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4- Inada granite
5- Ibaraki

6- Parallel bond
77- Contact bond
8- unbonded

Col Colg 5o o8 Sl L2208 GasS S5 g o2
S s ks dal et S 3 iy (S S
2l = oo SRl s S 5)ls allraes
Olas 3 5 wdliS b wpad S 8 5 iules]
3B At € e G i oS Sl b A
b oAb cna wmin iy S gl i s
D] 2 ool oy (SoeS amio 5 035 o
Gl Fslin Jls daay s JalS 5 2ds Ll ol
SO slaibasl (gsie glass, 3l eslizal L &S
ol g slas )8 gl 5 03 S Giled e | S
o 4o 5 oS olizul i Ja | (bl ol
sl Sy o3 BB 3 L1y ol b Gilate
S S S s ilede sl By 5 S
Jaze Sl gy s (Y] ;;.V:\YV.MJ. Jate L3 s,
o VLAl b s 5 Glae sazme [Sha S paay
Sl S s n e &S Syde 2 e LS o
Il e DLl 255 e femte 3 (s5ledute
e sl 5l o s e 0L 3 sdbplol Slidos
S D5 O o e Sl eslinal Vb Slao 55
L Gildes ol 5 35 ikin 5 Lo Ly (PFC3D)
asiS Ollas 5 [A-E] cul o3, S S Cundl g
Syt ST 53 S CSld sy 2 4SS
Ce S s il aen 25 Sl e s ey
allae adlie ol Cous Lol olis (63l a5 sl
L oSt K 5l (slaigod 2 )l asbrans jLis 36
oo e 31 ey Sl ey s S (S

sl Si5enS 5,0 B gmen 3l

1- Shear failure
2- Bonded particle model
3- Particle flow code in 3 dimensions


https://mcej.modares.ac.ir/article-16-3319-en.html

[ Downloaded from mcej.modares.ac.ir on 2024-05-14 ]

\Yv4qe Qt...«a.u A A)Lo..i ‘r.h:)'\.l 095

J‘)""o‘}“’gi‘hﬁﬁ_d’l“'d’.“

Y- {21€z,z =1; PFC2D
Ez

P PFC 3D
2R =1:PFC 2D ¢)
PRE
-3
—zR*' PFC3D
4
NA; PFC 2D
J=91 -
J7R' PFC3D

3 S e S LS skl 5l ol Ole slasy
S D slRe Oljn Sl 2SS il Ol S
gl Olson Sl oy A5 iy Ul L 5 (5, 25)
Sy se Sl dsn (T, 2T ) S sl S
e e G b5, ge Jde Gl g 5 LSS

__-F MR
O =+
A4 ©)
T, :@JM ‘R
"4 J

Laails Ql‘;‘,“é‘)&ﬁ) ZEL,(k% j,,u
QLQ.;.M: CJL:*P}*A)- 5S) :E,E(,,(/;/E,;),Ci.,i,

E ¢

s sV Jsds ced S as e

o (k4j s (k%j sla Cand 5 Ologus

A

Mool gl Rl o o 58 0 43S

C,_A)Uu e ‘T" jo-" chSS&L@\ Vif’

IV] sl S5l Ligy (2 5 (oS
. _{ZtE(,t =1, PFC2D

4RE.  PFC3D
k
k — n
(K JR) Q)
_ E
=R““ +R®
_
k' =——
w)

M

AS R AT T kR Gl bl (5l
Mg g s 3 (s Jle S (e i
Lo plad R o b L (o 5 (RS S slas
WJlail 53 Lyd o iy nd Lo plad 5 (55150
s R LT e s (1) il ) Il gl 5l
el Jlal 3 plas R

R =7 min(R“,R®) M)

WQA_Q-)JQQUS&\)QW}}}QJL;LQJ\)J{
j\ﬁ@&b}&ﬁ@%;ﬂﬁ&»)d)}dw\

s MY F 0T 35S 5,8 s (Y) e

PR

Som o g M (oimn Olas 5 (S 928 (S5

™)

Ll M, sF 5,8 o S5 g5l L S Gl

sbrals e (Rl ol jie gadsl e
S AQJAQII‘AU ‘AU J—ole I JZ;-,_>; E)
AO, = ((a).(B) —a),.(A))At)

= gl ls p SOT 5l o T i
jﬁéﬁ)\mﬂﬁbé%}ﬂdwlw)ik;@f

I¥] das e il 53l 1y Oles

AF" =k"AAU"
AF' =—k'AANU"
- (™)
AM* =—k"JAO"
AM " =k IAO’

el P 03 SOl g e (o e


https://mcej.modares.ac.ir/article-16-3319-en.html

[ Downloaded from mcej.modares.ac.ir on 2024-05-14 ]

e 5 oS ST o

B ) uia*hﬂ 33 o keSS 6u_<:... S 6,9§" 2 aslaea HLIS ,_.:l: 83k silwde

3y o 451 PFCY L wllas

Uiledd aseie S sde 5l eslinal L oS bzl O
PR e Slgted) dd B S B s 58 Ulse w
(X5l e QLK) aslsl 53 5 sl ad

sl o8 Olonws o 5 Jbe b Caaslia sla el (Y
!

el Sl g 5

Qw'mﬂf -¥
AT mls b siladde mlt 3la pen )
ol 0 D IS 4l 4 ol (sl 51 esbisd L il
s sl ads e ol bl (gl Bl s s
il 5 (eSS b 3 iladde 5 AL LS

V] ;ﬁa,@ﬁj.\,%&éuﬂ\)lw\

Oy SO Sl g E Lk [k u sl el )l

Syhpe B0 p SWasl b s A e DL
(k) b es3wdides gy L0l sl 3
oV J e L O3 iz Jpis sis 5 S
ot g 5l e bl 5 OLSS Olas Ll
Sl b e ol Ll Bl S

AY

Ay (B)
— ku ku
(4) (B)
ku +ku
) (4)
— ku ku
klf/4)+kl(l/4)
(4)
:ku

=E, :%,t =1 PFC2D
1

L*)E
3&:7( ) < =EL
2 L
~£ =f & presp
2L 4R

(Vdals gy bk, =k =k a0l 55 L

(A4)g (B)
— ku ku
k)" +k
(A) . (4) (4)
ku ku — ku
(4) (4)
k@ 4k 2 )

Gl Cmal aels 53 63 iy Oloas J s
B Aol Sl s 5Ll Ol e 03551 Cosa
Sy SRSl DS plad f game a5 L Golpe L
Sl sl asly 3 o3l > E, Slyd J e
L ohd e el a3 Jsie 03,51 sy
[4] 555 bl o3 Cl,..ﬂ @ a5

Ssldde gl s ad sl sl la zel )l ) el s


https://mcej.modares.ac.ir/article-16-3319-en.html

[ Downloaded from mcej.modares.ac.ir on 2024-05-14 ]

\Yv4qe Qt...«a.u A A)Lo..i ‘r.h:)'\.l 095

JJA‘O‘}“’J:‘“JH_JJ“’“’.“

sl 03,4l — LS s olwde @K;:iuj Loy
00 awcYl Jsde slael Olee (6505 oo M| L]

)| n))O' Lo

2NV Jsis 5 A _ilesT as s
sel Jods SKs3 352 3508 3525 g5wdd
g e Al sde SO a (gildde Aoy 00 an N
La iyl (ledite Sl 5 Gl 550 5 o lasOlis
Al K b Sl L

Silwddas 53 Kiw €500 s 14 IS0 s
oo L byt A e | (o saS el
@u)>\)uﬁ§jjwrsu sla o (IS
Aas e OLas ( o splitting) 1L L vjlé M
L Ve aibraes 25 dlasl LA S (0) Cwd o
el Cls Sl pas oS (5SSl
53 Jatoms dmio sl b SenS 5 6 Ko
LU () (1) oo 3 ol 0k o3l LS S
LKAy 5T 0 Y0 s ailraes i SRlpl L
dmdo 5 g S8 Ml Ol e Fe JSl
S SREN e

aibraen gla 25 53 S5 adsl R slael Ve IS s
adsl s slaet 5[N] OSen 5 pilS Sladlas s sl
Sl 0 03l OLLS ol (giledde 3 S5

= e 3 3 pe SAS S5, Sl e
3 e s S IR el 4 (bl caped
53 5de ol JKLLK Ar jlis s a8l Slallas
V)T L o LS e S5 Aoy A
Lo 5 S B 3ol 5 0350 e in s
CnS Ol s el Gilwdde s Js rcl <ol
i el caSe e e YAAY T 85 3 Jke
J_<_1: Con S s 3 53 a.alf..i_ll.aﬂ @ ged 33 Ly

1- Number density of microcracks
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Numerical Modeling of Confinement Effects on Failure
Pattern of Brittle Rocks in Triaxial Tests
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Abstract:

One of the most important goals of the experiments is to determine deformation and strength
of the rock specimen under applying triaxial load. The status of failure condition is one of the
subjects, which can be used in soil mechanic and foundation engineering applications. To
investigate the effect of confining pressure on the triaxial test, the rock was considered as
bonded-particles method and simulated by PFC3D program. To compare the mechanical
behavior and failure pattern of the numerical and experimental results at uniaxial and triaxial
tests at the same conditions, the Young's modulus, Poisson's ratio and maximum axial stress
were considered. On the other hand, the microcracks growth and change of failure pattern at
the modeling of the uniaxial and triaxial tests with different confining pressures up to failure
point were reported. According to the experimental work, the number density of microcracks
decreases from starting value and remains almost constant up to the failure beyond that point.
Comparison of the numerical and experimental results of maximum axial stress and the
Poisson's ratio revealed a good accordance. The simulated Young's modulus was smaller in
comparison with the experimental ones and the difference was about 36%, which seems to be
due to absence of the pre-existing microcracks on the model. The initial number density of
microcracks at the model was zero and increased while microcracking. Also the sudden
increment around the maximum stress was observed, which is because of unstable growing of
microcracks near the maximum stress. In all uniaxial and triaxial tests with different confining
stresses, the number density of microcracks during the failure remained almost constant,
which can be considered as a proof of failure occurring in the model. The experimental results
indicated a similar trend as well.

Keywords: Rock mechanic, Failure pattern, Confining pressure, Number density of
microcracks.
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