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Fig. 3. Presentation of force to the center of the particle due to water pressure in the pore (a) Applying pressure perpendicularly to the
particle surface extensively (b) The resultant water force in each pore adjacent to the particle, in perpendicular to the particle surface
and (c) The resultant force and the moment in the center of particle
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Inter-particle
friction coefficient 0.5 0.5
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Table 1.The specifications of the simulations in
Bonilla's study (18) and this study

Y S 5 e STl w55 S8 (V) IS
L (A8) pan 5 ad Sk SLd L wsel 2 Aoy
s e OLE |y Sty S 00 510 (d) wlgzal gla las
Loty (Slo i g.JT DLEd gl wisad 55 0 caas 53 &
ol L e slase 4 ol Ssp Lo o
Wl B L imen e SRS Sl
Gllas b o 2alS whed Sl s O lis G
et 48l Ials Ol g dasil gl S5 1L () e
e (Sl o8 a sl b g e min sl Dl i

Db S i sslome i >
Sl o s b o lesT s Y-

033 4 Jold ad S o3 Ve Jold 500 G 2ot
IS s s S e s a5 U W g ool awta

L ol 3 oalizal 5550 S5 .l 0l 0303 OLES (A)

145

oot Ol jes wdige g — ode doe

e b o g sed eslind Soa (o cales
Mul}; 44.0)..5 92 UT J}ﬂ.& Q\J:.A ).).?-LOLJ\JLQJ DL o).s 92
GL:J &:a..w\ ol w‘); o [2] Q‘)K&Jﬁ) WGJZ'A ML.:,.A
eslie L, o 35 0L [21 20 2] W tass 5l s
g oS et g b Ll 056 5 el L S
A e OLL 3 ged Jolss s ol Sonp KU
s | e S S 5 el (Sl
.W‘OM@;#JJOL&"J&}JHJQJAJJ

S5 e Ol Hlad s Ol e (V) IS
10 s (d) wil gl e o (31l G55 L (P10) sl e
o5 s e 0L Ty Aty g3 s 5l ol ey Se 00
G Hlis el JKLLLS 00 Ll (P'0) sl s
o s 53 a s gl e 5 4 sl O LS
g3l o sl LGl glie Wgy 95 a5 Cl Ksp
S sl 51 sl Wls e s 53 s gle i T Lis
Vo wlgal Jas s () K ples 3L O3
S S 53 oz Ol JUis ol Sl s S
Gl s 5pd e e OT 5l 5 0o o &
5 () JS2) ey S Yo Ve (@) wlzad k3 gs o
A osLal a S oS lailen ool 535 e (=)
53 Ol sl o Ay 4 s &gl gy e

Ca..w\ LSL?LGJ};)J LS\eJd}uT)L;.Q c)‘}? ﬂ;}b

andlas s adSecia s (18) Dy andllas 3 (g i 0,3 s
Jov-1E

Particle used in this simulation
Particle used in Bonilla simulation

-

Fig. 4.The elliptic particle in Bonilla's study (18) and the
octagonal particle in this study



L = Gl Ol oo 5 QLU 3 gas

w3 L lals St enlis i e, ode (silaand

Goloand 53 adyl Jae 25 4 glo e ol Hlad o aglie A Jss
e 10 () 5l b > (18) s 5 w25 s L
Frs S 00 () 5 s S Y0 ()

o 1

2 d=15 pm
8

a

S

ge ..
e .
N -05 ||—Octagonal particles ™
E ---------- Elliptical particles (Binilla)

5 -1

z

0 1 2 3 4 5
£ (%)

Normalized pore pressure
(u/p’)

0.2 | |—Octagonal particles
o L Elliptical particles (Bonilla)
0 1 2 3 4 5

€. (%)

) 1

2 =

g- ~ 06 '''''

50

5 504

ﬁ 02 I— Octagonal particles

g€ |l Eliptical particles (Bonilla)

5 0

z 0 1 2 3 4 5
& (%)
(©

Fig. 6. Comparision of pore pressure to initial effective stress
ratio in the simulations with polygonal and elliptical particles
(18) with pipe diameter of (a) 15 um, (b) 30 um and (c) 50
pum

53 ekl eols OLLS sl 4 el 2T 5 A (S el
boale €sed FIeS s Ll Sl () e
B i s eSSl VY Of S oo s VYO
b ooy oS ol e e VIA 5 /0 5 e S
OO IS W S P RN (] VS { R PO UG B
woaS Hllie a5 ol AV b Jlad o S50 a sad
ASTM 3,10kl 3 (g smmtn O3] lia) ol 2
Ikl Gob i 5 g3l alie) Ve 5 ((22)

S o 03,51 1, ((23) ASTM

OLi 1y ad S oy Vov Sl atla gl (4) K5
Yoo alraes 5 Cod wses b Sl e A
53 el sy gla bl il oSS IS ks
S bl el el € (1) Jdr 3 gl
Yoo bl ebes 5 Jloy o ke 8-5] sty
2 3 6t b gl Sl bl e o5 5K
Fr el o By 3 .25 24) sl ileans S
S s Al e b BB B S s e s S
o Wl ) a sl cpl Npd e dlesl oa g
Vol adsl OF las 3 8 e s L 8L
L o szl 5 e wiges Sl ples s SISl s
Shlanle 4gad (§ pdidsd LD 03,05 jasie (NS £
() oy Soso 4 [26] eplr b ods &) akal,

3
k = 2.4622(D;,> f—+e)°-7825 (t)

(18150 sy 5 ol Shassy 53 duoss H/Y (35S 5 s Sy 53 T L s (S5 58 amlian V K2

d=15 micrometers

Bonilla's study

(a)

146

u(kPa)

This study



WA I TV oled 7 2335 053 oote Olyas pudige (a5 — ele als

d=30 micrometers

R

Bonilla's study (b) This study

d=50 micrometers

u (kPa; u(kPa)

) N\
Bonilla's study (©) This study

Fig. 7. Comparison of the pore pressure distribution contour in the samples at 0.2 % axial strain in this study and Bonilla’s study (18)

Glwand )3 eslital 5550 D5 ankis A JSS

Fig. 8. Particles geometry used in the simulation

ol (il anle Slasiin Y Jyder it 3 (gl el A Wgas & JKS

Normal and Tangential stiffness (N/m) 2x10°

Viscous translational and rotational 550
dumping coefficient
Density (kg/m®) 2500
Time step increment ( S) 6x 1077
Inter-particle friction coefficient (-) 0.5

Table 2.Characteristics of the simulated sand
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volume and cylinder methods at the confining pressure of
200 kPa in terms of variations of deviatoric stress and
average pore pressure versus axial strain
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Abstract

In the present study, discrete element method is used to simulate undrained two-dimensional behavior of
polygonal particles in which, the cylinder method is used. By this method, pore pressure of the voids in a
sample can be studied independently. In the cylinder method, it is assumed that there are channels among
adjacent pores and the possibility of water exchange among the centers of the pores is provided. The pipes
connect the adjacent pores center. Therefore, the pipe length is equal to the center distance of two adjacent
pores. The diameter of all pipes is identical which represents the permeability of the soil. First, by using this
method, the variations of average pore pressure versus deviatoric strain and pore pressure distribution
contour in a sample with polygonal particles were compared with another study with elliptical particles that
showed good conformity. The constant volume method was also used to simulate the undrained behavior of
the sample and the results of both methods were compared. In the constant volume method, it is assumed that
the sample volume stays constant during loading. The simulation was done for samples by two methods.
These samples were subjected to confining pressure of 200 kPa and after consolidation, were loaded under
deviatoric stress. The results showed that the output obtained by the cylinder method are in good agreement
with the constant volume method and by increasing the stiffness of the water, the results of both methods
containing the variations of the deviatoric stress and the pore pressure are closer to each other. In following,
the undrained behavior was investigated by using cylinder method in terms of shear strength and pore water
pressure in a sandy sample at the confining pressures of 200, 400, 800 and 1600 kPa. The Simulation results
are in good agreement with laboratory results in such a way that more confining pressure, the shear strength
and pore pressure are more positive, but by increasing confining pressure, the amount of pore pressure
decreases in the specimen. The pore pressure distribution contour at the strains of 10% and 30% was
presented by means of cylinder method and the effect of cylinder diameter changes on the pore pressure
distribution contour was investigated. Investigating the pore pressure distribution contour at the strains of
10% and 30% showed that pore pressure in the sample center has the lowest value. The pore pressure in the
sample pores closes by increasing the cylinder diameter, while the smaller the diameter of the cylinder, the
greater the water pressure difference among the pores. At last, the effect of pore position on the pore pressure
was studied. For this purpose, four positions were considered through the sample and the variations of the
average pore pressure versus axial strain at three pipe diameters of 40,200 and 450 micrometers were
investigated. The results showed that the pressure of the whole sample pores get closer by increasing the pipe
diameter. As the pipe diameter decreased, the pressure difference between the sample pores gets higher and
this difference will be greater in the larger strains.

Keywords: Polygonal particles, Cylinder method, Discrete element method (DEM), Numerical simulation
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