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ANALYSIS OF DYNAMIC FACTOR OF SAFETY OF ROCK SLOPE
WITH BLOCK ELEMENT METHOD
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Abstract: Block element method(BEM) for dynamic analysis is developed and applied to historical analysis of
seismic stability of rock slope. Combining the idea of viscoelastic boundary with the theory of BEM, the
artificial boundary condition of BEM is formulated, which can eliminate the reflection of the seismic waves on
the boundaries of the computational domain. Viscoelastic boundary has the merits of numerical stability and
convenience to integrate with computational program. The inertial force of rock block is firstly computed by its
acceleration obtained by dynamic analysis, then is decomposed according to supposed sliding mode into
sliding force and force perpendicular to the supposed sliding direction, which is used for calculating resistance
force. The factor of safety against sliding is defined by the ratio of the resistance force to the sliding force.
When the seismic process finishes, the time-history curve of factor of safety against sliding of rock block can
be obtained. The application of the intake slope of Xiaowan Hydropower Station demonstrates the capacity of
this method.

Key words: rock mechanics; block element method; dynamic stability; viscoelastic boundary; factor of safety;

rock slope

W AHA: 2006 - 10 - 16; f&E B#A: 2006 - 12 - 16

EETH: ROURK IS K L TR R E 5 U S2 50 = FRSOF 783 4T H (2004C009)

eSS HHIE981 -), U, i, 2002 EE FROCRFEK TR T AL, T8GR T A+ TREE B A e 0 7 HFE TAE . E-mail:
zheng_hf@ecidi.com



* 2786 ¢ EA IS TR AR 2008 4
N RS HT. SC I NBERE A T, H ek &
1 51 T G N T R4, KR M TE PRI i B0, {iiE

Wit 1] 2 G 0 KT A il s ) 328 20 12 it R ] K
HL T REVR S R PR BN 7 22, /K ML BEUROT A JRidt—
A 1) PU R RTPG G e kAR e B, TR —
IR, W/ B B BEAEHEIL A 300 m,
TERCHT T ARA BIUR A il IX8E X R 2% K
b R I RS v 1 b 2 Z AR A IR AR PR A
SE A TRE M R BRE fr) 2 —

APCERPURRE ST R 28, AMUETE
W RMGE TRE o b TR R TREAE 2 A FGT A
s, AR T EMEAIEAT E N PRSI R .  H AT
A USRS Sy REE 73 T i 3 AT WA PR
ik AT, EHOTE. STtk AL
ot BRIek. BEmAT a4 ook

A
SFo

WA B 7 R TG 5, 24
FRUERF 3 SI2Br, T3 AL RAATS RE A (0 32 25 ik
B H T WA BR324 T PR A A %o —
MUl 1) 758, e LRI R R S B 3l )i
RELR o

ARG H T B B B AR 1T R H
EARTTRE N de o ) BB TR . BT IROGI
LA R At S i, FIRIAT BROGEERS 3 1 2y
AT BT A A HRARSR T8 g I WA R B i, o
HOARRE L REL A3 B A e fe rh B
M2 2 R AR O HRE AT 7000 R Ry
EROLAL BT 2 R B BT — 8. (HiE,
T RITIART AL BERE )y, L RERR I 4250 K i
WO LA B AN E S g NV SR, TR BT i
RISRAA B AR, e T B A YOl . BT
seiETL AN RAE AR oy it
SENES R T ANEBN 15 Ti e NANESE S
Jit 15 D3RG M A 8 T R AR H AT S5
2, HAZXLE T AE IS FIEAR IR, N
WA sl S ResE s pmid A fe il — D M sk
otk BT 7R ORI AT A e R0
HAEGAELS T AL, HAE T
FEAH IR AL TH120 B Bl o

Yt ek P g AL A ) 2 7 R
EH T POREAESI VIR s . AR 3 173
AT R BRAR B TGRS N - A A e AR E 1)

>

i 72 R A BE 8 T S IX S 98 5 i AN R R
Sbe AEREABIIVEAIE, PO R T S AR
PET, SR JE RS DA Bl 7 ) 208 D B AN Bl
71, JCHCAR BRI e — NP PR RUE % R 8. hit
DA B AN R R T IR rh DR (R REUE 22 4 R AL
INEESHIES

2 BASIHIRIERITTE

L0 B A S TTR LR |, SRS R B
FEF Rayleigh FHJEREFE, A ISZPIRA N HARRIT
FEMEME D)L BB . B0 fr st e o fE R
(95 - 7 P,

[MI{U}+[CIU} +[KT{U} = {P(t)} (1)
Kb M, [CRI[K] 25 A etk 2 ) i i A
B OB R ARSI B AR ), U AU 4
Sk A ST I . BUERILAS s (P(t) b S
FEESPRUOE DAL e

REI, T 0B (a) MOAECE, EEh )T
FAE Ayl F B

[M]{U,} +[C]U} +[K]{U} =-[M]{a} )

e ULy O GERIARST T Hb T 6 3 g

J7 FEMI SR AR TSR] Wilson-0 ¥,  BIVBLE IR B
At PR INTE P R AR AL, AT B AR SR . T
FOL KON SERR DK 60 f5(1.4<0<2.7).

3 FEMIAR

3.1 F@ihhREREE

FHE L S AR JE BRI BOA AL T R RR
THEBA FR I A T L) — RN A .
THEAARGE . 5 TR AL REZAM TR
G, BN IS FE N A R BN AL ST
RZ o BRSO S R R T R L R,
5 W58 PRS0 e A o - (1 A T 0
I ARy B A T BT R BRI 4 142, ey
THLE T WAEN P I LTy BOE 0,  BE 508 T
I BRINITER A AT, DRI T RUR L . 2
P30 F (K0 B SO 24 T AR A sl A 1) B it
T A [ 5 (1 5 ) L5 - BELJETCAE, ARG TERLL



B2 M1 A, 55 H AL AR % A R B LR TR S <2787+
}l-é[34]Wﬁﬁf’ﬁﬂ%%ﬂgﬁgﬁ/ﬂWU‘T@'VXE?FH%@‘ZM%EE@E‘J [m]rl {U}rl + rIrI {U}rl +Z[C rIrm{U}rm +[k]rlrl {U}rl +
S

AR = e Rt N Ciu 5 — OB, wit b

— R AT TTIRIN oy N
o =—Ku, (t) = Ciuy (1) 3)
Sav SRRV (9 IV (9 I | S Dl I A IR DR VA ZiIbE
B Kys Cy 20 mloA mUAE T 7 )R 55 IS A HO

FhwslH e #=5, HRIEL0 08
A+2G

K":_TT_’ Ci=pC, (I) 4)
K,i:%, Co=pos (M) 5)
Kot 4, GEMATRNG Lame %50 c,0 5N

NPPERBERDEE s p F T L s v by i | AERR AR
PR IR, RARRR I AL TR AL .t ((3) AT
Al TR KI5 T R R ) bR A

2 L& S T ¢ FhAT [R] AR T G T SRl A1 1
IR, RN AFAEZ TG A, R LB A
Tl IR AN LA g 1R

2G 1 :

K =226 1 ¢ _Bpe, Gk (6)
r A+l

K, =C_ 1 | ¢ =Bpc, () (7)

r A TP

A AL B g WIBE T Y R BRI B2 8T R AL
BAE R RN, SN AT, A, BIY
BOUBE N : AELO0.8 Zid5; B 1.1 Z2di. Jbh,
TESEBRTE S, LR 5, B s L
L B8 0 ST P T L B AR S A A
) r {H
32 WiKBITERFWMEATIAFRAES
FETRTARR N TR B4, ARG
S R - BB OB )R B 7E
Pepkay BN . I S § AHAR R H A T
rl a8 R 5 A

3o
K c !

K1 Yuksociipitin AR e ORI
Fig.1 Sketch of physical meaning of viscoelestic boundary

on block element

Z[k]rlrm {U }rm - {p(t)}rl + {F}rl (8)

e (Fy, AR L S BN (o} Ry
P B/ FAE L A PR R IT rl ERATE, ATRoR
i

{Fla ==2 3(D][[P1; o} dxdy, ©)
j

E%%ﬁmﬁ%#F@T%

{o}, =—K1,{6}, ~[C1,46}, (10)
N I:P’

Kg 0 0

[Klj=| 0 Ky 0

0 0 K,
(11)

Cy 0 0

[C];=] 0 C4 O

0 0 Cy

Arbs [Kys [CLy 23l g j i) s WIS R 5
FURE RBOERE ;K vk m s rE W) B R %

§ =B K OISR R A, K, =

Eﬁ C, MIEMEMHBRS, C, =Bpc,; C,

PN FHERLE /AL Cy=Bpcegs {5} WILFH j
BUY SN (S} W IA S j B SN AR R
FrHAARRTG rl S S §ARAE, WA

{6}, =I(DILYIM], U1,

{0}, =3I(DIL ],—[ ],—{U}r.}
KO~ AKX @) T3

[m], U} + (el +[C1)WU L, +§[c1r.rm U +

(12)

(K] +IK1) U+ D Ky U = (PO} (13)

E¢

r.-zjj [L1;[M]n dx;dy,
[C], = Z jJ[M] (L1, IM 1, dx,dy,
H12) T UL, Hefk #e: 5 ABh#rEIL

FACIEEN 7 R EAL SR S NI FERE R S BH e A
12 FEHAR BTG IR RO F BB, IF AT
IS, TR D7 2 B SR A I FF AR B S 1Y
FEE I it



«2788 ¢ A s TTRE2ER

2008 4F

33 RIKBPTLERFRMEAFOEE

FZ1E a2 2), A hm A Sk
S PR R 2 23 AL ik B2 v g F () (LI 3).
K PAR BTV o IS T e e 2R &b
I DA R A A i ] 7 24 SRCTHT A 2 200 m b B
x=025m {5 A RS, JES T IRAR LLER .
AR E =80 MPa, VAL ©=0.25, S
£ =2000kg/m’, YEFHIFET =1.0s,

z

EI D =
- X
2 A
I

ASANNRNY

50m
0.5m
2 B
Fig.2 Sketch of cantilever
127

F(t/MN

0.0 0.2 0.4 0.6 0.8 1.0 1.2
B [8] /s
Bl 3 Ik VR FH IR i £k

Fig.3 Time-history curve of impulse action

I LU TARE Ay Lamb o) R332 s 20,

0 (r<c]/c,)
F 1
+

2nGx | 4(1-c;/c;)

ZZ:K(I 2v2)2(c2/c2 —v2)?
+
i=1 T Vi2
K,(1-2v2)? (v3——c§/c§)”2}
u(x)= Vi -7 (14)

(c/e,=t<1)

F L,
nGx| 4(1-c’/c;)

K, (1-2v2)2 (V2 —¢2/c2)"
3 3 . 32 ) H(V3—z')

Vi-1

(1)

L G ONBIYIEEE, G=E/[2(1+u)]: ¢, C, 7
93 A B U)W E M I, ¢, =(E/p)'"?
c,/c,=1/3: F SR NMEL, F=F1): X Wi

KEHEPIMER AR ¢ RN NE, =
om vi=t, w3TB g 3B
4 4 4

1 ..
- I, ’ k:17 2, 3:
16(1-c; /¢ (Vi =Vi)(Vi = V) ()
i#j=k); H(t) & Heaviside &%,

Bl 4 45 T SM 40T AL A IR .
LAt B 4(a)FI(b) T A i, SCHb T AR BT )
R ST BA R RS RE . B 4(c)FI(d)
AN T T IO T B R A R e, T FLnT DL H
200 m K22 SR AEIR .

4 BREHHBRELERY

XA AT T RER AL IR, R LRI REAR
FERAT 3 B, RIDCHShmI B dBv . S Sh A

0.0 0.5 1.0 1.5 2.0 2.5 3.0

B [8] /s
O T:X:2E

0.14 1
012
0.10 T
0.08 I

0.06

A% % /m

0.04

0.02 T

0.00

—0.02 | ! | | | |
0.0 0.5 1.0 1.5 2.0 2.5 3.0

B ] /s
(b) MEATHE



EPIEIRD AR, S CH AN e 2 RO PR T T 2789
o1ar v £, BIA S BIkHESNTH | (KSR
0.12F IR .

0.10 A PR R X S (K 5), BTy
0.08 Rk, WHAZZTT 17 h
E 0067
ﬁ 0.04
0.02
0.00
—0.02 T
—0.04 : ‘ ‘ ‘ : )
0.0 05 1.0 1.5 20 25 3.0
i A/
(o) EEHR

00 05 1.0 15 20 25 3.0
it /s
(d) 200 m K R EH 2R
Kl 4 A LIRS IR th 2k

Fig.4 Time-history curves of displacement of point A
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