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Dynamic processes of anchored rock slope with discrete element method
NIE Baisong' , SHEN Zhenzhong? , HOU Bingling® , JIANG Ting®
(1. Power China Huadong Engineering Corporation Limited , Hangzhou 310000 ,China;2. The College of Water
Conservancy and Hydropower Engineering » Hohai University . Nanjing 210098, China; 3. Xiaoshan Distribution ,
Reconnaissance and Design Institute ,Qiantang River Administration of Zhejiang » Hangzhou 311202 ,China)

Abstract; The dynamic failure processes of a block of rock behind the powerhouse of a hydro-power plant was investigated using
the universal distinct element code (UDEC) , which is based on discrete element method (DEM) ,and the dynamic time-history
method. The result showed that the failure processes of rock slope without support can be divided into four stages: namely un-
sliding stage,slow sliding stage, accelerating stage and failure stage. That is to say the failure of rock slope under seismic load is
a cumulative process, The axial force response curve of anchor showed a good correlation with the relative displacement of ele-
ment around the anchor element, which indicated that the latter could be one of factors of the anchor reinforcement effects under
earthquake. The optimal proposals for slope strengthening was suggested based on the cable axial force distribution pattern,and
it could be used as a reference for the similar projects.
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Fig. 1 Typical section of slope
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Fig. 2 Discrete element model of slope
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Tab. 1 Physico-mechanical parameters of rock mass

250 W/ MBI/ STUIRTR/ BRI/ BRI/

A (kg » m?®) GPa GPa @) MPa
ZHE 2 880 21. 32 14. 52 21 2.5

R2 HHENENFESH

Tab. 2 Physico-mechanical parameters of structural plane

e PRI/ YimmIgE/  NEEES) R/
A (GPa+sm?") (GPa+sm") ) kPa
Fay A1) 15 10 35 50
REEL ] 20 16 30 9

x3 HHAERKE
Tab.3 Angle and length of cable

fEEbA FEE/ () K/ m
— Y 20 12
Zghik 30 12
XS 20 10

x4 HEITMENFSH

Tab. 4 Physico-mechanical parameters of bolt

FFFTIRY bR WRRPTRL RPIREREENIE WREER T/
m? GPa SR /N N (Nem!)

0. 001 100 106 109 106

x5 BHREIMENFSE

Tab.5 Physico-mechanical parameters of shortcrete

R/, B BRER/ AR WPER RRER PUEER
m (kgem3) GPa It 58/MPa  3®/MPa  58/MPa

0.1 2500 21 0.15 2 1 10

KA rAEHm o 203 -



174 F 28 wWAAHEEGAKMBR 2019F 4 A

A ey |
o o e
-
e Ll
y 8 I"ll
.l\l.
"-. "fll.ll
o
1 i "\-1.5'. 5
|
LT |
v |
e 1715
Ty R Pl
o Pl
A L
i |
___ \“'::"-. 1
T
x__:“_".\, o Pl
1 T e .1I!||
| Y, .
A r--"".;'.: i
R T
|
"I_ oe e N
5 el
L] L
of A1
& -'k“‘-.'r i

1 aww'
e

_L_l
B3 SiFROEERAAE

Fig. 3 Locations of cable and observation points of slope

JELEA 520, W R ERREIE L BELIE RECH 0. 157 19,

15

4|

|'|
’ II"I j-
L Illi""""‘-'r
B
'ﬂ _||
=1
= =}5| II

.
Ilﬁ#"nv‘-}r "‘ﬁllf.%!"r’ |-§H[1l|nﬁ.j|,-1;# T

A B8

YRR LR 4, IR BEEA A 2 m/s", | TR
JIGHR A Z i (Viscous Boundary) i1 5 BiC7E IS & 4
A TR i R AR .

0, =2(oCp)y, (D

0. =2(pCv, (2)
Ko, Hilt A LRI A0 Y 750, NG i
TR B e W 75 Co i AT A 0 s Co Ay B I8 1 I8¢
B0 AARE R v, v, B ERT SRS A
I ) FE 10 i 53
2 BN 0 R4
2.1 #¥vh w5

ARICAP RGO T i3 e KA 7% 728 fhth 2k

VLK 5,6 K 1=25.12s, 145,165 BFZ0 3% i B e HE AL

AR B AN I o 2 14 o 3 R 75 A R A R
A3 B RSP IR R TR A8 4 BB

y., .]'ﬁ‘-‘:"’"‘

4 7K [0 3 5 i FEE e A B £k

Fig. 4 Horizontal seismic acceleration series of seismic wave

(DO0~2 s, PCEIROIFB IR/ EHI TR
B 7RI 1S » S 30 3 I Ak ) e PR A 1) 1 3 3
{EF SR BRIV E Z{i0 N

(2)3~12 s, Z8 K JRIBL AL T 50— A
TAYE . ARSI H B B =S T A e B
SNEEEROR . Gl ER T ARRS Bl )7 1] A 4G
AT 16] o RAAS TR BEAT 23T

(D)13~14's, MEREME.BiH 0~12 s N
AU B B KA B S — G B A YT bR
KA U S5 RA T T ] )30 S R4 R, 3k A B
ENIEETR A

12

1 W

3 4
- g I_'.r‘:_-'.:-.c m 11 4 Ik

i)
B5 RXPaEmEIERE RN

Fig. 5 The maximum displacement of unsupported slope
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Fig. 6 Displacement vectors of unsupported slope
at t=2 s,12 s,14 s,and 16 s
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Fig. 7 Displacement vectors of supported slope at t=2's and 16 s
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Fig. 8 Displacement curve of P9 (unsupported slope)
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Fig. 10 Acceleration curve of P9 (unsupported slope)
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Fig. 11  Acceleration curve of P9 (supported slope)
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Tab. 6 The maximum axial force of cable at t=16s
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Fig. 12 Cable axial force distribution at t==16 s
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