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Hydro-mechanical coupling effects on volume change and water retention
behaviour of unsaturated expansive soils during compression
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Abstract: During compression of unsaturated soils, the volume change and water content change interact simultaneously. The
hydro-mechanical coupling effects on both of them are comprehensively investigated. For this purpose, tests on water density in
soils and suction-controlled (0~1000 kPa) one-dimensional compression tests on saturated and unsaturated soils are carried out
for Jingmen expansive soils. The conclusions are drawn as follows: (1) For the volume change behaviour, the yielding point can
be observed on the load-compression curve, and the compression ones under higher suction intersect the curves under lower
suction sequentially. The unloading curves appear to be linear, and the slopes of which decrease with the increasing suction.
The volume change formula is presented, which is capable of predicting the shrinkage due to suction increase, volume
compression/expansion due to loading/unloading, yielding, and the variety of compressibility due to suction change. (2) For the
water retention behaviour during compression, the water content changes slightly under higher suction. When compressed to the
net vertical pressure of 2941.8 kPa, the water contents under the four different suctions are similar. A three-parameter Logistic
function is presented for simulating the coupling effects of suction and net vertical stress on water content. (3) The degree of
saturation increases during both loading and unloading, both of which mean ‘wetting’. However, the water content decreases
during loading, which means ‘drying’. The reason for this discrepancy is that the change of degree of saturation can be affected
by change of the water content as well as that of void ratio.

Key words: unsaturated soil; compacted expansive soil;

E&WE: EEARRFEREEIH (51009118); HEIGLGR#HE
volume change behaviour; water retention behaviour; suction; i H (20100470058)

Yt HE: 2014 - 06 - 09



630

F R S B
hydro-mechanical coupling; degree of saturation; water density in soil
0 3l =

[=]

L

AR AR AN 1 SR 2
LA AP S EFE I AR RTR AR ARG N R AT

A, SRR TG SN P T4 K
A SR RIS T i sy DA e s S Wi PR R RN g
L A R AR TR )

L=
IR

2015 4F

1 REAE
1.1 R4
R b TR AT e I EE AR, AR L, R,
A EE S N, AR ESEA R R, B
W IIEAT Ry, ARSZ LARIK I 5AT R e, B anIREE K
RE T LR EA BRI g k2, TARKIEAT
HIRZ AR EGEPE R, )0 e e R R R R AR

o Bk, Hsgid B AR 110 )22 5K AT A
F AN A 2B AR gi—

G, 4745245
S RE KL K R 2508

RO S, RE Ay, 3L
PVBRPE AR 00 oy 1 RO 2 RS DL SCHR[24] 5

% SR ARRAAIL

Al 0 - A AR R LE I 9 AU AT AN 22 R

HAR ARG R, K A A K E N 15.5%,
KT 791.86 g/em’s
1.2 RXHEHE

AN RIS S AL ES W R EVINE PN R )
GO, R PRI R AR 5 R KR A 5

RANESZ

B HRR B Wi BSRE. AR, AR T

FESEERAM M S, HOKI R4 R o 2 ok,
IR L AR T2, WOKIEIK R, AT (8

o EARRIE R ]

Hi

TEEBREE) S/K IR AIE (RN RE/ & /K3 a7 (A ok
UMM AR, KR & RN T SO Bab 2
A R PERIT ST R I
AN R K AR A o T MR E 1 B
P R, R0 FE e LKA gem’
M. CARFF PRI L b P K R T
g/om’ FLBE - A FLBR FLI N T3 K o RIVRRG 2 45 280 L v
TKCEE FEE SR AT AT R LN JBE (T RT3 o

AL, ASCLRT TS AR o0 Ext 5, T e
A SE A= K FEREG . HER S TR S AR AN —
2 A G0l A v ) I e AR B KA,
RO T PHIKEE - FLBRL IR R4 S far [l ok
PR LB EE - Sk - WRIEE - W) - Bepmy g ) ok
A, R TR AR N AR AR 1 (K AR A AL
SHEKEFE U, {E Fredlund AEMIRI 4428 7 2P
BBM HAVPIER I, gl — A BRI T4, Ik
A EGEARAK AR e S A R R R ) AR
WEETIZEAT I, Tk BIRE EAE ) 00 )2 B AT
AR AR R B, BRI VK R EROL R

1.4

AR AR L M. Tarantino! B AN HK 4 4F
IR YR SR, SR T AR g
2555 AT [P 5 LR R (R ) - AT - SLERLEE - 5K

H- RPN HRR, GERRYIAHKE IR

Wi 1A% 7 o Taibi%§ U IREE AHAK SR T
o —2E ik, PERURSER LS8 ‘i 5

TR R R S8 RE, SRRE 2% 10 458 o s S 2 Ok
90%, FEHITHEN 1.67 gem’, EHIEEKEN
17 %o hyibE G i RE VR il R AR K 5 B0 v
R ) GRJJEAR 61.8 mm, &5 20 mm)

SRR, AR ES 61.8 mm, =¥ 10 mm 1]
FESERE, WP WK 1. HIRE 13 W SCHR[25] .
1.3 ikAEiaFn

I RRAFIE S MU, I P AL e )
PARAL, 0 S )58 R A HEAT — YRS Uzt
B, RIDRRUURE BT[] 45 A s FP SR U B AR AN D
ik, R AR I AR R R AR AL, AT
AR A 20 WIS AT AR RT3k

FARG) JPEBATEY, e RTRF I A5 L s, L
FasE bR tE A bR 6 h 1 8 RILECAAL .

B AERA

Fig. 1 Soil sample

1
Y-

f

!

L]

& 2 iAEtaFn

Fig. 2 Sample saturation

PEFNESE £ ok E RIS

FEFATAT I G545 L, R KM se U ) 11 AN



54 3

JREA, A5 TRATRE P AR A2 I A AR RAE S 45 KRR PR R K ) R R 631

FESS AN 0, 12.5, 25, 50, 100, 200, 400, 800,
1600, 3200, 4000 kPa [1][# 4k H ) RARBIAZ A 11,
TR AR POl R 7 o R A R ARk, AR AR
FEARBUE . RIS A, MR, PR
BT 110°C P 72 b, LSRET .
1.5 (BFAELSRIRIE

VELRI i 6 2 SRR PR e P T ) S U .
FARTAT I 2543 F, SR KM AN 58 B AR FEREA T 5 0
B —YE R giilse, RSEYC 12.5, 25, 50, 100,
200, 400, 800, 1600, 800, 400, 200, 100, 50, 25,
12.5, 0kPa. RIIEFE A W ARRE B AR A LASRAFA
FEARL . RIS AT A HER I ChrvE [ 45856 ) 7
PBPAT, BT P ARERRE R 24 he IR A S,
WERFEpUE, PR, e+ i
1.6 JEBFESEIXLE

RITE GCTS A w47 SWC-150 %Y Fredlund
soil water characteristic device #1T. 4% (] 3) B
JE %88« a3 Rl T AROR B8 1h) n s RGE AL, R
NP W HER A F A, B L=
{E 15 bar. WA [ E7EINECE & B0 Rl
WA AR, I 2 AMAARE R K AR
B IR RS AT RS, Sahnes. KhRE
DR, & nZas ) 10 kN, REEFTS2 5 i FE Y g
T Ik i s g B DA A T AR . 18 9% R FH S M
ARGV a8 i AR I I AF I8 FiF g, JREE
JEIE S 708 5 TG JE Rl L O R (B 3) SR
FE AR, P09 S84 AR A 10 B AT B i A,
DTt NS (1 158 g e 12 ) kg 1B 1) 34 1Y g o

3 Fredlund H7KHHE £

Fig. 3 Fredlund soil water characteristic device

AR s 2 1k g SR

(1) P AR B EAR AT 22 W3R [25]
RS PR NS A de . A E3 (181 4)
W AE R o [ E FMLARAERR T AMEE L Thig e
BRAAFEAL B A b g, DARAIE AR 5 2 )

(2) AR KM 58 O R BT B Ak
o (B 5) , PRI NS (B 6) BTl kE 3k,
ARG I ) A4

(3) W) BEX) 4 Mz g (100, 200,
500, 1000 kPa), Ik s 4% il th A b iy Hs 0T Hs
IR MENIAT N ST Sy W45 T 0 R 5 A A R AR 1
5, HAEWIPA, FOehatEh b 24 h | R 514
EEEIIA KA AR E o R T AR
AL, AR A E SO SRR R OKED 21k,

(4) MR RS W P s, AT O ) —
YEARMR R 4k o $2 IR 1) N s R G ) S K IR
M1, 2, 4, 8, 16, 32, 64, 128, 64, 32, 16, 8,
4, 2psi, HTFRFEBA 30 em®, F1ER DN ZE 1) B
By )5, WS B ) IR Y IR 23, 46, 91.9, 183.9,
367.7, 735.4, 1470.9, 2941.8, 1470.9, 735.4, 367.7,
183.9, 91.9, 46 kPa. i A2 Il 71 7k 5144
EUE BRET) P RGEARUEN 24 h, HEHHH R
@O 5 M0 A 50 A e AR R — 2 QAR 4
TRFE T2 s hl—R KR (10 d 2247 ) — W 334 (10
d A4 W, H4inr T MEE Rk, 58
ML RLW]: BFHE SR 24 h BB HFACRES Cis
o ARBAEASAR G, WE e R i
PR T, e T

(5) AR TERNE FAAFINI AR,
KHAH R AR D)5 R )& gr %, AT IR TE
FHIE . HESE: Hols b3t AR T B R A %
ATV A3 B 56 B B ) AR T £

B 4 LR SEER
Fig. 4 Ceramic plate and fixed ring

5 AHRE
Fig. 5 Sample installation



632 a5 oE L OB ¥

2015 4F

=1 BIERESEMTEREMLRILSENSKE

Table 1 Void ratios and water contents of samples
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Fig. 6 Rigid loading plate
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Table 2 p, - erelationship of saturated samples
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Table 3 Results of saturated one-dimensional compression tests
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0 0.931 800 0.504
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Fig. 8 Saturated one-dimensional compression curves
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Table 4 Results of unsaturated one-dimensional compression tests

R J1/kPa 100 200 500 1000
0,//kPa e wi%  S/% e wi%  SJ/% e W%  Sd% e W%  S/%
0 0.828 2724 8657 0.794 2481 81.68 0.752 2256 77.61 0.745 20.58  71.37
23 0.792 2670 88.05 0.762 2429 8273 0.740 2238 78.02 0.718 2036 72.71
46 0.774 2601 8741 0.755 24.08 8257 0.729 2220 7828 0.715 2030  72.67
91.9 0.750 2532 8729 0.731 23.86 84.04 0.717 22.02 78.67 0.704 20.08  72.80
183.9 0.703 2433 8832 0.697 2335 8523 0.699 21.83 79.58 0.684 20.02  74.18
367.7 0.644 23.03 89.22 0.641 2252 87.53 0.661 21.19 80.54 0.663 19.96 75.71
735.4 0.577 21.88 9129 0576 2139 89.43 0593 20.86 8552 0.623 19.59  77.69
1470.9 0.510 2027 9128 0513 1995 89.61 0526 19.76 87.36 0.542 19.07 82.83
2941.8 0.438 1851 90.52 0445 1836 89.10 0458 1836 87.73 0.472 17.94 8433
1470.9 0.443 1920 93.37 0457 1876 89.77 0.453 18.64 89.59 0.479 18.18  84.79
735.4 0.462 19.88 9458 0473 1947 9145 0479 1922 89.68 0.487 1842 85.13
367.7 0.482 2041 9490 0489 20.02 9239 0490 1949 89.85 0.495 18.66  85.55
183.9 0.499 21.16 96.55 0.501 2042 9293 0500 19.90 90.63 0.498 1891  86.32
91.9 0.508 21.15 9547 0510 20.81 93.74 0505 19.99 90.53  0.500 19.00  86.52
46 0.517 2213 9890 0518 2121 9473 0510 2021 91.00 0502 19.09 86.71
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Fig.9 Suction-controlled one-dimensional compression curves
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and swelling index
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Table 6 Parameters of unsaturated volume change formula

&) o, (0) C(0) Cy(0) Cs
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Fig. 14 Reproduced results by volume change formula
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Fig. 15 Water content - suction - net vertical pressure relationship
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Table 7 Best fitting results of formula (8)

P SikPa wo(w ) 7 P R’
0 33.67 6482.6  0.4436  0.9871
100 2724 11566.1 05223  0.9933
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Fig. 17 Fitting results of water content - suction - net vertical
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Table 8 Swelling indexes of water content

P ) /kPa Cys R
100 1.9031 0.9778
200 1.6137 0.9895
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1000 0.6621 0.9719
(3) ARU A I Gl e AL AN B2 AL K R
TN RIEEERID

X235 IR B IR 18 L e 7K PR i £ L R A
MR — i KRS e, w)RAMIF U

dS.(e w)=-C dw- stw de . 9)
ep,  €p,
(9 ATf @ NI MR AR Ak dS R vk

FOKFE S AL LLRAR AR (dwladed, FLETLL
A de [ ARARRFAL, 5 7K AR dwR AL R K e
BeAh, drpKE R AR . P, AR R4 A
TR LN E AR 2 AR R CIAARRSAE D)« 5 /K H A4k
CREARFE ) 57K B I = EE 58
P 18 AR i e 422 o (1 35 SN AL O ML M E - W -
LN FIP =

100 -
90
S
E\: 80
)
—&— /=100 kPa
70+ —¥— /=200 kPa
—e— /=500 kPa
—»— {=1000 kPa
60 1 1 1 ]
1 10 100 1000 10000

oy /kPa

18 (AFNE - WH - BEFHNXF
Fig. 18 Degree of saturation-suction-net vertical pressure

relationship



638 a5 oE L OB ¥

2015 4F

B8] WL, B ) e N ) NN B R,
AN FE BT AR AR ) R IR, 1X R K
R T 1) CRARFR KR FERE ) BRI BR I o B2 R
EEPE: W, AREREgEE R, R
i 1% [ 45 . ) GO T3 OR (R AR R AR )5 By [m] 5 el B
Hh, B R ) 9 Y ) BRI IR (IR IR AR A2 o SR
23E (2) ik A, ARBA RS R, Rk
TR, ) /KE N B [ e N, g BGOKIM BAIG e
12, Ay Rl Bt i v I 8% 1] 34 1. ) PR R ARG T 3O
ERAE) o RERHIAN FHFEACIR A Fabs, 1A B )
JKEE, R AR s 4 sk R b (17K D) B AR 2 I “ IR Ak
5 SRR AR W

FEME A HTILIR A Tarantino® e ANHEK 461 T

g 5 En g el R e, FLBR EE A B S 3 e A
Tt Froh 124804 (mechanical wetting); FLER LT L
TR R B, FROA 1R (mechanical
drying); F N PR N B /KRG KRR A 7K T334k
Chydraulic wetting ), 7 7K & FEAK FR by 7K Iy Bk ¥
(hydraulic drying). SCHHEK A N I ARMAN RS0 1
R, LRGBSk, T2 5K
BRI A, BT 5R (GR9) hisE—
D R SIEH, RIGMWAEERBEC;  #lgmr a5
P, FLBREGIGR. Sk, T2l 5078
IR A Az, BRI (GR(9) R —oiD i
TR, RN A TR 2 (1) 386K

A L, R RS A B e T AR AR A A AR
MES KRR GAER, 5 Ldin. LR E
YIS, BUAR 28 AR BAA R RS
FEAKTERE, AITAEZK S REGIROG T R B B 2R ) 2
AR IR ACIRES TG bR (SiHw) AR . XA AR
U, ORI AR K IR AAT ISR G R I, R
R K IREEAT R I HEA

3 4 it

(1) 0~4000 kPalil 45 736 Bl N, AT S8 g
ik - P38 7K B FE AR AL T 4 0.984~1.337 glem®,
I FLB L AR AR T L 90.392~0.909; p, Fifiedli /I~ ifiy K4
PEREK o BRI R4 R bleddls, B K HE
o BRI IR, S8 p, K. nTH2Z%L
AR ER 1 p, - e BB

(2) MGt FE AR IE R I gk B, AR
RSt Ze 3 A e dr, RIS Bk
R, ARMORI R 4 Ih 2Rk ok A “ 5 MG, 1%
LG W) N A R R T EG. AR

N EERBUA MO EL e, IR AR AN KT IR
FEBCEER ., 3R — AR SEHT AR AR 2T
JIRER N 53 BEoR B IR W ) 5 88 10 e N ) 0 AT
AR RIRE S S . IZ K L AR R 45T
I TPFELEE R W] J7 RERENE AT 8 T4 . I {445
2R NN N - R LS o R R i1 A R AT
FEI T WG TR R, BB AT
LRSS AT R S ke o T M 9o g S5 W A
PR AR, HAT E AR RRRES P I 2 Ak

=

BN o

(3) It B R AR R I « AR R Hs
AR ) BRI ZE 7, AR ) Fw
ALK, W) FwR TR/ a4 28 B 1) 15 Y. )
412941.8 kPalt], AN[FEWL ) FwikHHaL (17.94%~
18.51%2.[i)), FHI100~1000 kPal J17EFE Py, B
14 ))1K2941.8 kPaltf, far & FAH R BE A A i i 77
MR EFER. SR, EfdEtw-l1go) X
R RN, RIERBR ) 8 0 K. i3S 5
Logistic PR Z 3R He 4 1ok 7 i g 55 188 1) 4 Y. g 6] 9
YIRIZIK - 7K Z AR AR G 50 o

(4) Fs ik R v R RS AR A KA DAy + 0 T 2 i s
[ 34 I S BRI R G Bl B [ 34 B ) B IR 1
K RAERAL) o S URIRI, w8 i 3 386 K1
(G TN i P AT ] 2 NTiTR: NGl TY S Il
KRS Eow, X EARE R K ) B I “ ik
5 W AR TRIAIET . SRS AR E e Te S wit)
FHX A, A SRR REAE, w AL RAERF KRR
77, PGS AR A IR T AR AR R 5 R KRR IR 5 A
My AR A g5 B AR R4 5 Rk
e, AIMAEAK IR AR L T R 52 24 1 B 2 AR 1)
FACIRSTRRE (S 5w) ZRABERIE

P S50 I 1 52 E R 90% K501 11 55 I ik 1R 56
gh R, Al -SRI IE AR RE B

B S PE AR B R TR BRI T AR A
FETRB L R U T A o S ARSI R R R 22w A2
R TR RE I R b 45 7 R BOR SCH

SE K-

[1] B, RS ML Jbat J EKRDK R, 2007
(YIN Zong-ze. Principle of soil mechanics[M]. Beijing:
China Water Power Press, 2007. (in Chinese))

[2] FREDLUND D G. Second Canadian geotechnical colloquium:

appropriate concepts and technology for unsaturated soils[J].



54 3

JfEAR, A AT AR AR R AR AR AR SRR R K AR 5 RN 639

Canadian Geotechnical Journal, 1979, 16(1): 121 - 139.

[3] SIVAKUMAR V. A critical state framework for unsaturated
soil[D]. Sheffield: University of Sheffield, 1993.

[4] SHARMA R S. Mechanical behaviour of unsaturated highly
expansive clays[D]. Oxford: University of Oxford, 1998.

[5] CUI Y J, YAHIA-AISSA M, DELAGE P. A model for the
volume change behavior of heavily compacted swelling
clays[J]. Engineering Geology, 2002, 64(2/3): 233 - 250.

(6] f&5 R, St AR K A 0 A ai LA 1 1 =ik
W], A TREEER, 2006, 28(2): 196 - 201. (ZHAN
Liang-tong, NG C W W. Experimental study on mechanical
behavior of recompacted unsaturated expansive clay[J].
Chinese Journal of Geotechnical Engineering, 2006, 28(2):
196 - 201. (in Chinese))

(7] VEAM, JE%H, B K. ARUR AR R R AR
Ao PEAR I F T [T]. KA 2E 3], 2008, 39(3): 367 - 372.
(WANG Dong-lin, LUAN Mao-tian, YANG Qing.
Experimental research on volume change of unsaturated
remolded clay with low liquid-limit[J]. Journal of Hydraulic
Engineering, 2008, 39(3): 367 - 372. (in Chinese))

[8] SIVAKUMAR V, SIVAKUMAR R, MURRAY E J, et al.
Mechanical behaviour of unsaturated kaolin (with isotropic
and anisotropic stress history). Part 1: wetting and

compression behaviour[J]. Géotechnique, 2010, 60(8): 581 -

594.

(9] WM, RUEEE, Bk S, A8 BRECRARA S AR ia ).

RIGFR2E244R, 2011, 39(10): 1458 - 1462. (YE Wei-min,
ZHU Yue-ming, CHEN Bao, et al. Compressibility of
Shanghai unsaturated soft soil[J].
University, 2011, 39(10): 1458 - 1462. (in Chinese))

[10] YE W M, ZHANG Y W, CHEN B, et al. Investigation on

Journal of Tongji

compression behaviour of highly compacted GMZO01
bentonite with suction and temperature control[J]. Nuclear
Engineering and Design, 2012, 252: 11 - 18.

(117 BRIED ARHR - SRR 02 IR A BB AT S )]. &+
THE2AH, 2014, 36(2): 201 - 272. (CHEN Zheng-han. On
basic theories of unsaturated soils and special soils[J].
Chinese Journal of Geotechnical Engineering, 2014, 36(2):
201 - 272. (in Chinese))

[12] BRIED. ERARMANG LA SR, e RAK R AR
FRPE(D). A+ TREAR, 1999, 21(1): 82 - 90. (CHEN
Zheng-han. Deformation, strength, yield and moisture change
of a remolded unsaturated loess[J]. Chinese Journal of

Geotechnical Engineering, 1999, 21(1): 82 - 90. (in

Chinese))
[13] Ng C W W, PANG Y W. Influence of stress state on soil-water
characteristics and slope stability[J]. Journal of Geotechnical
and Geoenvironmental Engineering, 2000, 126(2): 157 - 166.

[14] SUN D A, SHENG D C, XU Y F. Collapse behaviour of
unsaturated compacted soil with different initial densities[J].
Canadian Geotechnical Journal, 2007, 44(6): 673 - 686.

[15] Jatds, L4 5 BARBURAL AR AIIEZIK - 4 AKCRHIE
[7]. /KF223R, 2011, 42(10): 1152 - 1160. (ZHOU Bao-chun,
KONG Ling-wei. Effect of volume changes on soil-water
characteristics of unsaturated expansive soil[J]. Journal of
Hydraulic Engineering, 2011, 42(10): 1152 - 1160. (in
Chinese))

[16] 7k BH, XUZ4, BEDE, &5 H RN 5L AL
(K L /RFFAE H ZAER[T]. KA, 2013, 44(5): 578 - 585.
(ZHANG Zhao, LIU Feng-yin, ZHAO Xu-guang, et al. A soil
water characteristic curve model considering void ratio
variation with stress[J]. Journal of Hydraulic Engineering,
2013, 44(5): 578 - 585. (in Chinese))

[17] TARANTINO A, DE COL E. Compaction behaviour of
clay[J]. Géotechnique, 2008, 58(3): 199 - 213.

[18] TAIBI S, FLEUREAU J M, ABOU-BEKR N, et al. Some
aspects of the behaviour of compacted soils along wetting
paths[J]. Géotechnique, 2011, 61(5): 431 - 437.

[19] VILLAR M V, LLORET A. Influence of temperature on the
hydro-mechanical behaviour of a compacted bentonite[J].
Applied Clay Science, 2004, 26(1/2/3/4): 337 - 350.

[20] BAG R. Coupled thermo-hydro-mechanical-chemical
behaviour of MX80 bentonite in geotechnical applications[D].
Cardiff: Cardiff University, 2011.

[21] JACINTO A C, VILLAR M V, LEDESMA A. Influence of
water density on the water-retention curve of expansive
clays[J]. Géotechnique, 2012, 62(8): 657 - 667.

[22] WANG Qiong, CUI Yu-jun, TANG Anh Minh, et al. Time-
and density-dependent microstructure features of compacted
bentonite[J]. Soils and Foundations, 2014, 54(4): 657 - 666.

[23] ALONSO E E, GENS A, JOSA A. A constitutive model for
partially saturated soils[J]. Géotechnique, 1990, 40(3): 405 -
430.

[24] LM, MEEE, B 8, 55 TR K R AR
5 SRERHER IR TS T]. 0%, 2010, 31(10): 3036 -
3042. (KONG Ling-wei, ZHOU Bao-chun, BAI Hao, et al.

deformation  and

Experimental study of strength

characteristics of Jingmen unsaturated expansive soil[J].



640 a5 oE L OB ¥

2015 4F

Rock and Soil Mechanics, 2010, 31(10): 3036 - 3042. (in
Chinese))

[25] JEE, SKEW, HE, 5. RIS SS K AL
- B KA W R AL 9 R RN D). KR AR A, 2013,
44(2): 164 - 172. (ZHOU Bao-chun, ZHANG Yan-jun,
TANG Zhi-song, et al. Hydraulic hysteresis effect on void
ratio - water content — suction behavior of Jingmen
compacted soil[J].
Engineering, 2013, 44(2): 164 - 172. (in Chinese))

[26] SL237—1999 + TR MFE[S]. dbxt: = EKFIKH H
WAk, 1999. (SL237—1999 Test guide of soil[S]. Beijing:
China Water Power Press, 1999. (in Chinese))

[27] PEREZ-GARCIA N, HOUSTON S L, HOUSTON W N, et al.

expansive Journal of Hydraulic

An oedometer-type pressure plate SWCC apparatus[J].

Geotechnical Testing Journal, 2008, 31(2): 115 - 123.

[28] BUTTERFIELD R. A natural compression law for soils (an
advance on e - lg p")[J]. Géotechnique, 1979, 29(4): 469 -
480.

[29] FREDLUND D G RAHARDIJO H. Soil mechanics for
unsaturated soils[M]. New York: John Wiley & Sons, Inc.,
1993.

[30] GENS A. Soil-environment interactions in geotechnical
engineering[J]. Géotechnique, 2010, 60(1): 3 - 74.

[31] FREDLUND D G, XING A Q. Equations for the soil-water
characteristic curve[J]. Canadian Geotechnical Journal, 1994,
31(4): 521 - 532.

[32] TARANTINO A. A water retention model for deformable
soils[J]. Géotechnique, 2009, 59(9): 751 - 762.

hRBETHFSIREPHIR S EBNTS
Hot topic seminar of Rock and Soil Mechanics and Engineering in Middle and East of China
=W Bl
E—SEH (2015F3A)

FREBEA PEDESS TR R

APERAL: SAETNRY B0R LRSS SRR f(5
B=, #lREA Y E IR 5.

FEZARWER: Db TS RIS A i acim
TS AR EEA: ISR A IR Rk
T Okt A B ORI RS .

ASHPL: SRR, Hi§15555127260; R, HLiE
14705606396; 1 & At zdbytyth@163.com; {5 Huhl: 224
JE R #1935 45 I Tk K% R KR TR Bt MR is
230009

IWIMESE: ARSWUAANTHESR S, ASHIE LA

TR BB, s BT, 15 T20154F6 H30H AT RIE R
M Fizdbytyth@163.com.

SRR KRR RS KSR Z &4
23, BRI 3040 Bl A A ARSR A Bt CH -
fEAIRAE 15505

SWHBRA: ExURE: 100078, %48 (BEFD £83K6007T.

KWL ETEM Rl e kT E N X K301
A BTV R 2 B G I FF R R0 s R AR, H1150563-
3831088, FH118856308123. AHMLRINAIETE, “ 2 FIH”
HTF2015%E6 430 H Al 1 E-mail s 5 i 7 30IR Al KSR 45 40
E-mail: zdbytyth@163.com. f£1i KNG —2cHE, H AR,

(KeZe D



