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Direct Shear Tests on Frozen Strength of Interface Between

Saline Soil and Concrete Lining
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Abstract: Saline soil and frozen soil have been considered as special soils and have been widely studied
in geotechnical engineering. However, few studies have been done on the interface between frozen sa-
line soil and concrete lining. In order to study the frozen damage of an irrigation canal system in Shan-
dong Province, a series of direct shear tests on interface between frozen saline soil and concrete lining,
with different salt types, different salt contents and different normal stresses, were performed to study
the mechanical properties of the frozen interface. The test results show that the failure model of the fro-
zen interface relies on the salt type and salt content. When the salt content is less than 2%, the direct
shear strength of the interface decreases rapidly after the peak value. However, when the salt content
is larger than 2%, the failure model is different from that with small salt content. It changes from brit-
tle failure to plastic failure with the increase of salt content. When the content of NaCl is more than

2%, the frozen strength of the interface is completely lost. While for Na,SO, when its content is more
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than 4%, the initial frozen strength approaches to zero. The effect of salt content on the shear strength

of the interface is as follows: as salt content increases, the internal friction angle decreases with the in-

crease of salt content; The cohesion decreases from its initial value to a constant with the increase of

salt content.

Keywords: saline soil; interface; frozen strength; direct shear test
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Table 1 The cations and anions content in the in-situ soil

A7 mg/kg
. Na'vo ,, HCO, . N
AL Ca®" Mg’ o Cl sof gk
K CO*

i 187.5 72.35 58.15 64.75 56.95 46.2 0.285
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Table 2 Physical properties of the soil after desalting treatment

AT 8/ R RDRA ()B4 A6/ %
wmdshE /% Wy R BT

(gecm ) =>0.25 0.25~0.075 0.075~0.005 <20.005
BE 21.38 27.75 1.67 7.18 37.68 46.19 8.7
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Fig.1 Relations between shear stress and shear displacement
under different normal stresses and at NaCl contents

of 1%(a) and 2% (b)
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Fig.2 Frozen strength envelope of chlorine saline soil
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Fig.3 Relations between shear stress and shear displacement
under different normal stresses and at Na,SO, contents
of 1%(a) and 2% (b).
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Table 3 Test results of shear strength
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5 107.69 176.92 242.30 309.60 33.86 41.34
1 86.61 153.84 211.53 290.30 33.74 18.38
S AL
2 55.77 115.38 188.45 244 .22 32.54 —8.65
4 51.92 111.53 167.30 230.76 30.63 —7.69
0.5 148.07 169.22 224.99 294.22 33.15 30.76
N 1 144.23 173.07 219.22 278.8 33.07 19.23
T 18 M
2 71.15 140.38 198.07 246.1 30.2 18.26
4 59.61 119.23 153.84 236.5 29.47 0.961
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