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Experimental study of characteristics of swelling-shrinkage and
permeability for Jingmen weak expansive soil
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Abstract: A series of tests for characteristics of swelling-shrinkage and permeability are carried out on Jingmen weak expansive soil
under five different compactnesses and on the lime-treated soil. The test results show that the swelling pressure - dry density relation
can be represented by a power function; while the relations between non-loaded swelling ratio, linear swelling ratio, volume
shrinkage ratio and dry density are all non-monotonous. The expansive soil with the compactness of 95 % has the lower swelling ratio
and volumetric shrinkage ratio, which is due to effects of coupled compaction and swelling. Therefore, the compactness should be
selected as 95 % in weak expansive soil embankment construction. On the other hand, the lime treatment can reduce swelling and
shrinkage of expansive soil, indicating by the fact that the swelling-shrinkage total ratio of the lime-treated expansive soil is only
0.7 %. In addition, the permeability coefficient of the lime-treated and untreated expansive soil all decrease with increasing dry
density. This relation can be represented by the power function as well. The permeability coefficient of the lime-treated soil is larger
than that of the untreated expansive soil under the same compactness; however, for the approximate dry density, the difference of the
permeability coefficient between the two types of soil is not large.

Key words: expansive soil; swelling-shrinkage characteristics; permeability characteristics; degree of compaction; dry density
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Table 1 Physical properties of the tested soil'®

RAREIKF RIREE LR RAATHE W IR ARk
% Agem®) XIFE Agem™) /% /% %
21.1~223  2.03 2.72 1.68

42.1 209 42
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Table 2 Mineral compositions and particle componen
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Table 3 Controlling indices of sample preparation
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85 1.58 17
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Table 4 Results of swelling pressure tests

e e me el BRI,
FEH J(gem®) /% ”/% “/% /kPa
1.855 99.7 16.6 172 468.4
1.760 94.6 16.9 20.1 355.9
Rkt 1.700 91.4 16.9 22.1 262.5
1.577 84.8 17.6 26.7 122.9
1.484 79.8 174 30.6 59.8
VEY & 1.647 96.3 20.8 24.0 33
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Fig.1 Swelling pressure - dry density relationship
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Table 5 Results of non-loaded swelling ratio tests

, Wik PSS S P ot R U S KE WKk
S T B BKE KR TERE x
o gem®) /% 1% % (gem™) /%
1.824 98.1 16.8 28.1 1.542 183
1.781 95.8 16.6 28.4 1.536 16.0
JE K+ 1.701 91.5 17.4 32.6 1.441 18.1
1.657 89.1 16.2 352 1.390 19.2
1.547 83.2 17.4 354 1.385 11.7
AL 1.653 96.6 19.8 23.9 1.647 0.3
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Fig.2 Swelling ratio - time relationships
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Table 6 Results of linear swelling ratio tests
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Fig.3 Swelling ratio - time relationships
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Fig.4 Vertical shrinkage ratio-water content relationships
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Table 7 Results of shrinkage tests

RS WEITR  BREs R

Fhen T O g g oR
5 /% - SR %
((gem™) (gem™) Agom®)

1.814 97.5 1.526 1.994 091 23.48

1732 93.1 1.509 1939 079 2217
T Fn

oy 1.674 90.0 1.421 1.929 0.67 27.72
MK+
1.584 85.2 1.347 1.850 0.56  28.69
1.466 78.8 1.335 1.698 041 21.73

MAA KL 1671 97.7 1.659 1.701 0.08 275

T 1.825 98.1 1.825 1.996 057 9.72
v
1.777 95.5 1.777 1.890 030 720
7}
1.671 89.9 1.671 1.844 0.51 11.61
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Table 9 Results of variable head permeability tests
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Fig.6 Permeability coefficient - dry density relationship
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Table 10 Results of consolidation test

[ 48 1K LB THE BREG R W RE BIERK
/kPa T J(gem™)  /MPah) Nem*/s) /(107 cm/s)
0 0.659  1.640
25 0.650  1.648 02140 0.0082  175.00
50 0.642  1.657 0.192 0 0.001 3 25.00
100 0.629  1.670 0.162 0 0.001 1 17.00
200 0.620  1.679 0.050 0 0.003 6 18.20
400 0.614  1.685 0.019 0 0.007 6 14.50
800 0.604  1.696 0.0151 0.007 9 11.90
1600  0.590 1.711 0.010 9 0.008 6 9.45
3200 0567  1.736 0.008 6 0.006 8 5.87
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