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Study on failure mode and dynamic response of rock slope
with non-persistent joint under earthquake

BIAN Kang!2, LIU Jian"-2, HU Xun-jian>>3, LI Peng-cheng?®, CHEN Ling-zhu’, LIU Zhen-ping':2
(1. State Key Laboratory of Geomechanics and Geotechnical Engineering, Institute of Rock and Soil Mechanics,
Chinese Academy of Sciences, Wuhan, Hubei 430071, China; 2. University of Chinese Academy of Sciences, Beijing 100049, China;
3. Faculty of Engineering, China University of Geosciences, Wuhan, Hubei 430074, China)

Abstract: Based on the two-dimensional particle flow software (PFC?P), this paper studied the failure modes and dynamic response
laws of rock slope with non-persistent joints by the combination of different dip angles of rock bridge and joint spacing under
earthquake. The results showed that the bedding non-persistent jointed rock slope with single potential sliding surface present the
sliding-block toppling mixed failure under the action of seismic dynamics. While the bedding non-persistent jointed rock slope with
multi-potential sliding surfaces mainly present the block toppling failure. The dynamic stability of the slope was mainly controlled by
the potential sliding surface composed of non-persistent joints and alternate connections of rock. Under the action of seismic
dynamics, the wing crack at the rock section closest to the foot of the slope was first generated, resulting in the released tensile stress.
Successively, each joint started to crack and expand, which eventually led to the step-like instability. Crack propagation was
controlled by bedding non-persistent joints. Cracks are dominated by tensile cracks, and the number of cracks was synchronous with
the acceleration of the input seismic waves. The existence of the joint surface had a significant impact on the dynamic response of the
slope. The peak velocity and displacement along the slope surface and the horizontal direction increased with the increase of the
inclination angle of the rock bridge and the decrease of the joint spacing. Meanwhile, the effects of joint spacing and rock bridge
inclination on the PGA amplification factor were mainly on the slope surface and shoulder. Along the vertical direction, the peak
displacement decreased with the inclination of the rock bridge and the joint spacing, and the curve of the PGA amplification factor
exhibited U-shaped distribution with the elevation change.

Keywords: rock slope; earthquake; dynamic response; rock bridge; non-persistent joint; PFC

Wi H e 2017-01-11

HEWE: ERARRFIEETH (No. 51779249, No. 51209198, No.51204158) ; #idbH HAARIFIEETE (No. 2018CFB632) 5 [ AF:EE K
FAEQUE SNt

This work was supported by the National Natural Science Foundation of China(51779249, 51209198, 51204158), the Natural Science Foundation of Hubei
Province(2018CFB632) and the College of Creative Practice Training Program of Chinese Academy of Sciences.

H—EERIN: FRE, 5, 1982 4, {4, BIOEIE R, BN A b TREHR 5 E LB B4 07 T A 78 LAE . E-mail: biankang2002@163.com



3030 = +

o= 2018 4

1 5 =5

SR AR T 855 T 3 R 2 1 DL
JRKE, IR E T e A2 N TR E
B =k, Sgurt, POVHLE G A3 3 627
Ab. HEE 2 383 Ak, Hi 60%LA AR LR AT K1)
FRUA A RFEBIR, HENE 5@ ERE R
(4 e T S AN R e Y PR A PR K
GRS AT, R ] VG o A B 22 H A
PIKFIKH A8 A IS THRE, XA S5
TRERTREAL TR A X o HufE 6 N 2 B i
T M CL RO I 20 TR IR 32 8 DL R 1 I
A i I 7 2 A R A PR R 1] R

5 TR0 3K SR S RN 4 R T BT 4 A 1) 5 2
Rat s, AR R B EIZ M2, (i15%
TN I () R e M AT R 52 B W 47 BEAN A M
fil, AT P=A 2 4 2 BRI, 40 Randa %5 7
Ja PR I RRR B IR BY, BT RR AR R 13 AR
BRI AR . RO AN B, Tz A B
I A TR AR X 22 A2 8 b 4 ) e A ) 85 A T PR B
Wi, bR R 2 02 W 4 L o 3 g e 2
TERHIE . BRI DL R B g R AE T2 4. K
WK, o Hh AR B R 5 02 W 827 B o R A 3 1)
WAL 30 e S 9, 5 bR I 2R AR
ek YWt SN Y A5y s 8 ¥ 1 | B oy s s =t S PR B
[ R PRTR N IR 2 0] 5 L2 Wi 882745 B 321355 (1 5 7
FREPEVPAT 0 75 R T 3 DX P Fo 0 Tt A TR
YR T B AR E BB S A T RENME..

T T B AE R A A 3 AR E A E)
JI0 R AT BB AE R S D R A WA
A ERNSE . EXT R 51 ) kIR
ST s A T A i 3y e L
FU T D)V HFR 5 320 3 e R 0 A0 52 i T R 52 b 3
B TR AR R R AR . B
AR HH T B 15 L S DU Hb S ORISR H L Hb 72
oA AT FIANLE S E R, BN
JR 213 5 FE ) e B ) B LT BT S — 5T, B
FIPENE RN RS, BUEB I ARLE S Tk
B IR TR BTG Tz S0, ]
BT AT e R TRE2: . Bk, i
1% TR E 20, B2 RT3l At
TROY AL E 240, S IUZ Wrs 5 2 5 il
AT RS T I AR X 5 3 7 i B A A AR AL
A, X LRI AN g i LRI AR R LA R
Fridk— R

AR, BT B EOTIE R AR Y PFC R
TAERERRELY AN A AR R TR IR 45 T T 1) S 35
e, 1B R E N A ) A R ST T
A FBEI12, PRC f1T Wi i SUBURL S R0k 2 [1A]
MIREAE VT, T E SCRIR AR G R, e [
FAR KR MTEAEEDS . ST BRI AR AR
P, ARXHF PFCS.0 HHI N T & WA &
(synthetic rock mass, SRM) FUFEA, JHilfmA
PR F BNl & Frid s R e, IR 7oA
AT A AR R ] R X5 2 W 458 B o 2 B
ST WA AN B 7 0 BRI 20 o AP ST RSO T
98 G W 4582750 B S a0 3 R 3 0 A PV A N
Bt S %,

2 NLAERE R

AL H S A T X 268 S A B A T AL R R 5 2%
sk, BT RIZ AR RN TG, 1
PRI ARSIV ARESAE . 5 1) R RS AFAE
SR a2 e U ZE I 99 T IRE S
KA. BT ANLEBABBORMIEH, (£54E
PFC A B4 AR UL A 1 S HL A PR O AT g A
PFC5.0 1, N L& e A 32 2 i RORL 2 [A) R~ FAT 2
SRS B R I 0 2 7 30 0 AL 1 n I 1 Rt

2B

R ﬁ7ﬁi
1 AILAEREEREE

Fig.1 Synthetic rock mass diagram

2.1 PTG

TEANERATAE R T, 5 A NS ik 2 8]
SRAEMINLRS, Bk (AR 45 2 2 B IR,
T T A PR 7 RS

fE PFC5.0 H, “PATHH AR —Fhid A 140
Frf N A R R B SO RO A Y, G 2 B
TRIS, SPAT R AR ks 2 (Rl R B a5 o — 4
TSRS, BAPR. BIYI A IFES, TR
A WCH ST, 5 A SRR 2 (R ) B 45 o iz B A
MR 5 SR AR A, Befh o 3R AR NI RE, —
Bk 2 (A B 5 R A A Bl BT DI IR, B &5



% 83 RS FIR RS

JRIASE AR F T BB IR 35 30 7 S 7

3031

FEMESTBIRAL, TR R IR R AR 2B
PN ) BTN 3 S R i 1) iR R B A e R
Ja, CPATRG R A 2 R R ARSI TR AT BY
Wi, R R BT KRR RS, SRR
AT LR AT RS R A P, B
DRI 305 80 B 2ot 8 R e 2 M 55 A 25
R ANITTE B FARLA AR 7 5 i

NI BY UIRAA

Gl
A

LR BT T

EOATES

FHA W B L HR

B2 PAAESRESEE
Fig.2 Parallel bonded model diagram

2.2 EHEREMS

FEARSCH AT BRIZ S TN 0 21 B SRR I 285
£ PFC?P 1, SRR 38 1 2 B AT R e 0 465 1 3
) LR, 8 IR R 19 8% A A0 R N BIORE 7
£ PFC ™, “PATZh &5 3 B A T4 5 A A
MURTORE 2 [A) e, T S B SRR I 265 28 VT
AT R AL 4 B R g~ B AR (smooth-
joint contact model) . FAOM R = B W&l 3 Frosiel,

&
g%hmm&n

B3 BHRENSTERRE

Fig.3 Discrete fracture network diagram

3 BRI T %

3.1 AFFHEHREHRE

FEHEAT MR AR F T I35 Bl T W e 73 #r i, 5
EAEAR R A AR B AR 2. O TRH
AR AR FAL R SO LR, TR 2R R
Hi I 5, AE PFC?P Hpit 1 72 A5 7R o 00 A1 #4832 7 )
IR AN 1 B FHE 28K S

e R uR S Wiy (Al NP RGN g ]
W, SR BB R A BUA SR, Hoh
JREEFIRIBN 3 A A BB I 4 . B
WA K7 AR ETT SR E 23 AN
s WA AR RIS S I P AF R R

.8 14
¥ 9 10?24 12713
FTREVE .14 TS S,
a X 6

- 17

w%; e f—

7777 /777777777

B4 ABREH. 30T EA TR RN R0

Fig.4 Distribution of geological structures, boundary

condition of dynamic calculation and monitoring
points of slope

3.2 EHEMAOESH

KRB ) BhIESE . 7 5 4 S 2 il
e ki SUE LU R % O ST VRS EA S hr i sE S &
(0 WA AT 1525 LR« P o
PRERCE . JARA L. IR IRI P BERE M2 AHICHED
KR E MM S, B & HfiE AL PRC2P FRR
AR A S B 2R 1 fs, LY
FAEMSIEESHUWER 2 Fis.

AR IS SCHR[14) 7385 — R 51 A HUE R 56 A
BB )M, B IR SRS B BB R BEUN 0.7

R1 B FUASRRAER KNS5
Table 1 Mesoscopic parameters used in the PFC?? models
qz,?* - S 1t s s v 3 e Y b . E=1
oy CPIRARER CPBS PG FORS WK WRVN R
=)

RN BROKIAR UL BRI BURRE RN AUk

Kife Sk BE BEE ESHVIN EE o Wi SEIYINI BiRE B,  BURsREE  FEH Wiz NI i
/mm R /(kgm®)  /GPa  EEEUE k/ke BREL %; B EUAE /Ko / GPa / MPa /MPa /(N/m) /(N/m) ZR¥

0.08 1.75 3100 1.0 1.0 0.7 1.0 1.0 10.0 30.0 27.0 10.0 1.0 0.7




3032

ofF
H

2018 4F

R2 BAEMN¥ESHR
Table 2 Macroscopic mechanical properties
of simulated rock

WAL DUCE R  NESER SR
/ MPa PLRLIEEL ) Gpa " /(") /MPa

/ MPa
6.90 0.26 30 0.10 21 2.12

3.3 HIAHIRE

SKH 2008 AR )10 ) 1 3th 7% A e Bib g BT S 2]
) E-W AT 25 s 7E A7KF-H R I8 i AR A eS8 o
Honid A2 M2k an i 5 fros .

10

W

|
V)

IR/ (m/s?)

L
IS

0 5 10 15 20 25
Ffa]/ s

B 5 SRS B R 2%

Fig.5 Acceleration time-history curve of earthquake wave

3.4 BRI R

7 PFC H, A2 i AR R — e an F 4 AP 8R
A2 A 58 B HUE o R IORE R 544 L N TR AK
RN BORLRR S B

L ST 4 A B AT B A BEAN R 4 5T
AR HIRAY, 505 MR A5 3 BR AR A T 3238
AR . U S H R 3 ffos, 14
SRR RSP AL = W 2 B S HUR 2 Bl 6
Frs. o ijiljﬁfﬁﬁ‘t/ig: L AEMKE; DN
WEAIRE: o NEMEU B ORI ay b
o d HEMH T

OSSR AT 2R R PR A R 2 A T 0N 1
RLAUE L AN 7 BT .

4 PRI AL Bl 7 v S 7T
FEOHE 7 BT IO, HRAR I 4 o
METT R, P23 NI AR | IR frR

R3 FUPRATESH
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Fig.11 Peak velocities, the PGA amplification factor and peak displacements along the slope surface
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