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Abstract: In order to study the soil-water characteristics and micro-mechanism of sulfate saline soil under
freeze-thaw-salt coupling, the soil-water characteristic curves of saline soil with different salt content were test-
ed and fitted with Gardner model, van-Genuchten model, and Fredlund-Xing model, and the microstructure and

pore distribution characteristics of sulfate saline soil under freeze-thaw-salt coupling were analyzed. The results
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indicate that the volumetric water content of sulfate-salted soil decreases as matrix suction increases, with the re-
sulting curves exhibiting a single-peak inverse ‘S’ shape. Notably, for a given volumetric water content, higher
salt concentrations correspond to increased matrix suction. Freeze-thaw cycles promote the microstructural dis-
integration of the soil, leading to an increase in large pore volume and overall porosity. Following these cycles,
both the matrix suction and volumetric water content of the soil samples decreased, causing the soil-water char-
acteristic curve to shift leftward with an increasing number of freeze-thaw cycles.To evaluate the test results of
saline soil, the G model, V-G model, and F-X model were employed. The F-X model exhibited a low fitting cor-
relation coefficient, while the V-G model demonstrated poor fitting in both high and low suction phases. In con-
trast, the G model provided an overall good fitting performance. The microstructural changes in soil samples re-
sulting from freeze-thaw actions are critical factors contributing to the reduction of the soil's water-holding ca-
pacity. The progressive development of pores and fissures in the samples, influenced by freezing, thawing, and

salinity, facilitates the migration of water equilibrium.

Keywords: freeze-thaw cycle; saline soil; filter paper method; microstructure; soil-water characteristics
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Tab.3 Gardner model fitting parameters

0 4 B S BT (%) ‘dﬁ\:ﬁmﬁ)ﬁ% AL A R T RN MG S H EEE X
WKHLN (n) TKEO (%) FIKEKO (%) ai by c1 R2

0 43.8 1.80 0.071 0.617 S 0.98

0.67 3 43.0 1.75 0.098 0.586 —_— 0.97

Gardner 6 25 1.78 0.109 0.615 S 0.97
0 46.2 2.15 0.022 0.670 S 0.98

1.67 3 472 2.01 0.021 0.712 S 0.97

6 485 1.95 0.026 0.727 — 0.98
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Tab. 4 Parameters of van-Genuchten model fit

Y2 Bl A > ) A S ) N )
B & B ST (%) R G 25 (IRIREN A 5% 4 AR A A R
) WHN(n)  EFKEG(%)  &KE(%) ap b c1 R?
0 43.8 1.80 0.028 0.841 0.590 0.98
0.67 3 43.0 1.75 0.033 0.786 0.622 0.97
Genucht 6 425 1.78 0.258 5.609 0.055 0.97
van-Genuchte
0 46.2 2.15 0.012 1.089 0.442 0.98
67 3 472 2.01 0.014 1.039 0.500 0.96
’ 6 485 1.95 0.032 1.203 0.369 0.98
& 5 Fredlund-Xing A UGS
Tab. 5 Fredlund-Xing model fitting parameters
W 4 B ST (%) U Rl G 2R GRIRENAY BRA R A S8 LIPSEY 1
PAT 7N T B (] u
WHIN(n)  &KFEO(%)  EHKFE(%) a b cl R2
0 438 — 10.807 2.044 -0.662 0.85
0.67 3 43.0 S 7.678 1.199 1.030 0.90
EredlundoXi 6 425 S 9.951 2.290 —0.650 0.92
rediund-Xing
0 46.2 — 22.15 0.800 0.715 0.88
67 3 472 — 10.140 1.084 0.60 0.90
' 6 485 — 20.554 0.856 1.068 0.96
= 0~0.67%
sof, . 0-0.67% S0, — 0-067%
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Fig. 4 Characteristic curves of soil water in sulfate saline soil

under different salt content
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Fig. 5 Curve of soil water characteristics of sulfate saline soil

under freeze-thaw action

PR, K/NL BRI W 513 T8 LB, Sy H AR K 5
M R R T, MR K R, AR R K R
KHEH A, LOKAFEI &R w2 T B sh.

5000 fi5 F &5 Eh & 1.67% I FE R Al AT S S B S
AL (B 8) i, A P R 6 43 R IE 25 48 0 °F
THFNFL I, B AR R B OGHT, & A B R B &
G, T 7 5 A 0K B 2% 1 i s 717 R k07 A B
PR 0 i A B 2 AT LR RN i, ER o 4 ROB AS  A8 4k Dy W
R IR G5 H, T8 BT B 2 1 AL R 2 AL, FLBR Y 43
AR 5 2%, VR AE 5 35000 45 M 453 40 Fn k43 B oy
1, KRS T, EARIIK U FERE T A, 365



%24 VRARAE: UREAE TR BRREE 351 b A A RR I B O BT 52 89

AL S, )

300 um

a.0.67% Frihid; b. 1.67% Frdhit
E6 0XERTHREBIEFTIMULEHTL

Fig. 6 Microstructural changes of sulfate salted soil under 0 freeze-thaw cycles

300 pm

a.0.67% i ; b, 1.67% &bt
E7 6 X FEMTHMEBEHRTIHUNERTL
Fig. 7 Microstructural changes of sulfate-salted soil under 6 freeze-thaw cycles

a. 0 WIKRE; b. 6 KRR
B8 1.67% SR ERXHAMATEESHE
Fig. 8 Salt morphology before and after freeze-thaw action
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