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Interfacial friction dependence of propagation direction and evolution
characteristics of soil desiccation cracks
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Abstract: As the soils in nature are distributed in layers, the desiccation cracking process of the top soil is easily constrained by
the contact conditions between the soil layers under drought conditions. A series of laboratory desiccation tests are therefore
conducted to investigate the influences of interfacial frictional effect between soil layers on the developing direction and
evolution characteristics of soil desiccation cracking. In the tests, three slurry samples with the initial saturation are prepared
and dried under a constant room temperature of 30°C. Different interfacial friction conditions are designed at the bottom of the
samples to simulate the frictional effect between soil layers in nature. During drying, photos of the surface and side of the
samples at regular intervals are taken to record the development process of soil cracks from different angles. Some new
discoveries show: (1) The soil desiccation cracks can develop from the surface downwards and may be firstly generated from
the bottom of the soil and gradually develop upwards, which is different from the previous habitual understanding; (2) During
the drying process, the initial development position and development degree of cracks are constrained by both the soil
properties and the substrate friction conditions. For the soils with severe inhomogeneous or obvious flaws on the surface, the
cracks are generated and develop from the surface flaws of soils, while for the relatively homogeneous soils, the cracks can be
firstly generated from the bottom of the soil and gradually develop upwards under the influences of the substrate friction.
Moreover, after the drying is completed, the development

degree of the bottom cracks of the soils is even higher than EEWE: EXARFIFEEIHE (41572246, 41772280); T4
BlEEETH (41322019); EEK AR FFHES E pi 10 H (41230636);

that of the surface cracks. (3) The bottom cracks mostly . N o
TTHE BRI ETH (BK20171228, BK20170394); H e fmifs 3%

propagate in inclined direction, and they are probably related KRS ML TR S EITE (2015-2020)
to the developed shear stress. (4) During drying, the soil WIS EHA: 2018 - 04 - 25

shrinks concentrically, and noticeable shrinkage nucleus at *WliNfE#H (E-mail: tangchaosheng@nju.edu.cn)
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the bottom of soil appears at the bottom of the soils. (5) The substrate friction effect can change the internal stress field

during the desiccation cracking process of soils, and therefore affects the transverse and longitudinal strains and profile water

content distribution of the soils. For example, the larger the substrate frictional degree, the smaller the transverse strain of soils,

but the greater the longitudinal strain of soils.

Key words: desiccation cracking; frictional effect; crack development direction; shrinkage strain; profile water content;

shrinkage nucleus
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Table 1 Physical properties of Xiashu soil
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IMFRE L BRI wo/% B K T2 p/(grem™) RS (d<0.005 pm)/%

2.73 34.5 19.5 18

16.2 1.70 22
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Fig. 1 Photos of sample preparation
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Table 2 Parameters of samples
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Fig. 3 Partial cracks of sample S1 generated from bottom and their
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Fig. 4 Development of cracks of sample S2
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Table 3 Development of surface and bottom cracks of three

samples after drying
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Table 4 Transverse and longitudinal strain values of three samples

after drying
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Fig. 7 Distribution curves of profile water content of three samples

after drying
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Fig. 8 Mechanical state of crack initiation and propagation on soil

surface during drying
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Fig. 9 Mechanical state of crack initiation and propagation on soil

L)

FEBR T 7

substrate during drying

SR 6 MERRMING, BIF145 o5 iR 4
R S IR AP, FTRAUE . 5 Bt
IR AN T, FE R ) 2 WP i A T 7 A BR
HIMEM, AR KRN ), 5Kk B )4k
BRIt A R P hL R LI, SR P AR 2R,
w9 (ad. SR ERIREKEERELLIHE,
WEHE AR IR SR, R TR A2 R 2R IRt AE A 1
SN ERE (4 (@), (b). AT, 5T
e e A i B B KRN R IR BT R BN AR A
[l KUFE T, J R R AR ) AR | Ak | B Ui P 51 ke
B0 B2 AT E SRR AN R, O HEREAE
FH T S 28 AE AR 3 o 24 JES T R 28 B 1) _L A B

FH T2 R vy PR A P 8 R Wi i ) 5 it BE 2 0 A
TR/ L, HJ7 R Rerd e, M S84z
FIESUIMER (9 (b)), MBI B FEHE, BIY)ME
FATE B PR T 5 BY ) R 5 [ b Jle— FA S, FLAA RS
KANGFZBUIN SRR Bk, EE MR, H
IR Z B8 EREISR (B 4) R
Re 5 IAFE R BT N ER A O, W AU et —
HRIE.

LRI B EA NN, WS (b)) HHRE
Cx11 FE 5 (o) HIRER Cx5, HAKE HH# & ER
TR . AT X —IRETE LI, 75 2R R
T _E AR U e SR . [FIRE R 455 K 6 WL
SR PIAEINS, RIME ST B A B R E
AR E FAFLE T WML I R R B . el k] DUHE
Wr, IRZURR R E D s A AR SR B2 B T T Al AH
A= BT e o AW E A A PR S A=Y N
JECHB I B ) bR B IR R SR B BT 38,
WL SRR E R, BBl s, ™
ANUSCAF A% H TR = A R 2R R A2 kv B ) IR
il 17 R SR — ISR A% A AR ) SRR TE TR i 32 7k
PSR, ABTE S R A R AT e A2 BT VIR )
el AT AR FORWE AL, DA [ B R (T AR
DRI RS2 DR 3%, 5 4 75 S G DR AT o A 4 A
Fo

TEFR I, BEEE =2 75 B A 2 )
GFAEAXTIZ s, Fr DR R EE R T /NS kil
AT A . T TR oK o 28R AE AR
I _EAFAERE EE AR ™20, Z8 % A F T B i K )
A ReX I b AR S K E R A, R AR YR 4
AT, HETEOR BN . AR f, EEEC
ST TR R, LR, HRE S
P s th SR EATRAS A A TR K e,
XA b B R ARTE TS AR M= AR B B,
AR A S R 32 R R BRSO T
T HLK 2 30 B = A AR AE 1) R B il A2 i
EEEE LR AR, fE R R B AR R AR (&
3~5), BhAl, BENE DN G AR (U 4 R 4 7 5
TR, NS R RE A AR R AR,
JEE B 1 (P BRI R Bl 2 P2 A o I A R R
RBL e, S SRR 5 KA. BRI T4
SR JE TR R B A TR (R 3). HH.,
SO R AT S, B g R b 2 R
AR, (HBEE TR IS, ZLRR Ao 7 L R EE R
ST RS (B4 (a)). T TR R T L
TARPREE, BT RERAEE, BEEEAER N, A
JE DA BCRE AR R AR IR R ik B 7, DR AR v



1178 H O+ T OB % M

2019 4F

RAEJEH K H R
3.3 RIEEEMFX AR DIHFIKT AR

A

XA 4 Bl PRI, B AR AT S
HE R BE R NAFAE RGBT B R O kA [ e 4
52 PR E R IOPR A, AL AT Mg A by AR A sk
PR 3 i A R AR R TR o TR [ A B A
[ 37 R SRPETI, AT 10 25 M T 7R S R JBE R N2
T AARURL ] N 737 0 AT RS AT, R EE
PR e 2 A P TR B 3 (s A R Uk A
A2, R LRI AR TR RE P AL R . PRI, #ET
B RE, EREESERANOR, A A U e 32 2 1
BRAGEOR, WA A A . SR, A
R SE IR AR A B, 3 S i 1 EE R R
X AR R A e (o g, BRIk 4 AR S
@ﬁﬁ& TR, AR 1 W A AR 1 e 22 B

léé B0

1><,%f§;13% P
CoD D w4525
IR | 23425

Edn ]
& 10 7EEREEYNFM T AR 13502
Fig. 10 Distribution of stress field of soil impacted by substrate
friction effect
EARERKE, AR Ui AR S b 5
Ak o AR R R R/ Tl R Hh /K 43 3% 25 18]
AR AEAT B 2, R A, 2R R K
oy R RN RIE R BTG, JREXEE T IR
SRR TIE, FESMRIERE b7 2 v et R+
RIR I F = A IR YT, K7 B R AR T, A
B R 5 e IR B D8RR, 7K 73k ) B R IT RS
PRI ), RS /KERMR, AR
BTN o G A AT ST I R R A R R AL
[5G AR T Wi AR RO 2R, AT DA H e R AL
POROR,  HARAE R R T iR TR, Bt
PR REASY R, 675 A P K A RS By A ZE
TR G AR S KSR BN (B 7). Ak, R
b A AT S K R R A AT, AT RLE T
BRI RE R R R A KR AR B, DR SR AR,
SRR, EEEAEAT, TRLEES
Fzﬁiﬁu

4 25 1
ACTFET —RIE N TR, HAT LR

JEBEN A LAR T A5 2R B RHE R, A3~
FELER:

(D HAETARRBIAMLBAER I 72 A4, HRRE L
JRIRHR A . BRI K B BB 2 0T 5 A 5 HE i AR
BRI SEEMIL) . M ERRIAAAE “Hep” B, 3
BRAR S MR TH “ s ” AbAE R, 75 MIZEREA FT AefE 2
JERBE H A0 AT FH T 2850 RSB A il o

(2) MRTHARZRRR, HRE J7 LT A
N, BT HAMIKARIR, AR A R, K
2R K E  ZI R AT eSS BTN I E A K.
AL, 2 S KF]J:%iFaEﬁ§”5$YAﬁ:LK SY NI
e S o N TP == P o oyl I K VA= [
&k,

(3) FETJ5 5 Y, 05 JeC R 4B AR BT A4 T 4 2L R
RERIEFIER, Hr A R4 R 7t 5 i BE R AL
Fralie, HApas ol G R R B R AT & TR .

(4) 25 JeC JBE HE2 RN B 52 M) T AARFE - Ji it R v P 5
N335 5 K 0 4 WAL RRAE o 25 IS BEBR A NOR, T
oS i N A e A S T w5 O AT
UL N AR . e Ah, AT S KR AR P ) R
ANTEE N, R AR AR R I TR o

(5) TART R R B A ) R RRAE, A7
TER R RIS, H AN A% 18] 58 A7 —
%ﬁ%“””ﬁ?

BHRHIZ, ZUTRHER S, BRAH L
EW@EQ%,%iEﬁEQQ%ﬁ,$%%@E§
HRRAER S, ACETENRE, VPR 7 &
TYETF 200 2 R BN . B ARR S PR IR X
AL, ERE R U e, LiEa 2R
PEXT AR T4 R UK B 07 W) SR AR AT 45 B o B
RIRENA o JUH A SR T4 2B I E B R T 7]
TRE, BE2ELTFHEANLERSN EEE, HIEK
MR A BEE LR TR, E2AEE 7 UMER

SIRPEAR . BeAh, BT AR A R E RRBRAR K
—HB oV B AR, FRAR T RS, R,
W RN RHEFE AR T4 R ), )2
G TR R B, i SO Sl Ak
15 RE, BURIBERIRS . N T — AL

ARV RS IR, IR L T SRR R B X A SR
friEEARE, DUIHR Bt A U E R R .

SE -

[1] KODIKARA J, COSTA S. Desiccation cracking in clayey soils:
mechanisms and modelling[M]// Multiphysical Testing of
Soils and Shales. Berlin: Springer, 2013: 21 - 32.

[2] HEWITT P J, PHILIP L K. Problems of clay desiccation in



%5 6

I, A AT AR 5 1A S ACRFAE ) 2 5 B R SN 7 1179

composite lining systems[J]. Engineering Geology, 1999,
53(2): 107 - 113.
[3] RAYHANI M H, YANFUL E K, FAKHER A. Desiccation-

induced cracking and its effect on the hydraulic conductive[J].

Canadian Geotechnical Journal, 2007, 44(3): 276 - 283.

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

[5] AYAD R, KONRAD J M, SOULIE M. Desiccation of a
sensitive clay: application of the model CRACK[J].
International Zoo Yearbook, 1997, 34(34): 943 - 951.

[6] LOZADA C, THOREL L, CAICEDO B. Effects of cracks and
desiccation on the bearing capacity of soil deposits[J].
Géotechnique Letters, 2015, 5(3): 112 - 117.

[7] BAKER R. Tensile strength, tension cracks, and stability of
slopes[J]. Soils & Foundations, 1981, 21(2): 1 - 19.

(8] Br=F . 5 I8 NIBMIZE AW 1) 3RS 8 1R 23 H 77  ].
#HEH%, 1997(2): 8 - 12. (CHEN Shou-yi. A method of
stability analysis taken effects of infiltration and evaporation
into consideration for soil slopes[J]. Rock and Soil
Mechanics, 1997(2): 8 - 12. (in Chinese))

(91 Whitghk, K], WRey L. 25 REERBR K/ K NS 00 A
fk L ke e Ve T[], £ TRR2AR, 2001, 23(5): 606

- 609. (YAO Hai-lin, ZHENG Shao-he, CHEN Shou-yi, et al.

Analysis on the slope stability of expansive soils considering

Chinese Journal of
Geotechnical Engineering, 2001, 23(5): 606 - 609. (in
Chinese))

[10] BUEREE, #RP, :i A&, 5 WRENPK L E
FISZI[T]. B TR, 2012, 34(12): 2155 - 2161. (YIN
Zong-ze, YUAN Jun-ping, WEI lJie, et al. Influences of

cracks and infiltration of rain[J].

fissures on slope stability of expansive soil[J]. Chinese
Journal of Geotechnical Engineering, 2012, 34(12): 2155 -
2161. (in Chinese))

[11] TANG C S, CUI 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(3/4): 261 - 266.

[12] 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): 204 - 219.

(13] A, Bt b, x| 3. K LU or 2R TT ).
TREHR 23], 2012, 20(5): 663 - 673. (TANG Chao-sheng,
SHI Bin, LIU Chun. Study on desiccation cracking behavior

of expansive soil[J]. Journal of Engineering Geology, 2012,
20(5): 663 - 673. (in Chinese))

[14] TOWNER G D. The mechanics of cracking of drying clay[J].
Journal of Agricultural Engineering Research, 1987, 36(2):
115 - 124.

[15] MITCHELL J K, SOGA K. Fundamentals of soil behavior[J].
Soil Science Society of America Journal, 1976, 40(4): 827 -
866.

[16] LAKSHMIKANTHAM R, PRATPERE C, LEDESMA-
ALBERTO. Experimental evidence of size effect in soil
cracking[J]. Canadian Geotechnical Journal, 2012, 49(3): 264
- 284.

(17] 3 A, Wi, AE Bl RO K 40T 2R
S (D). TREMLR 223, 2016, 24(4): 604 - 609. (YUAN
Quan, XIE Jin-yu, REN Ke, et al. Effect of boundary
constrains on desiccation crack of swelling soil[J]. Journal of
Engineering Geology, 2016, 24(4): 604 - 609. (in Chinese))

[18] DI, 2EME, . B L3RR 7 TR L &
HE D). B0 LRE%M|, 1999, 21(3): 294 - 298. (YI
Shun-min, LI Zhi-heng, ZHANG Yan-zhong. The fractal
characteristics of fractures in expansion soil and its
significance[J]. Chinese Journal of Geotechnical Engineering,
1999, 21(3): 294 - 298. (in Chinese))

[19] e, B ok, B dl. ok O R
[7]. TREHF 223, 2011(6): 875 - 881. (TANG Chao-sheng,
SHI Bin, GU Kai. Experimental investigation on evaporation
process of water in soil during drying[J]. Journal of
Engineering Geology, 2011(6): 875 - 881. (in Chinese))

[20] TANG C S, CUI Y J, SHI B, et al. Desiccation and cracking
behaviour of clay layer from slurry state under
wetting—drying cycles[J]. Geoderma, 2011, 166(1): 111 -
118.

[21] LIU C, TANG C S, SHI B, et al. Automatic quantification of
crack patterns by image processing[J].
Geosciences, 2013, 57(4): 77 - 80.

[22] KODIKARA J, BARBOUR S L, FREDLUND D G An

Computers &

idealized framework for the analysis of cohesive soils
undergoing desiccation[J]. Canadian Geotechnical Journal,
1997, 34(4): 477 - 488.

(23] AL, B K, X F. U RE LR T ARG A
AN ZE LE =S HTI]. KRIZEH, 2007, 38(10): 1186
- 1193. (TANG Chao-sheng, SHI Bin, LIU Chun. Factors
affecting the surface cracking in clay due to drying

shrinkage[J]. Journal of Hydraulic Engineering, 2007, 38(10):



1180 A= T

2019 4F

1186 - 1193. (in Chinese))

[24] e, EMEW, M o, TAARTAERER N L% E B AT
A TR %k, 2013, 33(12): 2298 - 2305. (TANG
Chao-sheng, WANG De-yin, SHI Bin, et al. Quantitative
analysis of soil desiccation crack network[J]. Chinese Journal
of Geotechnical Engineering, 2013, 33(12): 2298 - 2305. (in
Chinese))

[25] MORRIS P H, GRAHAM J, WILLIAMS D J. Cracking in
drying soils[J]. Canadian Geotechnical Journal, 1992, 29(2):
263 - 277.

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

[27] YESILLER N, MILLER C J, INCI G et al. Desiccation and
cracking behavior of three compacted landfill liner soils[J].
Engineering Geology, 2000, 57(1): 105 - 121.

[28] AMARASIRI A L, COSTA S, KODIKARA J K
Determination of cohesive properties for mode I fracture
from compacted clay beams[J]. Canadian Geotechnical
Journal, 2011, 48(8): 1163 - 1173.

291 & %, WA, XIEEE, A5 PR AT LR T4
FERL I T BEENLT]. 5 L TR, 2019, 41(3): 544
- 553. (ZENG Hao, TANG Chao-sheng, LIU Chang-li, et al.
Effects of boundary friction and layer thickness on
desiccation cracking behaviors of soils[J]. Chinese Journal of
Geotechnical Engineering, 2019, 41(3): 544 - 553. (in
Chinese))

[30] HUECKEL T. On effective stress concepts and deformation
in clays subjected to environmental loads: discussion[J].
Canadian Geotechnical Journal, 1992, 29(6): 1120 - 1125

311 X &%, A, 50k, 55 FrimHlke T A f R
g (RIS ()], LREHLBR 244, 2017, 25(5): 1314 - 1321.
(LIU Chang-li, TANG Chao-sheng, LI Hao-da, et al.

Experimental study on the effect of interfacial roughness on

desiccation cracking behavior of soil[J]. Journal of
Engineering Geology, 2017, 25(5): 1314 - 1321. (in
Chinese))

[32] SHORLIN K A, DE BRUYN J R, GRAHAM M, et al.
Development and geometry of isotropic and directional
shrinkage-crack patterns[J]. Physical Review E Statistical
Physics Plasmas Fluids & Related Interdisciplinary Topics,
1999, 61(6 Pt B): 6950.

[33] GROISMAN A, KAPLAN E. An experimental study of
cracking induced by desiccation[J]. Europhysics Letters,
2007, 25(6): 415.

[34] PERON H, HUECKEL T, LALOUI L, et al. Fundamentals of
desiccation cracking of fine-grained soils: experimental
characterisation and mechanisms identification.[J]. Canadian
Geotechnical Journal, 2009, 46(10): 1177 - 1201.

[35] PERON H, LALOUI L, HU L, et al. Desiccation cracking of
soils[J]. Chemosphere, 2009, 13(7/8): 869 - 888.

[36] FEWIAE, it W, BEEE. LETHREBRNERKE TR
KALEL[)]. A& TR, 2018: 1415 - 1423, (TANG
Chao-sheng, SHI Bin, CUI Yu-Jun. Behaviors and
mechanisms of desiccation cracking of soils[J]. Chinese
Journal of Geotechnical Engineering, 2018: 1415 - 1423. (in
Chinese))

[37] TOLLENAAR R N, PAASSEN L A V, JOMMI C.
Observations on the desiccation and cracking of clay layers[J].
Engineering Geology, 2017, 230: 23 - 31.

[38] LU N, LIKOS W J. Unsaturated soil mechanics[M]. J. Wiley,
2004.

[39] TANG C S, SHI B, LIU C, et al. Experimental
characterization of shrinkage and desiccation cracking in thin

clay layer[J]. Applied Clay Science, 2011, 52(1): 69 - 77.

AHIr-&ES

B2 o AERHUEEERARAR
B3 AU ELIERAR R A IR A
B4 LS TEARTREARAR



