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The highway design engineer is primarily interested in the loads 
that are applied upon a layered system and the transmission of 
these loads through this layered system. The lack of bond be
tween adjacent layers of soil-cement has prevented its use in 
more than one layer of a layered system. Since soil-cement 
construction frequently allows the use of on-site materials, con
struction costs can be reduced by its use. 

It is the purpose of this study to present a method for the 
analysis and design of a layered soil-cement system with the 
use of a set retarding agent as an admixture. Results for this 
analysis are obtained from tests of more than 2, 000 specimens 
molded with Louisiana soils from 26 different locations. The 
tests show that there is a definite increase produced in the shear 
strength of the layered system by developing a bond between 
adjacent layers of a soil-cement stabilized system with the ad
dition of calcium lignosulfonate and hydroxy lated carboxylic acid 
for soils of low plasticity with the exception of pure silts. 

•THE PRESENT placement practices of soil-cement stabilized base and subbase courses 
do not lend themselves to the construction of compacted layers exceeding 10 in. When
ever pavements thicker than 10 in. are required, it is common practice to use material 
other than cement-stabilized soil to avoid "lamination" of the pavement structure caused 
by the lack of bond between subsequent layers. It is practically impossible to create 
bond between two layers of conventionally constructed soil-cement bases and subbases 
because the initial setting time of the soil-cement mixture is approximately 2 hours and 
the field construction procedure requires 2 hours or longer for the mixing, compacting, 
and grading of each layer. A method of construction using two or more layers of com
pacted soil-cement mixtures can create weak interfaces (even when "roughened" sur
faces are used at the interface), which may cause failures of a flexible pavement system 
under loads well below the design loads. These failures may be due to slippage of the 
two layers or they may be due to tensile cracking and consequent failure of the top layer 
of the system. 

Flexible pavement design theories are based on the assumption that there is perfect 
bond between subsequent layers. Without the presence of this bond, individual layers 
would be expected to carry the load by so-called ''beam action" at a higher intensity than 
if they were bonded. 

The scope of the study was to investigate the effect of dispersant additives on the 
physical characteristics of soil-cement mixes and layered pavement systems. These 
additives are industrial byproducts and chemicals that can impart special characteris
tics to concrete and masonry. They have been used successfully for more than 25years 
in improving structural concrete by reducing cracking and increasing shear strength. 
Their function is to control the rate of cement hydration by retarding the setting and re
ducing the thickness of the cement gel. Commercially available admixtures are hydrox
ylated carboxylic acid and calcium lignosulfonate. In this study the effects of these ad
ditives were studied in three major areas: 
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1. fucreases in the shear strength of individual layers; 
2. fucreases in the durability; and 
3. Production of bond at the interface, which considerably increases the shear 

strength of the layered system. 

LITERATURE SURVEY 

Only limited data have been published on the theoretical and experimental measure 
ments of stresses induced by static loads applied on flexible layered systems. Pub
lications on design methods differ in choosing between strength and deflection as cri
teria. fu some cases, the supporters of the deflection· theory tend to disagree about the 
fact that pure deflection tends to minimize the importance of shear strength. A com
pacted deposit or organic material may deflect several inches without tensile failure 
under certain conditions. It may even obey Hooke's law verbatim; however, it will 
never resist shear forces applied by roadway or airport runway loads. On the other 
hand, a thin semi-rigid pavement designed to resist pure shear forces will not resist 
the tensile stresses induced at the interface of the base and subbase as a result of very 
minute deflections, or shear stresses induced within the layer will easily exceed the 
shear strength of the material. 

Most materials used for flexible pavement construction do not possess any tensile 
strength to resist the tensile stresses that will be developed, especially where E1, the 
modulus of elasticity of the top layer, is much larger than E2, the modulus of elasticity 
of the bottom layer. As indicated by Casagrande (1) in his discussion of Burmister's 
two-layer theory, " ... if no tension cracks develop, the computed result will be on 
the unsafe side because the 'modulus of elasticity' for tension is much smaller than for 
compression, which is another way of saying that the material for practical purposes 
can not take tension." According to Sowers and Vesic (2): "An analysis of lateral 
stresses in an ideal two-layer system shows that the upper layer . . . will have ten
sion at the interface as soon as E1/Eo > 1.5 and that, in the cases tested, tension should 
be of the order of 30 psi in the flexible bases and of the order of 60 psi in the soil-ce 
ment base. The tensile strength of the flexible bases was most likely not higher than 
5 psi." A tensile test of a soil specimen will never produce a shear failure, but only a 
tensile failure. An unconfined compression test is likely to result in a bulging of the 
specimen, accompanied by the opening of tension cracks, but the soil in the ground is 
unable to fail in this manner since it is laterally confined. Although tension failures 
will sometimes take place in the laboratory, the reliable strength of a soil is its shear 
strength. 

fu 1959 the Highway Research Board Committee on Soil-Cement stabilization pre
pared a comprehensive questionnaire to determine the state of the art of soil-cement 
stabilization. The questionnaire was sent to 50 states and 25 foreign countries. 

Fifty-two of the agencies reported that they use soil-cement stabilization for roads, 
shoulders, and airfields. Out of the 52 states and countries, only three-Virginia, Austra
lia, and England- r eported to be u sing soil -cement stabilized layers thicker than 10 in. 
Australia indicated that 12 in. of soil - cement base were used for airfield construction, 
the commonwealth of Virginia reported using 12 in. of base stabilized with 14 percent 
portland cement, and England reported using 18 in. of stabilized base with 10 to 15 per
cent portland cement. AU replies to the question, "fu your experience, what is the 
maximum compacted thickness of soil-cement that can be constructed in one lift?", 
showed that the maximum thickness recommended was 8 in. 

Fifteen of the 52 replies indicated that two-layered construction was used while the 
rest reported that two-layered construction was not used in their areas. Nine out of 
the latter group of 15 showed satisfactory results obtained with two -layered construc
tion, one indicated "apparent" satisfaction while four indicated unsatisfactory or poor 
results. None of the statements made as "satisfactory" or "unsatisfactory" results 
were qualified except the one by France, which indicated that the results of two-layered 
construction were unsatisfactory because bad bonding between layers occurred (~). 
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TESTING PROCEDURES 

At the outset of this study the physical characteristics and the classification of each 
soil were determined according to standard procedures of AASHO. The study began 
with the use of two admixtures, namely, calcium lignosulfonate and hydroxylated car
boxylic acid. Initially, the effect of the admixtures on a layered soil-cement base course 
was to be investigated in the major areas of (a) unconfined compressive strength, (b) 
durability, and (c) production of bond at the interface of two layers. 

Preliminary tests on the first five soil samples were performed to establish test 
schedules in the areas mentioned. According to these schedules (both admixtures were 
used), it was found that the results produced did not vary to any major extent between 
the two admixtures. Therefore, it was decided to use only calcium lignosulfonate for 
the remainder of the study. 

Cement contents were determined in the manner suggested by the Portland Cement 
Association for the usual range in cement requirements for subsurface soils of the var
ious AASHO soil groups. The cement was mixed thoroughly with the dry soil, and the 
admixture was mixed thoroughly with the water. The water and admixture were then 
poured on the soil-cement and mixed until the mixture became uniformly moistened. 
The soil-cement mixture was then placed in the Proctor mold and immediately com
pacted in three layers of approximately equal thickness. 

Compressive strength test specimens were molded at optimum moisture content to 
a maximum density as determined by the standard Proctor test. After compaction, 
specimens were placed in the 100 percent humidity chamber for scheduled periods of 
curing before testing. 

Upon reaching its designated curing time, the specimen was removed from the mois
ture chamber and submerged in water and allowed to soak for 4 hours prior to testing. 
The test specimen was removed from the water and tested to failure in compression. 

The initial program, using soils D-1, D-2, and D-3, consisted of molding five sets 
of 21 specimens each for 1, 2, 7, 14, and 28-day periods. Each set was accompanied 
by three pilot specimens (no admixture), nine specimens with hydroxylated carboxylic 
acid, and nine specimens with calcium lignosulfonate. Each soil specimen contained 
the same amount of portland cement. The amounts of admixture used were 0.50, 1.00, 
and 1.50 lb of admixture per bag of cement. Three cylinders were molded for each 
amount of admixture. 

After reviewing the results of soils D-1, D-2, and D-3, the amounts of admixture 
used with soils D-4 and D-5 were changed to 0.25, 0.50, and 1.00 lb of admixture per 
bag of portland cement, and specimens were molded for 7, 14, and 28-day periods. 

The testing of these specimens yielded results indicating that both admixtures re
acted similarly; therefore, only one of them, calcium lignosulfonate, was used for the 
remainder of the study. It was also observed that a smaller quantity of admixture gave 
the most favorable results; thus it was decided to use 0.25 and 0.50 lb of admixture per 
bag of portland cement. Changes were also made whereby four sets of specimens were 
molded for 1, 7, 14, and 28-day periods, since no appreciable difference in the charac
teristics of the specimens were noted after the 1- and 2-day curing periods. 

For soils D-6 through D-26 a group of specimens was molded, and each was tested 
at 1, 7, 14, and 28-day periods. Each group consisted of nine specimens: three pilot 
samples (no admixture), three with 0.25 lb of calcium lignosulfonate per bag of portland 
cement, and three with 0.50 lb of calcium lignosulfonate per bag of portland cement. 
The cement content used was held constant for each soil. 

Wet-Dry Test 

Wet-dry test specimens were prepared in an identical manner as those for the un
confined compression test. All wet-dry test specimens were cured for 7 days in the 
100 percent humidity chamber. At the end of 7 days, specimens were removed from 
the humidity chamber and submerged in tap water at room temperature. They were 
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allowed to soak for 5 hours and then r emoved. The specimens were placed in a drying 
oven at 71 C for 42 hours, after which the standard brush test was run. 

The soaking, drying, and brushing constituted one cycle (48 hours) of the wet-dry 
test. This procedure was repeated for 12 cycles. 

Wet-dry test specimens were molded in sets of six for soils D-1 through D-5. Each 
set consisted of two pilot specimens, two specimens with 0.50 lb of hydroxylated car 
boxylic acid per bag of portland cement and specimens with 0.50 lb of calcium ligno
sulfonate per bag of portland cement. 

For each soil type, D-6 through D-26, a set of specimens was molded containing two 
pilot specimens, two specimens with 0 .25 lb and two specimens with 0.50 lb of calcium 
lignosulfonate per bag of portland cement. 

Soil-Cement Admixture Layer Bond Test (LSU Bond Test) 

During the attempt to determine the effect of soil-cement and soil-cement with ad
mixtures when they were compacted in two layers (with some time lapse between the 
compaction of the fir s t layer and the compaction of the s econd layer ), the LSU bond test 
method was developed. In developing this method, the apparatus used were the s tandard 
Proctor compaction mold and the standard Proctor compaction hammer. In addition, a 
finishing head (Fig. 1) was fabricated with its face machined with a 20-deg angle from 
horizontal to fit into the compaction mold (Fig. 2). 

The bond test specim.en was molded in two layers. The mold was filled with enough 
soil to produce approximately half the height of a compacted specimen. The finishing 
head was placed in the compaction mold and the bottom half of the specimen was com
pacted by 60 blows with the compaction hammer. The finished compaction plane had a 
20-deg angle with the horizontal and a density figure equivalent to the standard Proctor 
density (Fig. 3). 

A damp cloth was placed on the compaction plane to keep the top moist. Detention 
periods (elapsed time between molding of the first layer and molding of the second lay
er) of O, 4, 7, and 16 hours were observed before the top layer of the specimen was 
molded. The damp cloth was removed and the compaction plane was scratched prior to 
compaction of the top layer. The top layer was then compacted by 35 blows with the 
compaction hammer. The specimen was removed from the mold and cured for 7 days 
in the moisture chamber. Then it was tested in compression to determine if failure 
occurred along the compaction plane because of lack of bond or through a shear plane 
(Fig. 4). 

The number of blows applied to each layer of the bond test specimen was obtained 
by trial and error in order to determine the number of blows that would produce maxi
mum density in both layers. It was found that nearly double the number of blows applied 

Figure 1. Finishing head used in molding bottom 
layer of band test specimen. 

Figure 2. Finishing head fabricated to fit inside 
the compaction mold. 



Figure 3. Bottom layer of a bond test specimen. 

to the top layer was required on the bot
tom layer. This was attributed to the fact 
that part of the effort applied was being 
absorbed by the mass of the finishing head. 

For the bond test a group of specimens 
was molded for each soil containing two 
different cement-admixture ratios: two 
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Figure 4. The chalk mark on the untested speci
men on the left depicts the 20-deg angle of the 
compacted plane. The middle specimen failed in 
bond, which is synonymous to slippage along the 
20-deg compaction plane. The specimen on the 
right is typical of a shear failure, for which the 
angle of failure can be seen to be about 60 deg. 

specimens with 0.25 and two specimens with 0.50 lb of calcium lignosulfonate per bag 
of portland cement. Four sets of bond test specimens were molded for each soil: one 
set for each of O, 4, 7, and 16-hour detention time. 

RESULTS 

There are a limited number of works available on the effects of admixtures on soil
cement mixtures; however, in order to benefit from the research of others, a compre
hensive study of the literature in this and other related areas was made, the highlights 
of which have been discussed. 

Earlier studies performed have indicated that certain improvements occur in the 
physical properties of soil-cement mixes when hydroxylated carboxylic acid or calcium 
lignosulfonate are used. The published reports contain test results of a few specimens; 
however, considering the number of probabilities of statistically nonconforming results, 
it is difficult to draw a valid conclusion from these reports. It should be noted that 
early researchers in this field made substantial contributions by introducing the idea 
of admixtures for improving the physical characteristics of soil-cement mixtures and 
by establishing guidelines for further research. 

Frequent mention of the necessity for bond has been made in the literature concern
ing studies of stress distribution within the layers of a flexible pavement system; how
ever, no research has been found on the use of admixtures to create bond between soil
cement layers. The analytical work indicates that continuity conditions with perfect 
contact and perfect bond between subsequent layers are required in determining stress 
at different levels of a layered system. 

At an earlier date, Palmer and Barber used an approach similar to Burmister's in 
which the numerical results obtained are approximately the same (4). When comparing 
two systems (based on Burmister's and other solutions) with similar material of equal 
thickness, it can be concluded that the strength of a layered system composed of un
bonded, frictionless, and semi-flexible layers is a function of the tensile strength of the 
top layer and a constant that is dependent on the bearing capacity of the lower layer; 
however, the strength of a bonded and semi-flexible system is a function of the cumula
tive strength of the system as a whole and a constant that is dependent on the bearing 
capacity of the lower layer. In the frictionless and unbonded layered system, the West
ergaard approach to stress distribution is more applicable than the Boussinesq, Bur
mister, or other similar theories. Applying the Westergaard theory of stress distribu
tion to an 8- or 10-in. layered soil system shows that the tensile stresses developed at 
the interface may cause failure of the layer immediately above the interface. 

Consider the following example. Suppose a layered system is constructed having a 
base composed of two layers of soil-cement with the following characteristics: 
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Load 
Modulus of elasticity 
Modulus of subgrade 
Poisson's ratio 
Layer thickness 
Radius of contact area 
Radius of relative stiffness 

10,000 lb 
E = 300, 000 psi 
k = 300 psi 
µ = 0.30 
h = 8 in. 
a= 6 in. 
L = 14.71 in. 

In analyzing the condition when bond does not exist between layers 1 and 2 (Fig. 5a), it 
is seen that, without bond, continuity does not exist. Since continuity is assumed in the 
Burmister and Boussinesq solutions, the stress at the interface can best be represented 
by the Westergaard solution: 

L 12(1 - µ.2 )k 
(300000) (8)3 

12(1- 0.09) 300 

3(l+N) p (1 ~ 0 6159) 2 rrh2 oge a + · 

3(1 + 0.3) (10000) ("1 14.71 
2rr(8)2 oge - 6--

' 
+ 0.6159) 

cr A = 147 psi (stress at point A without bond) 

14.71 in. 

When bond does exist (Fig. 5b), there is continuity and the stress at point A can be 
determined from Burmister's (~)influence curves: 

z 
a 1.33 

Influence coefficient = crzp = 0.5 

p 
p = TT? 

10000 
1T(36f 

0.5 (88) 

88.4 psi 

cr A = 44 psi (stress at point A with bond) 

Therefore the stress produced at point A is reduced by 70 percent when bonded. 
At point B the stresses are 37 psi for the unbonded condition and 16 psi for the bonded 

condition. It is concluded that bond is not critical at this section. 
At point C, z/a is greater than 3. In both the bonded and unbonded conditions, the 

stresses are greatly reduced, and they are approaching approximately the same stress 
(Fig. 6). 

The results of this study indicate that where bond does not exist between layers, the 
normal stresses induce slippage of the top layer before the shear strength of the mate
rial is reached. Wherever bond is created by the use of admixtures, the specimen rep
resenting a two-layered system under severe conditions fails in internal shear. Since 
failure in each case occurs on a different inclination, stress analysis is based on the 
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Figure 5a. Unbonded condition. 
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shear strength developed on the plane of failure rather than the compressive strength 
required to produce failure. 

Shear stress and normal stress for each soil are computed using Mohr's circle of 
stress diagram and are given in Tables 1 and 2. When admixture is added to the soil
cement specimen (excluding silts) a considerable increase in strength is apparent, and 
failure occurs in shear rather than bond. 

In order to correlate the results of the change in the shear strength of mixes using 
lignosulfonate admixtures with those of the soil-cement mixes without admixtures, a 
shear factor (Sf) is established (Table 3) defined as the ratio of percent clay to the sum 
of the percent silt and percent sand. When shear factors are plotted as the abscissa 
and the change in shear strength as the ordinate (Fig. 7), it is seen that there are two 
general zones where the test results fall. Zone 1, where lignosulfonate admixtures do 
not react or the reaction decreases the strength, is called the "silt zone." It should be 
noted that Louisiana silts are considered highly undesirable for stabilization with ce
ment because of their low strength and low durability characteristics. Zone 2, the 
"integrated zone," represents all other types of soil tested. Test results plotted in this 
zone are shown as a smooth curve that indicates a definite trend in the reaction of ligno
sulfonate. Results indicate increases in the shear strength of the system ranging from 
70 to 180 percent. The equation of the curve of best fit for these points is obtained by 

De ve loped St r ess (psi) 

0 20 40 60 80 100 120 140 160 

/ L..--

/ L---
~ 

bonded ---/ ~ unbonded 

I / 
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2 

I 

/ 
I 

Figure 6. Comparison of stress vs z/ a for bonded and unbonded conditions. 
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TABLE 1 

SHEAR STRENGTH 

Shear Strength 

Soil No. Type Soil Without Admixture With Admixture Percent 
Increase 

psi Failure psi Failure 

(a) Integrated Zone 

D-3 Silty loam 35 Bond 96 Shear +174 
D-4* Sandy clay loam 55 Bond 105 Shear + 91 
D-6 Silty loam 163 Shear 149 Shear 9 
D-7 Silty loam 75 Bond 180 Shear +140 
D-8 Silty loam 85 Bond 206 Shear +142 
D-11 Silty loam 40 Bond 100 Shear +150 
D-12 Silty loam 65 Bond 115 Shear + 77 
D-14 Silty clay 45 Bond 76 Shear + 69 
D-15 Silty clay 50 Bond 90 Shear + 80 
D-17 Silty clay loam 77 Bond 144 Shear + 87 
D-19 Sandy clay loam 122 Bond 259 Shear +112 
D-23 Sandy loam No results after 4 hours detection 
D-24 Silty clay loam 102 Bond 180 Shear + 76 

(b) Silt Zone 

D-5 CH1"" 70 Shear 70 Shear () 

D-10 Silt 40 Bond 42 Bond + 5 
D-13 Silt 159 Shear 130 Shear - 18 
D-16 Silt 96 Shear 99 Shear 
D-18 Silt 65 Bond 61 Bond 8 
D-20 Silt 100 Shear 100 Shear 0 
D-21 Silt 120 Shear 111 Shear 8 
D-22 Silt 96 Bond 96 Bond 0 
D-25 Silt 128 Shear 131 Shear + 2 
D-26 Silt 123 Shear 122 Shear 0 

*All cylinders were molded with 7 hours detention between layers and tested after 7 days cure except D-4, 
wh ich was molded with 16 hou!'1 detention. 

TABLE 2 

NORMAL STRENGTH 

Normal Strength 

Soil Type Soil Without Admixture With Admixture 
Percent 
Increase 

psi Failure psi Failure 

(a) Integrated Zone 

D-3 Silty loam 98 Bond 192 Shear +96 
D-4* Sandy clay loam 178 Bond 210 Shear +18 
D-6 Silty loam 325 Shear 298 Shear - 8 
D-7 Silty loam 231 Bond 348 Shear +51 
D-8 Silty loam 253 Bond 411 Shear +62 
D-11 Silty loam 126 Bond 190 Shear +51 
D-12 Silty loam 198 Bond 228 Shear +15 
D-14 Silty clay 123 Bond 153 Shear +24 
D-15 Silty clay 143 Bond 179 Shear +25 
D-17 Silty clay loam 248 Bond 287 Shear +16 
D-19 Sandy clay loam 378 Bond 517 Shear +37 
D-23 Sandy loam No results after 4 hours detention 
D-24 Silty clay loam 337 Bond 410 Shear +22 

(b) Silt Zone 

D-5 Silt 140 Shear 138 Shear 0 
D-10 Silt 122 Bond 130 Bond + 7 
D•13 Silt 318 Shear 260 Shear - 18 
D-16 Silt 191 Shear 19ij :Shear + 4 

D-18 Silt 214 Bond 190 Bond - 11 
D-20 Silt 200 Shear 202 Shear 0 
D-21 Silt 240 Shear 221 Shear - 8 
D-22 Silt 218 Bond 219 Bond 0 
D-25 Silt 256 Shear 261 Shear + 2 
D-26 Silt 245 Shear 243 Shear 0 

*All cylinders were molded with 7 hours detention between layers and tested ofter 7 days cure except D-4, 
which was molded with 16 hours detention. 
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Percent 
Sand 

Soll No. Percent 
Silt 

0-1 57 40 
0-2 83 2 
0 - 3 80 4 
0-4 23 58 
0-5 84 5 
0-6 70 12 
0-7 68 16 
0-8 77 6 
0-10 83 0 
0-11 64 20 
0-12 75 8 
0-13 80 1 
0-14 60 9 
0-15 55 12 
0-16 86 0 
0-17 61 19 
0-18 80 4 
0-19 12 68 
0-20 80 1 
0-21 81 1 
0-22 82 2 
0-23 21 62 
0-24 50 28 
0-25 85 0 
0-26 86 0 
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TABLE 3 

SHEAR FACTORS 

Percent Shear Factor, 

Clay Soil Sr = ~Clay 
fo Sand -t .,. Sill 

7 Loam 0.070 
15 Silt 0.176 
16 Silty loam 0.179 
19 Sandy clay loam 0. 235 
11 Silt 0.124 
18 Silty loam 0.220 
16 Silty loam 0.190 
17 Silty loam 0.205 
17 Silt 0. 205 
16 Silty loam 0.190 
17 Silty loam 0.205 
19 Silt 0. 235 
31 Silty clay 0.449 
33 Silty clay 0. 493 
14 Silt 0.163 
20 Silty clay loam 0.250 
16 Silt 0.190 
20 Sandy clay loam o. 250 
19 Silt 0.235 
18 Silt 0. 220 
16 Silt 0. 191 
12 Sandy loam 0. 014 
22 Silty clay loam 0.282 
15 Silt 0.176 
14 Silt 0.163 
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Figure 7. Shear factor vs percent increase in shear strength ofter 7-hour detention, 0.25 lb admixture 
per bog of cement. 
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Figure 8. Shear strength vs curing time for Soi I No. D-16. 

TABLE 4 

DURABILITY 

With Admixture 

Without Admixture 
0.25 lb/bag 0.50 lb/ bag Soil No . 

Percent Loas Percent Percent 
Loss Effective• 

D-1 13 . 9 12. 9 + 7 
D-2 5.7 5. 5 + 4 
D-3 6.4 7.6 -19 
D-4 11. 0 10.6 + 4 
D-5 5.1 5. 4 - 6 
D-6 7. 5 5. 1 +32 
D-7 6.1 4.5 +26 
D-8 4. 4 3.1 +30 
D-10 4.1 2. 2 +46 
D-11 5. 1 5. 6 -10 
D-12 5. 3 4. 8 + 9 
D-13 7.5 5. 8 +29 
D-14 11. 9 7.8 +34 
D-15 8. 4 10.6 -26 
D-16 5.6 4. 7 +16 
D-17 6.3 5. 7 +10 
D-16 i:i. 8 3. e +38 
D-19 5. 7 6.0 - 5 
D-20 5.0 6.3 -26 
D-21 5. 5 5. 0 +10 
D-22 4. 8 4.8 0 
D-23 6.6 5.4 +18 
D-24 7. 9 7. 7 + 2 
D-25 5. 7 4.8 +15 
D-26 5. 9 5. 6 + 5 

'*Percent Effecti ve == % Loss Without Admixture - % Loss With Admixture 

% Loss With Admixture 

Percent Percent 
Loss Effective• 

15. 9 -14 
6. 0 - 5 
6. 7 - 5 

11. 0 0 
5. 1 0 
7.0 + 7 
4. 7 +23 
3. 2 +27 
2.9 +29 
4. 3 +16 
4. 3 +19 
5.1 +32 
7.2 +39 
7.9 + 6 
4.8 +14 
4. 7 +25 
5.0 - 3 
5.1 +11 
4. 9 + 2 
5. 8 - 5 
4. 0 +16 
5, 3 +19 

10.0 -26 
4.4 +22 
8.2 +38 
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using the curve-fitting method of least squares and is shown in Figure 7. These curves 
graphically demonstrate the benefits of lignosulfonate admixtures when a routine gra
dation test is run and the values for shear factor are entered in this graph. The results 
are reproducible, and they can be correlated with the shear factor. 

Curves were plotted for all soils with shear strength in psi as the ordinate and cur
ing time in days as the abscissa. Of 30 curves studied, 22 showed increase in shear 
strength after the 28-day curing period; 16 showed a greater than 10 percent increase 
in shear strength above that of the pilot samples. Dispersion of the cement within the 
first 2 to 7 days (Fig. 8) was instrumental in retarding the hydration process of the 
soil-cement mixture, thus preventing it from gaining full strength. This effect should 
not be considered detrimental unless calcium lignosulfonate and soil-cement mixtures 
remain below the design stresses during this period of curing. The results indicated 
that the strength of the material, in any case, did not drop below 250 psi, which is well 
within design stress requirements for a soil-cement base. Furthermore, by the time 
the base is completed and covered with a.protective wearing surface and opened to traf
fic, the base will have developed strength well above its allowable strength. In Table 4 
the results of the durability tests are summarized. The durability of the specimens 
indicates an improvement in most cases; however, they could not be correlated with 
the shear strength results. Based on the conclusions drawn from pertinent literature 
and on the results shown in Table 4, it is the authors' opinion that the durability of those 
mixtures containing an admixture will increase with time. 

CONCLUSIONS 

From the preceding analysis it is concluded that: 

1. When the thickness of the overlaying layer of a two-layered soil-cement base sys
tem is less than 2Y:i times the radius of contact area, bond between the subsequent layers 
of soil-cement is necessary to prevent tensile failure at the interface in the top layer. 

2. Bond is also necessary at the interface of multiple-layered soil-cement pavement 
structures to overcome slipping tendencies of the top layer induced by the tangential 
components of the normal stresses at intensities below the internal shear strength of 
the material. 

3. Calcium lignosulfonate and hydroxylated carboxylic acid are effective in creating 
bond between subsequent layers of soil-cement. 

4. The use of the admixtures in the underlying layer of a two-layered soil-cement 
system is recommended at a concentration of 0.25 lb per bag of portland cement. The 
time lapse between mixing of the first layer and placing of the second layer is not to 
exceed 7 hours. 

5. The admixture is to be premixed with the water prior to mixing with the soil
cement mixture. 

6. No reduction should be made in optimum water content when the admixture is 
used. 

7. Although silts tested in this study did not show any improvements, it is quite pos
sible that silts with electrochemical and shape characteristics different from those ex
isting in Louisiana may show an improvement. This should be investigated. 

8. The terminal shear strength of the individual layers of soils favorably reacting 
with admixtures, besides that of the layered system, is improved by the introduction of 
the admixtures in the amount specified. 

9. Admixtures used in this study generally improved the durability of the stabilized 
material. 

10. The shear factor values obtained by the authors should be duplicated for different 
geographical locations and an attempt to correlate them to the percent increase in the 
shear strength should be made before these results are used. 
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