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Abstract: The three-dimensional (3D) distinct element method (DEM) is employed to investigate the behaviours of cemented
sands at the macro-scale in triaxial tests. A 3D bond contact model is implemented in a DEM commercial software (PFC") to
simulate the triaxial tests on cemented specimens, and the simulated data are compared with the experimental results. Finally,
the underlying mechanism behaviour is discussed at the macroscopic scale. The DEM results show that, the structured sands
and uncemented loose sands have different macroscopic behaviours. In the conventional triaxial compression tests, the strain
softening and the shear dilation are more pronounced in the structured sands with the increasing cement content or decreasing
confining pressure. Under high confining pressures, the specimens show strain hardening and shear contraction. Both the
cohesion and the peak friction angle increase with the increasing cement content under relative low-mean stresses. As the mean
stress increases, the strength envelops for cemented sands converge gradually to those for uncemented geomaterials.
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Fig. 1 Grain-size distribution curves and numerical specimen for

(b) BEOTHF R BB

DEM simulations

Z2% Rotta S0V 4 45 HVERD TR FER 7 ik, AL
OGS A P D RO B A5 R 4 N LR LA AN B
% OLRERFERHI%, KA Jiang SR 115
JERIEE, 75 EHIEPIEILR LN 0.8 [T REE 5
BOCEUEIRFE, WL N 40000, @FRFELE
ko [B S5 RAS AT —4E R 4518 2 12.5 kPa [ m] k7).
@XFE A kL ) e [ PR E AT it HARIREE &
EANIE,  JAIWTRE ] [A] B 75 L I e 45 L,
R WA E iR &l R AR R 2
2.2 5+ =i R

SERIMERD - = 45 R0 B U U R S = A
RIS R — 2 W AN B OFFm [E
GEMT B XA S U AN [ 4G B B ) S A 1 b
FEME N [ 4% (50, 100, 400, 800 kPa) #EAT K45 .
ZId AR AR IR R Gz il S T NI E RS R S . @BITIFT
Bto Al EFREEARLL 5%/min (N AR EEAM 5. [
i, H R R OEE,  ORERRE A B E i

3 BHUTEMER
3.1 NN -NETXRAR

K2 45 T SRR - B o R A T S5 b
LRIy - MRS Rl Lk, B T R AP L
MR, B 2 () ~ (D oTH, LR
BT RIS AR A RAE, 125 R PERD 178
RO RUREE S T 2N AR AL 5, FEB s
A B R ARRE A R o R A A in e s
gD, NARACRSIEE N B35 . oh, IR o8
RS & B Mg N . kb AR 6= 20%I, A
i 4 & BRI T SR A A %, AT BN
B QLR BIRAR YUY IR . BRI RS, &
BN R IEY, XERE SRR S E
ZERIVERD T RER BRSNS, wlRE N AR AP 2
TEHFIRGS, KA —ERE LR A i .



T 2 HBL .

ZERVERD + ) 2R = B T W 3

N TG b -V =2 v el 6 2 T IR0 45 R, B
e 3 e AR B R B e RN AR 45 R AT
R, ASCEBUTEAEENE S = NS R g —

o
400 500
_ -+ cc=0% 03=100 kPa -0~ cc=0%
<300l PT00KP o cem1% _400p 7 rcem1%
g —o- cc=2% o~ cc=2%
&
R
1
&

5 10 15 20

B R AR £,/ % B N2 e, /%
(a) BEOTEBIZLR (b) BHOLHERIZ R

1000 1
= -0~ cc=0%
_soo| Cs=W0KPa 7 C=O0h
& o-cc=2% &
< 600 oe=3% <
R R
iz} 400 i 400 - cc=1%
= 200l Z o cc=2%
- cc=3%
u I 1 1 1 I
0 5 10 15 20 0 5 10 15 20
N AR e,/ % B RIS e, /%

(d) BHOTHERIZR

(c) BHORBILR

300 400
-0~ cc=0%
3 6;=50kPa  ——cc=1%
£ 200 -o-cc=2%
E ‘v"xv\ —cc=3%
= 100 !I':.: .‘xv“-";\% '.".‘."‘(.‘:v}'i:f"'."‘"'h -~ cc=0%
& 5 T = cc=1%

-0~ cc=2%

e L =%
00 5 10 15 20 25 30 00 5 10 15 20 25 30
B R AR £,/ % B N2 e, /%

(e) FRIRBLERE (f) BHRBZBE
2 AR = HEERERESRER ) - RTEXRihik

Fig. 2 Stress-strain relationship of structured sands obtained from
numerical and experimental triaxial tests

TR M)

Bl 3 4 T B UG H MRS A N TR g5 R
AR S, P e RN 45 T Je G v L iR R 46
I 3 (a) ~ (d) ATLLEH, KRGS L ik
RERBUABISE, TS A AE (S S5 PR R AR
BRI B 26 A T e AR AR B A P AR BT AK #54,  BlIR 4
RGN R, RBTIKRIL R N B

24 s o3 = 800 kPa I, Z5 I VERD £ 55 1 ib (R 14 AR
W LA, SRIUAEBIEIE . XL 3 (e, (D
o s AR A ST G, 8 BT T A A AR o R
AN o1 1 e VRS 5 Bt 8
3.3 mEa%

K 4 45 T EEoTE TR £ 5 N TIRG D 0%
TSRS R . BIP AR C RECT 5 B R® AR F R 00
A AR R, BUETEHE o< R’<1.

HiE 4 (a) ATULEH, EBARTAIN A
e L A R 5 A0 AN R 0 ) BB e 5 B (Y 388 B v 350
AN 4G B AR Va0, BT 2T )

3.2

I, Ve 5 RE R B ] T IO S - s A,
HR S5 SBOR, s Ak B T 45 ol B AT .
Hoh, IRESE RN RIS E T W ES A, X
HANTREW LRI s R (8 4 (b)) H—2. &
AT, A5 A AE RE U (L BB S5 BTRL TR F
T R 44 58 e B i e 1,

03=100 kPa - cc=0%

20
BIE R A el /% B R A e, /%
(a) BSHOTEIS R (b) BSBOTEBLR
-4 -4
— -0 cc=0% =800 kP -0~ cc=0%
03=400 kPa - cc=1% & N - cc=1%
-2 -0~ cc=2%

0 5 1|0 15
IE R e, /%
() BTSSR

BIE R A el /%
(d) BEoTEBIE R

—8F —o-cc=0% 03=100 kPa

J 1 1 1 1 J
25 3 0 5 10 15 20 25 3
B DL AR /%

(o) HENRBLHS (1) EHHRBLR
3 MR L = MR BEN RSN AR T L L%

Fig. 3 Volumetric strains of structured sands obtained from
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Fig. 5 Stress-shear dilation relationship of structured sands

obtained from numerical and experimental triaxial tests
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