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Effect of immersion conditions and age on the strength of solidified
soil base
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Department of Highway and Transportation Research, Korea Institute of Civil Engineering and Building
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Abstract While constructing roads, we use crushed stone as one of the construction materials as the soil
is vulnerable to water. However, as the environmental issues related to crushed stone production make
it impossible to use crushed stone in laying roads, the demand for the variants of local soil (such as the
solidified soil) for road construction is increasing. This study evaluated the effect of water immersion
conditions (WIC) and aging on the uniaxial compressive strength (CS) of solidified soil (SS). The
experiment conditions for the present study were aging of 7 and 28 days and water immersion of 28
days in three different mixtures, namely Type A, B, and C. From the results, we observed that Type A,
which used a relatively large amount of cement and silicate additives, was superior to Type B, which
used a relatively less amount of cement and silicate additives. Furthermore, Type A was also superior
to Type C, which used lesser cement and lime than Type A. These observations are true not only for
the initial CS but also for a persistent CS under the given conditions. In particular, Type A exhibited
an initial CS of 10 MPa and maintained it under the given conditions. But, Types B and C possessed an
initial CS of 7.0 MPa, and the CS significantly decreased under the given conditions. In particular, Type
C showed a more significant decrease than Type B for the CS. We, hence, conclude that with a
high-quality control system, Type A can serve as a road base.
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Fig. 1. Gradations for the in-Site Soil
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Table 1. Properties of Selected Solidified Soil Type

Cement

Bindfr i:ji;lf; Property
(kg/m"3)
Type A 230 2 Silicate based Liquid
Type B 115 1 Silicate based Liquid
Type C 150 14 Lime based Powder
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Table 2. Design of Experiment

7days 28days 28days
(air dry) (air dry) (water curing)
Type A 3 3 3
Type B 3 3 3
Type C 3 3 3
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Table 3. Test Results of Compressive Strength for
Solidified Soils, MPa
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Fig. 2. Cubic Molds for Compressive Strength
Test

Fig. 3. Compressive Strength Test for the

Specimen
4. APt & AN 24

7days 28days(a) 28days(w)
11.5 9.5 13
Type A 10.5 7.2 9.2
9.2 12.1 9.7
6.2 7.1 5.6
Type B 7.3 5.7 4.9
7.9 6.6 5.3
7.6 55 3.1
Type C 7 4.7 2.6
6.3 5.5 33
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Table 4. ANOVA: Two Way ANOVA for Compressive Strength of Solidified Soils

Source Sum of Square DF Mean Square F Ratio P-Value F Rejection
Factor A(row) 130.0289 2 65.01444 42.58588 1.5E-07 3.554557
Factor B(col.) 15.78667 2 7.893333 5.170306 0.016818 3.554557
Interaction 15.07111 4 3.767778 2.467977 0.081833 2.927744
Error 27.48 18 1.526667
Total 188.3667 26
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Fig. 4. Whisker Diagram for Compressive
Strength between 7days and 28days
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Table 5. F-test: Between 7days and 28days for Type
C, Assuming Equal Variances

7days 28days
Mean 6.966667 5.233333
Variance 0.423333 0.213333
Observations 3 3
df 2 2
F 1.984375
P(F¢=f) one-tail 0.335079
F Critical one-tail 19
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Table 6. t-test: Between 7days and 28days for Type
C, Assuming Equal Variances

7days 28days

Mean 6.966667 5.233333

Variance 0.423333 0.213333

Observations 3 3
Pooled Variation 0.318333
At e o,
df 4

t Stat 2.134545
P(T{=t) one-tail 0.049849
t Critical one-tail 2.131847
P(T¢=1) two-tail 0.099697
t Critical two-tail 2.776445
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Fig. 5. Whisker Diagram for Compressive
Strength between 7days and
28days(water)

Table 7. t-test: Between 7days and 28days(water) for
Type B, Assuming Equal Variances

7days 28days(water)
Mean 7.133333 5.266667
Variance 0.743333 0.123333
Observations 3 3
ooled 0.433333
ariation
Hyperthesized Mean 0.7
Difference ’
df 4
t Stat 2.170608
P(T{=t) one-tail 0.047872
t Critic'al 2131847
one-tail
P(T{=t) two-tail 0.095745
¢ Critieal 2776445
two-tail

Table 8. t-test: Between 7days and 28days(water) for
Type C, Assuming Equal Variances

7days 28days(water)
Mean 6.966667 3
Variance 0.423333 0.13
Observations 3 3
Pooled 0.276667
Variation
Hyperthesized Mean
Difference 305
df 4
t Stat 2.134414
P(T<{=t) one-tail 0.049856
t Critic'al 2.131847
one-tail
P(T{=t) two-tail 0.099712
¢ Critical 2776445
two-tail
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Fig. 6. Whisker Diagram for Compressive
Strength between 28days and

28days(water)
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Table 9. t-test: Between 28days and 28days(water)
for Type B, Assuming Equal Variances

28days 28days(water)
Mean 6.466667 5.266667
Variance 0.503333 0.123333
Observations 3 3
Pooled
Variation 0.313333
Hyperthesized Mean
Difference 0.22
df 4
t Stat 2.144215
P(T{=t) one-tail 0.04931
t CritiC?l 2131847
one-tail
P(T{=t) two-tail 0.09862
t Critic:al 2776445
two-tail
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Table 10. t-test: Between 28days and 28days(water)
for Type C, Assuming Equal Variances

28days 28days(water)
Mean 5.233333 3
Variance 0.213333 0.13
Observations 3 3
Pooled
Variation 0.171667
Hyperthesized Mean 151
Difference ’
df 4
t Stat 2.138165
P(T{=t) one-tail 0.049646
t Critic'al 2.131847
one-tail
P(T{=t) two-tail 0.099292
¢ Critical 2776445
two-tail
5. 48
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