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Stress-strain-strength behaviour and constitutive description
of lime-treated expansive soil
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Abstract: This paper investigates the deformation characteristics and damage mechanism of the lime-treated expansive soil. A series
of mechanical property tests under uniaxial compression, one-dimensional consolidation, and triaxial compression are carried out for
Jingmen expansive soil. The results show that the lime-treated soil remains fairly stable stiffness and shear strength even after
saturated. Under uniaxial compression, whether unsaturated or saturated, the brittle failure occurs for the lime-treated expansive soil,
whereas the untreated expansive soil has considerable plastic deformation capacity. On the other hand, under triaxial compression, the
lime-treated samples present shear contraction and strain hardening before failure, with the shear dilatancy when the sample was
about to failure and strain softening after failure. Moreover, it is observed that the confining pressure had an inhibitory effect on the
brittle failure and the shear dilatancy, but even under the confining pressure is 200 kPa, the deformation of the sample is very small at
the failure time, which demonstrates the brittle failure. Based on the mechanism analysis, the Duncan model is selected to describe
the stress-strain-strength behaviour of the lime-treated expansive soil. The model parameters are calibrated from the aforementioned
tests. The comparisons between the parallel tests and predicted results validate the selected model.
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1 [17]
Table 1 Physical properties of the tested soil™”
1% /(g/cm’) /(gem®) % 1% 1%
211 223 2.03 2.72 1.68 4.1 209 42
2 [17]
20 Table 2 Mineral compositions and particle component®”
50 Jones 1958 /% /%
1 - >0.075 0075 0005 2 5 <2
Petry ASCE 150 mm mm um um
60 35 5 40 20 132 573 145 150
3
10 Table 3 Controlling indexes of sample preparation
/% /% /(g/cm’) /%
3.0 95 1.63 21.0
(2 4] 3] [6] 0.0 95 1.77 17.0
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1 4 Table 5 Results of consolidation test
/kPa /(MPa™) /MPa
o-¢&, 0 0.659
62% 25 0.650 03550 4.67
85% 50 0.642 03185 0.026 521
100 0.629 0.268 8 0.045 6.17
200 0.620 0.083 0 0.028 20.00
400 0.614 0.0315 0.021 52.63
800 0.604 0.025 1 0.033 66.12
1600 0.590 0.018 1 0.048 91.43
3200 0.567 0.0143 0.076 116.36
<
[
4
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Fig.1 Axial stress-strain relationships (under
unconfined compression test) 6 5%
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Table 4 Results of unconfined compression tests
/% /kPa
95 16843
95 643.9 1200 —a ;=25 kPa
95 1260.9 —e— 53 =50 kPa
95 190.5 1000 —— 5, =100 kPa
—¥— 03 =200 kPa
p 800
3.2 <600
e- 2 ®
P g 400
Casagrande Method 700 =
[19] 200
kPa 5 ain
0 ey
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Fig.2 Relationship between void ratio and
consolidation pressure

Fig.3 Stress-strain relationships (under drained triaxial
consolidation compression test)
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Table 6 Characteristic values of stress
(o1-03) (01-03)¢ca-s9)  (O1=03) =590 (C1-03)¢
o3 /kPa
/kPa /kPa /%
25 585.1 181.5 31.0
50 634.9 253.5 39.9
100 826.6 417.8 50.5
200 10209 784.7 76.9
4
cq=139.1 kPa @, =34.2°
700
600
500 ca=139.1 kPa
5 400 pa=342°
S 300
200
100
0 ,
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o /kPa
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Fig.4 Shear strength envelope curves of consolidated
drained triaxial compression test data
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Fig.5 Damaged soil samples (one-dimensional
consolidation test)
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Fig.6 Damaged soil samples (triaxial compression test)
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Table 7 Parameters of Duncan E-B model
o3/kPa (o-03)/kPa E;/MPa (o,-03)u/kPa R¢ R¢ K n 0.7(o1-03)¢/kPa &y B; Ky m
25 585.1 123.4 1388.9 0.421 405.6 0.153  88364.8
50 634.9 132.0 21277 0.298 442.1 0.183  80536.9
0.380 1568.6 0.2186 9022 0.0546
100 826.6 143.8 21739 0.380 574.4 0.200 957272
200 10209 198.8 2439.0 0.419 712.7 0251 946414
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Fig.8 Predicted results of Duncan E-B model ] o
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