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Effect of soluble salts on shear strength of unsaturated remoulded
loess in Lanzhou city

YAN Ya-jing!, WEN Bao-ping?, HUANG Zhi-quan*
(1. School of Resources and Environment, North China University of Water Resources and Electric Power, Zhengzhou, Henan 450045, China;
2. School of Water Resources and Environment, China University of Geosciences (Beijing), Beijing 100083, China)

Abstract: It is well known that shear strength of soil plays a key role in analyzing the stability of slope. To clarify the variations of
shear strength and parameters of the loess after leaching for different times, a series of direct shearing tests is conducted on samples
from Lanzhou loess. Results show that, shear strength and cohesion of unsaturated loess decreases significantly nonlinearly with the
decrease of soluble salts, and inner friction angle is slightly changed. Specifically, the reduction reaches the maximum value after
leaching 1 time and trends zero after leaching 5 times. It is also found that the reduced rate is large when soluble salt content is
greater than 2 620 mg/100 g and then reduces. The decrease of loess’s shear strength comes primarily from the decomposition of
soluble salts and calcium carbonate at the initial stage, and it relies on the dissolution of soluble salts and weakening of matric suction
afterwards.
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Table 1 Physical properties of the loess specimens
THERE R L MR MR vt RAHARHEEE/%
/(glem®) bR /% /% FEEL B MR B

1.21 2.74 1.26 272 162 11 14 85 1

*2 BXERPAEERSIEBETFEE
(Bfr: mg/100 g T3
Table 2 Compositions and fractions of soluble salts in the
loess specimens (unit: mg/100 g dry loess)

K* Na* Ca* Mg* cr S0  HCOs IS8+

100 5018 3683 131 6518 12356 16.8 27973

K3 HEARPUHERRARSE (B %)

Table 3 Types of soluble salts and their contents (unit: %)

AR ARCE A
2.94 0.13 10.8

R4 HLEREIT RS R ER (B %)
Table 4 Clayey mineral compositions and their contents in
the loess specimens (unit: %)

H-5RE G IR glA FLTmEE
19.0 54.0 11.0 16.0 201
K5 ZMNMREAAKNEFERETERE (Bh: %)

Table 5 Chemical compositions of the Yellow river water
in Lanzhou (unit: %)

K* Na* Ca? Mg?* Cl SO HCO3

11 26.3 67.9 67.9 18 52.5 271.7
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Table 6 Soluble salts and ion contents in the unsaturated
loess specimens after leaching

. G BT R B R/ (mgl100 g Tt)
v

. il
S0 HCO; M

M5 K* Nat Ca®* Mg* Cl o
0

HD-1 9.3 4358 3750 28.3 4842 1249.2 421 26238 9338
HD-2 43 1400 1225 130 1333 4883 298 931.2 333
HD-3 24 478 1075 74 316 3108 231 530.7 19.0
HD-4 16 177 908 53 9.6 256.7 214 4031 144

HD-5 1.0 63 689 3.2 28 1792 186 2799 10.1

HD-6 0.9 57 683 30 26 179.0 183 2788 10.0
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Fig.1 Correlations between leaching time and shear strength of unsaturated remoulded loess
specimens with different degrees of saturation
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Fig.2 Correlations between shear strength and soluble salt content of unsatu
specimens with different degrees of saturation
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Table 7 Shear strength parameters of unsaturated
loess specimens

LRI HD HD-1 HD-3 HD-5

/% c/kPa ¢ /(° ) c/kPa ¢ /(° ) c/kPs @ /(° ) c/kPa ¢ /(°)

20 221 309 159 287 124 28.6 113 28.9
40 82 299 46 293 2.9 29.3 2.2 29.2
50 108 30.0 6.4 302 4.4 30.1 3.3 30.0
60 39 138 30 140 1.9 14.0 1.6 13.7
70 05 108 04 107 0.2 10.6 0.2 10.5
80 0.3 44 0.3 4.4 0.2 43 0.2 4.3
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Fig.3 Correlations between leaching time and shear
strength parameters of unsaturated remoulded
loess specimens
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Fig.4 Soil-water characteristic curves of unsaturated
remoulded loess specimens before and after leaching
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