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Experimental study of expansion model of expansive soil considering
state water content and density

HUANG Bin"?, RAO Xi-bao"? ~WANG Zhang-qiong’, TAN Fan"’
(1. Geotechnical Division, Yangtze River Scientific Research Institute, Wuhan 430010, China;
2. Key Laboratory of Geotechnical Mechanics and Engineering of Ministry of Water Resources, Wuhan 430010, China;
3. Graduate School, China University of Geosciences, Wuhan 430074, China)

Abstract: The relationships between compactness, initial water content, cover load and expansion rate have been studied through
expansion experiments at the state of K, stress for Handan strong expansive soil. Then a constitutive model of expansive soil which
considered the effects of these three factors is set up. The relationship between ultimate water content, compactness, initial water
content and cover load is also set up. Finally, a constitutive equation for linear expansion coefficient of Handan strong expansive soil
is proposed. It takes compactness, initial water content, cover load and ultimate water content as variables. With this constitutive
equation, constitutive relation of any water content can be obtained. The experiments and expression of this model are relatively
simple and of certain practical use. This model can provide theoretical basis and reference for design and construction.
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Table 1 Physical properties of expansive soil
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/% 1% W/ % MR/ % YETEIREK 1%
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Table 2 Loaded expansion ratios of compacted
expansive soil

YR B KE ESERE ANJA] B [ < 7/ kPa
1% /% 625 125 2500 50.00 100.00 200.00

90 10.13  7.80 557 3.34 123 -1.19
92 10.17 879 592  3.69 192  -0.40

27.5
95 11.14  9.15 756 632 3.91 1.09
99 12.13 10.12 885 6.71 4.95 2.99
90 723 526 338 1.62 -0.76 -2.53
92 731 535 347 185 050 -1.62
303 95 745 594 479 2091 1.26 -0.3
99 876 6.76  5.04 375 2.14 0.84
90 558 3.66 193 -0.09 -229 -384
92 575 435 272 065 -188 -3.03
333 95 638 470 343 2.05 026 -1.57
99 757 525 400 296 1.05  -0.61
90 336 155 -012 -1.80 -349 -520
365 92 355 192 030 -142 -295 459

95 416 272 124 -030 -167 -3.13
99 452 313 1.73 033 -1.07 -247
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Table 3 Ultimate water contents of compacted
expansive soil

YR B KE RSERE ANJR] B [ < 7/ kPa
1% /% 625 12,5 2500 50.00 100.00 200.00

90 4637 4495 4332 4139 3986 38.24
92 4568 4450 43.18 4128 3971 38.16

27.5
95 4192 41.09 4058 3946 3852 3792
99 4131 4034 3952 3926 38.04 3775
90 4443 43.02 4092 3922 38.02 3642
305 92 4368 4270 40.69 39.11 3789 3635
’ 95 4027 3941 3853 3793 3681 3641
99 40.10 39.25 38.62 38.08 37.14 3645
90 43.08 4150 3943 3815 36.78 35.60
135 92 4261 4081 3901 3797 3647 3454
’ 95 38.63 37.82 37.01 36.11 3529 3490
99 38.89 3846 37.67 36.87 36.13 35.16
90 4153 4028 3843 3728 3574 34.14
365 92 41.16 3990 38.03 3686 3540 33.99

95 37.64 36.86 36.09 3531 3453 3375
99 37.02 36.16 3550 3474 3418 33.60
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Fig.2 The semilog relationship curves between expansion
ratio and load of expansive soil with compactness of 90%
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Table 4 Linear regression coefficient with different initial

water contents
, ETEES
Wk % -
a b R
0.275 -3.2366 16.019 0.999 7
0.305 -2.8294 12.454 0.998 6
0.335 -2.760 2 10.667 0.998 5
0.365 -2.4562 7.8107 0.999 9
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Fig.3 The relationship curve between a and
initial water content
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Table 5 The relationship between m, n, r, s and

compactness
HE;E m n r N
0.90 8.035 -5.392 -88.040 39910
0.92 7.562 -5.112 -86.487 39.413
0.95 6.650 4472 -87.853 39.780
0.99 5.967 -4.193 -91.160 41456
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Fig.5 The relationship curves between m, n, r, s and
compactness
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Table 6 The linear regression coefficients between m, n, r,
s and compactness

A% (RATTRE y = aP+b)

a b
m -23.425 29.073
n 13.812 -17.776
r -40.259 -50.542
s 18.683 22.578
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Table 7 The parameters of linear expansion coefficient for
Handan stong expansive soil

S5 D1 D2 D3 D4 D5 D6 D7 D8

HfH  —23.42529.073 13.812 ~17.776 -40.259 -50.542 18.683 22.578

24 D9 D10 DIl D12 D13 D14 D15 D16

HfH 5757 6.208 16.761 ~17.641 88.148 —~134.18 ~108.57 162.88
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Fig.6 The scatter diagram of calculated values and
measured values for loaded expansion ratio of expansive soil
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Fig.7 Scatter diagram of calculated values and measured
values for linear expansion coefficient of expansive soil
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