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Simulation of slope stability analysis by particle flow code
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Abstract: The slope failure is a complicated process with the rock soil body’s slide, translation and rotation, which has uncontinuity

in macroscopic view and randomness of a single block movement. It is unnecessary to assume position of slip surface and the shape

on using particle flow code(PFC) to simulate the deformation and failure of soil slope; and particles adjust their position according to

their contact forces received, and finally slope occur shearing failure from the weakest surface. Therefore, the discrete element

method is comparatively ideal approach to simulate the mechanical behavior of side slope deformation and failure. The influences of

microscopic parameters on slope failure’s forms of sandy slope and clay slope are analyzed respectively by PFC numerical simulation.

The results reveal that the soil property greatly influences the form of soil slope failure; with the increase of the particle viscidity, the

types of the slope failure transit from plastic failure to brittle failure.

Key words: side slope instability; particle flow code (PFC); discrete element method; numerical simulation; slope stability
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1 80x35 0.5 4.0 0.1~0.5 20 1.50 0.25 75
5 80x35 0.5 4.0 0.1~0.5 20 1.50 0.25 75
10 80x35 0.5 40 0.1~05 20 1.50 0.25 75
15 80x35 0.5 40 0.1~0.5 20 1.50 0.25 100
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Fig.1 PFC simulation result in clay slope
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Fig.2 The displacement vectograph under various
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Fig.3 PFC simulation result in sandy slope
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0.18 1

0.16
° —o—j;ijgw
Nq_ 0.14 }+ —o— Yrp
= 0.12 }

0.10

0.08 L L !

21.50 21.60 21.70 21.80

PR 10125

B 6 AFMEFLIRERIE ML

Fig.6 The curves of porosity change of different positions



551 ] JA s IR AT BRI AL 89

R, AR B 5 S5 M RE sk, T
A B0 S B CRURLRG 25 55 R Rk B 48 2R 200 %) 11
W IR ARTERI 2 . A T AE TS R0RL I A
RO, AR — o g FH s A s T A [l 3 £ D,
Kl 7, S HNER 3.

Y
. b'e
K7 43 PFC A
Fig.7 PFC model of slope
3 U PFCHESH
Table3 PFC model parameters of slope
Payan fr2s
] i 50 @f? ...in K, K
pb/ kPa S /(g/m’) /MPa /MPa
Model-1 0 0.9 2.6 600 600
Model-2 100 0.9 2.6 600 600
Model-3 300 0.9 2.6 600 600
Model-4 300 0.5 2.6 600 600
Model-5 550 0.4 2.6 600 600
HIE 8 i, HMURIRG A SR O I, A T

TERHVERDRL, SRR IR MRS, RN i sh
IR, BRI, R AN SRR A
(IR REHr Bl (RN IR RO 1) AR 3 B0
T P AR AR & SCHE I A A KR Bl 1 T
TIURE 2 TR BEA RS 5L, L TR 58 4 e ehid )
BT RRORER B 25), et RBoh ok 2552 4%, 5 1
BRI ABURL B NI . W 9 B RTUE
WITT4G, SORHBUR SIS, W CD B A kAR
/Ny TR R AN TR AR B A 32 5. T4 30 000 2
I, SEAEI R AN TS e b T TR BT
BN, 75 AB w2 1) LA A S (1 e B -y SR
IRTH, TEAAN BC CD MERBSARIAN K, Sk
T2 B0 HH I 8 P
XEFREEL, RO LA R R R, WL
10 FE 1o JASTAER N B, T2 AR, 28
Jei b B LA, SRS e, SRR
BEMOR, BB REEMNYR, Bk i BT VI 30,
A EASGAARIE R, RAR I LR BRI

FAREEAT . 3 ¢ = 50 000 I, 3R 24001 HB 1)
FESERANIE— 2 I JE], B e 3N 103 BT 8)

WA (A% B PR R (A RS (BRI y 7 T4

Fehh) FRAEAMWIHG R, IR EEHE BRI R T
WA, WA RAGRIUN EERIR, sBy), RS
£/ FAR 27

Y & o
y . Wi
AL
'k e
t ’“:;:w ‘"”“%““W
£=30000 & £=100 000 2

X
B8 LRSI REE (pb=0kPa, [=0.9)

Fig.8 Destruction of non-cohesive soil slope

(a) £=30000 &

B9 LRETHETRMBERER (pb=0kPa, /=0.9)
Fig.9 The displacement vectograph of

(b) =100 000 2

non-cohesive soil slope

Fales

44
e
+
-

i
;
i !
£=30000 & £=50000 & X
Y %
.»j{%w’% ?'S,, _.iﬂ'&'
4 <
. W A
- 3 3 Py
W) wm&- oy ““'55:’
£=70000 & £=100 000 2

X
B 10 FfETBEESRREE (pb=300kPa, f=0.9)

Fig.10 Destruction of cohesive soil slope

(a) £=30000 & (b) =50 000 &

(¢) £=70000 &

B 1 FELHETRAIERERE (pb=300kPa, f=0.9)

Fig.11 The displacement vectograph of cohesive soil slope

(d) =100 000 &



90 b +

2 2009 4F

MBI . R 2 bR B HOR F)
DU AR . B BORCRS S5 SR A, e
BRI NI M B i e M R o o TR
b, ARG E S AR S R
AT FASHERIF I I K. A et
DUSBVEVR AR, AT W IR I, B
SRR R — s R, TSR A R I b Mt
W, KEHEELYE A IR S kG, AR
BN, B B A VR A BT, OF
R RS b, T AR R AR5 B BRI,
F ek 1 S DRI eI, — A P TR
RIS, PRI A, ik
EERIM . WAAER LRI RIS,
VBT R E R TR AR IR. NV TR
BIMM LS 55850, V% | Fa i AT T %
o, BRI, BRRIAFDRGBA
SRR, TR 2B R L 1 N R R
TR, T3 O IR T B T30 P A A
B KIRIZH .

5 4w

(1) RJUBORLAUSAU - 35 (AR TR 4l 7
AT EARE I IR ERTRAR, ORI i 32 5]
O AN RSN VA S e IR LTS S EC bl T3
EBTUIOR.

(2) WEHUIIEE /A, LR I8 A
AR RN, BEAERORRGTEFIIOR, BRI
SV 2L G 7Nl o4 d 7 SV R/ D RV 1 ot o
FAY, ARG B G A FEARE . AR B
BASTCRCR, WAABFFBEN ) G . BN AR R
AL ARG, BoA IR RGBTk
RS R R B e R, ISR R R B I
PERSOR, K2 HUEEIL s AT ah 2 kA, JLn)
ARG RAR N, B U — FLE I fo VAR R AT R
B IFA—E RIRAEA R L.

(3) AT 5 [ ) LI T 5 - oA
AR 51 (1 LA B A BT AN &
(IR, 3BAS B g AN AR T 3 J RV BB 7 5 AR
FRCINEBOT G, TR AR ORI, BORTE
ARI EEhr, FPErsiy), ARSI . 1M
5 L 8 A N A T AR LB ISR,
HH PSR R B VAR o

2 % 3 MR

[1] CUNDALL P E, HART R G Numerical modeling of

(6]

[10]

(11]

[12]

[13]

[14]

[13]

discontinua[J]. Engineering Computations, 1992, 9(2):
101—113.

Itasca Consulting Group. PFC2D user’s manual (version
3.)[M]. Minneapolis, Minnesota:
Group, Inc, 2004.

Itasca Consulting Group. PFC2d theory and back-

Itasca Consulting

ground[M]. Minnesota, Minneapolis: Itasca Consulting
Group, 2004.

MOROTO M. Some considerations on shearing resistance
angles of sands[C]/Micromechanics of Granular Materials.
Amsterdam: Elsevier Science Publishers B V, 1988: 47—
54.

SR, R T R TR M AR AR TR E O
Frep D] s B REE e Bl 0 2205
Jit, 1988.

FERT, BB, AT R SRR R I = Y AR
TCVE[T]. A1 TTREAAR, 2000, 19(4): 451—456.
JIAO Yu-yong, GE Xiu-run. Three-dimensional discrete
element method based on static relaxation[J]. Chinese
Journal of Rock Mechanics and Engineering, 2000,
19(4): 451—456.

B, WO, AR R M. S PE R A K
7 iR, 1996.

FEURAS, 2. mlUE IO sl Jr A M. s v
P A R A, 1999

JEMAE, R, MK, A DX KRR SUASAL].
5 TR, 2000, 22(6): 701 —704.

ZHOU Jian, CHI Yu-wei, CHI Yong. et al. Simulation of
biaxial test on sand by particle flow code[J]. Chinese
Journal of Geotechnical Engineering, 2000, 22(6): 701
—704.

XUSCE, JEAE. P RAE b 50 B IR i (e A
A, &%, 2004, (25): 201—206

LIU Wen-bai, ZHOU lJian. Prototype tests and particle
flow numerical simulation of under-reamed piles on uplift
loading[J]. Rock and Soil Mechanics, 2004,25:201 —
206.

SKEMPTON A W. Long-term stability of clay slopes [J].
Géotechnique,1964, 14(2): 77—102.

BJERRUM L. Progressive
overconsolidated plastic clay and clay shales[J]. Journal

failure in slopes of
of Soil Mechanics and Foundation Engineering
Division, American Society of Civil Engineers, 1967, 93:
3—49.

LEROUEIL A. Natural slopes and cuts: Movement and
failure mechanisms[J]. Geotechnique, 2001, 51(3): 197
—243.

HFN, B %k, ARAES. A7 BRTCHR AT TR,
Ja B TR A B4R, 2005, (3): 1—6.

ZHENG Ying-ren, ZHAO Shang-yi, SONG Ya-kun.
Advance of study on the strength reduction finite element
method[J]. Journal of Logistical Engineering University,
2005, (3): 1 —6.

W, T ARRIA AL S BUR RE E UMD, it
[FIPF K%, 2006



