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Experimental study on mechanical properties of high water content
stabilized soil based on industrial by-products

WANG Teng, ZHOU Jia-jin", GONG Xiao-nan, YU Jian-lin
(College of Civil Engineering and Architecture, Zhejiang University, Hangzhou 310058, Zhejiang, China)

Abstract: Soft clay, characterized by high water content, high compressibility and low strength, is widely distributed in the
eastern coastal areas of China, and its engineering properties are subpar. In order to improve the soil strength, based on
ordinary Portland cement, mineral powder and fly ash were replaced with part of the cement, and the alkaline activator
gypsum powder was added to stabilize the soft clay. The investigation involved unconfined compressive strength tests to
evaluate the performance of the stabilized soil under different proportions. The test results show that the unconfined
compressive strength of the stabilized soil increased with the curing time. Notably, the strength showed rapid improvement
during the first 3-7 curing days, and the growth rate slowed down from 7-28 days, aligning with empirical observations.
Furthermore, the deformation modulus of the stabilized soil was found to be 45.9-114.7 times its strength. At the 28-day
curing mark, the mixture comprising 10% cement + 10% mineral powder + 5% gypsum exhibited the highest strength,
reaching 2 700.0 kPa. Conversely, the combination of 15% cement + 5% fly ash + 5% gypsum resulted in the lowest
strength, measuring 743.9 kPa. Interestingly, the mineral powder was found to hinder the later-stage growth of soil strength.
Based on the assessment of raw material costs and stabilized soil strength, the optimal and most economical ratio was
identified as 5% cement + 15% mineral powder + 5% gypsum, as supported by the test results. This ratio holds significant
promise for practical applications in soft clay stabilization and is recommended for engineering design and planning
purposes.
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Table 1 Parameters of test soil sample

HE/(KN/mMY) SKE% W%  BIR/Y%  BEREC L

WrkEesc L FLBatk e  ZFEJukPa IR/

16.5 55.6 49.5 27.9 21.6

1.29 1.557 12.9 6.2

e FHRIIAN Rt N =R AR A

2 PO52.5 BEERELIKE MR
Table 2 P.052.5 Portland cement properties

4 I 7] /min Pidfr i %/ MPa B R/ MPa
UL Tes ) ZHZ (80 pm FEARED /%
)k 28 3d 28 d 3d 28d
P.052.5 119 178 6.1 8.7 33.9 61.9 0.08
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Table 3 Chemical composition of raw materials

\ A2 2E R B Y%
RIGAA K} ,
SiO2 Ca0 ALOs Fe20s SOs3 HoAt
HE 1.17 37.35 0.32 50.52 10.06
i 30.62 41.65 0.35 2.70 9.21
WrIEIK 48.64 6.76 4.97 — 8.70

\L;\\.’\\ /”A
(a) P.O52.5 /K

(b) W H
E1 EEREHR

Fig. 1 Main experimental materials
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Table 4 Ratio of stabilized soil

5 KRS BEK RS 6ES
/% B EI% /% /%
1 20 0 0 0
2 15 5 0 5
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4 10 5 5 5
5 10 0 10 5
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8 5 0 15 5
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Fig. 2 Stress-strain curves of stabilized soil with different ratios at different ages
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Table 5 Unconfined compressive strength test results of
stabilized soil samples
3d 7d 28d

qu/kPa Eso/MPa gquvkPa Es//MPa guw/kPa Eso/MPa

1 3267 314 5873 485 1119.7 588
2 2728 197 4257  36.1 7439 448
3 609.7 408 10744 643 20144 1524
4 2202 197 5348 41.0 1858.7 1819
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8 13256 865 17975 143.1 25002 1929
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Table 6 Economic analysis of stabilized soil with different
proportions

H %) 28d HEFEEKPa FA/I(TT/) SREEIE B /% A 20 B/%

1 1119.7 800 0 0

2 743.9 588 -33.5 26.5
3 20144 600 79.9 25.0
4 1 858.7 492 66.0 38,5
5 2 700.0 504 141.1 37.0
6 1357.0 384 21.2 52.0
7 2 266.5 396 102.4 50.5
8 2500.2 408 123.3 49.0
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