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Discrete element analysis of anisotropic structured sand
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Abstract: Anisotropy and inter-particle bonding have large effects on the mechanical response of natural sand, which should be
considered in engineering practice. In order to study the combined effects of these two factors, an anisotropic pure sand sample with
elliptical particles and with a horizontal principal orientation is prepared in a discrete element method (DEM) code NS2D to simulate
natural gravitational deposited sand. After the sample being deposited in a gravity field, a new bond contact model calibrated from
statics of bond thickness in experiments is installed at the contacts. Finally, biaxial tests are conducted on the anisotropic structured
sand sample. The simulation results are compared with laboratory test results to validate the DEM modeling. Besides, the
micro-mechanical responses are also studied. Test results show that strain softening and dilation occurred with shearing. The number
of bond contacts decreases and the principal direction of bond contacts are vertical during the tests. The variations of bond breakage
percent and bond breakage ratio are consistent with the macro stress-strain and volumetric responses. The bonds are primarily
damaged in tensile-shear failure mode rather than compression-shear; the principal orientation of particle arrangement is horizontal
and the particle percent in horizontal direction increases slightly throughout the tests.
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1 8] = FRIR o 2% 1 k20 D B AR i S R SR A 2 1)
SEPEN, o, JEUA S SR R AR T LA S

RARGAE ORI Tl 5 BAT— @ INEE 4500 B oy (KD L OB A ORI R SZ TR A
A w0, AW R O T ) R 3 A PR S0 , FSURL il 7K T 204 o

Wk HH: 2015-03-08

HEH: EERANEFERAES (No.51025932).

HfEE T B, 9, 1965 4R, L, o, WLAERN, EEAFHRRGHWER L. B K2 BRI JEMR g, ol
ZART ARSI RIEAR 537 )5 T I R E AR B 8 R 3 #T .- E-mail: mingjingjiang@tongji.edu.cn



578 b +

o 2015 4

DA 1) S 2 ER T AR IR AR A B AN )
BE 72 E M R AR . TR AR R, Odal!
SN KT 5 % TR IS AR A TIR, SR
R FEAN [ 7 ) AR B AH 220 34%, R SERR A
- TR 2 A ) R, AT A SR T R
HE RN AT 5 =R g, seak, R
BT B JRi B, B AR = A (1 AR 45 1]
SePE AU 5 N s AR A AT BT S S I, T2
W T RAE A SRR . B L 2EE T BT
K, BE— AR R A & ) IR R A AT e

SERIPERD L ORI B AL, R (] IE
Sl RS IAT LGN R R S I S
A2 25 R 2 ARG X S5 A MRS T AT IR . X
FRARW L JFORBER) = PR, P As i
PEROKR, T2 5 5 BRI R AR 2 5,
ORI R R B AR 4 b R il i 25 2R . DAL,
E IR E A= P BNy W] e s YN 7)) e
FREE RIS LN TTRE, FEAEIR A B Ak s 1
HEATHIST . Wang 25756 I e 4 5 7K PR e 45 0 -+ AT
T—FRVIEN =R, 43RS R A
b, AKVERR 5D T huByom s g i mr, N ) - AR
KRN, A REUH BT AE,  HAR
ISR P R A I S8 PR AR Ry A s BB U 7 3,
IKVERE LAY L BBy SRR, N ASARRPE . BYIK
PR N AR AL I St T 2. EEIRESN CaO
5 N AN R B 5 IR AE AT 1] 45 HE 7K =3l FR 4
5, WL T CaO 5 N IR S5 1B ) 22 k1
SO, 4l TR ORI A5 ST R &5 0 4 R PR 3R
(A B 2 N DRS00 L3R B AR
BALEEYE, BEE CaO BN M, AN AR KAk
FEMEE TG, HAR ) LR, BN Ak
E KR+ — Ry R T, KR+
BN BEER T, B IE RBREIFT REATT
FIRF . TR FARKL 1= RS S BE 9T, 1
A ARG BN T ) e M S5 MRS - e ISR
S b TREIAEAERNNE, (HIMEE 2 AL, W
WA EE M2, S AL 5 2 5
2, AR O S ARG Tt B I 2 ok 51 A T
E5 R A9/ b Ve L NG M2t A T INA E
WS S S AT AN B S WP, A oW ) 2y
P ) PR PR R A 3T 0 IS AS S s TN % 1) e
SERPERD AT R A B A& I B T B

B G (DEMD 5] 1 Cundall 2514 HY,
ANASCRT LLSI IR R0 A o} 22 W 2E R R IR,
AT CASEIUHOM AR FE R 3%, R S Wy 2 vk

LRSS T AN MR Sl & oo
JIERD LI 2 TR 5 1Ak B SR 5 I %
BT, R T R BRI o S [T
JE& e S AP, 2B R B o AT
NS2D AR ORI B g[8 45 ) R AR -1 2,
FEN TG TERD 1 BB 4 1 5 3 N O ) 24K
O b, BRI —ANET RS B AL, [
I F TR RIT A 31 BE D PRI ot 3 5082 7 AR AR,
WA BRA—E0 L, SRS 20
RIRGTEE BT o BliJA . KA G|\ NS2D Axf
F i SR VERD LA TR, RIS R =
PRI 4t SRABEAT 0] B DLIIE 2 Y (R T, [
X 1) SRS AL MRS - ZEOU T 2 W S A T 9

2 Sl PE S TR R A

2.1 E SRR &

SN FARRA T80 OB KA 7 g 5P
AN % 1 S, AR 2 TRV 3 1
FF 5000 MK ETHIE h 2 0 1 ROREIR SO P, 75—
et T AT HRIRE, WRBERTTELE R 2 ¢ 1, HIRATLIR
b CBURTR S ILBTRLZ LD 022, HIRE R
RAHEREES N 8 2, B R TR e
992K T SCIRAEA i I B 2 —
FUORL, L DU, LM R
B, FEEECHR A AUB AT | 2 HERILBRLLS
P |2 Lo X BB S 2 2Bk,
I | MBI RL, FLAE 4 8 2R 4R,
VR REIBORL 231 T 280 R TR, KRS
BORLR5E SN d, = Jd,d,  Fortd, o d, 535
BRI K0 o deg AL 69 mm, %
MR dyy =7.6 mm, AWAIRHC, =13, %
SRR A 1 TR

(=3
(=]

o
(=]
T

D
(=]
T

e
(=1

33
(=]
T

ANT AR BURL TR T 70 EE /%

(=]

1 1 1 J
7 8 9 10

WU S5 BAORIAT deq /mm

W
o

B 1 iR B T AR R 2B Hh 2%

Fig.1 Equivalent particle size distribution
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