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Simulation of collapsible characteristics of structural loess under
one-dimensional compression condition by discrete element method
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Abstract: Focusing on large voids and bonds of natural loess, structural loess samples with different water contents are prepared by
discrete element method (DEM) and their collapsible characteristics under one-dimensional compression condition are investigated.
First, based on laboratory test results on natural loess and DEM numerical results on bonded granular materials, the relation between
bond strength and initial saturation is proposed. Then structural loess samples with different water contents are prepared by using the
authors’ multilayer under-compaction method and bonded contact model. Then double-oedometer tests on these samples with
different water contents, single-oedometer tests on samples with same specific water content are simulated by DEM. The DEM
results show that the structural yield stresses and the vertical pressures at maximum coefficient of collapsibility increase with
decreasing of water content. The coefficient of collapsibility increases firstly and then decrease with pressure. The initial collapse
pressure is equal to structural yield stress of saturated samples. The ratio of maximum coefficient of collapsibility to void ratio is near
to that of natural collapsible loess. There is a nearly unique post-collapse compression line for DEM samples wetted at different
vertical pressures. The yielding is related to bonds breakage and the collapse is accompanied with significant bonds breakage.
Structural damage variable based on the bond number is proposed to reflect the damage degree of structure and its evolution during
loading or wetting is studied. This study provides a foundation for learning the complex mechanical characteristics of loess and
building constitutive law of loess.
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Fig.4 Numerical test of two bonded granulae
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Table 1 Parameters used in numerical test of two bonded particles
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Table 2 Relations between structure yield stress
and initial saturation
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Table 3 Parameters used in simulation of collapse
of structural loess by DEM analysis

JUEFE WIS REpHe
LR b DIRIRIEE ks ., " w
/ (N/m) / (N/m) Ao REp A
1.5%x10"° 1.0x10"° 4n 0 0

TR B ECN 4 960 4. A T 5K AKX
PRI EE, RXFETE 0.90 mm, &% tbiET 2, IX
5530 % 25 AR SR AT — 4RI A0 B F (R 36 T R
Ao FHNPTIEI TIRSE i BEFEARZ LIRS, it
RIAE T30 T3 F A A PR s /KN ZEsk
DA S 4 S8 BTN I TR) 22 AN K, ARV 7K A
TR o BB NI I 1 1 R R AT LR A 0,
T3 A G5 5 FEE A ) — I 1) B SOh 5y — e s, A
11 1o 5 LKA 52 R

F LR 2 A0 R A 38 AT RA B 45 30F T«

O e fioRi ] R R B E N 1.0, KD E
R i3 U 4% W) 4R T T FLBR L e, = 0.26, %

0.900 mm, = 1.834 mm FRFE. SRS, Fkifa) BE
BERBONE N 0.5,

@ I N RSN 12.5 kPa ) s S xR T — 4k
WG RS, (C PR b AN T i 4, H B ke

e 45T o
S BT (K- 1 FLB L 0.26 2 FLEURT
RLEF IR Z B, P FLB R — ZEAL B EE 4
ST R R
2bhr — % (4751;.3}
o=y (6)
Zg(n”f)

X b RIS b PRI N ik
LSTSY O SR ) L

R (60 FTfF = HEfLEREL A 0.905 55 FrHE
T IALBR BRI, Sy AT DL R A FLER LR
FUAR ST BRIX — 5. 18 8 4o 1 N Bk
S UG AR A BB R . FLESIE . A AR LU
AR A SR ELARAHIT (0 KL A e, 54ttt
BT o o e~ [P B > Sy N RS R R T A= R 27
T 2=,

RALER

:
%
: :iite
8:00.20:2:100:0.20:°0 @'

B8 BTN A BRI FLER
Fig.8 Particles and voids in the DEM sample

42 BEERI TR

T4 BT . W 1 BUA RS KR
ISR, RE6 2 B AL AL R
%o

R4 BECHEETE
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