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Swelling tests on soils and simulation method for unloading-swelling process

ZHANG Wei-min, GU Xing-wen, WANG Fang, WANG Nian-xiang
(Nanjing Hydraulic Research Institute, Nanjing 210029, China)

Abstract: The time-rate of swelling is investigated. The variation of the consolidation coefficient in swelling process and the
similarity between absorbing water and absorbing air during the process are studied through experiments. The test results show
that the coefficient of consolidation keeps changing in both processes of the consolidation and swelling, ranging up to 3 orders
of magnitude. The coefficient of consolidation is not a fixed parameter but a process factor which repeats in each loading and
unloading. The feasibility of applying the nonlinear consolidation theory in swelling process is studied. The time-varying C,
method for consolidation and swelling is proposed, and the parameters can be obtained by fitting the experimental results. The

settlement and swelling deformation obtained by the proposed method are in good agreement with the experimental results in

both loading and unloading processes.
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Fig. 2 Consolidation and swelling processes of sample No. 1
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Fig. 14 Time-varying C, method vs experiments (consolidation,

No. 1 sample)
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Fig. 16 Time-varying C, method vs experiments (swelling, sample

No. 1)
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Fig. 17 Time-varying C, method vs experiments (swelling, sample
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undisturbed mud clay)
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Table 3 Test data and parameters of sample No. 1 (initial height=2 cm, ¢,=0.781)

. [ 4452 ¥ 1 Kt/ mm [ 45 JE 3 K/mm
/s 0—100 100—200 200—400 400—800 800—1600 1600—800 800—400 400—200 200—100 100—0
kPa kPa kPa kPa kPa kPa kPa kPa kPa kPa
6 0.539 1.038 1.362 1.876 2.404 3.107 3.042 2.896 2.725 2.523
15 0.659 1.06 1.398 1.926 2.491 3.090 3.029 2.890 2.721 2.502
30 0.726 1.074 1.422 1.962 2.555 3.087 3.022 2.886 2.718 2.488
60 0.793 1.092 1.453 2.005 2.627 3.085 3.012 2.88 2.714 2.469
135 0.856 1.115 1.494 2.065 2.719 3.084 3.000 2.869 2.705 2.436
240 0.888 1.134 1.526 2.118 2.791 3.082 2.990 2.856 2.698 2.404
375 0.904 1.147 1.549 2.157 2.852 3.081 2.984 2.845 2.691 2.373
540 0.914 1.156 1.566 2.183 2.900 3.081 2.979 2.836 2.684 2.342
735 0.920 1.164 1.580 2.200 2.939 3.075 2.976 2.827 2.676 2.309
960 0.924 1.170 1.591 2.214 2.967 3.068 2.972 2.820 2.670 2.277
1215 0.926 1.175 1.602 2.227 2.985 3.063 2.970 2.815 2.663 2.248
1500 0.930 1.179 1.609 2.235 3.001 3.061 2.961 2.811 2.656 2.218
1815 0.933 1.184 1.613 2.246 3.013 3.058 2.952 2.807 2.649 2.189
2160 0.937 1.189 1.618 2.252 3.023 3.057 2.951 2.803 2.639 2.164
2535 0.939 1.192 1.621 2.259 3.033 3.056 2.950 2.796 2.635 2.138
2940 0.940 1.194 1.625 2.264 3.041 3.055 2.949 2.792 2.632 2.110
3840 0.941 1.196 1.63 2.272 3.051 3.053 2.945 2.789 2.628 2.073
6000 0.945 1.201 1.639 2.284 3.063 3.052 2.939 2.781 2.617 2.006
12000 0.953 1.214 1.654 2.307 3.090 3.050 2.928 2.766 2.594 1.876
24000 0.962 1.222 1.664 2.320 3.105 3.048 2.923 2.755 2.575 1.806
82800 0.964 1.233 1.681 2.340 3.135 3.044 2.912 2.738 2.548 1.712
86400 0.964 1.233 1.682 2.341 3.137 3.044 2.911 2.737 2.548 1.710
WHZH

a 0.00557  0.00107  0.00113  9.37X10* 0.00106  0.00258 6.49X10* 1.90X10* 1.09X107 6.47X10°
b 1.02X10* 2.89X10° 1.68X10° 3.10X10° 7.24X10° 1.48X10* 1.06X10° 1.64X10° 1.35X10° 2.33X10°
o 194.6943  476.4359 499.4115 692.6816 553.8095 46.47256 299.2367 2154.605  42.80268 8028.827
n 1.14744 1.0081 0.96847  1.15337 0.9246 1.4083  0.75356  1.13003  0.74071  1.44748
F4 2 EHRBHERRAESE (EHVESE 2 cm, ¢,0.588)
Table 4 Test data and parameters of sample No. 2 (initial height=2 cm, ¢,=0.588)

; fi] 4575 T 3240/ mm [P A T 32 2/mm

/s 0—100 100—200 200—400 400—S800 800—1600 1600—800 800—400 400—200 200—100 100—0

kPa kPa kPa kPa kPa kPa kPa kPa kPa kPa

6 0.348 0.731 1.375 2.03 2.562 3.092 3.077 3.019 2.965 2.877
15 0.401 0.808 1.474 2.109 2.648 3.081 3.065 3.009 2.960 2.848
30 0.421 0.858 1.540 2.172 2.728 3.081 3.061 3.008 2.957 2.828
60 0.442 0.915 1.613 2.243 2.818 3.081 3.056 3.005 2.954 2.801
135 0.462 0.977 1.686 2.322 2.914 3.080 3.051 3.003 2.949 2.765
240 0.474 1.015 1.728 2.365 2.963 3.080 3.050 3.001 2.946 2.732
375 0.482 1.041 1.755 2.389 2.991 3.079 3.050 2.999 2.943 2.699
540 0.487 1.060 1.774 2.403 3.009 3.079 3.049 2.998 2.942 2.674
735 0.493 1.073 1.787 2.415 3.023 3.078 3.048 2.997 2.942 2.651
960 0.498 1.084 1.795 2.425 3.033 3.078 3.047 2.996 2.940 2.630
1215 0.501 1.091 1.803 2.432 3.041 3.077 3.046 2.996 2.939 2.612
1500 0.505 1.098 1.812 2.441 3.047 3.077 3.044 2.995 2.937 2.595
1815 0.509 1.104 1.817 2.446 3.051 3.077 3.043 2.994 2.936 2.583
2160 0.512 1.109 1.820 2.450 3.055 3.077 3.042 2.994 2.933 2.575
2535 0.515 1.113 1.822 2.456 3.060 3.077 3.041 2.993 2.932 2.567
2940 0.517 1.116 1.827 2.458 3.063 3.077 3.041 2.991 2.931 2.558
3840 0.518 1.121 1.831 2.462 3.068 3.077 3.040 2.989 2.931 2.547
6000 0.523 1.129 1.838 2.473 3.075 3.077 3.039 2.988 2.929 2.526
12000 0.534 1.140 1.851 2.489 3.089 3.077 3.036 2.985 2.924 2.493
24000 0.541 1.147 1.858 2.494 3.098 3.077 3.034 2.983 2.917 2.473
82800 0.547 1.153 1.866 2.504 3.109 3.077 3.029 2.978 2.908 2.434
86400 0.547 1.153 1.867 2.506 3.109 3.077 3.029 2.977 2.908 2.433

T

0.00416 0.003 0.00367  0.00353  0.00254  10.65303 0.00216  0.00145 3.45X10* 2.95X10*
8.10X 107 3.77X107° 2.18X 107 1.98X 107 5.61 X107 6.01X10* 8.96X10° 3.03X10° 2.21X10° 1.89X 107
f 112.8904 212.8246  167.0513 139.9494 285.4716  0.03892  161.6421 105.8394  487.3105 1707.883
n 1.04236  0.9223 0.91633  0.90965  1.12745 1.0397 1.53169  0.99062 1.07912  1.13633
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