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Deformation characteristics and its elastic-perfectly plastic
model of fine-grained sulfate salted soil in Qinghai

ZHANG Xinmiao®, ZHANG Wen*"°, ZHANG Ning®, WANG Longxuan®, YANG Miao®

(a. School of Civil Engineering and Water Resources; b. Qinghai Key Laboratory of Building Energy-saving Materials
and Engineering Safety; c. Qinghai Key Laboratory of Compressed Air Energy Storage, Qinghai University, Xining
810016, P. R. China)

Abstract: In Qinghai and Xinjiang, sulfate-rich saline soils with distinct deformation behaviors have been
identified as critical geotechnical hazards responsible for infrastructure deterioration, including pavement
cracking and differential settlements in transportation networks and structural systems. By conducting a
systematic investigation of representative sulfate-rich saline soils from the Xining area, this investigation

systematically analyzes their deformation mechanisms, quantifies the coupled effects of salt content and
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confining pressure on initial modulus and yield stress characteristics, culminating in the formulation of an
advanced elastoplastic constitutive model with dual-parameter dependency. Firstly, liquid and plastic limit tests
and soluble salt analysis were conducted on sulfate-affected soils from four typical regions. The soils primarily
consisted of silty clay and clay. The soluble salt composition was dominated by sulfates with minor amounts of
chlorides. Typical original saline soil samples were selected and subjected to artificial salt washing, preparing six
soil samples with different mass ratios of sodium sulfate. Secondly, consolidation undrained triaxial tests were
conducted under four confining pressures and six salt contents, revealing that the stress-strain relationship of the
saline soil exhibits a distinct ideal elastoplastic characteristic: a clear linear segment is visible before yielding,
with no significant hardening or softening after yielding. Under the same confining pressure, the initial elastic
modulus, yield stress, and shear strength all gradually decrease with increasing salt content; at the same salt
content, the initial elastic modulus and yield stress increase with increasing confining pressure. Finally, based
on the test phenomena, the constant initial modulus and yield point in the elastic-perfectly plastic model are
considered as functional expressions. By programming analysis and parameter optimization, it was found that

both the initial modulus and yield strain can be approximately expressed as linear functions of confining pressure

and salt content. Thereby, a simple ideal elastoplastic model for sulfate saline soil can be established.

Keywords: saline soil; sulfate; microstructure; deformation characteristics; elastic-plastic model
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Fig.1 Location of the four sampling points
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Table 3 Main ion in saline soil of sampling point

- RFEAL/ REERL2/ RFEE3/ REER4/
(mg/kg) (mg/kg) (mg/kg) (mg/kg)
SO,* 1658 877.3 2853.2 6 087.7
Cl 138.5 74.5 245.4 99. 26
HCO, 648. 5 439.6 632.7 595.9
Na* 461 244.4 440. 6 576. 2
K* 10. 47 19. 38 19. 27 42.83
Ca® 457.5 193.7 899. 4 2047.1
Mg* 63.6 82.96 141. 69 152.18
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Table 4 Physical properties of soil sample

Table 1 Geographic location of sampling points BRTFHE/(e/em®)  Blb &K%/ % Wb/ % IR/ %
bk b 2 AL 24 MR /m 1.82 17.5 29.41 14.88
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R 3 B 101°56" 35"E ] W BT B FE AL, T 97 B 0. 075 mm AT i Kr
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FHEBC AW H1.19.3.13.0.69 F1 1.88, % 2
AL, 15 R AR R R T R R A AR R 2
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Table 2 Particle analysis results

i KA R REER RHEA
Y MAT L /mm
1/% 2/% 3/% 4/%
[0. 25, 0.075) 12.8 18.9 14.4 11.8
[0.075, 0.005) 66.9 61.1 58.0 74.6
<0.005 20.3 20.0 27.6 13.6
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Fig.2 Process of salt washing test
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Table 5 Content of soluble salt before and after salt

washing test

Gii 5 AT i/ (mg/kg) WG 4 &E/(mg/kg)
D1 12 970 680
D2 15930 770
D3 11 960 700
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Fig. 3 Stress strain curve of fine-grained sulfate soil with different salt contents
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Table 6 Soil cohesion and internal friction angle changes

under different salt content §////\ // —_— _

A/ % FiK 1 c/kPa WA ¢/ () = _— =
0.5 12.46 36.31 \m —_— &/ \//_/
1.0 9.13 35.70 V/éﬁ}\ = é‘%\
& 2 2240 (a) Jh 41 e (b) H AL
2.5 1.82 33.06
50 L3l 41 5o Es BEMMSETHAEMENER
3.5 0.82 31.21 Fig.5 Two structural forms of fine-grained saline soils in

Qinghai
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Fig. 4 Electron microscope scan results
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Table 7 Model parameters
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Fig. 6 Experimental data and theoretical fitting results
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Table 8 Computed results of initial modulus and yield stress

ron/ % os/kPa E;/MPa o,/kPa
100 115. 06 374.5
200 127.06 616.9
0.5
300 139. 06 897.6
400 151.07 1216.8
100 103.1 340. 24
Lo 200 115.1 563. 99
’ 300 127.1 826.15
400 139.1 1126.71
100 79.17 268. 38
200 91.17 454.93
2.0
300 103.17 679.89
400 115.17 943. 24
100 55. 24 192. 23
200 67.24 341.57
3.0
300 79. 24 529. 32
400 91.24 755. 46
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