
SOIL STABILIZATION AVITH EMULSIFIED ASPHALT I N 
THE MID-CONTINENT AREA 

By B. I . ScocGiN 

Col-Tex Refining Company 

SYNOPSIS 

Stabilization with emulsified asphalt in Texas. Oklahoma, Iowa, and Nebraska 
is described. Costs on this work have ranged from SO22 to S0.28 per sq. yd. 
for a 4 in. compacted base. These costs obtamed on 200 mi. of an equivalent 
18 ft. roadway. The author expresses the opinion that while high density in the 
finished constniction is commendable, the obtaining of this is often an expensive 
luxury. The chief reason for the use of bituminous material in stabilization is 
to make the resultant mixture more resistant to the efTects of moisture. 
No failures have been noted in the projects that were compacted while below 
the optimum moisture content. It is deemed advisable to dry the stabilized base 
to below 3 per cent, and 3 per cent is advisable, as the presence of water 
aids the entrance of more moisture into the mix. It is recommended that the 
stabilized mix be compacted in relatively thin layers. 

This review lists emulsified asphalt 
soil stabilization projects in Texas, Okla­
homa, Iowa and Nebraska, with a total 
area equivalent to 225 to 250 miles of 
18-ft. roadway. (See Tables 1, 2 and 3.) 

The term "Soil Stabilization" has been 
used to define practically all types of 
construction, wherein a soil or an aggre­
gate not ordinarily satisfactory for con­
struction purposes, is either mechanically 
or both chemically and mechanically 
changed in character from a waste ma­
terial to a desirable building material. 
All soil stabilization has as its main 
objective, the reduction in cost of con­
struction over the usual or conventional 
methods of construction. Table 1 lists 
base construction projects in Texas and 
Oklahoma. I t is notable that treatment 
of a 4-in. depth of base has been accom­
plished for as low as 22 cents per sq. yd. 
(This is total cost, in place.) 

This discussion is limited to the proj­
ects that are of special significance, from 

• either a cost or a technical viewpoint and 
as related to the following conclusions: 

1. Maximum dehydration is a more 
important factor effecting dura­
bility of soil stabilized by the 
use of emulsified asphalt than 
maximum density at time of 
compaction. 

2. The quantity of emulsified asphalt 
necessary should be determined 
by test mixtures of the emulsion 
to be used and representative 
samples of the soil to be treated, 
following the efficiency require­
ments designated by McKesson 
(10,000 lb. minimum stability in 
lower ^-in. after 7 day absorp­
tion), or other requirements 
known to provide adequate 
control. 

3. Four-inch compacted depth should 
be the minimum thickness. I f 
the base is placed on a subsoil 
of high plastic index such as A-6 
or A-7 type, the stabilized base 
should have a minimum thick­
ness of 6 in. 

4. Control tests should be made on the 
finished work to guarantee that 
all material placed will meet 
minimum requirements of effi­
ciency test. (From a practical 
standpoint, this may require 1 
per cent more emulsion than is 
indicated by laboratory test, 
since i t is rarely possible to have 
field control as accurate as labo­
ratory control). 

The term "Soil Stabilization" is used 
to refer, to treatment of any type material 
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500 SOILS 

which has more than 50 per cent passing 
a No. 40 sieve. 

There is no denying the fact that com-

established theories concerning compac­
tion of aggregate and soil mixtures. They 
are offered with the hope that they will 

T A B L E 2 

MOISTURE AND D E N S I T Y T E S T S M A D E I N 1937, 1938 AND 1939, 
CASS-POTTAWATTAHIE COXINTIBS 

(Courtesy of the Iowa State Highway Department) 

Asphalt emulsion Asphalt emulsion Asphalt emulsion 
9% WBter 9 % water 6.6% water 

Wt. lb. % Wt. lb. % Wt. lb. % 

October and November 1937 118.7 12.3 101.8 19.3 92.5 23.2 
March 1938 115 4 11.8 106.0 15.5 103.2 18.3 
June 1938 117 3 10.1 110.5 14.7 108.5 17.3 
November 1938 114 5 11.2 105.6 16.2 101.9 18.6 
May 1939 117.6 11.2 116.1 14.4 107.2 17.1 
September 1939 9.9 14.6 18.2 1939 9.9 14.6 18.2 

T A B L E 3 
L I S T OF M A J O B CONSTRUCTION PROJECTS IN IOWA, T E X A S , OKIAHOMA AND N E B R A S K A , 

W H E R E E M U L S I F I E D ASPHALT STABIUZATION H A S B E E N U S E D 

Sponsor IiOGStion Depth 
of base Width Year 

built 

Iowa 
Iowa Highway Commission 
lowaHighwayCommiasion 
Iowa Highway Commission 
Town of Little Bock 
Town of Sutherland. 
Town of Soldier 

Texas 
8. H . D. 
S. H . D. 
S. H . D. 
S. H . D. 
S. H . D. 
S. H . D. 
S. H . D. 
U. S. Army Q. M. Airports, 

Oklahoma 
S. H . D 
S. H . D 
S. H . D 
S. H . D 

Nebraska 
S. H . D 
W.P.A. and City 

P-39 Harrison Cty 5 
P-144 Greene Cty 5 
P-83 Cass-Pottawattamie... 5 
Streets 4 
Streete 4 
Streets 4 

Kaufman Cty 4 
Kennedy Cty 4 
Lynn Cty 4 
Eastland Cty 6 
Hunt & Collins Cty 4 
Hemphill Cty 6 
Gorman, Highway 67 4 
San Antonio 4 

Binger, Highway 41 4 
Norman-Moore U. S. 77. . . . 6 
Oklahoma City, U . S. 270. . . 6 
State Highway 17, Grady Cty. 6 

Crete 5 
Grand Island Airport 3 

24 
24 
24 

24 
24 
34 

3 
24 

6 (shoulder) 
22 

20 
2 (shoulder) 
2 (shoulder) 

20 

Runways 

9.5 miles 
5.2 miles 

.9 Miles 
7000 sq. yd. 

56,000 sq. yd. 
18,000 sq. yd. 

6 miles 
1}^ miles 
3 miles 
12 miles 
5 miles 
7 miles 
1 mile 

300,000sq.yd. 

5 miles 
9 miles 

25 miles 
3000 ft. 

4.3 miles 

1937 
1937-8 
1937 
1938 
1938 
1938 

1939 
1937 
1939 
1939 
1939 
1939 
1937 

1936-7 

1937 
1937 
1937 
1936 

1939 
1936 

paction at optimum moisture content will 
give higher density, however, subsequent 
statements may seem to conflict with the 

emphasize the relationship between 
actual application and the various mois­
ture density theories. 
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In current procedures for soil stabiliza­
tion, the terms optimum moisture content 
and maximum density are often empha­
sized to a point where one studying the 
literature on any type of bituminous 
stabilization, may get the impression that 
the item of most importance is to obtain 
density in the finished construction and 
that if high density is not obtained, the 
construction is a failure. There is no 
doubt that high density is commendable, 
but we believe that i t is often an expen­
sive luxury. The only excuse for the use 
of bituminous material for soil stabiliza­
tion is to make it resistant to the effects 
of moisture. We add bituminous ma­
terial, not to get density or maximum 
compaction, but to render the soil par­
ticles as nearly water-proof as possible. 
Of the 250 miles of stabilization reported 
here, there are no failures that can be 
attributed to the base being compacted 
while below the optimum moisture con­
tent. On the other hand, there are un­
satisfactory projects which were com­
pacted under the so-called optimum 
conditions. 

Table 2 gives density and moisture 
content tests of a series of soil stabiliza­
tion projects in Pottawattamie County, 
Iowa. These sections were compacted in 
6-in. layers by the use of a sheepsfoot 
roller, which was used until the feet of 
the roller "walked" out of the mix, so 
that there was no chance for further 
compaction by that method. This rolling 
was accomplished as near as possible to 
the optimum moisture content. The 
moisture content of these bases is essen­
tially the same now as when constructed 
two years ago, even though the com­
pacted base was allowed to dry for 
several months before a prime coat was 
added. A thin prime coat was used to 
prevent abrasion of the surface but still 
did not prevent drying. There is no indi­
cation from the above tests that these 
base projects will ever dry. For soil 

stabilization with emulsified asphalt to 
be effective, i t must be dried. We often 
say that the stabilized base must dry 
to below 5 per cent. I t would be pref­
erable to have them contain less than 
3 per cent moisture when completed, as 
the presence of water aids the entrance 
of more water. 

Some will say that if the base has been 
compacted to maximum density there is 
no space for water to enter, therefore, 
such a base is stable regardless of mois­
ture. I t is of course true, that a material 
that is compacted at high moistiu'e con­
tent will not have high density if water 
content in excess of voids is present. I t 
does not follow that density is the answer 
to stability for if such a conclusion were 
justified, tiiere would never be any reason 
for the use of bituminous material for 
stabilization. When we recognize water­
proofing as the paramount purpose in 
bituminous stabilization, we can arrange 
our construction procedure so that i t will 
result in maximum water-proofing and 
stability. 

In the 46 miles of stabilization men­
tioned in Table 1, as job No. 6, located 
in Major County, Oklahoma, the mois­
ture content at the time of rolling was 
6 per cent or less. The procedure out­
lined as follows would seem to be expen­
sive since i t requires several operations, 
but the total cost of 22 cents per sq. yd. 
does not bear this out, since this cost 
compares very favorably with those of 
other jobs in this vicinity. I think the 
reason for this will be shown in the fol­
lowing discussion. 

CONSTRUCTION PROCEDURE, MAJOR COUNTY 
SOIL STABILIZATION 

The soil on this job was a sandy soil 
with 90 per cent passing the No. 40 sieve 
with 15 per cent passing a 200 mesh 
sieve. The soil was mixed with 3 to 4 
per cent bituminous emulsion and suffi­
cient water for complete dispersion by 



502 SOILS 

the use of a traveling machine known as 
the Woods Roadmixer. The completed 
base was 18 f t . wide, 4 to ^ in. in depth. 

Prior to the application of the emulsi­
fied asphalt, the roadway was scarified 
and bladed into two even parallel wind­
rows. These were placed as closely to­
gether as possible and in the center of 
the road. The machine was such that i t 
would straddle the windrows and by 
mechanical means, pick the material 
from the road, mix i t with water and 
emulsified asphalt and re-deposit it in 
approximately the same position. To 
prevent the excess, moisture in the mixed 
windrows from affecting the subbase im­
mediately beneath the windrow, i t was 
immediately bladed towards the edge of 
the road, leaving a layer 1 in. to 1^ in. 
thick, spread from the center to the side 
of the road. The operation of moving 
this windrow naturally assisted the de­
hydration so that when the moved por­
tion reached the side of the road, i t had 
very little excess moisture with less 
detrimental effect than if i t had remained 
in the center of the road. The 1-in. to 
l^-in. layer which was left on the sub-
grade was then allowed to dry from 24 
to 48 hours, or until the moisture content 
was less than 5 per cent, during which 
time it was thoroughly rolled by a pneu­
matic roller. Care was taken to roll 
the 1-in. layer as soon as i t was dry 
enough to bear the weight of the roller 
so i t was compacted but not tracked. 

AVhile the 1-in. layer was drying and 
being rolled, the remaining soil remained 
in a windrow on each side of the road. 
To the casual observer, the outsides of 
the windrows were apparently drying 
very fast. Many of the engineers assist­
ing with this work, were alarmed by the 
fact that the windrow seemed to be dry­
ing and would soon be too dry for com­
paction, but when the windrow was 
moved again, it was found that it had 
not dried appreciably, below 2 or 3 in. 

from the surface, so that as a whole, i t 
was not only wet enough for compaction, 
but in some cases, was even too wet 
to allow immediate compaction after 
spreading. 

As the windrows were moved from the 
side to the center of the road, approxi­
mately one inch of material was allowed 
to spread and was rolled while what was 
left of the two windrows was consoli­
dated in the center of the road as one 
windrow of approximately the size of 
each of the original windrows. As soon 
as this second layer had dried the third 
layer was spread and rolled immediately. 
This last layer was handled with greater 
ease as this thickness is from 1^ to 2 in. 
Sometimes in the final stages of levelling 
this layer, we get an accumulation of 
approximately i to ^ in. of dusty ma­
terial on the surface. In order to prevent 
the loss of these dusty materials and to 
attach them to the materials below, i t 
was sometimes necessary to sprinkle with 
a dilute emulsion (1 part emulsion—10 
parts water) then blade or sweep into 
place with thorough rolling as the final 
operation. The total time consumed by 
all of the above operations would natur­
ally be affected by weather conditions 
but during the 46 miles constructed by 
this procedure, four days was usually 
sufficient for completion of any section 
of the base. Rarely was over seven days 
necessary. At the end of this time, the 
entire 4 in. of base was compacted and 
contained less than 3 per cent moisture. 
The weight per cubic foot of the com­
pacted material was 110 to 120 lb. 

The contractor on this job was natur­
ally interested in finishing with a mini­
mum cost, so that at first he preferred to 
spread the mixed material in one 4-in. 
l i f t , instead of in three separate spreads. 
Spreading in one 4-in. l i f t might be 
economical if i t were possible to get uni­
form and complete dehydration through­
out the depth. Usually the fact that the 
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top drys faster than the bottom results 
in formation of cracks and fragments in 
the ,dried top layer, from movement of 
the top layer on the wet and unstable 
bottom layer. 

Two weeks after laying the first mile 
of this road in one 4-in. l i f t , the con­
tractor was still trying to spread it and 
roll i t to a satisfactory grade. The top 
3 in. of the 4 in. was then bladed into 
one windrow and relaid in layers each 
of which was rolled. Subsequent use of 
layer compaction and spreading resulted 
in the saving to the contractor of at least 
50 per cent of the time which would have 
been required in the original 4-in. trial. 
The layer construction is preferable be­
cause i t permits a contractor to mix, 
spread, dry and compact a base in from 
3 to 10 days, whereas from 3 weeks to 
10 weeks might be insufficient time for 
drying if the entire depth is laid at once. 
This is proven by the moisture test on 
the sections shown in Table 2, where 
tests after two years still show excessive 
moisture. 

This method of drying and compacting 
has advantages other than speed of con­
struction. For instance, the first 1-in. to 
l i - i n . layer acts as a bottom seal. This 
allows the bottom of the base to dry 
thoroughly, thus getting the maximum 
stabilizing effect of the emulsified as­
phalt which will prevent moisture from 
the subbase affecting the upper portions 
of the treated material. Multi-layered 
spreading and compaction will also tend 
to give a more even base. 

There are those who object to this 
layer construction because there will be 

a plane of cleavage between layers that 
would cause lamination or stratification. 
These two terms arc used in much of the 
literature on soil stabilization and this 
effect is said to be definitely something 
to avoid. I believe that those who have 
written of lamination and stratification 
have done so principally because usually 
the only time that this effect is noticed, 
is after there has been a failure in some 
particular base. This failure is usually 
due to the fact that when mixtures are 
placed in 4 to 6-in. layers, the bottom 
2 or 3 in. seldom dry to a point where 
maximum stability is developed. When 
loads are applied to the road, the top 
which has dried, will transmit the load 
directly to the undried, unstable bottom 
layer. I f the load is sufficient to cause 
movement, the movement will result in 
lamination. Naturally, if this continues, 
the upper layer will ravel, causing holes 
in the base. These holes and raveling 
are then attributed to lamination, where 
as, the lamination is the effect and not 
the cause, the cause being lack of uniform 
dehydration. 

SUMMARY 

For successful stabilization by the use 
of emulsified asphalt, design the base 
with a 4-in. minimum thickness and with 
sufficient emulsion to give a finished base 
meeting some known efficiency require­
ment. To provide for maximum dehy­
dration before compaction depend upon 
subsequent traffic to increase density 
rather than upon weather conditions 
favorable to complete drying of 4 to 6-in. 
depth. 




