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Abstract: Loess is widely distributed in the seasonally frozen regions of China, and its particle composition,

pore structure, and engineering properties exhibit significant regional zonation. Under freeze—thaw cycles, the
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internal pore structure of loess is continuously restructured, thereby affecting its water-holding capacity and the
evolution of the soil-water characteristic curve (SWCC). To investigate the regional differences in the water-
holding behavior of collapsible loess under freeze—thaw cycles, undisturbed sandy loess from Ningxia, silty
loess from Shanxi, and clayey loess from Jingyang were selected. Considering different initial water contents
and freeze—thaw cycle numbers, SWCCs were measured using a pressure plate apparatus and fitted with the
Fredlund—Xing model. The results show that all SWCCs exhibit a typical S-shaped pattern, and the differences
induced by freeze—thaw cycles are mainly concentrated in the main desaturation stage and the high-suction tail.
Jingyang samples are the most sensitive to freeze—thaw action and show obvious staged restructuring; Ningxia
samples exhibit pronounced moisture-content-dependent divergence; Shanxi samples change more gently over-
all. The fitted parameters a, b, and c all vary with freeze—thaw conditions, indicating that freeze—thaw cycles not
only alter the air-entry-related feature, but also change the slope of the main desaturation section and the residu-
al water-retention behavior in the high-suction range. Regional differences therefore control not only the initial
water-holding capacity of loess, but also the restructuring path of its pore system under freeze—thaw disturbance.
These findings provide an experimental basis for unsaturated seepage analysis, freeze—thaw degradation assess-
ment, and water-induced hazard prevention in loess engineering in seasonally frozen regions.

Keywords: Loess Plateau; seasonal frozen soil; collapsible loess; freeze—thaw cycles; soil-water character-

istic curve

0w AP ks L A | AN < 3 R R 3
X, A R ER AL TR L XM ZAEGR X, 3200
FROAREE | W3z 433 Ak AR ARG L (6] 52 e, 35 4= 729
RLA B W I AT . IO 25 4 B T AR Joit 25 )y T 3R B
H0 R S ) DX RN A o KR A (1964) M ]
v 1 F VAL M AR R A N b i A L A R
Al o A M, A ) X3 B R T B L KRR E
B35V S S R T R AR A 5 T e B S 2 22 S (o
2145, 2016) o IEAERMGIHE R KW, 8 R ER K
B R S A R IR SOF K A A AR B — 5 1 DI
P (Peng et al., 2019) o PRI, M IX 38 437 0 A AN IR
B K J7 5 07 B RRAE, X TR R B R K FE IR AR
B K e 55 AR5 K 9 K HA 825 S

A H [ B A S0 DX, VR BVE T2 52 0 - A 2544
TRV B BRI R 2 — (Rt LAE, 2024) .
IREs SRt b, oK o RO R AR L 1B RS
PG, Ty T BUBURLFE filh 5C FR R RE | R 45 45 A HI S
LR A s K LB e, AT 5 | B8 4= ) 38 g
T fR RS 25 1k (o i 3 55, 2026; B AR, 2026) o AT
YR W, VR RGP AN AN 23 B0AR B 4 0 AR g M S5 R
UL 235 4 (f5d 7 55 5 20145 J&] 180 45, 20155 15 30 52 5%,
2021), i 2 X HSR T I | TR AR T B B R A A
B E 50 (Leroueil et al, 1991; & BE72 4%, 2010; AV ¥
A, 2019; ZBHEAE, 2022) o X T ILYE, B LUK By

B TR, 3K VR il 5 | RS i) 45 #4458 403 Rk 7 Jot
AL, R 2B RN KRB R W RBIB R
B EZENRE . KL, SR REIE I ER T 3+
FEK R PE R A, AR A RS 2 X, WA AW
B TR 5t

B+ TR R B A F M T KA AL, K
A TR RS o 2K FRAE it £k (Soil-Water Charac-
teristic Curve, SWCC) F F #fi i + & & AR A 5 5 5k
W 3 Z (81 56 2R, 2 AEAR A 4 g 2R o b B L L B
KHEMNEZ —o SWCC AU H KRB 5K AE T,
G HBENE PO R | BIRRHE R Z AT N
FYIMSC . /T AN AR 254 (Cai et al, 2020) | ¥t
P8 AR (SCFE WA, 2008) . B 1 55 4F (R AFAL A, 2011)
T 1 AE R (5K 5 K A5, 2010) K U a0 26 (5% 3 Bk 4,
2006; 4+ B4, 20165 48 75 FF 45, 2020) 55 £ A J5 T X
SWCC BRI BEAT THF5 . AT &, SWCC Y281
AT 132 AR P EBFL RS AL s T, T L R 2 A S5
REHC, BEAIRAS | B2 G5 M e fE B R 40 3 ol e 2
YIAH G o JUHXE T B A MBI 48 23 AL R AR 3 5 45
PR AE B B 5, PR RS 21 AT e o AR £L B o3 A
MEECHR, #— Lo ERKRR I AYE I, B, A
T 235 ) 1L B 53 A1 A8 Ak £ 3 3 R ol 25 0 T o
SWCC 1y IX 22 5, BAT B R 2 o

S8 T A WS VR AR P E T 8 0 3 )



356 o4t o# R

NORTHWESTERN GEOLOGY

2026 4

R B RR KRR TT R T 482 AR, (HN S £ Xy
LA, DB O B R B AR R AR R
R R 22 5 B AL LR R LA AN v . A
(7] DX 3 - R 2 A K IR E e K AL B AR T T A7
TEE R 25 57, 3% 272 5 v B8 S FCH S YRRl 410 30 64 0
P JE R AL LI AN AR o X iy S B0 25 4]
U A5 H 22 5 S 1 VR LR IR TR LR SR
A AR, HETTE W25 57 Ak B K R it 22 (SWCC)
AL 2 (BB XA A U 38 - W iR 15 /K BE
TP SE N ZR, SR ) AR URRR AR T 45 4 Al i
(EESES ¥ LIRSV E S 1 [ PSR AT e 5 i
# UL R A R IX BA R T = abe £ 1l
VOB 8 A BH 2k 3 IR M IS0 &2, 25 ) i
B 7R RN BTG PR R R0, R R BEASOT e
KSR, I 455 B U5 45 2R, 23 B AN TR X 8
TAETRAAR IR T 2R A i 22 9 A2 A ML, SR
DX 5 R il 2% 1 0 B R KRR P S R . WS
n] N Bt — AR Z R X AR AR 1470
SR G TR K LR A (56 1 40

RPN SN RN

1.1 K06 A+ Rk &

AR 56 1 BCHE v JEOAS (] X sl LA AR 3R Y D
ARBE AR NIRRT ER, 5k B 7 & I Pa A .
DO A A% AT IVUZ N 1 2 e e e A E A QN O S 8
T HEE . IR . FLIR L SR ERAE bR, AR U 2%
BCA R ¥ RMHHBEERCGRLE L E2), XHh
F 5T DX B 0 A VR G BR AR T FE 7K AR Y i
FUAR AL T B4R LR

W B 4 bR AR i, R R A D
+ MR AR A, Hirh, AbE 4 ORAR KT 0.05 mm
HYRD R 1 KT 30%, Bk & /N T 15%:; ¥y i+ h
R o 15%~30%, Fhki & 8 15%~25%; it

F 1 FAERSERE LW EMER

Tab. 1 Physical properties of intact loess in different regions
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Fig. 1 Particle-size distribution curves of intact loess

in different regions
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Tab. 2 Setting of moisture content and freezing-thawing cycles
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Tab. 3 Fitted FX model parameters of loess from different regions under different freeze-thaw conditions

X 5k T a b ¢ R
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iy e} =Wp, 41X 361.662 0.477 3.142 0.997
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Fig. 4 Heatmaps of the fitted FX model parameters for loess from different regions under different freeze-thaw conditions
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Fig. 6 Response mechanism of soil-water characteristic curves of collapsible loess from different regions under freeze—thaw cycles
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