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Distribution and evolution of pore structure in 2D granular materials
under biaxial compression

LIU Yang, WANG Cheng-lin, ZHANG Duo
(Department of Civil Engineering, University of Science and Technology Beijing, Beijing 100083, China)

Abstract: The numerical models for ideal granular with different densities are established using the discrete element method to
examine the distribution and evolution of pore structure in 2D granular materials under biaxial compression. The
voronoi—Delaunay tessellations are adopted to divide the space into Voronoi regions and the irregularly shaped pore geometry
is quantified with a best-fitting ellipse with the aid of the boundary-based method. The micro-mechanism of deformation of
granular materials is analyzed according to the evolution of representative single pore. It is found that the pore-size distribution
of numerical specimens exhibits a bimodal nature with two peaks occurring at certain pore radius. The pores in samples with
different densities show different evolution rules with the increasing strain. The proportion of fine pore increases and that of the
macro pore decreases in the loose samples. The evolution of pore structure in dense samples shows exactly the opposite
evolution trend. The orientation of the pores is associated with loading direction and the initial density has little effect on it. The
pores with long semi-axis along the horizontal direction collapse first, while the pores with long axis direction along the axial
loading survive. Thus a more stable particle structure is created. The evolution of single pore structure indicates that strong
force chain acts on macro pores. With the deformation of samples, macro pores are divided into a number of fine pores due to
particle motion in loose samples and the fore chain becomes more uniform throughout the samples. In dense samples, the
small-size pore structures decrease and fuse together to form large ones.

Key words: granular material; pore structure; discrete element method; biaxial compression; force chain

5l

jillf3

/.

H AR F b IO AR I b AR O A 25 R S A 2 KAk BEWE. HFEREEEETH (51178044); BT A A %)

Yrks BER: 2014-04-15

TiH (NCET-11-0579); dbmlimii A % hIiH (YETP0340)



53

A, A QUSSR T BOREOR 10— 4 FLBR A S s 9T 495

Lo AN[R)EE S BE I EORE AR D) 25 M i 2 AR, 3K
T 2 AR R AR BE BT AN [R] P LB At W 25 4
I, WU AR BOR AR L BRI B A R, X T
fiR Ly 2 i B e Y,

OB AT LR R d5e 5 H Brewer P2 H
T F R AR IR IO (1) B iR 0 7 1)« ALBRRS A7 )
SEVERP . BORLARSE BPIR S — BRI &
HURFE  FUBRRA P S i G 2R 45 4 A7 THRRFAERA 3 o
TR FSORLAA R 85 R (PR NS 75 BE IR X 4 7 TIP3
HWSE WA E NS EUE IR E E AR A1
REMSH, BT FEERAAS SRR A
T-BORI S B RS, I 3 A7 OFHE
AL PR A AT HORLARTIOR 45 34 B 534, SR IGRAE
FLBR RS @FIH 20 thad 70 4R R IR
AR IR 73 T BAR BEA T L ARTIOW 54 1) S FEAAIES
T ALBRI 5 AR RO @R R0 - A R FLBR
BEAT 2 B, WF9Y ARSI (0 2 oL 1

X FUBRIE & FA 73 AT HIIF 9 2 AR T S A I 5 )
TN A, Bl Diamond 1 Hi X2 &5 M 4 (two-
level structure) Cary 254 Hi I FLBR A i hr ), 2L
b —BERFFEE X AR TE IR AR S I R 5 R 1 Ak
FLER G AR Al T IR N 5T TARN O, iR 2
FRE AR FLBR A3 A10 L KRR AE M 26 1 s ma gk AT T 43
1;}’_‘[[2]—22]0

X1 HARHOR A, 197 B Voronoi-Delaunay
%3093 7T LUR S B OR AR FLIR S AR e 2, A
SC RIS B IR A [R]85 S ) HAHORL A4 £
A, 18 1 Voronoi-Delaunay W %51] 43 2 37 29 Hiak
X T BEORL A T R FL B R FH 2 T 5 A R U 5
% JEE— AT T AU A7 45 AT AN [R) 35 52 B2 1)
PRAREOR A FL B A R R A

1 BEHTHERE R R 50
1.1 BEETE

FEF Cundall Z5E H B HOGIERY, ASCRAI
YERFAE (PRC™) N7 8 BR85S P AN S
A, B 100 mm, 5% 40 mm, FRCRIAE A 0.3~0.6
mm B0 A, HARAMSEILR 1. BS54
400 kPa [l 25 ) [ 45, 2 Ji5 46 00 SR e i 7
BIiifn 0.0004 my/s (%)% 1) 6 Z 3047 XU He 4 i 0 15
oL, R SR B ] AR Lo R 4 B A
1.2 FEWHFMmY

P 1 B O TR T 15 R /3 PR R R IR Y ) -
AR SRR . BT LU, A ) 2 552 B (R ok
A S IR S AN TR) PR 2 ) 2 B = R G BY D)

A SR FER I BT VIR AL, 5 AR B SERE i £
WP Ay - WA kR AL
*1 BHTRERNSEHE

Tablel Parameters for DEM simulation
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Fig. 1 Stress - strain curves for loose and dense samples
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Fig. 3 Discrete domain and ellipse fitting process
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Fig. 6 Distribution of axial ratio for loose samples
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