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Abstract: Rainfall-evaporation cycles constitute a critical environmental factor inducing structural degradation of expansive soils and
slope instability. To elucidate the evolution of cracking behavior and the mechanisms governing hydraulic deterioration under cyclic
conditions, evaporation, cracking, and permeability tests were conducted on compacted expansive soils with varying thicknesses
subjected to rainfall-evaporation cycles. The results indicate that cyclic wetting and drying markedly alter moisture migration pathways
and evaporation stage characteristics, with specimen thickness exerting a controlling influence on evaporation intensity and stage
evolution. During the early cycles, the evaporation intensity in the constant-rate stage of thicker specimens increased in response to
crack development. Cracks continuously initiated and propagated as water content decreased, exhibiting cumulative growth with
increasing cycle number. Active crack development was primarily concentrated within a water content range of 12.5 %20 %, and
thicker specimens demonstrated higher crack density and connectivity. With increasing cycles, the volumetric deformation mechanism
gradually transitioned from being dominated by overall shrinkage in the initial stage to crack propagation in later stages. The formation
of a crack network significantly enlarged effective seepage channel dimensions, resulting in an order-of-magnitude increase in hydraulic

conductivity with continued cycling.
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Fig.1 Distribution of expansive soils in China (Shi et al., 2002; Nelson et al., 2015)
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Fig.2 Particle Size Distribution and Soil-Water Characteristic Curves of Expansive Soil
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Fig.3 Schematic diagram of the rainfall-evaporation experimental procedure
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Fig.4 Schematic of the permeability testing apparatus
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Fig.5 Flowchart of crack image processing procedure
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Fig.6 Delineation of crack analysis regions in the specimen
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Fig.7 Evaporation characteristics of specimens with different thicknesses under varying rainfall-evaporation cycle numbers
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Fig.8 Schematic illustration of the soil evaporation process
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Fig.9 Crack morphology evolution with water content for 10 mm specimens under different cycle numbers
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Fig.10 Crack morphology evolution with water content for 20 mm specimens under different cycle numbers
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Fig.12 Crack parameters versus water content at different thicknesses and cycle numbers
(a) 10mm JEE AR A; (b)) 20mm &R
(¢) 10mm JFEERFERE- P9 A (d) 20mm SRR T34 58 R

NFHAFEEA RS JE AR SRR T K LR R A SRR IE, £ 20 CHAF TR % F B A
FEBIRASE 5 R RS HOHEAT TR 0. B 13 JRoR TANRIRE R -2 RGN, & BRI LA
20 °CI A RIRSHRFIE. Hrdr, S13RIR 10 mm BEERFE AL AE A, B1 N 10 mm B EEFE 1R
A, S2 M B2 735108 20 mm JE AR RIARARI A R AR IR R . BRRE, BN & 52
KEBEAAEMEM. BB 13 @) "L, BEE AR EEEN, REERERBARE ETHES, EiEHET
AR X RERIAETRME, 10 mm JEEBAEREIEA REBCARAL AW, 117 20 mm 5 R B R R —7%

12



RAGA RGN 2 B3 LMK KRR LHAEZ R TREN G, WES)EZE U Z I8 2R 1 R AR 2 52 i
I Ko MWARFBRTEHLEI A 3T, AR EEEARFE R TR i T AR R 25 . EIREE R, 1E 20 °C%
PN, R T A2 B E R B AR AR A S B, 1 )RR R U 2 AR BRI R B 5 8RR
Wi Az . B aEE R 13 (b-o) ATELWE R, EARMEHARECT, JER AR FREEE R, REMN
ZREONHR, FERAR BB .

40 1500
(a) -0-SI-0-BI-0-82-0-B2 [(b) _DO-Bl-0-R2
a0l 1200
o) ~
~ FeRE R o et g,
& o) g 00
S 20 o} __og---0O---10 -
=B =
o e =
= & -"O X 600 —m=-==0
& o & _ nnirOr
10 | & E&( ,O"
4 e 300 &=
B cemcs o U
Q-
WD1 WwD2 WD3 WD4 WD5 £ WwD2 WD3 WD4 WD3
i - 28 AR PR M ik F - A R TR PR 3
0
(e) -O-B1-0-B2
25 F
’é 20+
£
#osk
"
o
E‘[_ 10 F
E
TR
L _-"O
Humenl
T T--O0----- O-~--- a
0.0
wD2 WD3 WD4 WDs

i - A AL R R M

13 AN[R] B R - 28 SRR CHC T 2% 8 R bR i AR R S Bk AIE
Fig.13 Final crack parameters of specimens with different thicknesses under varying rainfall-evaporation cycle numbers
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Fig.14 Variation characteristics of hydraulic conductivity under different rainfall-evaporation cycle numbers
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