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Method for calculating swelling deformation of bentonite in salt solution

LI Xiao-yue, XU Yong-fu
(School of Naval Architecture, Ocean & Civil Engineering, Shanghai Jiao Tong University, Shanghai 200240, China)
Abstract: A linear relationship between the maximum swelling deformation and the effective stress of bentonite under double
logarithmic coordinates is derived based on the fractal theory. The effective stress of bentonite is related to the osmotic suction
of concentration solution. However, the osmotic suction must be obtained through complicated tests, and it brings the difficulty
to the practical application in projects. Based on the modified Debye-Huckel formula, the osmotic coefficients of CaCl,, NaCl,
NaNO; and Ca(NOs), solutions in different concentrations are obtained, and are proved to be reliable through other literatures.
Then, the effective stress can be obtained by using the calculated osmotic suction. The maximum swelling deformations of the

same kind of bentonite with different concentrations or different kinds of solutions have a unique linear relationship with the

effective stress in log-log coordinates, which conforms to the theoretical formula.
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Table 1 Parameters of salts in water at 298 K

Ak m Vx Zn Zx

o)
ﬂMX

[¢))
Bux I CMX¢ A b

a
NaCl 1 1 1 1 0.076500 0.02664 0.00127 0.392 1.2 2
KCl 1 1 1 1 0.048350 0.21220 -0.00084 0.392 1.2 2
CaCl, 1 2 2 1 0.315900 1.61400 -0.00033941 0.392 1.2 2
MgCl, 1 2 2 1 0.352350 1.68150 0.00519193 0.392 1.2 2

NaNO; 1 1 1 1 0.006800 0.17830 -0.00072 0.392 1.2 2

Ca(NO;3), 1 2 2 1 0.210825 1.20747833  -0.02014194 0.392 1.2 2

Na,SO,4 2 1 1 2 0.019575 1.11300000 0.02584824 0.392 1.2 2
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Table 2 Osmotic coefficients of salts with different concentrations in water (298 K)

W ayTigLES
/(mol kg ') NaCl KCl CaCl, MgCl, NaNO, Ca(NOy), Na,SO,
0.01 0.7930 0.9672 0.9070 0.9081 0.8983 0.9037 0.9665
0.05 0.7901 0.9401 0.8634 0.8679 0.8283 0.8500 0.9554
0.10 0.9320 0.9262 0.8550 0.8629 0.7936 0.8315 0.9478
0.20 0.9231 0.9129 0.8609 0.8749 0.7555 0.8198 0.7982
0.30 0.9202 0.9062 0.8753 0.8949 0.7312 0.8176 0.9665
0.40 0.9199 0.9022 0.8936 0.9187 0.7136 0.8193 0.9369
0.50 0.9210 0.8998 0.9145 0.9453 0.7005 0.8234 0.9203
0.60 0.9229 0.8984 0.9377 0.9743 0.6910 0.8290 0.9018
0.70 0.9255 0.8976 0.9628 1.0054 0.6846 0.8359 0.8903
0.80 0.9285 0.8974 0.9894 1.0382 0.6808 0.8436 0.8818
0.90 0.9319 0.8976 1.0175 1.0727 0.6794 0.8520 0.8749
1.00 0.9356 0.8980 1.0468 1.1087 0.6802 0.8608 0.8692
2.50 1.0135 0.9242 1.5706 1.7582 0.8845 0.9841 0.8642
3.00 1.0454 0.9369 — 2.0029 1.0167 — 0.8597
4.00 1.1152 0.9649 — 2.5180 1.3634 — 0.8557
4.50 1.1527 0.9798 — 2.7863 0.7930 — —
4.80 1.1758 0.9888 — — 0.7901 — —
6.00 1.2729 — — — 0.8174 — —
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