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A three-dimensional cementation contact model for unsaturated structural loess
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Abstract: An adaptable three-dimensional (3D) contact model is necessary to perform discrete element simulation (DEM)on
unsaturated structural loess, in which the effects of adhesive force and chemical cementation bond have to be taken into account.
A 3DDEM contact model is introduced to simulate the macroscopic and microscopic mechanical behaviors of unsaturated and
structural loess by considering the effects of adhesive force and chemical cementation. Interparticle adhesive force is composed
of van der Waals attractions and capillary forces. Both bond stiffness and strength are associated with the bond size to represent
unrecoverable chemical cementation. By using the relationships between water content and suction, a new 3D contact model for
loess is established considering the coupling effects of water content-void ratio-suction. The DEM is used to simulate the
triaxial and wetting tests at different deviator stress levels and the results show that the 3D contact model can well reproduce the
macroscopic mechanical behaviors of unsaturated structural loess.
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Fig. 1 DEM sample and grain-size distribution curve
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Fig. 2 Change of deviator stress and void ratio during triaxial tests

500 200
400 TRHE: 1.1%
o « 150
Ay - g
=300 L R=0.75 (306 kPa)
) ) 100 V%
B ooll_cw G = A
&= QW (WH) R=0.5 (204kPa) & ‘ §—o— HUAI-L AR K

GW (837%)

50
>, b S — o JEHURI-F AR —IM T —
100 oW (8329, 5025 (102kPa) i I'!F'E%g i3
[HlFE: 50 kPa pidi .
0 5 10 15 20 25 30 35 40 45 0 5 10 15
Bl 28 /% Bl BiAE %
(a) BHOTER (b) EHIAR (KRHL!)

3 EREIRIE ERHE N TN (o, =50 kPa)
Fig. 3 Axial strains observed in wetting tests ( o, =50 kPa)

5 & i

2 e B - U] 90 2 4 3 R0 B 40 7 14 A
R BRI SR A, SR T #h = e 4 Bt
B, IRHEAT B R K% 5 A4 R AR K50
BB, TOAE T B Rk, AR SRR RIS,
FAPE 5 2 TR V£ 5 BT M T S48t T

ASCHR ) = e A R T T S5 e
R A ) 3 B

(1) B BTC I RE % e I0RLIF] T A5 7 (8

(2) 2 UKL (025 RIUATLAE 7, T AT
A -F A 1 P A

(3) 2 AR L 00k 1 40 S (E D, MR
SURAR T il 7T SR 40 (TR, B4
A DL O B PO B BT A R A
] T S B35 L ) A

(4) Hpe BRI R AR, A IR

JEARTT AL o JERES TR L% 1 T B R A
LEVE IR SR AR . HURS B U (0

SE -

[1] BARDEN L, MCGOWN A, COLLINS K. The collapse
mechanism in partly saturated soil[J]. Engineering Geology,
1973, 7(1): 49 - 60.

[2] DELENNE J Y, EIYOUSSOUFI M S, CHERBLANC F, et al.
Mechanical behaviour and failure of cohesive granular
materials[J]. International Journal for Numerical and Analytical
Methods in Geomechanics, 2004, 28(15): 1577 - 1594.

[3] IANG M J, SUN Y G LI L, et al. Contact behavior of
idealized granules bonded in two different interparticle
distances: An experimental investigation[J]. Mechanics of
Materials, 2012, 55: 1 - 15.

[4] SHEN Z F, JIANG M J, WAN R. Numerical study of inter -
particle bond failure by 3D discrete element method[J].
International Journal for Numerical and Analytical Methods
in Geomechanics, 2016,40(4): 523 - 545.

[5] JIANG M J, SHEN Z F, WANG J F. A novel three-dimensional
contact model for granulates incorporating rolling and
twisting resistances[J]. Computers and Geotechnics, 2015, 65:
147 - 163.

[6] ITASCA. User manual of particle flow code[Z].2015.

(71 2= ¥ AEERZE PR - =4 ORI S AL 5
[D]. Eifg: FFFAE, 2017. (LI Tao. Three-dimensional DEM
simulation and constitutive model of unsaturated structural
loess[D]. Shanghai: Tongji University, 2017. (in Chinese))

[8] JIANG M J, KONRAD J M, LEROUEIL S. An efficient
technique for generating homogeneous specimens for DEM
studies[J]. Computers and Geotechnics, 2003, 30(7): 579 - 597.

[9] 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.

[10] GARAKANI A A, HAERI S M, KHOSRAVI A, et al.
Hydro-Mechanical behavior of undisturbed collapsible
loessial soils under different stress state conditions[J].
Engineering Geology, 2015, 195: 28 - 41.

(117 SKIFES, M. JMUKAERSE R PP xRt 3+ 2k
IRARZI[]. BERRREEHIR, 1990, 3: 10 - 14. (ZHANG Su-min,
ZHENG Jian-guo. Influence of order of force and water on
mechanical properties of collapsible loess[J]. Site Investigation

Science and Technology, 1990, 3: 10 - 14. (in Chinese))

(Bt W)



