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Swelling-Shrinking characteristics and irreversible deformation of expansive
soil during wetting-drying cycles
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(School of Civil Engineering, Shandong University, Jinan 250061, China)

Abstract; To investigate the Swelling-Shrinking characteristics and irreversible deformation of expansive soil under
different pressures and moisture contents, a series of tests under wetting-drying cycles were carried out, and the
Swelling-Shrinking characteristics and reasons for fissuring were analyzed from the microcosmic point of view. Based
on the above studies, the relationship among heights, relative expansion ratios, relative linear shrinking rates and
cycle index under different pressures and moisture contents were explored. Meanwhile, the variation curves of the
relative irreversible deformation and accumulative irreversible deformation with increasing cycle index were
obtained. The results indicate that the swelling and shrinking are visualized response of the variation of water
between soil particles, and also the incentive of fissuring. During the shrinking process, the matric suction increases
by the way of maximum limit to prevent moisture content decreasing. There is a linear correlation between the height
of test specimen and moisture content under different pressures. The relative expansion ratios will decrease if the
cycle index rises, and the same happens with higher pressure. The relative linear shrinking rates will rises firstly
and then decreases with the increasing of cycle index. It is shown that the relative expansion ratios and relative
linear shrinking rates under different amplitudes of moisture content have a decreasing trend along with the increase
of cycle index. The accumulative irreversible deformations increase gradually on the condition that the moisture
content is 15% with different pressures, and there will be opposite results with the moisture content of 25%.
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Tab.1 Physical characteristic parameters of the sample

YERR MAMAREL W
W,/% 1/% G,

Al IR

M/ % W./% pa/ (g em™)

mRATEE  BESKE ks
W/ % kPa

A 2H B %
0.25~0.075 mm  0.075~0.005 mm

<0.005 mm

60 47.9 21.6 26.2 2.72 1.44

25.7 85.38 2.1 70.7 27.2

22 RBEARKITE
X RZRK A 0 TR a2, B A o s —
0, ZHCFEARYE TIRIE AR 56 1) B R H 454
BB A I A AR R AT T A R R A 5T 5 R AR
SV R BRI K AR N - 2% R TR A B 2 (R
PEAT IR AG IR 58, 1 8 I A 2 AR [ A5 U A
B AXN T AR, R 40 C R E TR
K IR FARZE R AURIR 70 °CHET LB K £ Y
IR AR ARG Zead — e it ), B SR AR 4
HEEAT 1 K = 284 et 3 T 10 A 3 00 1 9. AR 3 56 1)
WCHE ISR (AT 5 R TT far B4 1 T B TR AR PR
5, [FIEEAR FH E 25 45053 5647 5,10 15 kPa /ERT T Y
TG LS , A far R 7E T T3R8 5 75 K i
M 15% ~25% , 10 kPa VEJH T 09 T 106 3R &
TKERMEMEIE I 15% ~20% 20% ~ 25% W3 L) JG fif 2%
YEFT W IRAG R M ], 106 % K%k 25% , 1 Je ik
e, 7E 00 15 C RIS T AR T, k2
15% By & 7K F g, 38 1 38 K A R0+ FEK 2 Z )
AR 25% , H ARG 24 hoid 5 — K H 4> #1048
b, B B ot A T A — I TIRAE A, 5F
A RIS AR R U /DA 4 Uk AR IR A 7 7
Al DAHLRE I A B 55 IR 2 K 7 TR AE

IERT BKER1TTM .

3 RBERMN

3.1 BAKERREGEFRIES R

[17;]:S sYpe St A DS RO VI IBE e 56 -3V @7 S R oW
FI 5 ) 5 2 180 B G2 (B 25 A R A 5 6 — A2 ik
&, HALER Y B R ), U2 K AR TP w0 4 5 7K
R R K AL BT 32T B RN 5 T XA [
F TIAERTTT Ak - K -5 58 36 i 20 7 T2 Bk Rk 5 144
EESMEAS R F KRG ) B3 4 S T AR
TIHERTT R MK 38 TT A1 v 88 B 5 7K 3 9 722 1k iy
2, BRI 1) FEMR T 26 AF T MK A R A
o A PR R R S K R B LR I AR E R
2) Jofir 2 K R A e R S S K R A AR O &
HA— 2 R (B BEE TR 2EAT  h 2 th
Bl— LA a] ARt BUA B BB JE S A BT
AT BRI MK K A4 32 B D R i =t )2
TURE 2 1] 7K P2 JEE R 38 T, IR 4n P& 1 v = JORE £
PAH BRI FT 7, b 2 OORE 22 18] 9 7K 580 A 2 o
DXCBRAY , e K R R, T B BH 2 - sl v oy 1
Z I 51 1 LA Koy Z 18] fE A8 1, 1 e i U
Ko D AR DB AR 3 R = 22 18] ) KR
Wl ) 2T R B I 0Kkl , 4 D XK
7K 3T HCSE B, JORE JRARURSE Y A% Sy ARE 422 fih ok



. 124 - MoK O T

AP NEE S

5 48 %

B Z )5 ARSEHRL K g th 2r KAV E B 2 &
KSR (LR R 2 6] 2 J0 ] B, O F A 2515 I
P B WA A | 33X 5 WAL 1t ) S B R0 R AR — 2, BRI
i e - 1) 48 PR AR AR WA ) e R PR AL

204

5kPa 410 kPa 15 kPa .
— LA .

A T30 5 fmm
)
oo

14 16 18 20 22 24 26 28
TR %
B3 AREAMEATRGSERSKEEH L
Fig.3 The changing curve with the changing moisture content of

the specimen height under different pressure
22.0 -
21.6 -

=
2 20.8]
% 20.4 -
L\E 20.0+
19.6 -

19.2+

1;1 1‘6 ll8 2IO 2‘2 2I4 2I6 2I8 3I0
K%
B4 REREATGSEBEKRELHLE
Fig.4 The changing curve without load of the specimen height

under different pressure
FERZIK TG T B, AR R 15%
W 25% %2 15% 0, REEERRECT v b6 %
PERARTRN PR e A0 B2 i Wi 4 LA 336 I B i
(AR v B2 A A T B3 2 I o3 2 AN ™ 1 3 e
ST TRV ER B B A AH Yo 2 il 256 5 A0 o 8 457 R Xt
TRk - B IR AR REPE R T A BT 5T TR T R

Hi wy, Hi w
Bi‘p — P, sP,Wq (6)
H.
i,p,wy
Hi wy Hi, LW
e, = % (7)

X8, 5 e, 3000 p WEAEN TS i DMEFRRAR
XK AR AR, H,, |, HILRAERR T, B 4R
B B B K 15 % KR w0, BARERIRE, H,, Ak
UAEFR Y RE MK 246 2 5 KR 1B w, BHEFE
B, H,, HICAERR R IR R ROK B AR E
IR PR w, BHAFER &R, o i=1.

5.6 34 T 15% ~25% & /K BIGFR IR
KRR BB T VE R, B Ak AR A A X 2 i %

SO E BB IN A G E  E W ISP D
Wit 25 706 P B B0, AR 3 VR T R Ak = A X
R R B /0N, L 78, HAH X i %
%, ARG 7 m i T Rk £ oK B RK 7, TR A
RIE WA BIEIK + |, FE BN AMEVER IR
SN R = A R BRI 5 2) Ak - 8 AR Xk
245 22 B G PR U 1 0 e 1 S 90N, R [ s )
YT B A X e 40 28 3870 55 R A B 1 B KA
g2 I - SHOUL RS 2H B8 73 B SR A T 4R SRR Z 1] 1Y
FLBRARAE X2 pe 22 B K W R R P ) R BN &R 7
BEIRMK B A b S R AR ] i FL Bl Bl 3 7 | [ el
JK HEE P JEE B A T 1 R, B R R IR AR T | S R AR
Z I g5 R T8 3k A AR A, ik S A RAR AL 23 1
AR K, 2 AE WK B BT 52 1 AN P4l S 3O A
B R A TER, e 2 U Ik = I FL BRI K F AR 2%
RIRAGTREH, B0k LA K SR R D X3 A
IKE Se S BORER, R A 2 K b P9 2 7= AR AR S
AYBKR LB X SE R RBRAE S — IR RGP v R
M I, AESE Rk T 4ad ferh, 2 AEr T+
AEPRBEIR T H R AR S5, S R K = 1
INSABR, HL i B KR /N, SO T AA e B A 3
PR TAR A AL HE T AT SRR AR 3R 1 i) 22
JE , BRUHCR X 2 8 R AR5 O I T B oA, TRl
A A U B 1 2 B s/ ).

0.08 —— 0 kPa
—O— 5kPa
0.07 ——10 kPa
L —/—15kPa
%ﬂr 0.06
?-:i 0.05F
= 0.04}
jusng
<0.03F
0.02
0.01 |
1 2 3 4
IR
B 5 ARENERTHEIMNEHREBER BT L

Fig.5 The relation curve of the relative inflation rate with the
cycle number under different pressure different pressure
—+— 0 kPa
0.061 —o— 5kPa
—£—10 kPa
0.05} ——15 kPa
2% 0.04
=
junng
< 0.03¢
0.02}
1 2 3 4

IRV
El6 REEAER T SRR TR T 2
Fig.6  The relation curve of the relative lineal shrinkage rate
with the cycle number under different pressure



12

I S P AN (S 71 S U SRS 2 6 o - 125 -

&7 8 4 WIZEHI T 10 kPa T8 AEFH T, AR &
AR BRE A FIRAE IR R |, AR X A R 5 AR X 4 4
RGP AR R LR, T 0. 1) FEMIRI A
AR, K HAE 15% ~209% 36 Bl N A AT
FEERKREE 20% ~ 25% 3 1] P 19 4 X HE2 ik /08 33X 2 1
TR ARG T B2 BTl i 7K 43 1 et
FRISA R - s sk 5 R AR ) 25 57K X 43 /K 43 1
REEIKAE AT 350N FE e hll 22 b PR K A3 2 1
AyFI] B FIRIAEAE ) R 2 Bk sl A R AR TE A
R B B T HZ I B 2) RIRlE K
2R R ] DAY 140 R X 2 JH 3655 LX) 2 4 23 Bl 2 7 B
YRR I LA 120 08 N B R A%, 5 7K R I (A K Ik
MG 3) FKFRME R 15% ~20% 5 20% ~
25% AR XS REZIK 262 15 Bk R BRAECH 15% ~25% 1)
FAXTRZ K R IFEARW) & (2[RI 5 KR BRAE T i 2 K
Wi BN LIRS

0.06

——15%~20%
—0—20%~25%

0051 4 —A—15%~25%
o —t—10%~15%
. ~

i 2 3 4
R
H7 RE&KEEER 10 kPa {F A FART B K % b
RV GRS

The relation curve of the relative inflation rate with the

AHXTRZ KR
o o o
S = 8

I
2
:

Fig.7
cycle number under different moisture content and the
10 kPa pressure
0.06 —+—15%~20%

—0—20%~25%
0.05r ——15%~25%

—1—10%~15%
04t §/’¢>g\z

i 2 3 4
TR
B8 REA/KEIEER 10 kPa & F T4 X 2 45 % B 18 R
P GEFL

The relation curve of the relative lineal shrinkage rate

LEROES R ES
o o o
8 3

=3
(=]
—

0

Fig.8
with the cycle number under different moisture content

and the 10 kPa pressure
32 RUAFAFETZHEHELHAR

710 o LTI TR 7B un s S o i Ve S )
R TR AT A RS R N R AR Ak, 20 1 7 Jik
ARSI 2 Hh R 43 PR AR T 2 B, —FR 432 2 WL AG

FIRPEARTE | 53— T 53 A IO 45 14 23 Tk v B SR A4 B
BRI i~ SRR A S Tk A
TEA 48 S TR 5 B A5G T HA J 9| (] A B
BA kit BB T 45 PR 55 10 SERe IR 1 A B
B N2 7 A N AN AT AR TR T RS T 3 AR T
AR A S (8) L (9) HEATH.

L, =H, -H (8)

i+1,p,w i,p,w

L,.,= Zl (9)

Kl S L, IR A p far s 5 K
w B IEMERTT , HARX AW A8 5 BRiA
AT H, TR p A, KA w B
WAEIVER T, Ko i=1.

B9~ 12 5 TAFEEIERT, SACRIEE I
FBRE R 15% \25% WAEXT 55 B3 Al 33 AR T Bifi 16 24
WHVE R I T 1) B R
WA AN AT AR SEma ok, PR T Rk i ik
A s IO A7 B2 43 A, BT — IR IR A5 B 284 = 1K
TR, e AR v R e R R R S
REAE G KT 28, R FHL N AR 45 A8 LB AL B Y 5
76, IR R ) YRR | FL R AE R AR R 2
TR TR TR B ST b SRR Z T A
AT B AR, SET AR R AR Y | R AL
Wil R rp R AR S Bk 2 (Rl LB AN 25
BRI, Ry B AR AR I JRIE KA, R e TG
TERAEHT M A T AR Y B — BN IE(H, R
AN R LT A MfEAMERTEA/EA T, h T+
HAFEBM, Y 85 A TR S0, Uk Y
BRFLBR TR A 2 Zy 4 , iRk + A0
FEI RN AT AR ) M BE U1 5 2) TEAR Bk 3 HA
AMERTER I AME T, XA 0 AR A 5 — R AR FR
A TUE R 45 , 7615 J A0 R A R v A AN 1] 336 A8
TE BN, T E 155 75 AR, AR AS o] 396 AR I 75 26
—UAEIIR B KAE, BR PG R v, B Ak 1 (9 4
XPANRI AR T S B R, 76 J5 JH R PR R AR AN
A AR s N TR 5 3) FEAN R ) H A5 K
BN 15BN T K4 1 B3R T A T Fit 25 106
RGN A, 35K U8 B AE R B i A rh
ERE =AM AT ARSI HAX AR 0] 3 AR Y 3
AT IRk WK IERK 5 5 K ToIE R 2 T30 3 4) 76
ARV HAB KR 25% 4040 | Ik 1 BT
A AR B2 G R VRS 8 0 S B s/ ), S — 1
IRFIAEXS AN AT AR T SR A HAK, Bk 1=K e i
RERKEE 145 ARSI, 76 5 WA R 1 R B vy AR XA 1]
WAL SR AE, X2 T RS — IR TR AR R it 72
R = B B A A B & AR L, IR BR Y



© 126 - ®oR

i AN

5 48 %

JEFEAE AR S AR T, 25 PO B i 5 KR R
LS SRR 24550 7322 DRI A A 3 8 PR T 45 4
55, NTIFLBRE A B TSR FE 3 B Xk AN R i A

I BE ARG L 2 Hh BB, ST AS T 0 S /)
XS T MK 8 IR A M A8 R K R Y

FT o TR
B
a
g 04r ~-10 kPa
B 03l =15 kPa
m
gp( 02}
2
Z o1y
S L
S o0
£ 0.1
_02 1 L 1 L
1 2 3 4
TR UL

9 FAEEAERAT,RKEHR 15%0HEX RATHEE
T RETRIR R BRI 4K i 2k
Fig.9 The relation curve of the relative irreversible deformation

with the moisture of 15% with cycle number under

different pressure
LOr o okpa

—o— 5 kPa
I =210 kPa
—~15 kPa

<
)

=}
=)}
T

AW A i /mm
o o
S

|
I
=)

.

SIS G /mm

oL
S
o B

1 2 3 4
TEERUEL
B 10 AEENEAT,EKEHD 15%MRiT A TR
BIRRENT i

Fig.10 The relation curve of the accumulative irreversible
deformation with the moisture of 15% with cycle number
under different pressure

1.0f
0.8F
0.6r
04r
0.2r

0r
=-021

-0.4

P AN AT 39 AR T B /mm

A

1 2 3 4
TEERUEL
11 FARERENMEAT,SKEH 25%89 83T R Al T HE
TBERR BT 2k

Fig.11  The relation curve of the relative irreversible deformation

with the moisture of 25% with cycle number under

different pressure
P13 25 1 IR AR AR 5 K AR B@ {H £ 10 kPa
PERTR A rl A A B PR R R R R

MRS 1) B KRAE 15% ~ 20% 30 Fl N 22 fL i, 2
RT3 AR T Bl G PR R BOZ W N, (H B T KR
F—IR T4 2 15% AR AT 8K, 200 B R AR
FARIERIAGE A TR 52) & 7K RAE 20% ~ 25% 3
PIASR R, BRTTAR AT 33 A% T 76 90 4 B B3 B2 ik 28 0%
K, EAKBE 15 80 78 00 K HE, 76 J5 06 20 5 A v
TR A A3, B R i AR T B S B UK
BRI HEIZER N 33) 7K RAE 15% ~25% 36 Bl 1
IR, BTN T AR AR A A 5 7K SR (P A
ARAUARNTE /N, B A GER5 R , Xt 2 I K + Ak 45 R
AL S A A S A 4

-+ 0 kPa
1.0F -~ 5kPa
—-10 kPa
g 0.8+ =15 kPa
J@ 0.6
A
N 04l
A 0ol O\\
=g
K ob
= e
B -0.2} \
_()4 1 1 1
1 2 3 4
T

EH12 ARENERAT,&KER 5% Rt AW
TRBEER R BRI B £
Fig.12 The relation curve of the accumulative irreversible

deformation with the moisture of 25% with cycle number
under different pressure

10r ~-15%(15%~20%
: ~0-15%(15%~25%
oslt —-20%(15%~20%
: ~7-20%(20%~25%
0.6k ~+25%(20%~25%

—-25%(15%~25%
ol m
0.2

(=]
T

i 2 3 y
TEFR AL
13 ERFKSKERER 10 kPa EAT, B+ Rit
AAFEERBERERRAHNELLR
Fig.13  The changing relationship of the accumulative irreversible

deformation of expansive soil with the cycle number under
different moisture content and the 10 kPa pressure

K A IR AR IR S AR P AU A K 4 2 TP
L RMAN AR | [ b 2o A7 SR8 0 7 A 5 1A . T
TR IR TT AR A A BN 14 B | R 1R 2R
AR vt A ) 2 T G Ak e 7 5 ) R R T AL 5 B
RGBT, I IK L oK 5 KK 25 i
WIRZEH R B2 1L, B PR B 2 | AN B4 2] P
SR, LA IS A S AR R IR 2 0 K A 8 I 7 A — E B
M. 225 JLIR THRAEI e, 28] 14 kAR B T
A B, A8 B TR AP (1A IR AR PR



12

I S P AN (S 71 S U SRS 2 6 o - 127 -

FEAPIMARE SRR M AR, 5 e Tk A
RITT4RE AR R R I Y - WOK s 278
PN R, N A e T AP A, X SR A T 2R
P RE MN8N B 28 23 Hh B PAT 5 i1 0. B e
TER K RE A, o TR B 2 VR B B 271, SR K
A PR AR T AR 22 1 B B, R G T 2R
FERE et = (1) ~ (4) ATAL, 76 SOk s AR
E NSNS I STANIESE ) L SR S PN |
SRALINE 3 o 2 1T 5K T SRR L AR SRR B o3 A
FHIEA 56, B I AK ok o (R RE 1, 25 JR W A7 3%
BRI 58 B AR, 2 5K BN T3 R TFPihn i
SRR R AL s 2 AR KT R Ik £
T R B A G A T e B, X R O i
FRIKIE— A N BRI AW R 1 R T4
GRAL B IR P A 2R S e I, TR B 5 B 45
T FEor R, HEMIRORREAR 17 HGTRLo0m B | 4 2™
A 2 R ) e A

5] &R

E 14 TERERGRERERNEZRES A
Fig.14 The crack distribution on the surface and the side of the
sample after the dry—wet circulation

4 % b

1) B 4 b 20t H: 3 B AR A e i oA A
F 00 4 T 3o o4 o A4 T TG A 45 A i =2 1) ) 5
B 5 g T .

2) MRk L BT AR P R T 25 1 BB TR
S AL A7 7 — 7 B FE I S R B e, T X 6 R T
V) A EL A8 SUTFA 5 WA T 33 A2 T o i A e M AH L
SESUAE T 04 72 00 e e [ Bsf s ml 38 B i i 4 78
FEER A ENE.

3) AL Y L O I b A Y
TGN LN ARG BR A] & , 2 BL R ) = 0
P, URE A e BE A B R ER I ARSI S TR

4) BEE PRI YR AN, B2 K £ A B 2
Wi 2 | HL i B A L SR B R e R T, L R
WRKIE I, PR Al 2 | RS SOK 3 ) 25 Hh B
—E R B, X R i T 2 I RGN B 20k
IR T AR R R FLAERA Fir 38 O, T 3 JRE R 1 DK
JN PRI 25 5 7K ARk B — o A B HLAF AR Y LB

PRI A TR R B
5% Lk

[1] MHEE, B, Sk, % K TRIER S R AR AR
IR R R I T]. 1%, 2013, 34(2) :322-328.

ZENG Zhaotian, LU Haibo, ZHAO Yanlin, et al. Study of pore size
distribution of expansive soil during wetting-drying cycle and its
application[ J]. Rock and Soil Mechanics, 2013, 34(2) :322-328.

[2] skZEMR, 3RBETL, WAUL, &5, TIRAGEMER T K £ 24t i
AR WSE[ )], H L%, 2011, 32(9) :2729-2734.

ZHANG Jiajun, GONG Biwei, HU Bo, et al. Study of evolution law
of fissures of expansive clay under wetting and drying cycles [ J].
Rock and Soil Mechanics, 2011, 32(9) :2729-2734.

[3] Whakde, PRIEIL, BE0E, S5 SR 000 Ak 1 Jm AR 1 5
W[ J]. HA S TRAER, 2010, 29(7) :1503-1512.

YAO Zhihua, CHEN Zhenghan, HUANG Xuefeng, et al. Influence of
structural damage on yielding characteristics of expansive soils[ J]. Chinese
Journal of Rock Mechanics and Engineering, 2010, 29(7) ;1503-1512.

[4] Bhaste, BRIEDL, ROTi, 5. KA TR A=Akl A2 rp

ARSI RTFE [ T]. A TR, 2010, 32(1) :68-76.

YAO Zhihua, CHEN Zhenghan, ZHU Yuanzhang, et al. Meso-

structural change of remolded expansive soils during wetting-drying

cycles and triaxial soaking tests[ J]. Chinese Journal of Geotechnical

Engineering, 2010, 32( 1) :68-76.

LA, FAE, B S R THER A AK 1 py 28 8 5 0 B

PRI T]. 5 £ 712, 2010, 31(10) :3036-3042.

KONG Lingwei, ZHOU Baochun, BAI Jing, et al. Experimental study of

deformation and strength characteristics of Jingmen unsaturated expansive

soil[ J]. Rock and Soil Mechanics, 2010, 31(10) :3036—-3042.

BN, WA, Ak, A K B e R TR IR IR I B Y

[J]. B4 1%, 2009, 30(12) :3797-3802.

LU Haibo, ZENG Zhaotian, ZHAO Yanlin, et al. Experimental

strudies of strength of expansive soil in drying and wetting cycle[ J ].

Rock and Soil Mechanics, 2009, 30(12) :3797-3802.

R R, XA, WK LT BRI [T ], TR i

i, 2012, 20(5) : 663-643.

TANG Chaosheng, SHI Bin, LIU Chun. Study on desiccation

cracking behaviour of expansive soil [ J]. Journal of Engineering

Geolgoy, 2012, 20(5) : 663-643.

[8] BMIYE, SKEL, FBEIE. AR5 5 T Ik 1 0 T IRAE ER Ik 4 A2
Lo AR (). T ARA, 2006, 28(11) :1937-1914.
YANG Heping, ZHANG Rui, ZHENG Jianlong. Variation of
deformation and strength of expansive soil during cyclic wetting and

(5

[

[6

[

—
2
[

drying under loading condition[ J]. Chinese Journal of Geotechnical
Engineering, 2006, 28( 11) :1937-1914.

[9] &R, et Ak b oK AT AE LB T ], $iiL ks
AR (T2ARR) |, 2006, 40(3) :494-500.

ZHANG Liangtong. Study on soil-water interaction in unsaturated
expansive soil slopes[ J]. Journal of Zhejiang University ( Engineering
Science) , 2006, 40(3) :494-500.

[10] /57, WILLIAM J. Likos. AFEIRIES 12 M. JUat. A5 ik, 2012
LU Ning, WILLIAM J. Likos. Unsaturated soil mechanics [ M ].
Beijing: Higher Education Press, 2012.

(UL A R SRR E Sl 3. 23 3+ Tl g AR ;. JTGE 40-2007
[S]. dbat: ARZHE A, 2007.

Ministry of Transport of the People’ s Republic of China. Test
methods of soils for highway engineering: JTGE 40 - 2007 [ S].
Beijing: China Communications Press, 2007.

[12] A, st TIRPER R gk Ik B E ()], &
+ TR2A4%, 2011, 33(9) :1376-1384.

TANG Chaosheng, SHI Bin. Swelling and shrinkage behaviour of
expansive soil during wetting-dry cycles[ J]. Journal of Geotechnical
Engineering, 2011, 33(9) :1376-1384.

[13]E L. AR A T A B AL S [ J]. A L TR
i, 2005, 27(7) :832-837.

CAO Xueshan. Elastoplastic constitutive model of unsaturated

expansive soils[ J]. Journal of Geotechnical Engineering, 2005, 27

(7) :832-837. (4REE AWME)



