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Calculation of peak shear strength of bentonite in salt solutions

LI Xiao-yue, XU Yong-fu
(Department of Civil Engineering, Shanghai Jiao Tong University, Shanghai 200240, China)

Abstract: Bentonite, as a barrier material for high-level waste disposal repositories, acts as a buffer material between waste
storage tanks and surrounding rocks. The salt solutions in the cracks of the surrounding rock will affect the peak shear strength
of the bentonite and interfere with the stability of the nuclear waste repository. Therefore, the determination of the peak shear
strength of the bentonite in salt solutions is of great importance. The peak shear strength of the bentonite affected by salt
solutions is analyzed from the perspective of electric diffuse double-layer theory. The concept of modified effective stress is
proposed to express the peak shear strength of the bentonite incorporating with the osmotic suction of salt solutions. Based on
the fractal model for bentonite surface, the expression for the modified effective stress is related to the osmotic suction based on
the stress balance of bentonite in salt solutions. The osmotic suction is calculated by the modified Debye-Hiickel equation.
Considering the Mohr-Coulomb criterion, the peak shear strength (7, ) of the bentonite is expressed by the modified effective
stress (p°) in a uniform linear relationship as 7, =¢'+ p°tan¢’ .
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Fig. 1 Relationship between peak shear strength parameters and

net electric suction
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Fig. 3 Osmotic suctions and stresses borne by bentonite particles
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Table 1 Osmotic coefficients of sodium chloride solution

{§ﬂ§ﬂ‘2§ A Colin 42 Hamerr 2527
/(mol-kg™") gER

0.001 0.988 0.988 0.988
0.002 0.984 0.984 0.984
0.01 0.968 0.968 0.968
0.02 0.958 0.958 0.959
0.05 0.943 0.944 0.944
0.1 0.932 0.933 0.933
0.2 0.923 0.924 0.924
0.3 0.920 0.921 0.921
0.4 0.920 0.921 0.920
0.5 0.921 0.922 0.921
0.6 0.923 0.924 0.923
0.7 0.926 0.927 0.926
0.8 0.929 0.930 0.929
0.9 0.932 0.934 0.932

1 0.936 0.937 0.936

2 0.984 0.987 0.984

3 1.045 1.048 1.045

4 1.115 1.118 1.116

5 1.191 1.192 1.191

6 1.273 1.269 1.270

X T 22 R (W1CaSOs) VAT, Bux 1

=1, FoRA>
By = Bix + Bixe™ + Bine ™ (20)

X, B RSEFRRMMAEMEK S, o Ma, N
ZISSHY, S RIELL.4H012, Rockland ™) F 2675 “F- i
1, ISR SR VAR, A5 BN SV R

VA ST AE298 KK HRB R 77, AN TR o AR
FEAE, Praeit SAA 2B E R EEE A .

100
£
= 10
R
=
)
21

R
° |ﬁﬁ%% 1 1 1 1
0.10 1 2 3 4 5 6
ml(mol-kg™)

4 NaCl BIERNEBREREX R
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Table 2 Osmotic suctions of different solutes (kPa)

c/(mol-kg') MgSO4  CaCl2 Na,S0, CaSO,

0.01 36.71  67.41516 66.77073 38.15521
0.1 294.62 6354709  589.8685 —
0.2 55472 1279.774  1123.057 —
0.4 1054.95  2656.663  2121.458 —
0.6 1549.69  4181.872 3081.8 —
0.8 2061.18  5883.231  4048.301 —
1 2611.04 7780.672  5055.62 —
2.5 9593.91 2918423  16435.12 —
13575.79 — 22670.31 —
4 — — 40535.41 —
55 — — — —
6 _ _ _ _
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