickness.

The materials for the penetrated binder course are crushed stone,
stone chips and bitumen In quality and gradation they are the same
as for bitumimous penetration macadam for the coarse and nter-
mediate stone; but the fine stone and second application of bithmen
are omitted The bitumen for the penetration course is usually as-
phaltic cement lower than 100 penetration Work of this character
near Atlanta, Georgia, was laid with asphaltic cement having a 60-80
penetration. The rate of application 1s from 114 to 134 gallons per
square yard and in general 1s equal to the quantity, used for the first
application in penetration macadam work

The second or surface course uses aggregates and bitumen as
described for sheet asphalt or bituminous concrete surface course
instead of the customary seal coat used for penetration macadam.
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In all of the foregoing types stone is commonly the coarse aggre-
gate but crushed or screened gravel and coarse sand have been substi-
tuted to reduce the intial construction costs rather than to improve
the quality of the surfacing.

8. Construction Methods.
CLASS I
Bask AND Surrace CoursEs oF BrrumiNous MIXTURES
The principal operations are:
1. Prepare the subgrade. ;
9. Set temporary or permanent side forms and roll the subgrade.

Figure 88. Mechanical Spreader and Finisher. Pre-Mixed Bituminous
Surface Laid Hot. From Public Works, Vol. 59, No. 3

3. Coincident with 1 and 2 the surfacing materials are prepared
and mixed at a central mixing plant and are hauled by trucks
to the roadway.

4. Dump the hot base course mixture on dump boards.

Spread on subgrade and rake to a smooth uniform surface with
hand tools. Machines for these purposes have been put on the
market within the past few months (late in 1927).

Roll the surface with a self-propelled power roller.

Test surface for regularity and correct high and low spots.

Dump surface course mixture on dump boards.

Spread on base course and rake.

10. Roll with power roller.

11. Test surface with straight edge and correct irregularities.

12. Sprinkle surface with Portland cement.

=

SreaN e
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In the fine aggregate type in North Carolma a hot squegee coat of
hot asphaltic cement 1s applied to the base just before the surface
course material 18 spread on 1ts surface In the coarse aggregate
type a seal coat of bitumen and chips is apphed to the top of the
surface course. ’

Sand asphalt as laid 1 North Carolina has a compacted base
thickness of 3 inches, a squeegee coat of asphalt between base and
surface, and a compacted surface thickness of 2 inches

Mixed macadam as laid in Canada has a compacted base course
of 3 inches and a top course of the same materials with a 3-inch
thickness. It has in addition a seal coat of bitumen and chips.

CLASS I1

Surrace Courses oF Brruminous MmxTures LA on 4 WELL CoMmPacTED BASE oF
MacapaM, LiME Rock orR GRAVEL

Bitumanous concrete of the fine or coarse aggregate type s lard n
one course to a compacted depth of 2 wnches The principal con-
struction operations are

1 Clean the existing compacted surface by sweeping thoroughly

2. Apply or omit a priming coat of cold tar or asphalt and allow
sufficient time for it to penetrate.

8 Level up with or omit a mixed binder course, similar to that used
with sheet asphalt.

4 Clean the surface again 1f operations 2 or 8 are mecluded

5. Dump hot bituminous mixture, which has been hauled from
plant, on dump boards

6. Spread, rake and roll.

7 Apply seal coat on the coarse aggregate type and roll Seal coat
18 not used on the fine aggregate type.

8 Sprinkle surface with Portland cement when using fine aggre-
gate type or coarse aggregate type which has a mixed seal coat.
Portland cement is not used on the squeegee seal coat which 1s
covered with chips or pea gravel.

Sheet Asphalt or Butuminous Concrete on Mized Buinder Course.

Clean the compacted surface by sweeping thoroughly.
Dump mixed binder course on dump boards from trucks.
Spread, rake and roll.

Test surface with straight edge and correct irregularities.
Dump surface course on dump boards.

o oo b0 M
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6. Spread, rake and roll surface course
% Test surface with straight edge and correct 1rregularities
8. Sprinkle surface with Portland cement

Sheet Asphalt or Bituminous Concrete on Penetrated Binder
Course The principal operations are

Clean the existing base course.
Dump layer of coarse stone on dump boards.
Spread, rake, and roll layer of coarse stone.
Test surface with straight edge and correct irregularities of sur-
face and pockets of segregated material ~Reroll
Apply bitumen from a power distributor at rate of 150 to 175
gallons per square yard.
6 Spread from dump boards the intermediate stone.
7 Broom the mtermediate stone and roll the surface until the voids
are filled and thorough compaction is secured
8 The surface may now be left open to traffic and weak spots
corrected
9 Sweep loose stone from surface and spread hot mixture of sheet
asphalt or bitumious concrete, fine aggregate type
10 Rake and roll the hot mixture
11 Test surface with straight edge and correct irregularities.
12. Sprinkle surface with Portland cement.

R

<

The foregoing construction methods are outlines of the principal
operations on the road Plant operation, proportioning the aggre-
gates, temperature control and other important features must also
recewve careful attention for satisfactory results.

4 Mawmtenance Methods Incipient or marked failures are some-
times occasioned by subgrade and moisture conditions affecting the
base and the bitummous surface They may be the result of im-
proper design or preparation of the bituminous mixture.

Subgrade conditions are most easily corrected before or during
construction. In North Carolina a double base course of sand asphalt,
each course 3 inches thick has corrected some bad subgrade condi-
tions The squeegee coat between base and top has greatly reduced
the cracking of the surface course by bonding 1t securely to the base.

One of the principal causes of failure in these types of surfacing
is the entrance of water between the base course and the surface
course Cracks 1n these surfaces are more or less efficiently repaired
by cleaning them and filling with asphaltic cement.
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Holes and wide cracks are repaired by first cutting the edges to
vertical planes, the holes are then cleaned and the edges panted with
liquid asphalt They are then filled with a hot mixture of the same
material as that in the existing surface or with natural rock asphalt
The coarse aggiegate types arc sometimes patched with a mixture
of cold patch bitumen and aggregate After the hole is filled the new
material 13 tamped or 10lled to produce a surface even with the sur-
rounding area

On the more open types of surfacing or surfaces which show sur-
face wear, seal coats of bitumen covered with chips or sand have been
successful They liven up the old surfaces, seal many of the cracks
and improve the appearance of the old pavement.

Areas of hot mix surfaces which become wavy under traffic or
which were burnt during the heating, or which cannot be satis-
factorily repaired by patching, must usually be removed and re-
surfaced.

5 Construction Costs

a. Bituminous Mixtures, both courses using fine local aggregate
have cost from $13,000 to $19,000 per mile for an 18 foot width and
a 415 to 5-inch total thickness The same type of surfacing in Dela-
ware and Florida has been higher than the average prices m North
Carolina.

b Bituminous Mixtures, both courses using coarse aggregate have
cost 1n Ontario, Canada, from $20,000 to $25,000 per mile for a 20
foot width and a total thickness of 6 inches

In Massachusetts the 4-inch surface of this type has cost about
$10,000 to $12,000 per mile calculated for an 18 foot width

¢ Bituminous Concrete Fine Aggregate Type, as laid 1n Machi-
gan, using a prime coat of tar on the gravel base, a thin binder course
(less than 1-inch) and a 2-inch bituminous concrete 1s costing $11,000
to $14,000 per mile for an 18 foot width

d. Bituminous Concrete Coarse Aggregate Type, when laid ac-
cording to standard specifications with crushed stone, 18 usually more
costly for initial construction than the fine aggregate type.

e Sheet Asphalt or Bituminous Concrete on Mixed Binder Course
This type of surfacing seldom costs less than $14,000 per mile for a
total thickness of 3 inches and a width of 18 feet

f Sheet Asphalt or Bitummous Concrete on Penetrated Binder
Course Surfacing of this kind in Georgia cost about $ 80 per square
yard for the penetrated macadam base without seal coat on which was
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placed a sheet asphalt top at the rate of 75 pounds per square yard
and costing $8 50 per ton, the average total depth of macadam and
sheet asphalt was slightly less than 31/ inches This would make
the cost pex mile for an 18 foot width about $12,000

6 Mawmntenance Costs The cost of mantaimng these surfaces for
various types considered and for various classes of traffic of between
1000 and 2000 vehicles per day ranges fiom $50 per mile per year to
about $300.

7. Service These surfaces are seldom as smooth riding as the
mixed-1n-place bituminous surfaces When laid on a concrete base of
even contour smoother surfaces usually result than on stone or gravel
bases. Improved methods of spreading, raking and screeding will
doubtless result in smoother riding surfaces.

Under heavy truck traffic these surfaces may become displaced near
their edges, both vertically and laterally. Edge strengthening 1s needed
for heavy traffic To prevent the entrance of water between base
and top some engineers are attempting to bind the top to the base
by using a prime coat of bitumen All of these surfaces are said to
be carrying 1000 to 2000 vehicles per day without serious fatigue
Some of them are carrying more
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MISCELLANEOUS SURFACES PRINCIPALLY LIME TREATMENTS
OF CLAY

e 470 % w2

e /6 1
LIME TREATMENT OF CLAY
Figure 89
Materials Cost per mile Service Examples in

Lime. Construction,6-inch ~ Not known. Missouri.
Clay. treated depth, Towa.

$2600 to $3300. South Dakota.

Maintenance, not
known.

1. General Description. A wide variety of nonbituminous admix-
ture have been tried, experimentally, to improve the traffic capacity
and serviceability of soil roads.

In this list (which does not include mineral aggregates) are hy-
drated lime, Portland cement, silicate of soda, calcium chloride,
sodium chloride and deliquescent salts. Prominent in this list are
the recent experiments with hydrated lime and Portland cement.
Of these two materials the experiments with hydrated lime have
attracted the greater attention. It has therefore been selected as a
type.

Lime is mixed in place with the road soil, shaped up and the road
opened to traffic.

9. Materials. The soils are clay or clay loam which may also con-
tain silt, sand or gravel. Clay and gumbo soils were nsually selected
for treatment. Commercial hydrated lime was the admixture. The
field tests have used various percentages of hydrated lime ranging
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from 2 to 5 per cent by weight and from 3 to 9 per cent by volume,
The depths of soil treatment have ranged from 2 to 6 inches with the
majority of them at 6 inches

3 Construction Methods A summary of the experimental methods
has resulted in the following procedure.

1. The method employed will vary with the soil, the moisture condi-
tions and the tools available If the soil 1s a heavy clay, the
road should be dry when the work is started It 1s best to plow
the roadway to a depth of 6 inches, breaking about 2 1nches at
a time to avoid turning out large clods, using a brush plow, a
rooter or a scarifier Where a scarifier on a light maintenance
machine has been used 1t has been found advantageous to move
the loose material to one side with the blade after each trip.

2. The loose so1l 1s then broken up as fine as possible with a disk
harrow before the lime 1s spread N

8. Sacks of lime are distributed along the road so spaced as to give
the proper amount of lime per square yard. For a 6 inch depth
of treatment about 16 pounds per square yard is recommended
for clays and 12 5 pounds for silt loams.

4 The hme 1s spread i a umform layer and thoroughly disked
into the loose, dry so1l If the treatment 18 more than 3 inches
deep 1t has been found necessary to turn over the loose soil
with a plow to secure thorough mixing to the full depth of
treatment.

5. When the mixing process has been completed, the surface is
shaped up with a road machine blade and opened to traffic.

4. Mawntenance Methods The surfaces are bladed and dragged to
obtain a regular contour ;

5 Construction Costs The cost of some experimental sections for
materials and labor on a 6-inch treated depth of clay for two short
sections 1n Missour: amounted to from $2600 to $3300 per mile for
an 18 foot width, the quantity of ime used was 5 per cent of the
weight of so1l. This cost could probably be reduced on a large project.
The price of hydrated lime at the plant varies from $12 00 to $15 00-
per ton.

6. Maintenance Costs None available.

T Service. The result of this treatment in Iowa is summarized
by R. W. Crum, then Engineer of Materials and Tests, “ the result
of this treatment 1s mot entirely a success on either type of soil (a
tough, heavy clay and a hght loose so1l).
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Some benefits were observed especially on the clay Further obser-
vations will be required before a definite statement can be made as
to the value of the treatment. It can be said that the results are such
as to preclude any possibility of the use of such treatment on any
earth road carrying an appreciable amount of traffic ”

Regarding the Missour1 experiments Prof E J MecCaustland
writes 1n part, “such treatments will not 1 any degree lessen the
production of dust and 1n some cases the dust may be increased ”

Conclusions 1n “ Public Roads,” Vol 6, No 7, state that further
tests and observations are necessary as to the ultimate value of the
lime admixture, and that ¢ granular sub-bases seem to be more bene-
fic1al on bad subgrades than admixtures of Portland cement and hy-
drated lime,” and that “sand 1s as effective as Portland cement or
hydrated lime when used as an adulterant to reduce the shrinkage
of a clay soil

A suggested possibility of 1mproving lime treated roads is the ad-
dition to the surface of a thin layer of gravel which may later be
treated with a suitable bitumen No data, however, are available
on this.
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