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STUDY AND STANDARD OF QUALITY OF 

A ROAD SURFACE 

FROM THE VIEWPOINT OF (A) ITS SLIPPERINESS OR RUGGEDNESS, AND ITS RESISTANCE TO SKIDDING; 
(B) ITS PROPERTY OF REFLECTING OR ABSORBING LIGHT (UNDER ARTIFICIAL LIGHTING) 

By R. H. BALDOCK, Chief Engineer, Oregon State Highway Commission, Principal Reporter 

GENERAL CONCLUSIONS 

1. To afford reasonable protection against the dan- 
gers of skidding, a road surface should have a static or 
side-skid friction coefficient of 0.4, or higher, at 40 
miles per hour. 

2. Pavements with a coarse sandpaper or slightly 
rough texture are more nonskid than pavements haying 
a rough, knobby texture. 

3. As the speed of the vehicle increases, particularly 
on wet surfaces, the coefficient of friction decreases. 

4. The coefficient of friction of wet surfaces of the 
bituminous type increases with an increase of hardness 
of the asphalt or tar binder. 

5. The coefficient of friction of wet bituminous sur- 
faces varies through a wide range. The coefficients 
of the high-type, nonskid asphaltic pavements and 
bituminous macadam surfaces are consistently . higher 
than the coefficients of other wet surfaces. However, 
unusually low coefficients are obtained on bituminous 
surfaces when such surfaces are covered by a skin of 
free asphalt. 

6. The coefficients of wet portland cement concrete 
surfaces are from 15 to 50 percent lower than those of 
high-type asphaltic surfaces under similar conditions 
of test. 

7. The lower coefficients of friction of wet portland 
cement concrete surfaces, in comparison with present 
high-type bituminous macadam and asphaltic concrete 
surfaces under similar conditions, are unquestionably 
caused by the film of water retained on the surface ot 
portland cement concrete pavements of current design. 
Tests indicate that the presence of the water film on 
the portland cement concrete surfaces is the probable 
cause of the reflection or glare from approaching head- 
lights as evidenced on this type of pavement in com- 
parison with the noticeable absence of glare afforded 
by the rough-textured surfaces of modern asphaltic 
concrete and bituminous macadam. 

8. Changes in the design of portland cement con- 
crete pavement surfaces to afford larger grooves to 
permit the rapid run-off of the water are necessary to 
increase skid resistance and to reduce the headlight 
glare of this type of pavement. 

9. The larger of two tires of the same tread design 
will have the greater coefficient of friction. This sub- 

1 Report for the United States to the Eighth International Road Congress held at 
The Hague, June 19-July 2, 1938. 

82642—38——1 

stantiates the theory that the total frictional resistance 
of tires on road surfaces is equal to the true frictional 
resistance of the two materials plus the mechanical 
resistance which increases with the contact area of the 
tire. 

10. On wet surfaces the squeegee action of the edges 
of new-tread tires provides a more intimate contact 
with the area of the road surface than is possible with 
smooth-tread tires and thus reduces the lubricating 
effect of the water. 

11. Dry, light-colored pavements are from 2 to 4 
times as luminous as dry, dark-colored pavements. 
No pavement has much luminosity when wet. 

12. Smooth-textured pavements reflect more light 
than pavements having rough-textured surfaces. 

13. Both smooth pavements and pavements having 
a fine, sandpaper texture are covered with a film of 
water, when wet, and this film is a very effective reflect- 
ing surface. Coarse-textured surfaces having pits or 
indentations of from \ to -inch in depth break up the 
water film and therefore reflect light in considerably 
lesser degree. 

14. Reflective glare from wet surfaces is in the main 
a function of the texture of the surface and the least 
glare is given by those surfaces which are so deeply in- 
dented that water is not held by surface tension but 
drains off with sufficient rapidity to prevent the flooding 
of the entire surface and the formation of a water film to 
act as a mirror and reflect the lights of approaching 
vehicles. 

15. For a maximum of skid resistance and a minimum 
of glare, it is necessary to construct pavements having 
surface indentations or grooves deep enough to pre- 
vent the surface tension of water from holding a film of 
water on the surface. Moreover, the small particles of 
rock or sand should stand above and screen off the 
light from the water running in the indentations or 
grooves above described. 

16. The surface texture of the pavement should be as 
fine as possible to accomplish the above objective inas- 
much as a coarse, knobby texture reduces skid resistance. 

17. Water film, when present on the surface of a 
pavement, acts not only as a lubricating medium be- 
tween the tire and the pavement but also as a mirror to 
reflect light and cause dangerous glare. 

101 
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A. SLIPPERINESS OR ROUGHNESS AND RESISTANCE TO SKIDDING 

Statistics collected and published by the Travelers 
Insurance Company of America indicate that about 
1,500 persons are killed annually and that 30,000 persons 
are injured annually in the United States of America, by 
accidents reported as due to skidding on slippery road 
surfaces. While many of these accidents were in all 
probability caused by attempted driving at excessive 
speed, it must be borne in mind that, to the average 
motorist, skidding is a menace which causes uneasiness 
and discomfort even when no accident results. It is 
quite probable that many such accidents occurred on 
surfaces so slippery as to afford practically no friction 
between the tire and the pavement. 
Any road surface used by motor vehicles should have 

sufficient roughness of surface texture to provide that 
friction between the tires of automotive vehicles and 
the road surface requisite for the safe starting, steering, 
and stopping of such vehicles under all reasonable con- 
ditions of operation. No road surface should be so 
slippery that skidding of the vehicle can occur when the 
vehicle is being operated in a reasonable and proper 
manner. Investigations have shown that the margin 
of safety for high-speed driving is small even on dry 
surfaces where high coefficients of friction are available. 

The knowledge of the coefficient of kinetic friction 
between automobile tires and roadway surfaces now 
extant is due almost entirely to the work of Professor 
R. A. Moyer and his associates as reported in Bulletin 
120 of the Iowa State College. This report will deal 
with the findings of Professor Moyer and his associates 
from numerous tests of the skid-resisting properties of 
various types of surfaces. It will also make use of the 
reports and observations contributed by various high- 
way departments and other organizations and in- 
dividuals. 

DEFINITIONS 

Coefficient of friction.—The coefficient of friction is 
the ratio between the force parallel to the road surface 
and the normal pressure of the tires upon the road when 
skidding is impending or actually taking place. If 
skidding is impending, the coefficient is called the 
coefficient of static friction, while if the movement is 
actually taking place the coefficient is called the coeffi- 
cient of kinetic friction. Static friction will control 
skidding when a vehicle has just started and also the 
straight skidding in the direction of travel when the 
brakes are on the point of locking the wheels against 
rotation. Kinetic friction will control straight skidding 
in the direction of travel when the wheels are locked, 
and sidewise skidding in the direction normal to the 
line of travel with wheels either locked or rotating. 

If a great force is necessary to cause skidding, the 
coefficient will be high, while if a slight force causes 
skidding the coefficient will be low. In other words, a 
pavement having a texture which enables the tires to 
erip the surface will offer great resistance to skidding 
and will have a high coefficient of friction. It therefore 
follows that highway surfaces are skid-resistant in the 
order of the ascending curve of the coefficient of friction. 

Integrating dynamometer—The integrating dynamo- 
meter is an instrument for measuring the force exerted 
by the vehicle when skidding straight ahead after the 
application of the brakes, or the amount of skid force 
exerted by the vehicle as it tends to skid sideways. 
The dynamometer is simple and rugged in construc- 
tion, measures accurately to within 10 pounds forces 

ranging from 100 to 2,000 pounds, and its accuracy is 
not changed by the vibration set up in the test-trailer. 
This instrument was used in the tests hereinafter 
described. 

TESTS BY PROFESSOR MOYER 

Road tests to determine the slipperiness of various 
road surfaces under various surface conditions, as wet, 
dry, and snow- or ice-covered, were conducted by the 
Iowa Engineering Experiment Station in 1924 and again 
in 1927, under the direction of T. R. Agg. In 19382, 
the study was renewed and has been carried on con- 
tinuously since that time under the direction of R. A. 
Moyer. 

In the more recent work, all of the more important 
phases of skidding relating to highway safety were 
carefully investigated and analyzed. The resistance 
to skidding as measured by the coefficient of friction 
between the tires and the road surface was determined 
for 25 different types of surfaces. Tests were conducted 
with new tires of unworn tread design and with similar 
tires on which the tread had been worn smooth. They 
were conducted on wet and dry surfaces for both 
straight-ahead and sidewise skidding, at speeds rang- 
ing from 3 to 40 miles per hour, using a two-wheel 
trailer unit. Tests were made on pavements of brick, 
asphaltic concrete, portland cement concrete, on sur- 
faces of penetration macadam using asphalt, tar, or 
road-oil binders, on surfaces treated with both tar and 
road oil, on gravel and cinder road surfaces, and on 
bridge floors surfaced with asphalt plank, steel plates, 
and hardwood plank. Tests were also made on mud-, 
snow-, and ice-covered surfaces both with and without 
tire chains. 

On the basis of the results of braking-effort tests 
made with 2,134 cars and an analysis of the frictional 
requirements when braking, minimum safe-stopping . 
distances were established. 

Probably the most important phase of this investi- 
gation as far as this report is concerned is that which 
deals with the tests of the variots road surfaces. It 
is now generally recognized that roads must be smooth- 
riding and free from large surface inequalities, yet skid- 
resistant to permit safe operation at the high speeds 
demanded today and the higher speeds which may be 
required by traffic in the future. 

The Moyer tests indicated that skid-resistance can 
be provided in road surfaces of any type, and that the 
greater hazard, caused by snow, ice, and mud, can 
be materially reduced by maintenance. The tests in- 
dicated that practically all roads in the dry condition 
can provide the requisite friction with a liberal amount 
to spare for ordinary driving demands or even for 
emergency demands. Many surfaces in wet condition 
were found to be almost as safe as the same surfaces in 
dry condition, but the tests indicated that there is a 
large mileage of surfaces in the United States today 
which are dangerously slippery when wet. 

In the earlier investigations of the skid-resistance of 
pavements, tests were conducted at low speeds at which 
the large uniform tractive forces required of the towing 
vehicle could be easily provided. In the more recent 
tests, the more variable effect of speeds ranging from 3 
to 40 miles per hour was investigated. The results 
were startling because they indicated how slippery 
certain surfaces really are. On certain surfaces in wet 
condition, it was found that at 40 miles per hour the 

soe 
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friction available is only 4 to % as great as it is at 10 
miles per hour. In fact, under certain conditions, 
these surfaces were found to be equally as slippery as 
snow- or ice-covered surfaces. 

In theory, which was substantiated by the tests, the 
total frictional resistance to skidding is equal to the 
true frictional resistance between the two surfaces plus 
the resistance which results from a mechanical inter- 
locking of the tire tread with the road surface. This 
mechanical resistance is brought about by the inter- 
locking of minute particles of rubber with equally 
small projections in the road surface which tend to 
shear the rubber as the tire slides over the surface. 
In extreme cases skid marks are evidenced by the film 
of rubber left in the path of the skidding tire. The 
true frictional resistance is theoretically proportional 
to the normal load supported by the tire. The me- 
chanical resistance, however, is dependent not only 
on the normal force or load on the tire, but depends 
also on the area of contact of the tire with road surface. 

Surfaces which are smooth and which provide a large 
and intimate contact area for the tire, as indicated by 
tests, provide the greatest frictional resistance against 
skidding. Conversely, surfaces which have a rough 
knobby surface texture do not provide such an intimate 
contact, and therefore do not afford frictional resist- 
ances as great as those provided by the smooth surface 
with gritty finish. 

On wet surfaces, the water serves as a lubricant if it 
cannot be squeezed or squeegeed from the surface as 
the tire rolls over it. At speeds above 25 to 30 miles 
per hour the tires fairly skim over the surface and it is 
far more difficult to remove the excess water and to 
overcome the lubricating effect. If the water is 
trapped between the tire and the road surface, skidding 
resistance drops off sharply. On wet surfaces, it is 
important to recognize that a large area of intimate 
contact is necessary to develop high frictional resistance ; 
that small grooves should be provided in the road 
surfaces and in the tire to permit the excess water to 
escape; and that the aggregate on the surface should 
be hard and sharp, with many points of contact to grip 
the tire and prevent skidding. The tests revealed that 
highly polished or glazed surfaces are certain to be 
dangerous when wet. Examples of such types of 
surfaces are smooth steel plates, steel-troweled or 
highly polished concrete surfaces, and glazed-over 
asphalt surfaces. 

The coefficients of friction of a considerable number 
of pavement surfaces when both wet and dry and at 
speeds of from 3 to 40 miles per hour were determined 
in the Moyer tests. Typical curves resulting from 
the tests are reproduced in figure 1; and in the following 
summary of the tests the average values from these 
curves are used. In figure 2, the results shown in 
figure 1 have been grouped so that those surfaces which 
give similar coefficients of friction under the conditions 
tested are shown by a single curve. Additional data 
relative to the effect of the condition of the tires are 
also shown in the lowest section of figure 1. 

TESTS ON VARIOUS TYPES OF SURFACE 

1. Portland cement concrete road surfaces.—Portland 
cement concrete surfaces of reasonably uniform standard 
exist in greater mileage than any other type of high- 
class road surfacing used in the United States today. 
While the skidding resistance of wet portland cement 
concrete pavement was found to be not as high as that 

of certain bituminous surface types, the skidding prop- 
erties of portland cement concrete were found to be the 
most consistent for both wet and dry surfaces of all 
the types considered. The tests indicated the desira- 
bility of grooving the surface or of finishing with a canvas 
belt so as to bring the sharp sand grains to the surface 
and remove or break up the coating of cement paste 
which is responsible for the slippery condition certain 
to develop on a portland cement concrete pavement 
finished with steel trowels. 

The cement paste develops a hard surface finish which 
is polished smooth by the wearing action of traffic. 
Excessive manipulation, vibration, or finishing of con- 
crete pavement surfaces draws an excess of cement paste 
to the surface and makes a slippery surface. Proper 
brooming or belting will provide a skid-resistant surface. 
The coefficient of friction of wet portland cement con- 
crete surfaces ranges from 0.4 to 0.9 for straight skidding 
and from 0.5 to 0.8 for sidewise skidding; the coefficient 
of friction of dry, rough-textured portland cement con- 
crete surfaces ranges from 0.8 to 1.0 for straight skidding 
and from 0.9 to 1.0 for sidewise skidding. The ranges 
given cover the coefficients for both new-tread and 
smooth tires. 

2. Bituminous road surfaces.—The frictional resist- 
ance of bituminous road surfaces, as measured in the 
tests, varied more widely than the frictional resistance 
of any of the other surfaces tested. This general class 
of surfaces has been generally thought of by the travel- 
ing public as dangerously slippery when wet. While 
the results of the skidding tests on several bituminous 
surfaces substantiated this belief, the majority of the 
bituminous surfaces, when tested in the wet condition, 
gave a frictional resistance appreciably higher than that 
obtained on any other type of surface. The tests by 
Professor Moyer substantiate the conclusions of many 
highway engineers that it is possible to build bituminous 
surfaces that will be as free from the dangers of skidding 
as any road surfaces in common use today. The major- 
ity of bituminous surfaces built recently in the United 
States are nonskid in character. 

An examination of the bituminous surfaces found in 
the tests to be slippery revealed that they were covered 
with an excess of bituminous material. The surfaces 
which offered high resistance to skidding were covered 
with sharp, hard sand, or with hard and finely crushed 
rock particles held in place by the bituminous cement. 
Such surfaces had a sandpaper-like finish. The co- 
efficient of friction for wet bituminous surfaces varied 
through a wide range of values. The coefficients for 
wet, high-type asphaltic surfaces were consistently 
higher than those for the other wet surfaces tested. 
However, unusually low coefficients were obtained on 
some bituminous surfaces, particularly on wet penetra- 
tion macadam built with a soft seal coat. 

It is quite apparent that the coefficient of friction 
increased with an increase in the hardness of the asphalt 
or tar binder used in the bituminous surfaces. In this 
connection it is pertinent to refer to the recent tendency 
in the practice of State highway departments in the 
western portion of the United States toward the use of 
softer binders to overcome cracking of the surface. 
It is the reporter’s opinion that, by and large, the crack- 
ing that develops is a function of weak foundations and 
poor drainage, and that these factors should be corrected 
before hastily deciding to use softer asphalts. The 
tests by Moyer indicate that it is a sound practice to 
construct seal coats with cut-back or emulsified asphalts, 
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small amounts of which are sufficient for the thorough 
coating of the cover aggregate. The thin film of asphalt 
surrounding the stone particles firmly binds them 
together and the absence of an excess of asphalt below 
the cover stone insures a granular surface. 

Competent observers are of the opinion that, when 
hot asphalt is used for sealing, a cover stone o ¥-inch 
diameter should be employed to prevent flushing of 
the excess asphalt to the surface. Professor Moyer’s 
experiments have thoroughly demonstrated that a sand- 
paper surface which takes the wear of traffic directly 
on the mineral aggregate is the kind of surface it is 
desirable to construct. Contrary to general observa- 
tion, sheet asphalt pavement, pr operly constructed with 
a sandpaper texture, is quite resistant to skidding. It 
is, of course, necessary to eliminate the usual surface 
dusting coat. Since a slight excess of asphalt will 
destroy the sandpaper finish and produce a glazed 
surface, it appears necessary in bituminous pavement 
construction of both the premixed and penetration 
types to use a hard aggregate and an asphalt with a 
high melting point. This is particularly true for the 
top or wearing course. The requisite proportions be- 
tween the aggregate and asphalt binder should be con- 
trolled by car eful inspection during construction. 

Nonskid asphaltic surfaces can be built either in 
accordance with the principle of maximum density or 
by the use of the more open mixes. The latter are 

perhaps easier to construct and more certain in their 
results. The methods of building the more open- 
textured mixes and penetrations are described more 
thoroughly hereafter in the report on the Oregon 
practice. 

The coefficient of friction of dry bituminous pave- 
ment ranges from 0.7 to 0.9 for straight skidding and 
from 0.8 to 1.0 for sidewise skidding; ‘the coefficient of 
friction of wet bituminous pavement ranges from 0.2 
to 1.0 for straight skidding and from 0.3 to 0.9 for 
sidewise skidding. Again these ranges cover the use 
of both new and worn tires. 

3. Brick pavements.—Brick surfaces, free from excess 
filler, were found in the Moyer experiments to have 
skidding resistance slightly lower than that of portland 
cement concrete surfaces. Brick surfaces with excess 
filler that exudes or bleeds out of the joints, covering 
the greater part of the surface with asphalt, were found 
to be as slippery as bituminous surfaces with seal coats 
containing an excess of bituminous material. This 
would be expected since the cause of the shpperiness is 
the same in both cases—the excess bituminous material 
on the surface. Recent developments in the manufac- 
ture of paving brick and in brick pavement construc- 
tion have greatly improved the skid-resistant proper- 
ties of brick pavements. De-aired, vertical-fiber brick 
with lugs should provide a wear- -resisting, eritty finish. 
Where there is any difficulty in obtaining the gritty 

| 
| 
\ 
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finish, it is possible to face the brick with carborundum 
or emery grit during manufacture and thereby provide 
a Wear-resisting and skid- resisting surface which should 
be the equal of any road surface now in general use. 

Bleeding of the joints has been practically eliminated 
by using a blended asphalt joint filler mixed with a 
mineral flour to provide a stable mix with a low co- 
efficient of expansion. Before applying the joint filler, 
the brick surface may be sprayed with a separating 
agent consisting of a clacium chloride solution com- 
posed of 35 percent calcium chloride, 1 percent starch, 
and 64 percent water. By this method any surplus 
overflow of asphalt from the joints during the filling 
process may be scraped and peeled off the surface after 
it has cooled and hardened, leaving a clean surface with 
flush-filled joints. Lime whitewash may also be used 
for this purpose. It is prepared by mixing finishing 
lime and water in the proportions of not less than 1% 
sacks of lime to 50 gallons of water. The mixture siteald 
be prepared one day in advance of using. Methods for 
applying these separating agents are described in the 
report for the United States on brick pavements. 

The coefficient of friction of dry brick pavements 
ranges from 0.7 to 1.0 for straight nadine and from 
0.8 to 0.9 for sidewise skidding; the coefficient of friction 
of wet brick pavements ranges from 0.3 to 0.8 for straight 
skidding and from 0.4 to 0.7 for sidewise skidding; 
the ranges in each case covering the use of both new 
and smooth tires. 

4. Bridge floors —Wood plank, smooth steel traffic 
plates, and ordinary asphalt plank were found in the 
Moyer tests to be as slippery when wet as icy surfaces. 
It is particularly hazardous to use these materials on 
bridge floors. Skidding accidents under such circum- 
stances are more hazardous because of the restricted 
roadway. Indeed, it is the reporter’s opinion that they 
should not be used under any conditions as a highway 
surface unless they are provided with some type of 
nonskid finish. Wood planks may be covered with a 
bituminous treatment involving the use of cover stone 
of suitable size so as to give a gritty surface finish. Steel 
plates should have a stud or grid design providing sharp 
edges to grip the tires and pr event skidding. Likewise, 
the surfaces of ordinary asphalt plank should be covered 
with sharp, gritty aggregate. In general, bridge floors 
are now covered either with portland cement concrete 
or high-type asphaltic concrete, both of which afford 
a satisfactory skid-resistant surface in wet weather. 

5. Sand, gravel, cinder, and macadam_ surfaces.— 
Sand, gravel, cinder, and macadam surfaces all offer a 
higher resistance to skidding in either the wet or dry 
condition when the surface is firm and reasonably free 
from loose material. Loose aggregate, especially sand 
and gravel pebbles, acts in the same manner as ball 
bearings under the tires. It causes variations in the 
skidding resistance, making steering difficult, and in 
this way causes many accidents. Such surfaces also 
tend to become dusty in summer, materially reducing 
visibility, and thus, in another way, creating a hazard. 
The loose, dusty condition also increases the cost of 
transportation by causing increased fuel consumption, 
tire and car repair costs, and road maintenance costs. 
When there is considerable traffic, the cost of stabiliz- 
ing the surfaces is unquestionably justified. In parts 
of the United States clay binder has been used with 
some success, but it has been clearly demonstrated that 
the presence of clay in a gravel or macadam surface 
lowers the chance of success of any subsequent treat- 
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ment with oil or tar. In the opinion of the reporter, 
it is much more effective and cheaper in the long run to 
stabilize such surfaces with an asphalt or tar binder. 
This can be done either by the road-mix method or by 
the placing of a.mat of oul, asphalt, or tar and screen- 
ngs, as a Wearing course. 

. Maintenance. —The results of the Moyer tests on 
Pe snow-, and ice-covered surfaces, regardless of 
their construction, clearly indicated that these condi- 
tions are the most hazardous the motorist is likely to 
encounter. Ice and sleet were found to be particularly 
slippery, providing a frictional resistance of only about 
one-fifth of that provided by a dry concrete surface. 
The seriousness of the snow and ice problem as related 
to skidding is indicated by the fact that about 80 per- 
cent of all skidding accidents in Iowa, for example, 
were found to occur in the 4 winter months. 

The correction of this slippery condition is clearly a 
maintenance problem and demands prompt attention 
if it is to be effective. Ice forms on the road surface at 
a temperature close to the freezing temperature, and if 
sand and cinders are applied promptly at that time, the 
sand and cinders will be embedded in the ice, thus rais- 
ing its frictional resistance to 3 or 4 times that which it 
can provide without such treatment. If the applica- 
tion of cinders or sand is postponed until lower tem- 
peratures prevail, the sand or cinders may not be 
embedded in the ice and the wind and traffic may whip 
them off the road. It is possible to apply the sand or 
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cinders at lower temperatures if they are first heated 
or premixed with calcium chloride or rock salt. Such 
treatment causes the sand or cinders to become em- 
bedded in the ice the same as if placed at higher 
temperatures. = ta 

In certain States of the United States, notably Michi- 
gan, calcium chloride and sodium chloride have been 
applied directly on ice-covered surfaces. It has been 
found that such treatment, when applied to ice over- 
lying portland cement concrete surfaces, causes serious 
damage to pavement and results in a form of scaling 
and a gradual disintegration of the concrete. For this 
reason it is suggested that the use of sodium or calcium 
chloride be avoided and that the sand or cinders be 
heated before application to ice-covered portland cement 
concrete surfaces. 

Snow (particularly dry snow) has from two to three 
times the skid-resistance of ice. However, snow may 
so suddenly change to ice and is so difficult to distin- 
guish from ice that the driver cannot be sure that a 
snowy surface is free fromice. It is therefore necessary 
to apply sand and cinders at intersections, on hills, and 
on curves as soon as the snow becomes packed. The 
practice of beginning snow removal coincidently with 
the beginning of the storm and of carrying on the snow 
removal operations continuously until the storm has 
ceased has become a standard procedure with State 
highway departments in the United States. 
Mud on pavements constitutes a serious skidding 

menace. Where possible, the muddying of surfacings 
should be prevented by placing gravel coatings on 
shoulders and on muddy side roads, farm drives, or field 
entrances. 

Roads that have glazed surfaces and are known to be 
slippery when wet should be covered with nonskid 
treatments of asphalt and mineral aggregate. At- 
tempts have been made to apply heated sand or screen- 
ings on glazed bituminous surfaces, but the results 
have been more or less ineffectual. Usually the rolling 
operation cracks the stones, with the result that they 
are soon loosened by the traffic. Under particular 
conditions, as where soft asphalt with a low melting 
point has been used, it is sometimes possible to perform 
this work satisfactorily but, in general, the fact that the 
treatment can be given on only a few days of the year 
and a few hours in each day renders the method highly 
impractical. Likewise the correction of glazed sur- 
faces by cutting back the excess asphalt with volatile 
solvents and applying gritty cover stone to blot up the 
excess binder has met with only mediocre success. The 
nonskid treatment of pavements by the placing of a 
mat of asphalt and stone chips has been found to be 
generally satisfactory, but the successful application of 
this treatment requires long experience and painstaking 
workmanship. The methods found most satisfactory 
in Oregon are described elsewhere in this report. The 
application of nonskid treatment on old concrete pave- 
ment is an even more difficult procedure because of the 
Se of successfully binding thin mats to concrete 
surfaces. 

OBSERVATIONS BY STATE HIGHWAY DEPARTMENTS 

Wyoming—The Wyoming Highway Department re- 
ports that practically all of its hard-surface roads are 
of bituminous type built at rather low cost according 
to a road-mix specification. The Wyoming experience 
indicates that when slow-curing oils are used there is 
danger of their softening during hot weather, allowing 
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the aggregate to settle below the surface and leaving a 
film of asphaltic cement on the top of the wearing sur- 
face. The tendency in the:r present practice is toward 
the use of harder asphalt and sealing with a rapid-curing 
cut-back covered with sharp, clean sand. 

Virginia.—The Virginia Department of Highways 
reports a method of making pavements nonskid that 
it has used recently on a section of U. S. Route No. 1 
between Alexandria and Fredericksburg carrying a 
traffic of well over 6,000 vehicles daily. An original 
18-foot concrete pavement had been widened on each 
side to provide for 3 lanes, and sheet asphalt had been 
laid over the entire surface. The sheet asphalt proved 
slippery during periods of heavy fog and rain, and to 
eliminate ‘the hazardous condition, a nonskid bitumi- 
nous surface treatment was applied on the grades. 

The treatment consisted of an application of one- 
quarter gallon of cut-back asphalt heated to a tempera- 
ture of 100° F. This binder was made from an asphalt 
having a penetration of 85-100 mixed with naphtha 
in the ratio of 2 parts asphalt to 1 part naphtha. Before 
the application of the cut-back binder, all cracks in the 
pavement were patched by hand. A slag covering was 
immediately applied at the rate of 20 to 22 pounds per 
square yard. Extreme care was used to effect a uniform 
distribution and no brooming was permitted. The slag 
was rolled lightly with a 5-ton roller, and traffic was 
kept off the road for a period of about 72 hours. The 
Virginia authorities report that excellent results were 
obtained on this section which has now been subject 
to traffic for about 4 months. They are of the opinion 
that the closing of the section to traffic for a time suffi- 
cient to allow the volatile materials in the asphalt binder 
to escape was one of the major causes of the successful 
results obtained. 

Tezas.—The State Highway Department of Texas 
reports that the quality of a road surface from the 
viewpoint of slipperiness or roughness and its resistance 
to skidding has been the subject of considerable study 
and research by that department for many years. 
The early concrete pavements built in the State were 
finished very smooth and they were found to be quite 
slippery when wet or damp. The condition has been 
corrected by the use of a belt on the freshly placed con- 
crete at approximately the time it reaches initial set. 
It has been found that this finishing treatment raises 
the grains of sand in the mortar and creates light ridges 
in the surface which afforded a very satisfactory resist- 
ance to skidding. The skill of the workmen in the 
manipulation of the belt determines the type of surface 
secured; hence this practice has been subjected to care- 
ful control by the Texas Department for the past 7 
years. 

For the ‘nonskidding”’ or roughening of asphalt- 
surfaced roads the Texas department uses both a pene- 
tration and a premix type of treatment. In the pene- 
tration type treatment the nonskid surface is provided 
through the use of hard, angular, crushed stone or 
gravel placed uniformly over the surface as a wearing 
course. The amount of asphalt used is carefully con- 
trolled as are also the proportions and sizes of the lower 
course of rock. The entire course must be stable, and 
the amount of asphalt must be less than that which, 
penetrating upward through the surface course, would 
fill the voids between the rock and create a smooth 
surface. When the amount of asphalt is thus properly 
controlled, a surface affording satisfactory resistance to 
skidding is provided. 
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The premix asphaltic treatments are of two general 
classifications—hot mix and cold mix. In the cold- 
mix construction the most recent procedure is to place 
a light surface course of the open-mix type as the last 
course of the surface construction. This course is not 
more than \-inch thick. The aggregate used is % 
inch in size and is very hard and sharp. The mix is so 
designed that the amount of mortar—that is, the por- 
tion of the mix below the 10-mesh screen—is not suffici- 
ent to fill the voids in the coarser aggregate and, in 
consequence, the %-inch material is everywhere evident 
in the wearing course and provides a considerable 
resistance to skidding. 

In the hot-mix construction, the surface course is 
placed by means of a mechanical finishing machine to 
a depth of from *% inch to % inch. The aggregate is 
very hard, * inch maximum size, and the voids are 
only half-filled with mortar. The mix is placed at a 
temperature of 375° F’. which creates a segregation due 
to the latent heat in the coarse aggregate. In normal 
asphaltic concrete construction, segregation is one of 
the things that is carefully avoided. However, in 
placing this nonskid surface it was accidentally found 
that by creating a segregation the type of surface 
desired was obtained. 

The placing of the mix under the mechanical finishing 
machine in such a thin layer makes it necessary that it 
be sufficiently warm to work properly. It was found 
that when the temperature was raised slightly above 
the normal temperature—in other words to 375° F.— 
the manipulation of the surface by the finishing 
machine and the heat in the coarse rock caused the 
mortar to slip down into the bottom of the course by 
gravity which left the top open and the lower half of 
the large rock firmly embedded in the matrix. This 
provided the most satisfactory nonskid surface that 
has yet been laid in the State of Texas. It is obvious 
that the penetration of the asphalt must be low in 
order that the mix shall be stable. A 55-penetration 
asphalt has been used and it has been found that the 
high heat used in mixing and placing decreases this - 
penetration normally to somewhere between 25 and 35. 
Arizona.—The Arizona State Highway Department 

reports that in general its bituminous surfaces are con- 
structed by the road-mix method, usig slow-curing 
road oils and medium-curing cutback asphalt. These 
surfaces are covered either with a seal coat of 90 to 95 
percent road oil and screenings ranging from } inch to 
those passing a 10-mesh sieve, or with 90 to 95 percent 
road oil premixed with the screenings of the same size. 
The department reports that it has, in every case, ob- 
tained a roughened surface with the requisite nonskid 
properties, but in some cases the roughened surface has 
later lost its roughness due to the softening of the sur- 
face and gradual embedding of the screenings until a 
smooth layer of asphalt appeared on the surface. The 
department is guarding against this condition by a 
more thorough study of the design of the mix. 

Oolorado.—The State Highway Department of Colo- 
rado reports that in its road-mix construction (bitu- 
minous surfaced roads), it guards against the use of too 
much asphalt. Surfaces are constructed with the 
minimum amount of aspbalt required to supply the 
essential binder, the main course being followed by a 
seal coat containing a cover stone which provides a 
eritty surface resistant to skidding. 
Kansas.—The Kansas Highway Commission calls 

attention to the prevalence of oil drippings along the 

quarter points of portland cement concrete pavements 
and to the resultant low resistance to sidewise skidding 
at those points. The department is attempting to 
devise ways and means to eliminate this oil streak as a 
maintenance process. Variations in the skidding char- 
acteristics of surfaces of bituminous macadam and 
other types of bituminous pavement have caused some 
concern in this State. To correct such conditions, use 
has been made of light applications of rapid-curing 
cutback covered with aggregate graded in size between 
the %-inch ring and the No. 8 square-mesh sieve. The 
Kansas engineers recommend the use of transition 
curves for highway alinement which will lessen the 
throw of the car caused by the sudden application of 
centrifugal force at the point of the curve. On slippery 
pavements, this throw frequently induces skidding. ~ 

Massachusetis—The Massachusetts Department of 
Public Works stresses the banking of curves and the 
lengthening of curve radii as well as the design and 
construction of nonskid surfaces to prevent the hazard 
of motor car skidding. It recommends a surface free 
from depressions and bumps, and providing a maximum 
amount of angular particles of the mineral aggregate in 
contact with the tire and particles sufficiently large to 
resist the force causing the tendency to skid. The 
Massachusetts portland cement concrete surfaces have 
been constructed by the well-known method of broom- 
ing and afford sufficient angular contact with the tires. 

The bituminous macadam surfaces of Massachusetts 
are known throughout the United States for their 
excellent quality. Great care is exercised to obtain the 
proper balance between the amount and kind of bitumi- 
nous material and the size of the keystone. During the 
past few years, however, the Massachusetts depart- 
ment has developed a rather coarse, knobby surface 
texture without any cover of pea or chip stone. The 
large stones present a rough mosaic, the top of which is 
free of asphalt. Clean, properly graded broken stone 
of the resistance to wear and toughness required is used 
and this, when rolled, affords a firm, interlocking sur- 
facing. Chip stones are used in quantities sufficient 
only to fill the voids below the top surfaces of the large 
stones. 

The Massachusetts department has been of the 
opinion that this open, granular type is best from the 
viewpoint of skid prevention and that such pavements 
are as durable, if not more so, than the tighter, mat- 
covered pavements of former years. However, such 
roads cause an unpleasant rumble in a rapidly moving 
closed motor vehicle. The department recognizes this 
disadvantage and plans to return to the former method 
using a surface of finer texture. It is to be noted that 
the department’s opinion in regard to the skid-resisting 
properties of the coarse, knobby type of surface does not 
coincide with the results of the research of Professor 
Moyer, which leads to the conclusion that all State 
departments should calibrate their types of pavement 
by means of equipment similar to that devised by 
Professor Moyer to the end that they may speak a com- 
mon language and refer to definite values of the coeffi- 
cients of straight-ahead and sidewise skidding. It 
would likewise be desirable if some standard device to 
measure the nonskid properties of various types of 
pavements could be universally employed. 

Mississippi.—The Mississippi Highway Department 
reports that it is rolling bituminous-coated chips into 
both the Topeka and the sheet asphalt types of asphaltic 
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concrete, thereby obtaining a very nonskid pavement 
surface. 

Wisconsin.—The Wisconsin State Highway Com- 
mission has had some difficulty in maintaining bitumi- 
nous surfaces, due to the flushing of the asphalt to the 
surface. It has remedied this condition by the appl- 
cation of a seal coat of additional asphalt and hard, 
sharp stone chips. It reports that it has found that ice 
melts more quickly on bituminous surfaces than on 
concrete, due presumably to the greater absorption of 
heat by the darker material. Some difficulty has been 
experienced in sanding ice covering portland cement 
concrete pavement because of injurious effects of the 
salts mixed with the sand and cinders, which salts 
apparently have caused a later disintegration of the 
concrete surface. 

Oregon.—As has been stated, it 1s necessary to build 
and maintain smooth-riding and skid-resisting surfaces. 
Rough pavements are the direct cause of skidding at 
high speed. The State Highway Commission of Ore on 
has devoted a ereat deal of time and study to devising 
ways and means for building smooth pavements of 
various types. Itis axiomatic, however, that no matter 
how smooth pavements may be w hen. orginally con- 
structed, they eventually become rough. Grade settle- 
ments, sight land movements, occasional weakness in 
foundations, and faults in dramage all tend to deform 
the pavement. Sooner or later, therefore, 1t becomes 
necessary to patch all pavements. Hence, it would 
seem to be highly desirable, if not necessary, to develop 
a technique and workmanship resultmg in smooth 
patches. If patches are smooth, it should be possible 
to keep pavements in good condition, if not indefinitely, 
at least over long periods of time. 

The Oregon. department patches all pavements, re- 
gardless of type, with hot asphaltic concrete. The 
patches are nonskid in character and feathered to paper 
thinness at the edges. Dark asphaltic concrete patches 
on portland cement concrete pavements are objection- 
able to some extent, but they are few in number during 
the early life of the pavement and disfigure ib less than 
might be supposed. 

Portland cement concrete pavements are made 
smooth at the time of their construction by means of 
delayed finishing; that is, by delaying a part of the 
finishing until the shrinkage incident to the initial 
setting of the concrete has taken place, and by the 
further procedure of scraping down the high spots with 
heavy steel scrapers after the initial set has occurred. 
Very little scraping work is actually performed, how- 
ever, as contractors, in order to avoid the expense of the 
scraping, perform the preceding finishing operations 
with the utmost care. Scraping is objectionable in 
that it removes the broom finish, leaving the scraped 
area smooth and less nonskid; but, as stated, the total 
area scraped is very small. 

After extensive trial, the Oregon department has 
abandoned the mudjack as a means of pavement repair, 
having found that He use is only partially satisfactory 
in restoring the smoothness of the surface and that it 
results in much breakage of slabs into small sections 
which tend to rock and move under traffic. As the 
portland cement concrete pavements become progres- 
sively rougher, the asphaltic concrete patches increase 
in number until finally they constitute a complete 
resurfacing, with the concrete pavement serving as a 
base for an asphaltic concrete top. 

Bituminous pavements constructed in Oregon are of 

two types, the plant-mix type and the penetration type. 
All plant-mix construction is of high-type asphaltic 
concrete of which there are two eeneral classes, the 
minimum-void or closed-type mixes, and the open 
mixes. It is the theory of the reporter that it is very 
difficult to maintain a permanently nonskid surface 
with the densely graded mixtures for the reason that 
there are practically no voids for the asphalt to oceupy 
under the influence of heat and the constant pounding 
of traffic. There is, therefore, the danger of free 
asphalt exuding upon the surface. It is possible, but 
rather difficult, to avoid this by a rigid control of the 
proportions, of the aggregate and the percentage of 
asphalt, using the minimum of asphalt requisite to 
keep the mixture sealed and to prevent raveling in cold 
or wet weather. Very good results have been obtained 
in Oregon by exercising this rigid control, and pave- 
ments 5 years of age have retained the nonskid features 
required for safe driving. 

The seal coat is eliminated from this specification and 
-inch screenings coated with 2 percent asphalt cement 
are rolled into the surface mixture, while it is still warm, 
at the rate of approximately 5 pounds per square yard. 
The proportions of aggregate and asphalt binder illus- 
trating this type of construction are as follows: 
Ager egate: Percent 

Passing 1v-inch eereetty 2 4_ = oe a ee) eee ee 100 
Passing 1feinch and retained on %4-inch screen_____ 16-24 
Passing *4-inch and retained on %4-inch sereen_--__-- 24-36 
Passing ¥,-inch screen and retained on 10-mesh sieve. 12-20 
Passing 10-mesh and retained on 200-mesh sieve__--_ 20-28 
Rassing=200=meshesi civ erases ae eae eens epee 3-6 

Asphalt,.50-60:penetration 2 = oe eee ee. See 4, 5-6. 5 

The open-type mix has sufficient voids for any prob- 
able expansion of the asphalt. When properly con- 
structed, no evidence of the flushing of the asphalt to 
the surface has been noted. This construction is used 
as a wearing course only, and is placed upon an imper- 
vious, closed mix as a base. The erading of the mate- 
rials and the percentage of asphalt are as follows: 

Aggregate: Percent 
Passing ia inch, screen! Sey a ee ee ae 100 
Passing inch and retained on 14-inch screen_______- 45-55 
Passing }4-inch screen and retained on 10-mesh sieve____ 30-36 
Passing A0-mesh and retained on 200-mesh sieve___._- 8-14 
Passing 200-mesh:sieve. 23322 Se ee ee Q-2 

Cut-back asphalt, (RC=4) 0. ge See 4-6 

In closed mixes, an asphaltic cement of 50-60 pene- 
tration is employed. In open mix, a heavy-grade cut- 
back asphalt known as RC-—4 is used, in which asphalt 
of 80-120 penetration is cut back with a maximum of 
15 percent of naphtha as determined by distillation at 
680° F. All types of asphaltic concrete mixtures are 
laid with finishing machines. The dense mixtures are 
laid at a temperature of 325° F. and the open type mix- 
tures at temperatures ranging from 175 to 250° F. 

In the early practice of the Oregon State Highway 
Commission, some rather high- crowned asphaltic con- 
crete pavements, 16 feet in “width, were constructed. 
These pavements were covered with a heavy seal coat 
of asphaltic cement and sand and they became very 
slippery in wet weather. It therefore became neces- 
sary to eliminate this very definite hazard. The first 
treatments consisted of one application of asphaltic 
cement or tar followed by a covering of stone chips or 
pea gravel. The results were, on the whole, mediocre. 
The stone tended to whip off the high spots, producing 
a surface of varying texture. Cer tain areas were 
covered with stone chips or pea gravel, affording a 
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nonskid texture, while other areas were entirely bare 
of screenings and therefore slippery. It was finally 
found necessary to plane off the excess of asphalt from 
the surface of the old pavement. The asphalt and 
fine mineral material had accumulated in bumps and 
in certain cases had formed rhythmic corrugations. 

The planing machine consisted of a heavy trailer of 
long wheelbase, carrying adjustable chisel-like cutting 
edges, pulled by a 60-horsepower crawler-tread tractor. 
The chisels were kept sharp and not only cut off the 
asphalt-sand mastic, but also sheared through the 
stones in the underlying mix. Repeated trips with the 
planer not only removed the excess of asphalt but also 
produced a very smooth-riding surface. ‘The removal 
of the excess of asphalt eliminated any chance of its 
being drawn up into the new wearing course. Upon 
the planed surface was constructed, by the penetration 
method, a wearing course approximately 1% inches in 
thickness. Stone of maximum 1%-inch size was used. 
The asphalt content was held to the minimum and 
excellent results were obtained. Surfaces treated in 
this manner some 8 years ago are practically as skid- 
resistant as when first constructed. 

Probably the most uniform nonskid texture pave- 
ment laid in the State of Oregon is the penetration 
macadam type. The base stone, of 24-inch to 14-inch 
size, is penetrated by hot asphaltic cement and covered 
with stone ranging from 1% inches to % inch in size. 
This stone is carefully leveled by long-wheelbase motor 
graders. After the second application of asphaltic ce- 
ment, the bituminous macadam is keyed with %- to 

¥%-inch stone. This is followed by the first seal coat 
using % to %-inch and \-inch minus cover stone. 
Traffic is turned onto the pavement 4 or 5 days before 
the application of the second seal coat, after which the 
surface is thoroughly swept and the second seal employ- 
ing the same size of aggregate is placed. This method 
effectively seals the penetration macadam against the 
admission of moisture. Hot asphaltic cement of 120- 
150 penetration, heated to a temperature of 425° F., 
is used in all cases with the exception of the last seal 
coat. A water-soap solution, in the amount of 10 
percent of the hot asphalt by volume, is added through 
separate openings in the spray nozzles. ‘The temporary 
emulsion formed covers the stone thoroughly. LKither 
cut-back asphalt or emulsified asphalt is used for the 
second seal coat. 

The surface texture of this type of pavement is some- 
what coarser than a sandpaper finish, the 14-inch stone 
and some of the %-inch stone being present in the sur- 
face. The voids in the base stone act as a reservoir 
to absorb excessive asphalt in hot weather with the 
result that this type of pavement seldom bleeds and 
remains remarkably uniform in texture throughout the 
years. Oregon has had about 10 years’ experience 
with this type of surfacing. In all, 2 gallons per 
square yard of bituminous cement, including the cut- 
back or emulsion, are required. The total aggregate 
used amounts to 0.111 cubic yards per square yard. 
Each course of the pavement is thoroughly rolled with 
10-ton, 3-wheeled rollers. 

B. PROPERTY OF REFLECTING OR ABSORBING LIGHT (UNDER ARTIFICIAL LIGHTING) 

In view of the fact that consideration is now being 
given to the artificial lighting of certain sections of 
rural highways in the United States to eliminate the 
hazards of night driving, information concerning the 
quality of road surfaces in respect to their ability to 
reflect or absorb light is important. Moreover, since 
the majority of rural highways will, in all probability, 
remain unlighted on account of the expense, it is of 
prime importance that those properties of road surfaces 
which minimize the glare of approaching headlights, 
particularly on rainy nights, shall be carefully studied. 

The reporter has endeavored unsuccessfully to 
obtain through published articles data relating to 
visibility and glare in connection with the various types 
of pavement surface. Apparently few data of this 
kind have been assembled in the United States up to 
the present time. Accordingly a series of experiments 
of limited scope was undertaken by G. S. Paxson, 
Bridge Engineer, and J. D. Everson, Designer, both of 
the Oregon State Highway Department. The charac- 
ter of the equipment and the time available prevented 
any exhaustive study, but the results obtained give at 
least qualitatively a comparison between the various 
pavement surfaces examined. 

DESCRIPTION OF INVESTIGATION 

Investigations were made to determine the light- 
reflecting properties of various types of pavements 
under artificial lighting conditions and to measure the 
reflection or glare from approaching headlights under 
both wet and dry conditions. Investigations to 
determine light-reflecting properties under artificial 
lighting conditions were made on 7 different types of 
pavement as follows: 

82642—388——2 

1. A new concrete pavement completed and cured 
but not yet opened to travel. This pavement is broom- 
finished. The*grooves are between 5 and % inch in 
depth, running®transversely to the pavement. Dupli- 
cate tests were made with the incident light across the 
grooves as would be the case in normal lighting and 
with the incident light parallel to the grooves simu- 
lating a pavement broom-finished parallel to the 
highway center line. These two conditions are referred 
to in the accompanying charts as “new concrete 
parallel with grooves” and “new concrete across 
erooves,”’ respectively. 

2. A concrete pavement that has been in use 18 
years. This pavement was constructed with a smooth 
surface and has been considerably stained and dis- 
colored by oil during service. The pavement is called 
“old concrete” in the accompanying figures. 

3. A section of old asphaltic concrete pavement quite 
rich in asphalt and showing no aggregate on the surface. 
This pavement is called ‘plain asphalt” in the accom- 
panying figures. 

4. An asphaltic concrete pavement that has been in 
service 15 years. The surface is quite smooth, but over 
at least 30 percent of the surface small aggregate par- 
ticles protrude above the shiny asphalt finish. This 
pavement is called ‘‘worn asphalt” in the accompanying 
figures. 

5. A modern asphaltic concrete wearing surface of 

the “‘closed type” as described in the first section of this 
report. This pavement is 3 years old and is called 

““closed-type asphaltic concrete” in the accompanying 

figures. 
6. An asphaltic concrete pavement of the “open type”’ 

as described in the first section of this report. This 
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pavement is 1 year old and is called “‘open-type as- 
phaltic concrete” in the accompanying figures. 

7. A section of bituminous macadam in service about 
1 year. The surface of this pavement is composed of 
stone chips from % to 14 inch in size which project above 
the body of the pavement about inch. This pave- 
ment is called “bituminous macadam” in the accom- 
panying figures. 

In fixed highway lighting the fixtures are suspended 
above the roadway surface at a considerable height, and 
the angle at which the light strikes the surface is con- 
trolled by the fixture. With a mounting height of 30 
feet and 200 feet between lights, the flattest angle will 
be about 17°, assuming that each light illuminates the 
surface halfway to the adjoining light. To simulate 
these conditions, measurements of the reflected light 
were made with an incident angle of 45° and with an 
incident angle of 17°. The light source was a 6-volt 
incandescent light mounted upon a tripod so that the 
angle between the light beam and the pavement surface 
could be accurately determined. The intensity of the 
light was controlled by a rheostat and voltmeter so that 
it was kept constant during the entire series of tests. 

Reflection readings from the pavement surface, meas- 
uring the relative intensity of the light, were taken with 

a photometer attached to an arm which kept it at a 
constant distance from the point of reflection on the 
pavement surface. The intensity was measured in 
foot-candles. The angle which the axis of the photome- 
ter made with the pavement was measured on a dial 
attached to the frame supporting the photometer arm. 
The angle of incident light was kept constant and the 
intensity of the reflection was measured at each 15° 
around the semicircular arc. Readings were taken in 
the plane of the incident light. 

Readings were first taken on the pavement surfaces 
when dry. The surfaces were then artificially wetted 
to simulate conditions during a rain, and the readings 
repeated. 

RESULTS OF THE INVESTIGATIONS 

The results obtained with the light at an angle of 
45° are shown in figure 3. Those above are for dry 
surfaces and those below are for the same surfaces 
when wet. It is interesting to note the regularity of 
the curves for dry pavement which show almost com- 
plete absence of specular reflection or glare except for 
the three smooth pavements investigated. These were 
the old concrete, worn asphalt, and plain asphalt. In 
addition, the closed-type asphaltic concrete, which is a 
relatively nonskid pavement, shows a decided bulge in 
the curve of readings taken for dry pavement. The 
curves for these pavements show a noticeable bulge in 
the direction of the line of specular reflection. 

The difference between the luminosity of the dry 
portland cement concrete pavement and the dry as- 
phaltic concrete pavement is quite noticeable. The new 
portland cement concrete pavements show about 4 times 
the luminosity of the asphaltic concrete pavements, 
while the old concrete pavements show about twice the 
luminosity. The rough and irregular bituminous ma- 
cadam surface shows the property of being more highly 
luminous in the direction of the incident light than it 
is away from it. 

These surfaces were then wetted and tested, other 
conditions remaining constant. The characteristics of 
the pavement have entirely changed and a great amount 
of specular reflection or glare is apparent. It will be 
noted that the new smooth pavements give from 4 to 
10 times the intensity of glare produced by the rough- 
textured pavements. 

The comparison of the two sets of curves shows that 
the luminosity of the pavements, except on the line of 
specular reflection, is one-half or less when wet than 
when dry; moreover, that in the case of plain asphalt 
or worn asphalt pavements there is practically no 
luminosity outside of the glare. This is supported by 
driving experience which discloses that the pavement 
appears very bright directly in the line of light sources 
but practically black at any other angle. It will be 
noted that while the luminosity of dry bituminous 
macadam pavement is only about one-fourth that of 
the new concrete, the glare, when wet, is less than one- 
sixth as great. 

Figure 4 shows the reflection readings on dry and 
wet pavements with the angle of incident light at 17° 
with the pavement surface and with the readings taken 
in the plane of incident light. It should be noted that 
as the angle of incident light decreases, the glare in- 
creases with all types of pavement, wet or dry. 

As in the preceding figures, the luminosity of the dry 
portland cement concrete pavement is from 2 to 4 
times that of dry asphaltic concrete types. The spec- 
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ular reflection or glare from the plain asphalt and worn 
asphalt types, when dry, is from 2 to 3 times that of 
the luminosity in other directions. The reflection from 
concrete pavements, when wet, is 4 to 8 times the lu- 
minosity of these same pavements when dry. Bitu- 
panos macadam, when dry, shows practically no glare 
at all. 
An examination of the lower part of figure 4 shows 

that none of the pavements has an appreciable lumi- 
nosity when wet and that all but the bituminous mac- 
adam evidence some glare. An interesting point in 
this study is the decreased glare from portland cement 
concrete pavements when the light is across the grooves 
as compared with the same pavement when the light is 
Bellet to the grooves. 

From this study, it appears that under dry condi- 
tions, new, clean portland cement concrete pavements 
are more easily lighted than any of the darker asphaltic 
types. This is undoubtedly due to the light color of 
the portland cement concrete pavement. The rough 
open-textured bituminous macadam surface produces 
the least glare when wet. ; 

It was noted during the experiment simulating rain 
that the smooth pavements were covered by a prac- 
tically continuous sheet of water. Even the new con- 
crete with its shallow broom marks became completely 

flooded. The high surface tension resulting from the 
small diameter of the grooves prevented the rapid run- 
off of the water. This suggests the formation of deeper, 
wider grooves in concrete pavement to afford quick run- 
off. The irregularities in the surface of bituminous 
macadam and new-type asphaltic concrete afford fis- 
sures or channels wide and deep enough to minimize the 
surface tension of the particles of water. Such surfaces 
are seldom entirely flooded and the stone chips project- 
ing above the water surface break up the reflection and 
ereatly reduce the glare. It is thus apparent that the 
glare is caused in the main by the reflection of the light 
from the sheet of water acting as a mirror. Means 
should be provided for constructing all types of pave- 
ment so as to afford rapid run-off of surface water. 
This is easily accomplished by the standard methods 
of building penetration macadam and the open-textured 
asphaltic concrete of the present day. 
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There is room for improvement in portland cement 
concrete pavements and it is suggested that considera- 
tion be given to the scratching of grooves approximately 
¥ inch in depth 1 inch apart, transversely across the 
pavement surface, while the concrete is still green. 

INVESTIGATION OF HEADLIGHT GLARE 

In this part of the investigation, a 1937 model auto- 
mobile with the headlights in the depressed or dim posi- 
tion was used as the light source. In this position the 
center of the light beam struck the pavement approxi- 
mately 65 feet from the light. Readings of the intensity 
of the light at double this distance, or 130 feet, at the 
same elevation as the headlights, were taken with a 
photometer. A screen was then placed in the proper 
position so as to allow only the reflected light to reach 
the photometer. This eliminated the direct light from 
the headlights but measured the specular reflection or 
glare from the pavement surface. 

The same pavement types previously described were 
tested, except that an untreated gravel macadam surface 
was added and the plain asphalt type was eliminated. 

Figure 5 represents graphically the percentage of the 
total light reaching the photometer which was reflected 

(Continued on page 121) 



STUDY OF ROAD SUBSOILS 
(A) DETERMINATION OF PROPERTIES OF SUBSOILS, TESTING METHODS, EQUIPMENT; (B) INFLUENCE OF 
THESE PROPERTIES ON ROAD CONSTRUCTION (BASE AND SURFACE) AND ON ROAD MAINTENANCE 

By C. A. HOGENTOGLER, Senior Highway Engineer, United States Bureau of Public Roads, Principal Reporter 

STUDY of road subsoils is made quite generally 
by the individual highway departments of the 
United States in connection with the design, 

construction, and maintenance of their highway sys- 
tems. The experience of the United States Bureau 
of Public Roads since the inception of its soil research 
program in 1920, supplemented by numerous contri- 
butions from other soil investigators in the highway 
field, has disclosed three major fields in which soil 
information and studies have distinct economic value. 
They are: (1) The use of the subgrade survey and the 
classification of soils into groups based on performance, 
(2) the construction of “‘stabilized’”’ road surface and 
base courses, and (38) the construction of highway 
embankments. 

SUBGRADE SURVEY AND SOIL GROUPING 

The subgrade survey furnishes information which 
assists in locating the road, selecting the most satis- 
factory type of surface and eliminating conditions likely 
detrimentally to affect the serviceability of the pave- 
ment. 

Examinations of the soil in its natural field condition, 
in excavations or road cuts or, more commonly, by 
means of a soil auger, are made at intervals close 
enough to determine the soil type and to depths sufli- 
cient to penetrate the more-or-less nonuniform layers 
of soil or soil material. 

Representative samples obtained as part of the sub- 
grade survey are tested in the laboratory to determine 
their physical properties. 

The principal laboratory determinations used in 
the classification of subgrade soils are the mechanical 
analysis, and the plasticity, shrinkage, and moisture 
equivalent tests. 

Procedures for these determinations! and for the 
surveying and sampling of soils? have been published 
by the American Association of State Highway Officials. 

The groups into which subgrade soils have been 
tentatively arranged, are described briefly as follows: 

Group A-1.—Well-graded material, coarse and fine; 
excellent binder. Highly stable under wheel loads 
irrespective of moisture conditions. Excellent surface 
course; excellent base course, provided plasticity index 
is not greater than 6; excellent subgrade for pavements 
of both flexible and rigid types; excellent fill material. 

Group A-2.—Coarse and fine materials, improper 
grading or inferior binder. Highly stable when damp. 
Friable varieties become loose and dusty in long- 
continued dry weather. Plastic varieties likely to 
soften at high water content caused either by rains or 
by capillary rise from saturated lower strata when an 
impervious cover prevents evaporation from the top 
layer. Satisfactory subgrade for both flexible and 

1 Methods T-87, T-88, T-89, T-90, T-91, T-92, T-93, and T-99. Standard Speci- 
fications for Highway Materials and Methods of Sampling and Testing. American 
Association of State Highway Officials. Washington, D. C., 1935. 

4 Standard Method of Surveying and Sampling Soils for Use in Place as Subgrades 
for Highways. Method T-86, Standard Specifications for Highway Materials and 
Methods of Sampling and Testing. American Association of State Highway Offi- 
cials, Washington, D. C., 1935. 
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rigid pavements under well-drained conditions. Satis- 
factory fill material. 

Group A-8.—Coarse material only, no binder. 
Lacks stability under wheel loads, but is rarely affected 
by moisture conditions. Not likely to heave because 
of frost nor to shrink or expand in appreciable amount. 
Furnishes excellent support for flexible pavements of 
moderate thickness and for relatively thin rigid pave- 
ments. Excellent fill material if protected from 
erosion. 

Group A-4.—Silt soils without coarse materials and 
with no appreciable amount of sticky colloidal clay. 
Has a tendency to absorb water very readily in quanti- 
ties sufficient to cause rapid loss of stability even when 
not manipulated. When dry or damp, presents a 
firm riding surface which rebounds but very little upon 
the removal of load. May cause cracking in rigid 
pavements due to frost heave and failure in flexible 
pavements because of low supporting value. Not 
satisfactory for surface or base course. Generally 
satisfactory for subgrade or fill material under con- 
trolled conditions. 

Group A-5.—Similar to Group A-4, but furnishes 
highly elastic supporting surfaces with appreciable 
rebound upon removal of load even when dry. Elastic 
properties interfere with proper compaction of macad- 
ams during construction and with retention of good 
bond afterwards. 

Group A-6.—Clay soils without coarse material. 
In stiff or soft plastic state absorb water only if manip- 
ulated. May then change to liquid state and work 
up into the interstices of macadams or cause failure 
due to sliding in high fills. Furnish firm support 
essential in properly compacting macadams only at 
stiff consistency. Deformations occur slowly and 
removal of load causes very little rebound. Shrinkage 
properties combined with alternate wetting and drying 
under field conditions are likely to cause cracking in 
rigid pavements. 

Group A-7.—Similar to Group A-6, but at certain 
moisture contents deforms quickly under load and re- 
bounds appreciably on removal of loads, as do sub- 
grades of Group A-5. Alternate wetting and drying 
under field conditions leads to even more detrimental 
volume changes than in Group A-6 subgrades. May 
cause concrete pavements to crack before setting and 
to crack and fault afterwards. 

Group A-8.—Very soft peat and muck incapable of 
supporting a road surface without being previously 
compacted. 

The test data limits which identify soils of the differ- 
ent groups have been discussed elsewhere.* 

Subdivisions of Groups A-§, A-6, A-7, and A-8 —AI] 
varieties of Groups A-5, A-6, A-7, and A-8 are un- 
suitable for surface or base courses. Soils of these 
groups having liquid limits of 45 or less are suitable for 

3 Subgrade Soil Constants, their Significance and their Application in Practice, 
part II. A discussion of the Soil Constants and the Soil Identification Chart. C. A 
saokentogler, A. M. Wintermyer, E. A. Willis, PuBLIc Roaps, vol. 12, No. 4, June 
1931. 

, . 

SE ES LS eS 

| 

1 

3 
) 

| 
| 
| 



August 1938 POG TG an OAD ss 113 

subgrade and fill material under controlled conditions. 
Soils of these groups having liquid limits greater than 
45, but not greater than 65, are poor materials for sub- 
grades or fills and should be used only under rigidly 
controlled conditions of moisture content and compac- 
tion. Soils of these groups having liquid limits greater 
than 65 are unsuitable for subgrade and fill construction. 

STABILIZED ROAD SURFACE AND BASE COURSES 

Thousands of miles of “‘stabilized”’ road surface and 
base courses have been built in the United States with 
results which justify the continuance of this type of 
construction. 

The methods of soil stabilization utilized depend on 
the materials locally available. In some locations, 
such as the southeastern part of the United States, 
nature provided deposits of sand-clay and top soil 
having the grading and character required in the best 
of soil roads or base courses. 

In other locations, binder soils and aggregates are 
available for producing mixtures having the properties 
of the best naturally good soils. At times materials 
are available for the gradations required in roads, but 
the binder soil may be of inferior quality. Finally, 
there are locations where there is a deficiency of the 
ageregate required for properly graded mixtures. 

Studies of the best natural road soils have indicated 
that the design requirements of stable soil mixtures 
should include the following: 

1. The aggregate should be hard and durable enough 
to resist weathering, traffic abrasion, and crushing. 
Sound, tough particles or fragments of gravel, stone, 
slag, or combinations of them, crushed to the proper 
size, should prove suitable. Certain types of shales 
and similar materials that break and weather rapidly 
when alternately frozen and thawed, or wetted and 
dried, should not be used. 

2. The binder material of the soil, known as fines, 
should be of a character such as to provide graded 
mixtures with the proper balance of capillarity and 
adhesion without risk of detrimental volume change. 
It is particularly essential that the fines do not swell 
enough in the presence of moisture to cause the clay 
to become a lubricant instead of a binder. 

3. When local materials are available for the proper 
proportioning of aggregate and binder soil, but the 
natural clay does not have the binder value required in 
highly stable road surfaces, a number of admixtures may 
be used singly or in some combination. There are, 
first, the chemical salts, caletum chloride, sodium 
chloride, and magnesium chloride; and second, the waste 
products of industry, such as sulfite liquor from the 
manufacture of wood pulp, sucrate liquor from the 
molasses industry, and huge accumulations of waste 
sizes of the mineral aggregate industry. 

4. When only fine or poorly graded materials are 
available, the asphaltic, tar, and portland cement 
binders may be utilized to provide stable base courses to 
be covered with bituminous surfacings. In isolated 
cases, clay soils have been heated to high temperatures 
by specially constructed furnaces which are moved 
slowly over the locations to be improved. 

GRADED SOIL MIXTURES 

The suitability of graded mixtures has been de- 
termined by means of sieve analysis of the aggregate 
retained on the No. 10 sieve, combined sieve and 
hydrometer analysis (Method T-88, A. A. S. H. O.) of 

the fraction passing the No. 10 sieve, and the plasticity 
tests (Methods T-—89, T—90, T-91, A. A. S. H. O.) per- 
formed on the fraction of the material passing the No. 
40 sieve, an effort being made to combine materials in 
such quantities that the resulting mixture will conform 
to the requirements of stabilized road surfaces or bases. 

Specifications proposed to the American Association 
of State Highway Officials for both surface and base 
course materials contain essential requirements as 
follows: 

1. Surface course. 

Type A—Sand-clay mortar. 
Passing— Percentage by weight 

eT aK USN ee ee $8. a be, 100 
Nore OCSiey Gitar = em dar oe eer ae bs eee Sea Pe 65-100 

The material passing the No. 10 sieve should have 
eradings as follows: 

Passing— Percentage by weight 

INO. LOWSIC Ves See ot ee ey Pee eke 100 
INOSG2 086 Verena eee ee ee ees ae 55-90 
INOS 4 OSSICV Cree ees Be ere EE oles Be 35-70 
NOR 2 OORSIGN Cae ee aes Soi Better he 8-25 

Type B.—Coarse graded aggregate. 

Passing— Percentage by weight 

=i GD SIGY 6 se ee ee ee ee 100 
SHATINCHSGIC VC eee: eee ee ee ea tae oe PU ee 85-100 
SE-INCN SIGVCLaae aa ewok. Soh cee ee 65-100 
INOX-ASSIGV Gas Coenen ee ee a ee ee 55-85 
INOZ-LOISIEVeS aoe et eee She ee eee eee 40-70 
INOMAOSSIG Ves cake pe ne ree re een eee Ee eae AS 25-45 
NOs 2OORSTC Vc eee nate aren ree ae tg ree oe eee 10-25 

Type C.—Crusher run materials. 

Passing— Percendage by weight 

Sin ChYSICV. Came ee ee te a eo ae = 100 
ING er STG WiC me ies es ort as ee ee Ieee 70-100 
INO LO:sieVers sae ee ae ES x Se 35-80 
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INfey OARMMHtcRieies Die | Boeke Ee Se ee 8-25 

The fractions of surface course materials, A, B, and 
C, passing the No. 200 sieve should be less than % of 
the fraction passing the No. 40 sieve. The fraction 
passing the No. 40 sieve should have a liquid limit not 
greater than 35 and a plasticity index not less than 4 
nor more than 9. 
2. Base course. 

Type A.—Sand-clay. 

Passing— Percentage by weight 

INO mL Olsie Ve sae SS eee Soe eo ee 100 
ING a2 ORSIGV. Gs See eg ee ee 55-90 
INGA OPSICN Gee coe ee ee ee 35-70 
INO 20 0USIC Vee” o2 Sen ae re ne ee 8-25 

Types B-1 and B-2.—Coarse graded aggregate. 
(See table 1.) 

TABLE 1.—Grading of base course aggregates, types B-1 and B-2 

ean fel 
ne l-ine 2-ine 

Passing— maximum | maximum 
size size 

Percent } Percent } 
SUN CD S1OV 0 sae ee ee ee re ee eee ee se. Ao SSS 100 
L36-inchy'Si¢ ve a> te eae Se ee ne ee ee Sen eee 70-100 
AZIM CH SIO VG ees eee ae ee ee 100 55- 85 
37-inch Sieve a oaee ee ee ee ee ee 70-100 50- 80 
36-inch SIG VOR ste es a ae ee eee eee eh ook 50- 80 40- 70 
WRU. cio: eels Ran he Spe Be el ape oh aa ee 35- 65 30- 60 
INO: LOisioveren seers Rte eee eee eS ee wets 25-— 50 20- 50 

IN(O%. 40 SIO Vie ha Oe ee = VES eee ee te eee ne 15- 30 10- 30 
Nos 200 Sle Ge ee ne te ee eee ee ee. SES 5- 15 §- 15 

1 By weight. 
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The fraction of base course materials, A, B, and G; 
passing the No. 200 mesh sieve should be less than ¥4 of 
the fraction passing the No. 40 sieve. The fracign 
passing the No. 40 sieve should have a liquid limit not 
greater than 25 and a plasticity index not greater than 6. 

Type C—Crusher-run materials. 
P assing—— Percentage by weight 

SIN CHISIC Vem: pee Bieta ne eee oe 100 
No. ESTE VG eae epee hea ba, Ee eee eee 70-100 
INO OSI6Ves Seen ee eo eee ee eee 35- 80 
NOP AO SIGVies ane See ee Se ee oe eee 25- 50 
INO 200 sieves ee re See eee eee 8-— 25 

STANDARD METHOD OF TEST FOR DENSITY OF SOIL 

In stabilizing fine grained soils with an adhesive 
binder such as portland cement or bituminous material, 
it is necessary to compact them to high density. This 
is best accomplished at a definite moisture content, 
known as the optimum, for each mixture. The test 
used to determine the optimum moisture content is 
known as the density test * and is described as follows: 

1. Apparatus.—The apparatus shall consist of the 
following: A cylindrical metal mold, known as the 
density or Proctor cylinder, approximately 4 inches in 
diameter and 4} inches in height and having a capacity 
of ' cubic foot. This mold is fitted with a detachable 
base plate and a removable extension approximately 
2% inches in height. 

A metal tamper having a striking face 2 inches in 
diameter and weighing 5% pounds. 

A steel str aightedge 12 inches long. 
A scale of 25-pound capacity sensitive to Yoo of a 

pound. 
A 100-gram capacity balance sensitive to %o gram. 
A suitable drying oven.- 
Miscellaneous equipment including porcelain dishes 

for moisture determinations, beakers, etc. 
2. Sample-—A 6-pound sample, air dried to slightly 

damp condition, shall be taken from a portion of the 
material passing the No. 4 sieve. 

3. Procedure.—The sample is thoroughly mixed and 
compacted in the cylinder in 3 equal layers, each layer 
receiving 25 blows from the tamper which is dropped 
from a height of 1 foot above the soil. The soil is then 
struck off to the level of the cylinder and the weight 
determined. A small sample of the compacted soil is 
oven dried to determine the moisture content. The soil 
is removed from the cylinder and broken up until it will 
pass a No. 4 sieve, water is added, and the above pro- 
cedure is repeated. This series of determinations is 
continued until the soil becomes very wet and there is a 
rs decrease in the wet weight of the compacted 
soil. 

Calculations.—The moistures shall be computed 
by means of the following formula: 

weight of water 

Ww eight of oven dried Solna 00 

The dry weight shall be computed by means of the 
following formula: 

Percent moisture= 

wet weight in pounds per cubic foot D 7 TQ] oht—= 
1 Ty Wels percent of moisture+ 100 

x 100 

The results of the compaction test, corrected for 
weight of moisture and expressed as pounds of dry soil 
per cubic foot, are plotted against their respective 

4 Stabilized Soil Roads. C. A. Hogentogler and E. A. Willis, PUBLIC ROADS vol., 
17, No. 3, May 1936. 

moisture contents and a smooth curve drawn through 
the resulting points. The peak of the curve represents 
the maximum density for the given material under the 
above compaction. The percentage of water at which 
maximum density is attained is termed the optimum 
moisture content. 

NS 
TUIRE PTCONTENT = 165%) 

Ey 
MAXIMUM DENSITY =]I1.8 
POUNDS PER CUBIC!FOOT 

: ES 

1122 eat 

22 

Base Gi 
See 

OPTIMUM MO 

4 

MOISTURE CONTENT-PER CENT 
OF DRY WEIGHT OF SOIL 
Ee eS 

(eel eene 
102 104 106 108 

WEIGHT OF aa oot ae 
POUNDS PER CUBIC FOOT 

MotsturE-DENsITY CurvE SHOWING TyPicaAL RESULT OF SOIL 
Density TEST. 

4 

STABILIZATION WITH PORTLAND CEMENT 

Soils.—The soils for this work consist of the material 
in the subgrade within the lines, grades, and cross 
sections indicated on the plans, except as otherwise 
designated by the engineer. 
tested in accordance with the requirements of the A. A. 
S. H. O. methods T—86 to T—94, inclusive. Soils having 
characteristics which will make pulverization and mix- 
ing with cement extremely difficult are removed and 
replaced with suitable soil obtained from borrow pits 
shown on the plans. 

Design of soil and cement miature.—The percentage of 
cement as based on compacted dry soil volume is deter- 
mined by mixing the soil and cement in several arbi- 
trarily chosen proportions (4.6 and 8 percent cement 
have been found satisfactory for most soil types). 

The optimum moisture content and maximum den- 
sity for each mixture are found by means of the Standard 
Method of Test for Density of Soil. When the opti- 
mum moisture content for each mixture has been found, 
4 specimens of each mixture are prepared in the Pr octor 
cylinder. Two of the specimens are subjected to 
alternate wetting and drying and 2 to alternate freezing 
and thawing. 

One cycle of wetting and drying consists of 8 hours 
wetting by immersion at room temperature, 15 hours 
drying at 300° F. and 1 hour cooling at room tempera- 
ture. 

One cycle of freezing and thawing consists of 8 hours 
wetting by immersion at room temperature; 16 hours 
freezing at 20° F. (or lower); 8 hours thawing at room 
temperature; 15 hours drying at 300° F.; and 1 hour 
cooling at room temperature. 

After each cycle of wetting and drying or freezing and 
thawing, one specimen is brushed with a wire brush to 

Soils are sampled and ~ 

<i a eae 

Rom 7) 
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remove visible loose particles, and the other is left 
undisturbed. 

The weight and dimensions of all the specimens are 
recorded after each cycle. The volume change of each 
specimen is calculated and recorded. A loss of 50 per- 
cent by volume of any specimen is considered as the 
point of failure. Failure in less than 15 cycles of 
wetting and drying and less than 10 cycles of freezing 
and thawing is considered as the standard for the elimi- 
nation of any soil-cement mixture for use in base 
course construction. 

The moisture-compaction curve for the cement-soil 
mixture chosen is used in obtaining the required mois- 
ture and compaction during construction. 

STABILIZATION WITH BITUMINOUS BINDERS 

Bituminous materials used in the stabilization of 
fine-grained or poorly graded soils for use in road bases 
may be arranged in 3 groups as follows: (1) emulsions, 
(2) tars, and (3) road oils and cut-backs. 

Soil-emulsion mixtures. —Absorption and_ stability 
tests have been largely used in determining the proper 
amount of bituminous emulsion to be used in the stabil- 
ization of fine grained soils.° 

Preparation of samples.—Samples of soil as received 
from the field are dried, broken up and passed through a 
¥-inch screen. The material passing is quartered and 
plastic limit, liquid limit, and particle size determina- 
tions are made. Mixes are made using various arbi- 
trary percentages of emulsion. The soil is mixed with 
diluted stabilizer, or first with water and then with 
stabilizer, until the asphalt is uniformly distributed 
and the mass is at a consistency between the plastic 
and liquid limits. 

The mixed soil is allowed to dry to a stiff molding 
consistency and is tamped into 2-inch metal molds 
4 inches long. After further drying, but while still 
slightly damp, it is compressed, usually under a load of 
1,000 pounds per square inch, and is then pressed out 
of the mold and placed in a drying oven or cabinet and 
maintained at about 140°F. until at a constant weight. 
Mixing may be done by hand or with any suitable 
equipment and the details of the tamping and compact- 
ing methods are unimportant because the ultimate 
compaction and density are obtained by shrinkage 
during the drying operation. 

Absorption test—The specimens prepared and dried 
are then ready for the capillarity absorption test. 

The absorption test is made in a closed cabinet con- 
taining pans filled first with a layer of standard Ottawa 
sand and then a layer of diatomaceous earth covered 
with blotting paper, with water-feeding apparatus 
which keeps the water level exactly at the under side 
of the blotting paper. 

Although the humidity within the cabiet remains 
very high due to the continuous evaporation of water, 
the individual specimens are wrapped in cellophane on 
the sides and covered on top with foil or shallow 
aluminum cups slightly larger mm diameter than the 
specimen. This prevents the escape of any water 
taken up by capillarity, and is believed to approximate 
the exposure of any 2-inch cylindrical portion of stabil- 
ized soil in a base where it is exposed to water at the 
under side, where evaporation is prevented by the 
surrounding stabilized soil, and where surface evapora- 
tion is restrained by surfacing. 

5 Soil Stabilization with Emulsified Asphalt. C.L. McKesson. Proceedings Fif- 
teenth Annual Meeting of the Highway Research Board, December 1935. 

Specimens are usually removed for daily weighings 
and the period of test may be 7 to 90 days. It will be 
found that the absorption decreases rapidly after the 
first day because the capillarity of stabilized soil is 
very low. 

Great care must be observed in removing specimens 
from the blotter to prevent loss of weight in the speci- 
men due to portions adhering to the blotter. This is 
particularly true in the untreated specimens which take 
up water quickly and become soft and noncohesive. 
Any portion of the specimen remaining on the blotter 
must be removed and replaced on the bottom of the 
specimen before each weighing. The necessity for 
doing this can be avoided by placing a disk of satur- 
ated filter paper under the specimen when it is first 
placed on the blotter and then weighing the specimen 
with the filter paper each time. The weight of the 
saturated filter paper is, of course, added to the initial 
weight of the dry specimen, which weight also includes 
the cellophane wrapper and the cover. 

The stability test apparatus consists of a heavy steel 
cylinder 21, inches in inside diameter and 4 inches or 
more high. It is provided with a tool-steel orifice plate 
at the bottom, the orifice having an area of exactly 1 
square inch and beveled downward from the cutting 
edge. A plunger 2 inches in diameter and a support- 
ing frame complete the apparatus. 

To make the test the specimen is placed in the cylin- 
der with the orifice plugged. The equipment is placed 
in a compression machine and a total load of approxi- 
mately 3,000 pounds is applied to press the specimen 
down into contact with the sides of the cylinder and the 
orifice plate. The plug is then removed, marks are 
made at \-inch intervals on the plunger and the load 
applied at a rate sufficient to move the plunger inch 
per minute. The load is read as each }s-inch Shor is 
reached, and consequently at the completion of the 
extrusion of each %-inch stratum. 

The maximum load applied in making the stability 
test should usually be about 25,000 pounds (approxi- 
mately 8,000 pounds per square inch), but if desired 
this may be increased to about 40,000 as the apparatus 
is designed to withstand this total load. ‘The test is 
intended to measure resistance to displacement by plas- 
tic flow, and a specimen which resists displacement 
under a load of 8,000 pounds per square inch is virtually 
a solid and may be so regarded. Test values beyond 
this limit are not usually significant as an index of 
plasticity. 

Soil-tar mixtures.—Tests for determing the amounts 
of tar to be used for stabilizing the various types of soil 
are as yet in a state of development, the most mmportant 
source of information of this kind being now furnished 
by studies of experimental road sections. The density 
tests are largely used for determining the amount of 
water required in such mixtures. 

Road oil and cutbacks.—The amounts of asphaltic oils 
and cutbacks required to stabilize soils for use in base 
courses have been determined chiefly from considerable 
mileages of experimental roads constructed mainly in 
Missouri. 

HIGHWAY EMBANKMENTS 

Specifications proposed to the American Association 
of State Highway Officials for embankment soils con- 
tain essential requirements as follows: 

Condition 1.—Fills not exceeding 10 feet in height 
which are not to be placed on steep sloping foundations, 
and which are not subject to long periods of inundation. 
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Liquid limit, not greater than 65. 
For soil with liquid limits less than 65, the plasticity 

index should be not less than that determined by the 
formula 0.6 liquid lmit—9.0. 

The soils are rated as to maximum dry weights in 
table 2. . 

TABLE 2.—Soils rated as to maximum dry weights for condition 1 

Minimum 
field com- 

: tion 
Approximate seeks 

Maximum dry weight Bureau of : ETS 
(b/cubie foot) Public Roads Rating Se . 

classification oe ten 

mum dry 
weight 

Percent 
So Orland pelo was == eee _| A-5, A-8 Wasa tisiactor yes =e |e eee 
90:0 99°50. 5 ae A-5, A-8 95 

100.0-109.9_ _______ A-6, A-7 95 
POO SV1O 10 eee ee ee ee A-4 90 
120. 0120/05) ee ee ee ee A-3, A-2 90 
130.0 and above-__-- Ee Ane Gs A-l 90 

Condition 2—Fills exceeding 10 feet in height, or 
which may be placed on steep sloping foundations, or 
which are subject to periods of mundation. 

Liquid limit, not greater than 50. 
The soils are rated as to dry weights in table 3. 

TaBLE 3.—Soils rated as to maximum dry weights for condition 2 

Minimum 
field com- 

; tion 
Approximate aha 

Maximum dry weight Bureau of Pevga eae 
(b/cubie foot) Public Roads 8 nercontage 

classification Oi aieree 

mum dry 
weight 

; Percent 
09.9:and belo Waes22-—- nee A-5, A-8 (UMSatSia Chon yaaa seen eee eee 

LO0L0=100-02 2 ae eee A-6, A-7 Very, DOT: sone 100 
TOL OSLO) Gass eee het eee A-4 P OOK ESS was wees Ce 95 
12020212919. = Soe a ee A-3, A-2 aire alee see nee 90 
BURN Gal OO Cee oe eee A-1 Goods 2 Om eed 90 

ESSENTIAL FEATURES OF CONSTRUCTION 

Subgrades. It has been found economical to separate 
different classes of materials excavated in grading opera- 
tions and replace them in the constructed fills in such 
way that the better materials will be placed next to the 
pavement. ‘This has been found beneficial for reducing 
the destructive effects of frost heave in silty soils and 
the volume change of clay soils. 

One of the most successful methods used for over- 
coming the detrimental heaving due to frost prevalent 
in the northern part of the United States consists of 
replacing the material which heaves with selected 
granular materials. Very fine sands and silts charac- 
terized by a lack of cohesion and high water-holding 
capacity should be replaced generally with the better 
soils. Such soils are easily identified by visual inspec- 
tion during the subgrade survey. During the grading 
operations, the silty soils have been excavated for a 
depth of as much as 3 feet and the selected material, 
usually locally available, has been compacted in their 
place. It has been found necessary to provide proper 
drainage so that the replaced material does not become 
saturated. 

Several of the States require soils of the A-5, A-6, A—7 
and A-8 subgrade groups, which have been found to be 

inferior materials for the construction of fills and sub- 
erades, to be covered when used as subgrades with 
better soils. Usually a minimum depth of 1 foot has 
been required and in many cases, 18 inches to 2 feet. 

In some cases plastic soils used for subgrades have 
been compacted at a controlled moisture content prior 
to the construction of the surface. 

CONSTRUCTION OF STABILIZED ROADS AND BASES WITH 
GRADED MIXTURES 

The essential construction features have to do with 
the proper mixing of materials, compaction and, in the 
case of bituminous admixtures, control of moisture 
content. By road mixing methods, it has been found 
possible to furnish graded mixtures with a uniformity 
such that the variation in the plasticity index of the 
finished road does not exceed 3. It is possible that the 
same degree of uniformity can be obtained, especially 
in the more plastic soils, by plant-mixing methods at 
little or no extra cost. Mixing on the road is facili- 
tated by having the materiaJs dry. It seems that ade- 
quate compaction can be attained in chemically treated 
mixtures with 8 to 12 percent moisture content. 

The density of road surfaces can be expected to in- 
crease under traffic after construction. In bases an 
effort should be made to obtain a high degree of com- 
paction during construction if the tops are to be ap- 
plied soon afterward. It seems that the dry weight per 
cubic foot of the compacted materials should be at 
least 180 pounds before the application of the bitumi- 
nous surface treatment. 
When a highway is built on a new location, a suffi- 

ciently wide roadbed or subgrade is first constructed, 
using available materials. Loose, sandy subgrades 
should be improved by the addition of soil binder; 
soft, unstable subgrades should be improved by the 
addition of granular material. The added material 
should be thoroughly mixed into the subgrade by har- 
rowing or blading, after which the subgrade is brought to 
true alinement and grade by blading and rolling. Ex- 
cess subgrade material that is suitable for use as binder 
for the wearing course can be bladed to the shoulders of 
the road and left in windrows during the preparation of 
the subgrade. 
When an existing highway is improved, material is 

added or taken away to obtain the desired width, grade, 
and alinement. Soil binder or granular material is 
added in sufficient amount to obtain a stable mixture, 
and is thoroughly mixed into the subgrade by harrow- 
ing or blading. 

There are two methods for obtaining the desired 
mixture—plant mixing and road mixing. 

Plant mizing.—The essential requirements for plant 
mixing are a source of satisfactory binder in close proxi- 
imity to the supply of coarse aggregate to be used; 
means for drying and pulverizing the binder; apparatus 
for measuring the quantities of binder and aggregate 
to obtain the proper proportions; and equipment for 
thorough mixing of the combined materials. 
An ideal location for a mixing plant is one near a 

place where the overburden consists of a clay soil having 
satisfactory binder properties. This overburden may be 
stripped and stockpiled in windrows so that it will dry 
sufficiently to be pulverized undera roller. The clay 
should then be combined with an aggregate of proper 
grading in such proportions that the resulting mixture 
will conform to the specifications. Thorough mixing 
should be provided by means of a pugmill or rotary-type 
mixer. 
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In some plant mixes, bank-run gravel and the existing 
overburden have been used and the drying and pul- 
verizing steps have been eliminated by passing the 
combined materials through a rotary screen or over a 
grill to remove oversize material, 

The mixture is hauled to the road, spread, sprinkled, 
shaped, and rolled. The principal advantage of the 
plant-mix method is that it effects a thorough mixing 
of the binder and aggregate. 

Road mixing.—The necessary equipment for mixing 
materials on the road includes tractor-drawn or self- 
propelled blade graders, scarifiers, harrows, and other 
apparatus for mixing, moistening , spreading, and com- 
pacting the base- and we earing-course materials, 

Scarifiers may either be mounted on special four- 
wheel vehicles or may be attached to the roller. Disk 
harrows should be so designed that unintended cutting 
into the subgrade can be avoided. Either the spring- 
or spike-tooth harrows, that assure positive control of 
the depth to which the teeth will penetrate, are satis- 
factory. For mixing and shaping, power-drawn blade 
graders with a wheelbase of not less than 16 feet are 
satisfactory. 

A SpRING- PO6ee Harrow WuHuicu beers Bosaren CoNTROL 
OF THE DrpTH OF PENETRATION OF THE TEETH. 

The surfaces of existing roads should be scarified 
deep enough to eliminate all irregularities of the surface 
and to permit reshaping to grade. After the loosened 
material is shaped to grade, the surface should be scari- 
fied to a uniform depth. New material, if required, 
should be spread on the loosened surface in amount 
sufficient to furnish a compacted layer of approxi- 
mately 3 inches. If greater surface thickness is desired, 
additional layers should be constructed. 

The material should be mixed, until uniform through- 
out, by means of harrowing and turning with blade 
graders. The water required to obtain the proper 
moisture content in the wearing course should then 
be supplied in the following manner: The dry mixture 
of binder and gravel should first be bladed’ onto the 
shoulders of the road. The exposed base should then 
be moistened uniformly using a suitable sprinkler, 
and approximately one-fourth of the material from the 
shoulder windrows should then be bladed immediately 
onto the moistened base. The newly distributed road 
material should then be similarly moistened and covered 
as before with one-fourth of the original windrowed 
mixture, and similar operations repeated until the last 
fourth of the dry mixture has been placed. 

A Pneumatic-TirrED RoLuER Especiatny Drvyisep To Con- 
SOLIDATE STABILIZED Sort SURFACES. 

Any means of applying adequate load, whether it 
be a flat-wheeled roller, a crawler-type tractor, truck 
graders, other trucks, or any vehicular traffic, will 
assist in the compacting of graded mixtures. After 
shaping and initial compacting are completed, the road 
should finally be thoroughly dampened and again 
compacted. 

During the period of final compaction, loose material 
should be kept distributed over the road surface by 
means of a road drag or blade grader. The amount of 
crown maintained by blading operations should be 
sufficient to provide for the rapid run-off of rain and 
prevent the formation of pools of water on the road 
surface. Pitting of the surface is an indication that the 
crown is too slight. 

Chemical admiatures—In plant mixing, calcium 
chloride is generally added to the mixture at the plant. 
In road mixing, calcium chloride is applied in the fol- 
lowing manner: 

After the new and old soil materials have been spread 
over the prepared base in sufficient thickness, they 
should be covered uniformly with flake calcium chlor- 
ide in the amount of ¢ pound per square yard per inch 
of thickness, with a maximum of 2 pounds per square 
yard. The ‘spreaders should be capable of spreading 
the chemical uniformly and in the desired quantities. 
The calcium chloride is then thoroughly worked mto 
the soil by harrowing and blading until the surfacing 
material is uniform throughout. Sprinkling and shap- 
ing into a finished surface is then accomplished in the 
same manner as in the case of the untreated roads al- 
ready described. 

Calcium chloride should not be applied during peri- 
ae of cold, wet weather. The most favorable time for 

surface application of calcium chloride is during the 
ee period just following a rain, after the surface 
has been bladed to proper smoothness. The moisture 
in the road at that time hastens solution and penetra- 
tion. In the absence of rain, application in_ the early 
hours of the day, when the air has high relative hu- 
midity, is very desirable. Calcium chloride applied 
just prior to a rain will probably be washed off the road 
and consequently afford little or no benefit. When 
blading of the caletum-chloride treated road is required, 
it should be done after rains or commenced near the 
end of arain. At other times, the surfaces may be too 
hard. For patching holes an ‘admixture of 100 to 150 
pounds of calcium chloride per cubic yard of graded soil 
is recommended. 

Need for extensive patching of stabilized soil surfaces 
during dry weather can be minimized or eliminated by 
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periodic maintenance with light applications of caleium 
chloride during the dry season. 

In the use of calcium chloride as a dust palliative, it 
has long been known that this material remains effec- 
tive for much Jonger periods in gravel having a clay 
binder than in gravel having a sandy filler. It has also 
been apparent ‘that the presence of loose gravel tends 
to shorten the useful life of a treatment. The inter- 
mittent movement of such loose gravel by traffic and 
maintenance operations exposes new surfaces to the air 
and promotes evaporation. 

Sodium chloride may be added at the plant for a 
plant-mix or to the mixture on the road for a road-mix. 
Rock salt has been used most generally, but any com- 
mercial type of pure salt or salt brine is satisfactory. 
The coarser grades of rock salt are well adapted for 
stabilization, as they remain free-flowing and can be 
more uniformly spread than the finer gradations, which 
will absorb mositure and cake when. stockpiled along 
the road. The salt should contain not less than 98 per- 
cent of pure sodium chloride. 
When sodium chloride is applied in the form of brine, 

any gradations of the salt may be used, since the condi- 
tion of the salt before it is dissolved is unimportant. 
The stabilized mixture will] remain plastic Jonger if all 
of the salt has been dissolved, thus permitting rolling 
and compacting to be continued over a long period of 
time with the possibility of attaining greater ultimate 
compaction. There should be enough water to moisten 
the soil somewhat above the plastic limit. 

Water is usually added by means of pressure distribu- 
tors, sprinkler wagons, or gravity tank trucks. It is 
preferable to make several trips over the section under 
construction, sprinkling lightly on each trip. This 
gives the moisture a chance to penetrate sufficiently 
and does not create a sloppy condition on the surface. 
The amount of salt used varies somewhat in the different 
States. The usual amount is about 2 pounds per 
square yard per 38-inch thickness of road constructed. 

During prolonged dry periods, the fine aggregate may 
wear off of a sodium chloride treated surface, Jeaving 
the larger aggregate particles protruding. This condi- 
tion can be corrected by covering the surface to a depth 
of about %-inch with properly proportioned soil mix- 
tures containing about 100 pounds of sodium chloride 
per cubic yard. When damp the mixture makes a 
satisfactory bond with the worn surface without scari- 
fication. 

Tf, during periods of rainfall, the top eighth or quarter 
of an inch of stabilized roads becomes plastic, crushed 
aggregate should be added to the surface in amounts of 
about 50 to 70 tons per mile. This aggregate should 
have a maximum size of about 44-inch and should be 
free from dust and sand. The material should be 
spread over the surface and kept uniformly distributed 
as Jong as the surface is wet. The thin surface layer of 
fine material acts as a cementing agent for the coarse 
ageregate that has been added. This results in a 
satisfactory driving surface, adds some additional 
thickness to the road, fills up any depressions that may 
Lee developed, and reduces the tendency for pot holes 
to form. 

CONSTRUCTION OF CEMENT STABILIZED BASES 

The construction of a cement stabilized base, recently 
developed experimentally in South Carolina, is sum- 
marized as follows: 

1. Pulverizing the soil—The soil on the road was 
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effectively scarified to the desired depth with a tooth- 
scarifier and then pulverized with a disk harrow assisted 
by a sheepsfoot roller where dry, hard lumps of soil were 
encountered. 

A Tractor-Drawn Disk Harrow. 

2. Spreading cement—The cement was spread by 
means of a sand spreader; which was attached to and 
pulled by loaded dump trucks containing a known 
quantity of loose cement. Considerable time was lost 
in spreading as each time a truck was emptied, it was 
necessary to unfasten the spreader and attach it to the 
next loaded truck. The moisture content of the soil 
should be below the optimum required for compacting, 
as high moisture contents cause the cement to form 
into balls. 

3. Mixing cement with dry soil—A disk harrow was 
first run slowly over the freshly spread cement in order 
to mix it partially with the loose soil.- The cement 
flowed into the furrows cut by the disks, and if the 
disks were allowed to cut below the depth to be treated, 
the cement would flow into the bottom of the furrows ~ 
and be lost, as the other mixing equipment would not 
cut into the hard subgrade. Mixing was completed by 
using a road machine and multiple-blade drag simulta- 
neously. The drag followed the road machine and 
mixed the roll of material turned up by the road 
machine blade. Mixing in this way was first performed 
on the edges and continued through the middle. Ap- 
proximately 12 trips of each machine were required for 
the dry mixing. 

Le Application of water—Water was applied with an 
asphalt distributor of 1,000 gallons capacity. This 
quantity of water was spread uniformly over the sur- 
face in one trip. The distributor was filled at each 
end of the section by feeder trucks. 

5. Mixing.— After each application of water the ma- 
terials were partially mixed with a 20-inch disk harrow 
pulled as rapidly as possible by a75-horsepower crawler- 
tread tractor. For most efficient mixing, it was found 
that the disk harrow should be operated at a high 
speed so that the disks would throw the material in- 
stead of merely cutting into it. On sections 6 inches 
thick, it was necessary to store approximately of 

— ie 

ne hg 

fet amet, 

a eal i ee a ee 



August 1938 PUBLIC ROADS RY 

the dry mixture on the shoulders and apply the mixing 
water to that remaining in the bottom layer, then bring 
in the stored material from the shoulders and mix water 
with it. In order to wet the mixture efficiently at the 
edges of the road, approximately 3 feet of the mixture 
near the edges was pulled toward the center of the road 
when the stored material was brought in from the 
shoulders. After the water had been mixed with this ma- 
terial, the mixture was spread back to the edges before 
compaction was started. The entire section was then 
loosened to the bottom with a disk harrow so that the 
sheepsfoot roller could begin compaction at the bottom. 

6. Compaction.—The sheepsfoot roller used for this 
operation was pulled by a tractor which was operated 
slowly for the first few trips so that the feet of the roller 
could penetrate the mix easily and compact the mate- 
rial from the bottom upwards. The roller was then 
operated at ahigher speed in order to obtain the benefit 
of dynamic forces in the compaction. It usually 
required about 3% hours for one roller to work itself 
to the surface of an 800-foot section of road. It was 
found that the moisture content of the soil below the 
treatment and of that on the shoulders must be at the 
optimum or below to obtain satisfactory compaction. 
The operation of the sheepsfoot roller on soft subgrades 
produces numerous fine cracks throughout the com- 
pacted surface. Usually about 1 inch of loose material 
remained on the surface when the sheepsfoot roller 
had compacted the mix as much as possible, and this 
loose material was shaped with a road machine to the 
correct cross section and rolled with loaded trucks. 

7. Finishing —The finishing operation consisted of 
blading the surface to the correct grade and cross section 
with a hand-operated road machine. This operation 
determined the riding quality of the section and was 
done by very skillful operators. This work was partly 
done during compaction and completed before the 
trucks had finished rolling the surface. It was found 
that the road machine blade would not cut the surface 
of the hardened base the day after it was constructed, 
and, therefore, it was necessary that the surface be 
finally shaped as soon as possible after compaction. 

CONSTRUCTION OF TAR STABILIZED BASE 

The construction of an experimental road in South 
Carolina in which coal tar was used as a stabilizing 
agent,® bas been described as follows: 

The soil in this project, practically all of which passed 
the No. 10 sieve, contained about 16 percent silt and 28 
percent clay (by elutriation). Other characteristics 
were approximately as follows: Liquid limit 28, plas- 
ticity index 13, field moisture equivalent 19, shrinkage 
limit 15, specific gravity 2.57, and volume change 23. 

The total amount of tar used was 3.73 gallons per 
square yard of base 6 inches in compacted thickness. 
Of this quantity of tar 1.48 gallons was 4 to 8 viscosity 
(Engler) and the remainder 26 to 36 viscosity (Engler). 
The lighter tar was applied and thoroughly mixed with 
the soil before the heavier tar was used. 

It was found that small lumps of clay soil did not 
cause trouble if the lumps were surrounded by material 
impervious to water and protected from traffic. 

It was noticed that soil mixed with low-viscosity tar 
alone repelled water so completely that rain for from 
2 to 9 days did not penetrate windrows of the mixture 
more than } inch. 

6 Soil Stabilization with Bituminous Materials in South Carolina, J. S. William- 
son, Convention Proceeding 1935-36 of the American Road Builders’ Association. 

Three different sections contained, respectively, 2.9 
percent, 7.5 percent, and 5.8 percent moisture when 
mixed with the low-viscosity tar. It was noticed that 
the section with 7.5 percent moisture had a “slightly 
erayish tinge’ during mixing rather than the ‘deep 
black cast”? that had been observed on the section 
containing 2.9 percent moisture. Furthermore, it 
appeared to be lean and dusted under traffic. It was 
thought that the differences in appearance and behavior 
of these two sections undoubtedly were due to the fact 
that the greater moisture content of the second section 
caused the tar to penetrate the soil, and particularly 
lumps of soil, more completely in that section. 

The equipment used on this project consisted of a disk 
harrow, tractors and blade graders, retread machine, 
pressure distributor, and trucks. 

Soon after this project was completed the heavier 
tar was applied to the surface at the rate of 0.26 gallon 
per square yard and covered with sand. No other 
cover has been applied since completion 2 years ago. 

CONSTRUCTION OF EMULSION STABILIZED BASE 

The construction of a soil surface with admixture of 
bituminous emulsion ’ has been described as follows: 

Laboratory studies indicated that the natural adobe 
clay soil could be stabilized to a depth of 3 inches with 
about 3 gallons of 55 percent emulsified asphalt. By 
adding 2 parts of quarry waste to 1 part of the clay, 
stabilization was accomplished with 1 gallon of emulsion 
per square yard, a saving after paying for the quarry 
waste of about 5 cents per square yard. The construc- 
tion methods were as follows: 

The quarry waste was uniformly spread on the clay 
subgrade to a loose depth of 1% inches and scarified 
into the natural clay. The loose mixture was 4% 
inches thick. The clay and quarry waste were well 
mixed by harrowing. 

The soil mixture was first dampened with about 2 
gallons per square yard of water and the water was 
mixed in by harrowing. The emulsified asphalt was 
then applied, after dilution with 4 parts of water. The 
diluted emulsified asphalt was applied in 6 applications. 
After the first application, the mixture was harrowed 
and the top inch and a half of the mixture was bladed 
to the sides. These operations were repeated after 
the next 2 applications. The soil mixture was then in 
2 windrows on the sides and was distributed back over 
the road in 3 spreads with application of dilute emulsion 
to-each. 

To obtain thorough mixing, the soil-emulsion mixture 
was again bladed into windrows, then brought back in 
thin layers, and finally shaped to the required cross 
section. The tractor used to pull the mixing -equip- 
ment had by this time fairly well compacted the 
road surface. 

One gallon of emulsion and 6.2 gallons of water were 
used per square yard, including the water used in the 
preliminary dampening operation. This completed 
the soil stabilization and there remained only the 
surface treating. 

The surface was then given an application of approxi- 
mately 4% gallon per square yard of the emulsion, 
diluted with an equal part of water and immediately 
covered with 40 pounds per square yard of % to 44-inch 
crushed stone. This was followed by rolling of the 
surface which embedded the crushed stone in the 

7New Developments in Asphalt.Construction, C. L. McKesson, Association of 
Highway Officials of the North Atlantic States, New York City, February 26, 1937 
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stabilized soil mixture. <A final application of 0.64 
gallon per square yard of undiluted emulsified asphalt 
was then spread and immediately followed with 15 
pounds per square yard of % inch to No. 10 sieve 
crushed stone, followed by brooming and rolling. 

STABILIZATION WITH CUTBACKS AND ASPHALTIC OILS 

An experimental stabilized road in Jackson County, 
Missouri, was compacted by traffic. Asphaltic mate- 
rials used as stabilizers were introduced at desired 
depths below the surface of the loose road mix by 
means of a specially constructed ‘‘sub-oiler.”* This 
device is essentially a tooth scarifier having an oil line 
attached to the back of each tooth and running nearly 
to its point. 

The theory underlying this procedure has been that 
as moisture evaporates from the overlying soil, the 
moisture films will be replaced by liquid asphalt. 
Roads consisting of heavy, sticky clay or gumbo types 
of soil became water resistant after treatment in this 
way and were unaffected by rains. 

Another method for incorporating the asphalt into 
the soil was tried in Missouri during 1935. The clay 
surface was scarified and the loosened material win- 
drowed and mixed with the desired percentage of 
bituminous material by means of a traveling mixing 
plant. 

Varying quantities of coarse aggregates were added to 
the soil to obtain information as to the physical and 
economical effects of the use of such materials. The 
conclusion reached was that percentages of aggregate 
may be varied to obtain economy dependent upon the 
relative costs of aggregate and bituminous materials, 
since the addition of material larger than the No. 40 
sleve permits a proportional decrease in oil. 

About 35 gallons of water per cubic yard of mixed 
material were added to facilitate mixing in the pug 
mixer. The sections that had time to dry prior to freez- 
ing carried traffic with little or no sign of distress, 
although there was some evidence of a sponginess or 
rubbery action indicating that future additional con- 
solidation would and should take place. 

SUMMARY 

The study of road subsoils has been utilized in the 
following ways in the United States: 

1. The subgrade survey and subgrade classification 
has been used in the location and design of highways 
and particularly in the prevention of (a) frost heaving 
and (6) excessive pavement breakage and faulting. 

2. The testing methods described have been employed 
in the design and construction of stabilized road sur- 
faces and base courses of (a) the graded type and (6) the 
fine-grained type in which an adhesive binder such as 
portland cement or bitumen has been used. 

3. The density tests as described have been used for 
the selection and control of construction of fills. 

4. Special investigations have been made for the 
solution of foundation problems. 

5. The problem of constructing stable bases for light 
bituminous surface treatment has been extensively in- 
vestigated by the State Highway Department of the 
State of Missouri. This work has included mechanical 
stabilization (clay-aggregate stabilization), portland 
cement, bituminous, and mixed bituminous and me- 
chanical stabilization. 

* Soil Stabilization Work in Jackson County, Missouri: Frank V. Gilmore: Roads 
and Streets, 68: 313-316, 1935. 

® Use of Cutbacks and Road Oils in Soil Stabilization, F. V. Reagel and R. C. 
ere Proceedings of 16th Annual Meeting Highway Research Board, vol. 16, 
p. 359, 1936. 
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(a) It is indicated that all the methods employed 
may be successful but the relative economy of various 
methods depends on local conditions associated with 
the project. Mechanical stabilization assumes the 
availability of an ample aggregate supply. Economy 
limits cement stabilization to soil types requiring a rela- 
tively small amount of cement. In other cases, bitu- 
minous treatments will generally prove more econom- 
ical and adaptable. 

(b) In -bituminous stabilization three methods of 
treatment—machine mixing, sub-oiling, and road- 
mixing—have all been successfully employed. The 
sections of road-mixed material are of too recent date to 
be fairly compared with the other sections, but the 
results obtained so far give no indications of inferiority. 

(c) Machine mixing as carried on in Missouri pro- 
duced complete diffusion of the treatment. The 
presence of fine material in the mix promoted the forma- 
tion of a clay emulsion as indicated by the appearance 
and action of the material discharged by the pug mixer. 
Tar-treated material in particular instances has not 
shown any such action but diffusion and coating have 
appeared complete. 

(2) Asphalt emulsions because of their ability to dif 
fuse through the roadbed materials worked to best 
advantage in conjunction with the sub-oiling operation. 
However, cheap road oils of the slow curing grades 
were successfully used when dispersed by supple- 
mentary blade mixing after the application of oil by 
means of the sub-oiler. 

(e) The necessary quantity of portland cement for 
use is apparently easily determined by use of the 
Proctor density tests in combination with durability 
tests consisting of freezing and thawing and alternate 
wetting and drying tests. 

(f) In the case of bituminous treatments there is 
apparently a rather flexible range of quantity of treating 
agents which may be successfully used. This quantity 
ranges from approximately 6 to.10 percent by weight of 
the soil fraction. As judged by the behavior, mixtures 
near the upper limits of the range mentioned appear to 
be more critical than those near the lower limits, no 
radical failures being noted in sections approaching 
excessive leanness whereas an excess of bitumen has 
immediately produced plasticity and loss of stability. 

(g) Under the conditions used, and based on the 
length of service thus far observed, no appreciable 
difference has been noted in the stability produced, or 
the durability obtained, with the various bituminous 
agents used. Unless additional length of exposure 
develops differences in durability or behavior, economy 
in cost of treating agents will probably be the governing 
factor in selection. 

(h) One of the results of planning and carrying out the 
research projects is the conclusion which immediately 
becomes apparent, that there is little or no fundamental 
information available on which to base thickness design. 
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light from each type of pavement tested both in a wet 
and a dry condition. 

Attention is called to the fact that the wetting of the 
surface of the bituminous macadam and the open-type 
asphaltic concrete has little effect upon glare. This is 
borne out by driving experience over these types of 
surfacings. On the contrary, smooth and fine sandpaper- 
textured surfaces show a greatly increased glare when 
wet. Such surfaces, when wet, are covered with a film of 
water which becomes the reflecting surface, while the ir- 
regular surfaces, having pits or indentations 4 inch or 
more in depth, break up the water film. Itis thus appar- 
ent that the relative glare from wet surfaces is in the main 
a function of the texture of the surface, and the least glare 
is given by those surfaces which are so deeply indented 
that the water will drain off with sufficient rapidity to 
prevent the flooding of the entire surface and the forma- 
tion of a water film which acts as a mirror in reflecting 
the lights of oncoming vehicles. 
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PUBLICATIONS of the BUREAU OF PUBLIC ROADS 

Any of the following publications may be purchased from 

the Superintendent of Documents, Government Printing Office, 

Washington, D. C. As his office is not connected with the 

Department and as the Department does not sell publications, 

please send no remittance to the United States Department of 

Agriculture. 

ANNUAL REPORTS 

Report of the Chief of the Bureau of Public Roads, 1931. 
10 cents. 

Report of the Chief of the Bureau of Public Roads, 1933. 
5 cents. 

Report of the Chief of the Bureau of Public Roads, 1934. 
10 cents. 

Report of the Chief of the Bureau of Public Roads, 1935. 
5 cents. 

Report of the Chief of the Bureau of Public Roads, 1936. 
10 cents. 

Report of the Chief of the Bureau of Public Roads, 1937. 
10 cents. 

HOUSE DOCUMENT NO. 462 

Part |. . . Nonuniformity of State Motor-Vehicle Traffic 
Laws. 15 cents. 

Part 2. . . Skilled Investigation at the Scene of the Acci- 
dent Needed to Develop Causes. 10 cents. 

Part 3. . . Inadequacy of State Motor-Vehicle Accident 
Reporting. 10 cents. 

Part 4. . . Official Inspection of Vehicles. 10 cents. 

Part5 . . . Case Histories of Fatal Highway Accidents. 
10 cents. 

Part 6... . The Accident-Prone Driver. 10 cents. 

MISCELLANEOUS PUBLICATIONS 

No. 76MP . . The Results of Physical Tests of Road-Building 
Rock. 25 cents. 

No. I91MP. . Roadside Improvement. 10 cents. 

No. 272MP. . Construction of Private Driveways. 10 cents. 

No. 279MP. . Bibliography on Highway Lighting. 5 cents. 

Highway Accidents. 10 cents. 

The Taxation of Motor Vehicles in 1932. 35 cents. 

Guides to Traffic Safety. 

Federal Legislation and Rules and Regulations Relating to 
Highway Construction. 15 cents. 

10 cents. 

An Economic and Statistical Analysis ef Highway-Construction 
Expenditures. 15 cents. 

Highway Bond Calculations. 10 cents. 

DEPARTMENT BULLETINS 

No. 1279D . . Rural Highway Mileage, Income, and Expendi- 
tures, 192] and 1922. 15 cents. 

No. 1486D . . Highway Bridge Location. 15 cents. 

TECHNICAL BULLETINS 

No. 55T . . . Highway Bridge Surveys. 20 cents. 

No. 265T. . . Electrical Equipment on Movable Bridges. 
35 cents. 

Single copies of the following publications may be obtained 
from the Bureau of Public Roads upon request. They cannot 
be purchased from the Superintendent of Documents. 

MISCELLANEOUS PUBLICATIONS 

No. 296MP. . Bibliography on Highway Safety. 

SEPARATE REPRINT FROM THE YEARBOOK 

No. 1036Y . . Road Work on Farm Outlets Needs Skill and 
Right Equipment. 

TRANSPORTATION SURVEY REPORTS 

Report of a Survey of Transportation on the State Highway 
System of Ohio (1927). 

Report of a Survey of Transportation on the State Highways 
of Vermont (1927). 

Report of a Survey of Transportation on the State Highways 
of New Hampshire (1927). 

Report of a Plan of Highway Improvement in the Regional 
Area of Cleveland, Ohio (1928). 

Report of a Survey of Transportation on the State Highways 
of Pennsylvania (1928). 

Report of a Survey of Traffic on the Federal-Aid Highway 
Systems of Eleven Western States (1930). 

UNIFORM VEHICLE CODE 

Act I.—Uniform Motor Vehicle Administration, Registration, 
Certificate of Title, and Antitheft Act. 

Act II.—Uniform Motor Vehicle Operators’ and Chauffeurs’ 
License Act. 

Act III].—Uniform Motor Vehicle Civil Liability Act. 

Act IV.—Uniform Motor Vehicle Safety Responsibility Act. 

Act V.—Uniform Act Regulating Traffic on Highways. 

Model Traffic Ordinances. 

A complete list of the publications of the Bureau of Public 
Roads, classified according to subject and including the more 
important articles in PUBLIC ROADS, may be obtained upon 
request addressed to the U. S. Bureau of Public Roads, Willard 
Building, Washington, D. C. 
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