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Influence of soluble salt content on strength of
Ili loess under wet-dry cycle conditions

Zhang Zhiwei, Zhang Zizhao, Xu Yuanpeng
(School of Geology and Mining Engineering , Xinjiang University, Urumqi, Xinjiang 830046, China)
Abstract: [Objective] The macroscopic and microscopic mechanisms of loess strength degradation under the
coupled effects of wet-dry cycles and soluble salt content were analyzed in order to provide a basis for engineering
construction and geologic disaster prevention and control in the Ili region. [ Methods | The typical loess from the Ili
region was taken as the research object. The influence of different numbers of wet-dry cycles and different soluble
salt contents on the mechanical properties and microstructure of loess was analyzed through triaxial shear tests,
scanning electron microscope (SEM) tests, and nuclear magnetic resonance (NMR) tests. [Results] @O The
cohesion decreased by approximately 17.5% after only 10 wet-dry cycles (y=0% ). When the soluble salt content
increased from 0% to 2% (N=0), cohesion decreased by about 3.5%. However, under their coupled effects
(N=10, p=2%) , cohesion decreased by 24.3% , demonstrating a significant synergistic deterioration effect.

@ Soluble salts exerted a highly significant influence on both cohesion and internal friction angle, while wet-dry
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cycles had a highly significant influence on cohesion and a significant influence on internal friction angle. 3 Under

low confining pressures, the failure mode of loess shifted from brittle to plastic failure. Under high confining

pressures, although the strength remained relatively high, degradation continued. @ With increasing numbers of

wet-dry cycles and soluble salt content, fracture development occurred, gradually increasing the pore fractal

dimension and pore area ratio of loess. A reduction in micropores, along with a sharp expansion of mesopores and

macropores, leading to increased porosity and enhanced connectivity within the pore system. [ Conclusion] Under

the coupled conditions of wet-dry cycles and soluble salts, the synergistic effects of repeated swelling and

shrinkage driven by the wet-dry cycles and crystallization stresses generated by salt dissolution and recrystallization

jointly disrupt soil structure. This process leads to strength degradation and structural degradation in Ili loess.

Keywords: wet—dry cycle; soluble salt; Ili loess; strength degradation; microstructure
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Table 1 Analysis results of mineral composition of Ili loess

WH A% R0 Bxf gkA MKkA BsE g0

Bff 281% 21.1% 3.2% 105% 19.5% 15.0% 1.5%

F2 TEHEERYMEIEG

Table 2 Basic physical indicators of soil samples

i H KRB AR R KR RBRTHE  WAMEKRRE  BROW,) WBR(W,)  mKRTHE  RE&EKE
Bt 20.89% 1.96g/cm’  1.64 g/cm’ 24.57% 17.34% 27.09% 1.86 g/cm’ 17.40%

*3 IHVBNAIAREEE
Table 3 Initial soluble salt content of

soil samples WA . g/kg

WH Na® Ca® Mg K° SO ClIT COS HCO,

BME 082 023 0.04 012 855 046 0 0.13
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Fig.2 Schematic diagram of wet-dry cycle process
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Table 4 Triaxial shear test scheme
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Fig.3 Influence of different numbers of wet-dry cycles on stress-strain relationship of loess ( confining pressure 100 kPa)
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Fig.5 Cohesion of loess under wet-dry cycles
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Fig.6 Internal friction angle of loess under wet-dry cycles
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Table 5 Analysis of variance for cohesion
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Table 6 Analysis of variance for internal friction angle

FEFRE  CFIM BHRE B F P
TG KEL  1.26 4 0.32 10.67 2.11x10*
DR = 8.34 4 2.09 69.67 <<1X10°*
R % 047 16  0.03
JEN il 10.07 24

. ¥R N/KkPa
| 51.55
50.16

48.76
47.37
45.97
44.58
43.18
41.79
40.39
39.00
37.60

%% f1/kPa

E7 F#EAZHHEE

Fig.7 Curved surface chart of cohesion variation
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Table 7 Microscopic parameters of loess samples after
different numbers of wet-dry cycles
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Table 8 Microscopic parameters of loess samples
with different soluble salt contents
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