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Abstract: The seasonal rainfall leads to a frequent wet-dry cycle environment across the China Loess Plateau.
This environment often aggravates foundation settlement and collapsible deformation in loess subgrades. This
study investigates the coupling mechanism of microstructural damage and macro-deformation evolution under
wet-dry cycles. The findings provide a theoretical basis for engineering disaster prevention in loess regions. Arti-
ficially structured loess with controllable composition and uniform structure was prepared to simulate natural
loess. This experimental approach facilitated the systematic study of the effects of wet-dry cycles (0~9 cycles)
on loess. Macro-mechanical behaviors were tested using confined compression and single-line collapsibility
methods. Microstructural characteristics were analyzed via Scanning Electron Microscopy (SEM), particle anal-
ysis, and X-ray Diffraction (XRD). The test results indicate that wet-dry cycling causes irreversible damage to
the loess microstructure. Macroscopically, compressive deformation shows a significant positive correlation with
the number of cycles. Conversely, the collapsibility coefficient follows a non-monotonic evolutionary pattern,
first increasing and then decreasing. The structural parameters exhibit a non-linear decay characterized by an
"initial sharp drop followed by stabilization". The first three cycles constitute the primary structural damage
phase; the decay rate slows down significantly during cycles 5 to 9, reaching only about one-quarter of the ini-
tial rate. Microscopically, the dissolution and loss of cementing agents cause the soil structure to evolve. The
support system transforms from a "strong cementation-large aggregate" structure to a "weak cementation-loose
particle" contact system. This loss of cementing agents and the resulting microstructural rearrangement are the
essential causes of macroscopic mechanical degradation. In the initial cycles, structural disintegration driven by
cementation failure dominates. This significantly enhances collapsibility sensitivity. In later cycles, pore com-
paction and structural reorganization increase the soil's resistance to further deformation. Therefore, engineering
practices must prioritize waterproofing during the early exposure period of the foundation to prevent sudden set-
tlements caused by accumulated structural damage.

Keywords: wet-dry cycles; compressive deformation; collapsible deformation; structural characteristics;

cementation strength
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Tab. 1 Basic physical properties of soil samples
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Fig. 1 Grain size distribution of soil samples
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Tab. 2 Physical indicators of natural loess and artificially structured loess
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Fig. 2 Relationship between ¢, and P of natural loess and artificial structural loess
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Fig.3 Appearance of (a) natural loess and (b) artificial structural loess
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Fig. 5 Variation curves of compression coefficient and compression modulus



52 o4t o# R

NORTHWESTERN GEOLOGY

2026 4

BT ORI S TR . 25 M S BORR, 2R B RIURLR]
Jie 4t B bR v o (ELTE S I P AR, R e 445 5
Ay eI, O HE S RN 2 S R 3 S 0, R, 2
PSR AE T I 45 4 T AN 25 [) HE 51 3 R AL A0 &
BV o KRR RE A (1999) HE ST AY 4 1A 45 4 1 B8
LA B R E R TR 4 5 98 A E A (R o7 20
AR IR A R, R A A (2) BiR .
Cmyi SS,  S.xS,

", T S.S, . s2
K m, R AR HE S8 S, S S, A
A SR RAE B T VA PR SR AE | b A R B 9 A
TIRAG I FIBREAE B — P R A i (B AR ) .
FEA TR S5 R 8 A A AR 25 A VE S8 m, 19725 4k
KK 6) o, 0 RAEER B Be, 4 P< 200 kPa I}, m, {E
B (P=12.5 kPa i =56) (8] 6a) o A Jiz W T 50k i
SEE R ) SERE SRR 35 Pl Ok R SR A R £
B P3SN (12.5—100 kPa), m, % L& BE e (55 0 1R
FETA 88%) o % FE T PR IR B 4 I 4% e, Ok M
R T 454 e Be (R A2 JA 45, 2021) o Tij 3 KT IR ),
24 P=50 kPa I, m, B\ 19 & %5 S(F& IR 74%) (1&] 6b) .
X T KR A5 ), 2 BOR AR LI R F IFHI 55
Wk 1% (Liu et al., 2015), 7E P> 200 kPa B¢, & P
WK T 8 53 W 25 A5 48, 4 53 45 40 SRR BT, [ A5 9) 4
m, i 25 B AR (P=400 kPa if=5) . 5~9 IRFEIF)G, m, #4
T 2, RUIBEE AW IR T %, 22T 3228 iy ok
114 JEE 45 R S HE 51 T Xk 45 T, b B 95 1 R T
24 RFEERH
w A EHAELD 0~9 R TIRMEAEH G, H o,
P F 2 B (7)) BoR, 0 IRAAIR G 1 - #E, 6,

(2)

50 F

i

O nNWwW—O
SEFEES

40 +

Ee6 RrET

AR (P=100 kPa, 5,<0.027), B T KR IL 45 5 iy b iz
IKABTERE T o 3 ARG 1 A, Ko A A
S5 W) % firk, UK [B) 3% 12 55 4k, 454 w0 R (2 3RO A%,
2021) o THEEF, RIS = A RN 53

WS AR, Y ik — DRI T 450 1 S8
PEo BUE, “HRZsALBR” B AR, BURHES TR HL,
BAKG R 2 4 S0 £, S EGR B AR TE 28188, iz e
TG REA05 05 VA M (R RO AN o EL AR R Bk 1 B
Z B0 3 8N (P=100 kPa, 6,0.049) . T} 5~9 YK 1 ¥
Je B A, AT 0~3 RTINS 1 4, ZERl— PR
R B RO PTG, BT 3 IR IAC ik
IR T KA RIRNE GG, Jo SeG 3 rh, R TE [ 45 b Bt
(45 By B ) DR 485 48y 5 B2 AL, JORC A5 LA 78 43 1 i 4
HONFLBR G I KALBR, ORI “ B2 7 A5y “ 42
fils” ), (A5 K S 00 B B B G R R AT R a1 A
KL o G, 25 R4 00 3k B A RS B BT B
TW2% . 24 P<100 kPa B, o, Bl P 34 Jin 5 B 3 4 K
A, B R T [ 25 4 B B AR R BB S B 7 4
B, MK T3 A B AE R A2 6% B8 R LB A 1 e 4 i 42
T4 B2 . 24 P>100 kPa I, 76 R4 B BE, © 200
HAFE 43R5, T LAAE 1 B 1 B B, AL B s 4 78 T
/N
25 IREVIELS R

Gy 3 RAEFRFN S RGN S5 F4 1 8 17 R 46
FE B AR T2 i — AR (& 8) R, BLAb B 5 W 7
KT IRAEER T, WA A A LB LU AH R (1] 8a. &1 8d) .
FERZEBY B, T 3 IG5 IR S5 8 5 R 5
(1 FE 2, KPUE T A IE I BE 15 4F, F4i e R R
REFLBREE R . Wl TREYM R EZ, R — P %
PER, G55 AR 22, 5 IRTE IR G I 45 F Pk 3 1

—=—12.5 kPa
50 F —o—25 kPa
——50 kPa
100 kPa
40 + —+—200 kPa
—<—400 kPa
~30F ¢
s
20
10 ¢
0
SIS B 2

Fig. 6  Strain structural parameter curve
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