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DEM simulation of desiccation cracking in clay considering capillarity and
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Abstract: The interaction between clay particles during the process of desiccation cracking is highly complex, making it
challenging to conduct quantitative researches on the formation mechanism of cracks at the particle level. The capillarity and
adsorption in clay is distinguished based on the suction stress characteristic curve (SSCC) in unsaturated soils. A contact model
of discrete element method (DEM) that accounts for the change of attraction between clay particles with water content is then
established, and the numerical simulation of desiccation cracking in clay is carried out. The simulated results are compared with
those of laboratory tests, and the findings indicate that the crack morphology, crack development history and strain of the soil
sample obtained by the DEM simulation are in good agreement with the laboratory results, verifying the reliability of the DEM
model. Further analysis of the simulated results reveals that: (1) The capillarity and adsorption both play a role in the
desiccation cracking process of clay. With the decrease of water content, the effects of adsorption gradually exceed those of
capillarity. At the dominant stage of adsorption, the average displacement of simulated soil particles along the crack distribution
direction accounts for 73% of its final value. (2) The total contact number between soil particles initially decreases and then
increases as water content decreases. (3) The physical contact force between soil particles will increase rapidly at the dominant
stage of capillarity/adsorption, resulting in stress concentration, and the contact between soil particles will be centralized and
cracks will be formed. The proposed DEM contact model is of significant physical implications and can offer valuable insights
into the underlying mechanisms of desiccation cracking in clay at the particle level.
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Fig. 8 Axial displacements of soil particles under different water contents obtained by DEM simulation
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Fig. 12 Relationship between suction stress and water content

during desiccation
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water content

IVRIE LY BT

32.7% 27% 23% 22%
(b) frE T

BefhJ1/N |

0 3.5
E 14 LRREBEEMANES SKREHXER
Fig. 14 Relationship between physical contact force chain of soil

particles and water content



1710 "+ T OB % M

2024 4E

4 &

AL SSCC HR G —4A %N 17 FEX B+
W BANE SR VE R EEIT X 73, @S R A T
KL 51 7 B8 S 7K AR B s 2, [ =5 FE G 1
RS FE R EREAR A, X3 T4 T R
R T EHocE, HE5ENRES RT3
FILLN 4 fig5it.

(1) &54 SSCC H it . F—F WL S35 2 5 Fioki
o A 4 2 2R S IR O A 08 s U MR G 1 T
GRS R . A BRI L RERAE . R B ISR
AT S LRI BNV A

() R LT, TS EHEH
[FRAERR, HBEEE FKFIBRAE, WA A 5
BT BAMER . 0 TR ERE, RO VR RS S
A0 77 M PP I AR £ TR E M AR A AR B, o
LABI 73%, TRETEICIY BE ST o R e 54k .

(3) T BURL I A B Bl i S Bl o 2 /KR (1 AR
WD, ARG SR D, E SR A) i 4 o) A
L3 p 3l P wt = S R 2 3 A o =l . 10 VA LE] 225
fl B RIS, REEITIRTE . f)a Tk
(1) B R A S Bl o R — 2D Ui T S A R

(4) LFEENEYMRER S B, L5
L] (1 A B i ) 2 B -5 350 3= 2R N
LIRS AR 52 )10 PR,
L 1) % i 2 DR] HE A F 7 8 17 T R 24

SE -

[1] A&, i WK, BEEF. LAETHEEBNERRE TR
KAHLE [7]. &+ TR, 2018, 40(8): 1415-1423.
(TANG Chaosheng, SHI Bin, CUI Yujun. Behaviors and

mechanisms of desiccation cracking of soils[J]. Chinese

Journal of Geotechnical Engineering, 2018, 40(8): 1415-1423.

(in Chinese))

[2] TANG C S, ZHU C, CHENG Q, et al. Desiccation cracking
of soils: A review of investigation approaches, underlying
mechanisms, and influencing factors[J]. Earth-Science
Reviews, 2021, 216: 103586.

B1 BEFE, B®RF, H A, SRRENIK LR Em
W), & TR, 2012, 34(12): 2155-2161. (YIN
Zongze, YUAN Junping, WEI Jie, et al. Influences of fissures
on slope stability of expansive soil[J]. Chinese Journal of

Geotechnical Engineering, 2012, 34(12): 2155-2161. (in
Chinese))

[4] ALBRECHT B A, BENSON C H. Effect of desiccation on
compacted natural clays[J]. Journal of Geotechnical and
Geoenvironmental Engineering, 2001, 127(1): 67-75.

[51] RAYHANI M H T, YANFUL E K, FAKHER A. Physical
modeling of desiccation cracking in plastic soils [J].
Engineering Geology, 2008, 97(1-2): 25-31.

[6] TANG C S, 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.

[71 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.

[8] TRABELSI H, JAMEI M, ZENZRI H, et al. Crack patterns
in clayey soils: Experiments and modeling[J]. International
Journal for Numerical Methods in
Geomechanics, 2012, 36(11): 1410-1433.

[9] MhekoT, FEHIAL, I, S5 AR T AT R AR I A
RS 5 B BOT R A TR AR, 2020, 42(2):
372-380. (LIN Zhuyuan, TANG Chaosheng, ZENG Hao, et al.

and Analytical

Laboratory characterization and discrete element modeling of
desiccation cracking behavior of soils under different
boundary conditions[J]. Chinese Journal of Geotechnical
Engineering, 2020, 42(2): 372-380. (in Chinese))

[10] GUO Y, HAN C J, YU X. Laboratory characterization and
discrete element modeling of shrinkage and cracking in clay
layer[J]. Canadian Geotechnical Journal, 2018, 55(5):
680-688.

(117 PEERIL, XE M. &6 TR amsh v 2% A i 12 i B
L [0, &L 1%, 2004, 2538 ) 2): 1-6, 12. (SHEN
Zhujiang, DENG Gang. Numerical simulation of crack
evolution in clay during drying and wetting cycle[J]. Rock
and Soil Mechanics, 2004, 25(S2): 1-6, 12. (in Chinese))

[12] WANG X N, YU P, YU J L, et al. Simulated crack and slip
plane propagation in soil slopes with embedded
discontinuities using XFEM[J]. International Journal of
Geomechanics, 2018, 18(12): 04018170.

[13] SANCHEZ M, MANZOLI O L, GUIMARAES L J N.
Modeling 3-D desiccation soil crack networks using a mesh
fragmentation technique[J]. Computers and Geotechnics,
2014, 62: 27-39.

[14] YAN C Z, WANG T, KE W H, et al. A 2D FDEM-based
moisture diffusion-fracture coupling model for simulating

soil desiccation cracking [J]. Acta Geotechnica, 2021, 16(8):



58 KEME, A5, & RSB S FAE F RG F 4 PR R B e A, 1711
2609-2628. unsaturated  soil[J]. Journal of Geotechnical and

[15] PERON H, DELENNE J Y, LALOUI L, et al. Discrete
element modelling of drying shrinkage and cracking of soils
[J]. Computers and Geotechnics, 2009, 36(1-2): 61-69.

[16] EL YOUSSOUFI M S, DELENNE J Y, RADJAI F.
Self-stresses and crack formation by particle swelling in
cohesive granular media [J]. Physical Review E, 2005, 71(5):
051307.

[17] SIMA J, JIANG M J, ZHOU C B. Numerical simulation of
desiccation cracking in a thin clay layer using 3D discrete
element modeling [J]. Computers and Geotechnics, 2014, 56:
168-180.

(18] Al S%, HHIGE, MAl. Rt T40r Rt i s oo
AR (7], A LR, 2013, 3508 T 2): 286-291.
(SIMA  Jun, JIANG Mingjing, ZHOU Chuangbing.
Numerical simulation of desiccation cracking of clay soils by
DEM[J]. Chinese Journal of Geotechnical Engineering, 2013,
35(S2): 286-291. (in Chinese))

[I91 LIN Z Y, WANG Y S, TANG C S, et al. Discrete element
modelling of desiccation cracking in thin clay layer under
different basal boundary conditions[J].
Geotechnics, 2021, 130: 103931.

[20] LE T C, LIU C, TANG C S, et al. Numerical simulation of

Computers and

desiccation cracking in clayey soil using a multifield
coupling discrete-element model[J]. Journal of Geotechnical
and Geoenvironmental Engineering, 2022, 148(2): 04021183.

[21] MITCHELL J K, SOGA K. Fundamentals of Soil
Behaviour[M]. Hoboken, New Jersey: John Wiley & Sons,
Inc, 2005.

2] it K, FE#IE, TEF, F FHtEHAARRE T AR
o J T FEALER R (7], = R H R 2 4, 2009, 15(2):
192-198. (SHI Bin, TANG Chaosheng, WANG Baojun, et al.
Development and mechanism of desiccation cracking of
clayey soil under different temperatures[J]. Geological
Journal of China Universities, 2009, 15(2): 192-198. (in
Chinese))

[23] LU N, LIKOS W J. Suction stress characteristic curve for

Geoenvironmental Engineering, 2006, 132(2): 131-142.

[24] ZHANG C, LU N. Unified effective stress equation for soil
[J]. Journal of Engineering Mechanics, 2020, 146(2):
04019135.

[25] ZHANG C, LI J Z, ZHANG Y X, et al. Experimental and
discrete element modeling study on suction stress
characteristic curve and soil-water characteristic curve of
unsaturated reticulated red clay [J]. Bulletin of Engineering
Geology and the Environment, 2022, 81(9): 363.

[26] GUO L, CHEN G, DING L, et al. Numerical simulation of
full desiccation process of clayey soils using an extended
DDA model with soil suction consideration [J]. Computers
and Geotechnics, 2023, 153: 105107.

[27] VAN GENUCHTEN M T. A closed-form equation for
predicting the hydraulic conductivity of unsaturated soils [J].
Soil Science Society of America Journal, 1980, 44(5):
892-898.

[28] LU N, GODT J W, WU D T. A closed-form equation for
effective stress in unsaturated soil [J]. Water Resources
Research, 2010, 46(5): 567-573.

[29] PERON H, LALOUI L, HUECKEL T, et al. Experimental
study of desiccation of soil [M]. Unsaturated Soils 2006.
ASCE  geotechnical
1073-1084.

[30] YAO M. Three-Dimensional Discrete Element Method

special publication 147. 2006:

Analysis of Cohesive Soil[D]. Baltimore: The Johns Hopkins
University, 2002.

[31] YAO M, ANANDARAJAH A. Three-dimensional discrete
element method of analysis of clays [J]. Journal of
Engineering Mechanics, 2003, 129(6): 585-596.

[32] SOULIE F, CHERBLANC F, EL YOUSSOUFI M §, et al.
Influence of liquid bridges on the mechanical behaviour of
polydisperse granular materials[J]. International Journal for
Numerical and Analytical Methods in Geomechanics, 2006,
30(3): 213-228.





