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One-dimensional swelling characteristics of expansive soils
considering influence of initial states
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Abstract: Taking the Nanyang medium expansive soil as the research object, the evolution laws of the swelling force and
swelling rate of unsaturated remolded soils under different initial conditions (including suction, water content and dry density,
etc.) are explored through indoor one-dimensional swelling characteristic tests and soil-water characteristic tests. The test
results show that under different initial water contents, the unloaded expansion rate has a power function relationship with the
initial suction, and this function relationship has nothing to do with the initial dry density. The swelling force increases as a
power function with the increase of the initial dry density, while the swelling force first increases and then decreases with the
increase of the initial water content. The swelling force has a power function relationship with the initial dry density and final
water absorption. A three-variable model for the initial dry density-final water absorption-swelling force is given. A unified
model for the initial water content-initial dry density-initial suction-swelling force within the full suction range is established.
The proposed model has few parameters and unified left and right dimensions of the equation, and it has good consistency with
the experimental data, which is convenient for engineering application. The research results provide a reliable theoretical
method for the analysis of the swelling characteristics and soil-water characteristics of the unsaturated Nanyang expansive soil.
Key words: expansive soil; swelling property; soil-water characteristic; initial state; model
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Fig. 1 SWCCs under different initial dry densities
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Table 2 Related parameters of SWCCs of Nanyang expansive soil

Puo VG R Webb 2Rk
/(gem3) « /kPa n Wr R? s w"
1.40 629 1.095 0 0.998 58.16 0.277
1.45 1419 1.097 0 0.998 128.83  0.259
1.50 3733 1.103 0 0.997 319.03 0.240
1.55 101.94 1.108 0 0.997 836.04 0.217
1.60 159.78 1.119 0 0991 1184.21 0.206

0.4

03

w

0.2+

o REHER
— VGHERE

O1r . Webbpkftix

0 1 1 1 1 1 1 ™ ]

10! 100 10' 102 10° 10* 105 10°
s/kPa

(a) Pa0=1.40 g/cm®

0.4

0.3

w

0.2

o REBIE
— VGELR
0.1F . Webbikfb:

0 1 1 1 1 1 1 \\I

10-1 10° 10! 102 10° 10* 105 105
s/kPa

(b) pgo=1.50 glem®

0.3

0.2

= A RBBRE
— VG#EE
0.1 ---- Webb¥kfR2
0 1 1 1 1 1 1 ‘I
10 100 100 102 10° 10* 105 10°

s/kPa
() pgo=1.60 g/cm?

1 1 1 1

102 10° 10* 105 106
s/kPa

(d) Pa0=1.70 g/cm?

2 FEIFIATFEE TRPRR B £ IR SISEE /Y SWCC
Fig. 2 SWCCs of Nanyang expansive soil in full suction range
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Fig. 4 Dependences of swelling force on different influencing
factors
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Table 3 Fitting parameters of relationship among swelling force, initial dry density and final water absorption
wo A Ga) E)) X (D
% k1/kPa A R? k2/kPa A2 R? w/kPa b R?
11.11 387.482 9.519 0.880 0.379 -3.040 0.947 0.395 3.022 0.989
13.57 374.323 8.302 0.968 0.535 -2.720 0.979 0.692 2.572 0.985
16.16 564.711 10.515 0.986 0.392 —2.543 0.975 0.345 2.616 0.993
17.23 851.601 11.865 0.986 0.160 -2.854 0.957 0.062 3.317 0.966
18.99 490.285 9.326 0.970 0.759 -1.945 0.985 1.923  1.552 0.979
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Fig. 5 Relationship between swelling force and final water

absorption
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Table 4 Fitting parameters of relationship among initial dry

density, initial suction and swelling force

wo A (92)

1% o B 7 R?
11.11 157.165 89.231 5.229 0.965
13.57 338.373 103.752 7.821 0.970
16.16 564.711 353.000 10.515 0.986
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