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Abstract: During drying, expansive soil shrinks and induces desiccation cracks on surface due to water evaporation. The
presence of cracks significantly weakens soil structure and stability, and results in various engineering problems. Better
understanding the processes of shrinkage and desiccation cracking is essential in analyzing drought effects on buildings
constructed on expansive soil. As temperature is one of the most important external factors that control the hydro-mechanical
behaviour, desiccation tests are therefore conducted on initially saturated expansive soil slurry to investigate the temperature
effects on shrinkage and cracking characteristics. Nine specimens are prepared and dried under 22°C, 60°C and 105°C
respectively. Water loss and surface crack evolution are monitored during the whole drying period. The image processing
technique is employed to quantitatively characterize the crack pattern, and surface crack ratio Ry is determined to describe
surface cracking extent. In addition, the filling method is used to measure the crack volume by using pure sands. It is found that
the initial evaporation rate of soil water is constant and increases with increasing temperature; the drying period that needs to
reach the residual water content decreases with increasing temperature; and the initial critical water content wic at the onset of
cracking is significantly influenced by temperature: as temperature increases from 22 to 105 °C, wyc increases from 38.0 to
90.9%. After crack initiation, it is found that the ratio R, increases slowly at the beginning stage, and then increases quickly
even when water content decreases slightly. However, as the water content reaches the final critical water content wgc or
shrinkage limit, Ry, gradually reaches stabilization, and the effect of temperature on wegc is insignificant. The experimental

results also show that the desiccation cracking behaviour
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Table 1 Physical properties of Romainville expansive soil
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Fig. 2 Schematic drawing of desiccation cracks filled by sands
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Fig. 3 Changes of water content and evaporation rate of specimens with drying time



2184 a5 oE L OB ¥

2012 4F

MR, m&ETRE. TSR, s
B B g s ARG e, LB B TR nma gk /o 4n 22°C
IFZ5°4 1000 min, 60°CHFZ124 180 min, 105°CHIZ)K
70 min.
2.2 Bt EUIEREENH

Bl 425 TIRFEE 22 C 4 F IR EA I Sk R
IO Y (R R B . AN 4 il DURH, 48 K3
34.1% (B 4 (a)), RFERIINA 2 40T 240,
WS, BEAE BKE N, PR R BT AR 2R B % T 1
%, HEIFAIE KR, FEAHEA XM, 5
FICE T RAATERX . HE 4 (D 584 (O 1)
BB EG AT ] LLR B, 4R FE 1 & K R IA 5|
23.0%M, MR FREACSE EM, FETR
SRR R O AR S LB A, REBRAEORY SN 5K
TREFAR, R B A AR R RR .

(a) w=34.1% (b) w=32.2%
(c) w=27.9% (d) w=23.0%

(e) w=21.8%
4 RHEEE2Q2CEYE T TIRERR S /KIS XA A E fa 2
E&

Fig. 4 Typical crack patterns under different water contents of

() w=4.5%

specimen dried at 22°C

FIH CIAS AR GU A kIR fa R P kAT 58 =00
s BRAF T BREAEAN ] 5 K FORZE P IR TR Ry
S NI SRR R, SR S 7R, A SCRE I
5 H Ry — w HEFRZ 9 IT RN . K 5 AT LA
Y FERGEUBLUS IR BL Ree BEE KR IR 98022

B3, BHfE Re BEANPUER BB, Bk R BA KT
KB R, & MRS, LR KR T
AR, R IR ISR H B W T A e« T4
i, WFELE 22°C, 60°CHIT 105°CEMt T IR & F
I R 73 5N 14%, 17%H1 22 %, BRI 54 14%,
17%F1 22 % [P TR R 2B A 5, 1204 SR AR vl B 2
(R B TR 3 T S4B 1) 2 Ji o DK I R 4 BR R 15 TP o H
WA, BRI KA 3 WG, R
AR 3

Rsc/%
i S NI
ODNE

=ON RO A

i S RINND

Rsc/%
—ON AN A NOSNE

wi%
(b) 60°C

Rse/%
s S NN
—ONANCDONRNOSNIE

wl%

(c) 105C

B 5 FreEiE it REERER R KRR TRR KX
[z 218 2R E

Fig. 5 Changes of surface crack ratio Ry, with decreasing water
content during drying and corresponding typical crack pattern
2.3 BRtTRIEMIERAKE

MIELS TFRIN L ik m] LA E 2 AN ORBEE K E
SR W T 5 KA wie ME IR FE5 K% weeo JL
1 wie A TR T M EE AR BRI T R 35 7K wee
IHNER b Rye MNIE SR SR 58 I 45 LA e ) B2 PR 5
IKF.

MBS FRTEUE H, wic SRS A FE AR R .
LN 22°CHEINE] 105°CHE, wic HEINT 1.39 1,
M 38.0%HT £ 90.9%. 5 wic NFIIE, wee 5200
RISEMIANK I, 2 10%~ 13% 224k .

K&l 5 IR et B 3 T AR 45 A
BEAT 3 M, ATRUAHL, RV TR T L2 BT X B



12

R, A IR T R R S AR Y 2185

(5 7K 2R wie BEIGLEE ()34 i 34 0, 1000 . PR 45 s
Vi) 0 i 2 52 PR 388 T i ek /N o A 60°CF 105 CEAEE R,
RFESY WL 7 KT 145 min A1 60 min T4 2 145 HY
PZBR, AE 22°CHEE T, K4 2d e A EiRFER T
MELRN T 5T A0, 4561 5 IR g 3
2SR MR nT LUR I, 4RI, oKy
PRI T H R B, i HAT A 5 BRI K
JEABAE 78 ROE Y B SE . UnfE 22°CF, JLF 40%
(PR T SR BRUR AR AR T R R B B
2.4 HPEAFR

KT SCPE RN A e, TR R A I — 21K
FERRBRARRAEAT T I, 192 22°C, 60°CHI1105C
FATIRFE N IR ZC IR Vs 30 24.4, 24.6 A
25.1 em’s “VIJERE b 435k 2.64, 2.75 Fil 2.96 mm;
SRR Ry 738 13.3%, 17.6%F1 21.1%.
¥ Roy 5 R HHATRIEL, R FHAEHY AR e,
] DAHEDI 2R BV R B T[] R AR TR AREE A | AT
T T B DR A AR RS 56 T R PR A LA v, AR
T AR i fi v, RBRRE S 2 7 AN R, L
TAZ NE RN, R T RmEREA—F, %
REEZ v LA o SR, 76 HARSAT N, BT I
A H EERIH R OKAERT, BB 188 U7 [n] PR S R 5
AR, —ME% . BRI, ter
KA LRI T AR PR BA R AT I =, P
ENIUE & R o

3 1 e
3.1 IBENEME Pk, ELTIZAE N

T, IKIZER I TRK S B WA A&
Mt FEs oW b, IR Z R SIEBR _F oK 7y FAE B REAE
R I AR N 237 1005 | g, o s v ik a1 <
Mt fe. 0Tk, HZERE AR TA0K,
AKEEIMEL, 2R MR . 2SI
KBRS FLBRUKER R . LfLiR. gt &
J2 IR )25 2 N 2t m T, Hillel "™ g
T ARF IR RN R AT E R A2 AL 3 N ©
TARK I EAE RS AR, @ KPR ED
U T LARR 2R E; @M EARN A RELK
SRR B ZE AT CL/AF D

R, Ko FINIEEE B R =
MK R Rk 77 LA A AR B FEK e ) Dl Bl i
FEE T i AR BRI, A TGRS, bk
TR TR B A,  LEAR TR ) N KK & K6k
Y 25 e R L E I3 s (B 3D, BRikz A,
WEIE L EmiK - LB, AU R, EE
Th 2 S EE L ROR W &5 G oK 3 K, B

U2 R AR, 38l - JORENS 7K 731 AT AL R e )
A%, K237 R SR P B S i R BEL T DR i)
RN BT ESR MRS, AR,
FEAIE 507K 53 HE R T AW — P 3K . Tang %5 1hand
WU AL, RIS P A TR BRI . HeE
o WPBET e, = USRI 8] AR AR R AR 8%
KA R TR T K.

Bl TR IAREE, 1RE K 3 A28 B N T o
Bzt W ind i B ekadt A< B B (B 3), BT I (] P 2Rk o
P, XATRESED . OBKE R A K BE TN
NI FO SR R P A b3 i L) | P & i R T N b S
IR RS @ulkEf i o R S8 S KA
ZIRIZEIUR BRI N B @7 T NRFEF, K/
T i) A A B AR ML R B3R SR KK 75
L LR TR AR RERIAZ K (/U RD
KRG F TR AR DRI RE A, 2K AR L IR PR
BEAh, LB R IR 2 TR B T K 70 AT IRE
Mot Ae, AT 22 AP  (  TR) R
3.2 XA T A RI R RIS

TR 1 (0 T4 T2 3 52 T R 0 R
(Rl 0 T WA AT, 285 MIRPE R 4R,
HEARZ AR BRI D AR AR, S8k
TP, JHERZ AR BRI T35, 2150
L2 8] (R KA 8y 3o A0 2 [ (KT s L I, 2R
B S AR (HBR IS, WK LI ) 2
PERUNES Ly . AR IARA L. BTUTER
FOTCHr 5 P8 25 AB ) 0L 2R PR T FU R R FRE A TR it

M5 BOEE R LA S AR D SN R 2R
AR LA R I IR IR 4B Y BRI ]
i 55 AR wie KRB A I R A I el ) 1 24 4
Fo U ey, 1A LR TS X N2 PR i e, 3
T DR N 28 R TR AR IR 3 I 2 3 BUR 2 AR I ) J T
RIS, phy s R T 5K I8 7 3 W) 3 AR B
FELFR IS o] PR E AR BTR e, A2 Bk, A
TSR LA R S 2 2 B P I ing P22,
AL R bt SRR DR ad A e B3 T AT R 5%
fFo Tl Tl A1 N IR BRI 22 g T
NI 4R, 7K > 28R T RE A eI/, TR 17
Bl 5 wic Bt B PR T 389 I IR B o

K5 ai Rie Ry, REVEHUE, RAEER R
SASEREMRI] . B, TR, B
FORFEMFERZAET, Sl IR B Ry B
K, U W T AR PR 7 R P8 P 5 o v 54
R A A el R N e ) A R, R R Ak
W TR IN 4> UL ORE RS B B, R R
PR R JLK, AETHRETHRA, WHERRE R
WBERLEE AT N . X RPN DM R, L



2186 a5 oE L OB ¥

2012 4F

B R R A K Ay (B 3D, ki) EE B 4N,
ZABEUR A R R T 14
3.3 BWHIMAHRSWIHEZEXR

HRT ST BT Al 40, Bk 4B I R R i F S 1A
Bt fEs oMo, B 5 W Ry BES /KR M1 In{e
A VA T FLEBREL ks o S TEOL R, i
SR AR, TR R A S R R, MR E R
JER . VP2 IAEIECR I, M KR IA 2 46 PR
R NRRZY i w5 o5y r N 1 A a1 R N4
Ja T, RS S AR SN, (HALBR LL AR
FEAAR, RBUSAE T3 1 A SCIRTG IR T 24 fh &
(E 5w, UEKEIET wic i, R BHETH
s RFER NI OB 2L, P08 FE AN
g, R R RESEA IR, PR, AT DLHERT AT
AR AR AR B T A BRAR A, TRk ) i Abxet
I I S5 7K wiee 125 AR 4 PR 75 7K % LA A
FEEE S ¥ 3 LIRFEM) wee 58 1 A HT
Romainville BZAK 1 HI4R R 5KR w SEATXFEE, AT
CURIL—F ARl FAEw B, M EsE 7 E30sy
BT () FRAE

Rk, FFRhEAE— e B e T AR e i
FEME. (HURA AT DA BN A Ry O, LARARRUA
G ? KA — DR e, AR
G FH PR AL e B O 5 R IR o R SEBR R
PR P WEN L& I 12§ ¥/ S W NIL S
%5 FLAT & ) S s P R, e R A ]
A, R 3 AR TR RS IR 28 Ry BHTELIE Y
BN, (EIRFE R L ARR vt A,
HFARRE 70 AN i i v SE o 2 119 S B 4 o B i 5
(P3G I ek /N o AL T SCHR 2 1 v i A AR
GG, bR EATREASE AWt W EAE (L BB
BRI A R RTRS [ W 4 PR [RIINE S A AT IR R A 8 i) (1)
DUBRAR TP A T . e LRI R iy, v
IKAYZE RIS T, 7K — AR O SR 2,
o A 76 AL (A I TR) 3047 FEHE LUK B dpe s S (IR 2. il
REERAMERY, 105°C N IR RZL)REL 22°C
i 12%, FLBREGK 9%. BRibz 4b, RN T2
ORI RN FLBRAK R A K AR T, XA AT R AH SR A
2o TR FIRHTRIAN, Ry A5 IR 1A R i
AP E IR PR . AR TR, ZEHINA
HBERAIFIFZMEE (Ree - w) 5 AR it
2 (e-w) ZHZIMMEEKR, TR TR K
JEFLAEBES LR AN, BN AE K L GE AR T 1)
TS O 7 TH T e B R SR A T A .

4 % it
ARSI ST L R I R I

TIE T — RSN TR, 04T TR k5 2%
oauwsZ RS W S uR Ediiapo 2 URE /S R i e VA
Wk PE ST R IR R, AR 7 mighig.

(D AE TR, K LK 2> 2R FE i e
AR B YR A B BB FRE T BL 3 AN BLdl .
MO8 R, AR BOM N 28 SO AR, RS
BT AR B K AP N R, I TR KA

(2) K 2R AT ORT A et — Mg it
e, 2T PSR — 2 RN AR AL T T A R B B
VR (LIS 1) PO ZRBEUA R B, B 72 B AN R L
FFAREACHARR I, i 75 IR R AR 5%, 2RI 45
AR AT JR BE A AN BE B 7K A I AR LN T AR A

3D FHIH 7 PR AR BB AR TR K - 2R 5 0 245
AT R, PR IRIIREE R A AHTE
R REEITEbR . R TR, R B /KH
Ryl N IESE N, AH 25 KRR N, Ry (R
BRI e 2 TR -

(4) SFEVE AT TR K B, X T
B, TR T R R, AP
K Ry 55 R AEHAL LA

CSOFREEIRLEN K - B T A A e ey
B o TR, MK SRR NI ]
XL BT AR I T35 KA wie B, R B RE
e RIMERAE S KR FEI SO T, fE s
TR IR A B R U S K

COMZAK IR ZRRUA Jie 55 I A B A 1 R A A o
EEDIOG, BRI e rT A A 2 oM AL
AR

(D JEM TR Ze (R - w) TERERIFESE B
Bl 7 AR AR, IOT 24 2 ) i AR 2 1R 2%
Wl 57K A wee S K 46 IR S /KR B AT AR F
PrBi i S, TAERUE EHRESE,  HL wee SR
SEMIAN T Gk o

B ARG TAEAEVEE E LB RS ) R
(CERMES/ENPC) 5% i o

SE K-

[1] MORRIS P H, GRAHAM J, WILIAMS D J. Cracking in
drying soils[J]. Canadian Geotechnical Journal, 1992, 29: 263
- 267.

[2] NELSON J D, MILLER D J. Expansive soils: problems and
practice in foundation and pavement engineering[M]. New
York: John Wiley, 1992.

[3] ALBRECHT B A. BENSON C H. Effect of desiccation on
compacted natural clays[J]. ASCE J of Geotech and Geoenvir



512 4 FERAE,

S5, KT R R R RN 2187

Engrg, 2001, 1271: 67 - 75.

[4] MILLER C J, MI H, YESILLER N. Experimental analysis of
desiccation crack propagation in clay liners[J]. Journal of the
American Water Resources Association, 1998, 34(3): 677 -
686.

(51 WRiERK, KT, BRAF L. 25 B EU L R K ANIB SR (1 K
TRV At TR, 2001, 23(5): 606 - 609.
(YAO Hai-lin, ZHENG Shao-he, CHEN Shou-yi. Analysis on
the slope stability of expansive soils considering cracks and
infiltration of rain[J]. Chinese Journal of Geotechnical
Engineering, 2001, 23(5): 606 - 609. (in Chinese))

(6] LA fh, BRaat, #62H, 55 KA FIZIK a3
YRR IE[T). A TR 2ER, 2007, 29(7): 1065 -
1073. (KONG Ling-wei, CHEN Jian-bin, GUO Ai-guo, et al.
Field response tests on expansive soil slopes under
atmosphere[J]. Chinese Journal of Geotechnical Engineering,
2007, 29(7): 1065 - 1073. (in Chinese))

[71 SILVESTRI V, SARKIS G BEKKOUCHE N, et al
Evapotranspiration, trees and damage to foundations in
sensitive clays[C]// Canadian Geotechnical Conference, 1992,
Vol. II: 533 - 538.

[8] MILLER C J, MI H, YESILLER N. Experimental analysis of
desiccation crack propagation in clay liners[J]. Journal of the
American Water Resources Association, 1998, 34(3): 677 -
686.

[9] VOGEL H J, HOFMANN H, ROTH K. Studies of crack
dynamics in clay soil: experimental methods, results, and
morphological quantification[J]. Geoderma, 2005, 125: 203

- 211.

[10] JEsAA:, bk, X FF, & VLA R N T4
YN R A KB &2 R BT I). A+ TR R,
2007, 29(5): 743 - 749. (TANG Chao-Sheng, SHI Bin, LIU
Chun, et al. Developing law and morphological analysis of
shrinkage cracks of clay soil at different temperature[J].
Chinese Journal of Geotechnical Engineering, 2007, 29(5):
743 - 749. (in Chinese))

(0] s, dt K, )] FF, AF SEMRREIE b R T R A
SR FEA IO R BB A HT 0], KR4k, 2007, 38(10):
1186 - 1193. (TANG Chao-sheng, SHI Bin, LIU Chun, et al.
Factors affecting of the surface shrinkage cracks’ structure
and morphology of clay soil and quantitative analysis[J].
Journal of Hydraulic Engineering, 2007, 38(10): 1186 - 1193.
(in Chinese))

[12] x| F, £5%, W o, 55 A THFRGRN S
ARSI &L TSR, 2008, 3009):

1383 - 1388. (LIU Chun, WANG Bao-jun, SHI Bin, et al.
The analysis method of Morphological parameters of rock
and soil crack based on image processing and recognition[J].
Chinese Journal of Geotechnical Engineering, 2008, 30(9):
1383 - 1388. (in Chinese))

[13] TANG C, SHI B, LIU C, et al. Influencing factors of
geometrical structure of surface shrinkage cracks in clayey
soils[J]. Engineering Geology, 2008, 101(3/4): 204 - 217.

[14] TANG C S, CUL Y J, TANG A M, et al. Experiment evidence
on the temperature dependence of desiccation cracking
behavior of clayey soils[J]. Engineering Geology, 2010, 114:
261 - 266.

[15] KAYYAL M K. Effect of the moisture evaporative stages on
the development of shrinkage cracks in soil[C]// Proceedings
of First International Conference on Unsaturated Soils, 1995:
373 - 379.

[16] PRAT P C, LEDESMA A, LAKSHMIKANTHA M R. Size
effect in the cracking of drying soil[C]// Proceedings of the
16™ European Conference of Fracture. Springer, 2006.

[17] RODRIGUEZ R, SANCHEZ M, LEDESMA A, et al.
Experimental and numerical analysis of desiccation of a
mining waste[J]. Canadian Geotechnical Journal, 2007, 44:
644 - 658.

[18] HILLEL D. Introduction to soil physical[M]. New York:
Academic Press, 1982.

[19] TANG A M, CUI Y J. Controlling suction by the vapour
equilibrium technique at different temperatures and its
application in determining the water retention properties of
MXB80 clay[J]. Canadian Geotechnical Journal, 2005, 42: 1 -
10.

[20] VILLAR M V, LLORE A. Influence of temperature on the
hydro-mechanical behaviour of a compacted bentonite[J].
Applied Clay Science, 2004, 26: 337 - 350.

[21] CORTE A, HIGASHI A. Experimental research on
desiccation cracks in soil[R]. Research report 66, U.S. Army
Snow Ice and Permafrost Research Estabilishment, Wilmette,
Illinois, 1960.

[22] MITCHELL J K. Shearing resistance of soils as a rate
process[J]. ASCE Journal of Soil Mechanics and Foundation,
Engineering Division, 1964, 90(1): 231 - 251.

[23] HUECKEL T, BALDI G Thermoplasticity of saturated clays:
Experimental study[J]. ASCE Journal of
Geotechnical Engineering, 1990, 116(12): 1178 - 1769.

[24] BRONSWIJK J J B. Modeling of water balance, cracking and
subsidence of clay soils[J]. ] Hydrol (Amsterdam), 1988, 97:

199 - 212.

constitute



