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Modeling swell-shrink behavior of compacted expansive clays subjected to
cyclic drying and wetting
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Abstract: The volumetric strain of compacted expansive clays induced by cyclic wetting and drying can be decomposed into a
reversible component, which changes synchronously with the suction or water content, and an irreversible component with
mainly generated at the early stage of wetting-drying process. The reversible component is derived from the reversible
deformation behavior of the microstructure of clay aggregates that form the soil skeleton, and depends mainly on the current
suction. The irreversible component is derived from the irreversible change of the macrostructure of the soil skeleton, and is
associated with the difference of macrostructure between the current and equilibrium states. The mathematical descriptions of
the two components are given according to the analysis of the physical mechanism and by fitting the experimental results. A
practical constitutive model is proposed for compacted expansive clays by combining the mathematical description with the
BBM model proposed by Alonso et al. The proposed model has a small number of material parameters that can be easily
determined. Its predictive capabilities are better than that of the BExM model through comparative simulation of
comprehensive experimental data set.
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Fig. 1 Decomposition of volumetric strain induced by

drying-wetting cycles

A PETRAAAR R T s OREPE TR AAAL B
& I A K AR AL, By B IR R 4 W
AN LYY 71 SR AL BUIK i B BT e S S T R [ S e
B MERRE s @ TH# BRI, w]
WOV TWAA AR A IZ AR OR o AN AT 0P T AR AR )
s OAATIEME TR AR AT DL AR Kt AT L&
R, 5 EEH . WA T3 A s
Ky BRIGREE, RN, AN TRAR AR
EIABIEZI AT REVEBOR, RRZ IR @ ATt
TR T LA TR, R PE A b
BRI RZBUER] (TR XED s @
ANTTE T IRARAE ) d S R R T L AT A IR S AR
IR AR R 22 57
1.2 H3EHLH

W T EME (SEMD. CT H#ER. Rk
B g FLBR 3 A (MIP) A5 T-BOR BB & /KT
00 S PO R 1 LA S RO R e WX 45 R R T
k2 pros, WROZETE . ORS8RIk &
Rl R R A R AR, BRI, TR



%5 8 B, S TRARIMEA]T o SEAK IR AR AL 1425

EARANARRE L0 YRR AL R P SRR B A F T
TZRK - (oM G5 R R 4 SRR AR N B I A M LR, IS
RERNIBIRE L0 W) RIS . HEZIF A 3
WAL A s B - R 2 R K 48 75 0 L R &5
ty, WEPOREEAR. ARRG L0 RN 4t HE)
AN ALBR AT o

TYEAIAALER  REEALER RERELER O <A

/;’/‘\9/\ SN
Y (¥
FAHIIRE o X }(B‘J\ D
B e
A} ), K
Z o SEE
EHRBLE A
DL ppp
i AR
TGS FTAOALER BREETZALBR

2 BARENELEHTEE

Fig. 2 Nllustration of double-structure of expansive clays
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Fig. 4 Physical mechanism of reversible swelling/shrinkage
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Fig. 5 Physical mechanism of irreversible swelling/shrinkage
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Table 1 Parameters of proposed and BExM models

Vs 2 Alonso 251 Nowamooz 2&1°!
RSN ) o, /kPa 650 600
p°/kPa 0.008 200
BBM ###! 20) 0.25 0.19
R4S K 0.045 0.04
S B /MPa™! 0.0544 0.60
r 0.85 0.70
Croo/(1+eg) 0.02 0.012
AR o 0.001 0.002
TRAE o /(1+e0) 0.007 0.041
B8 p’kPa 90 65
o 25 70
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fo 0.14 -0.460
BExM B2 ])? 01 10 ;)8 o1 105
VIR AR T I : :
q:{,\[kg{ﬂ:/?%( fDl ) “1161
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Fig. 8 Simulation of test results by Alonso et al.m
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Fig. 9 Simulation of test results by Nowamooz et al.[*!
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