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Evaluation of the permanent displacement of rock mass slope considering
deterioration of slide surface during earthquake

QI Sheng-wen
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Abstract: A new approach for evaluating the permanent displacement of rock mass slope including planar slide and wedge
slide during earthquake was presented, which considered deterioration of slide surface during earthquake. The procedure for
putting the method into effect was put forward, and three case histories were studied. It was indicated that the approach was
available and reasonable to assess the value of the permanent displacement of rock mass slope. The result reached by traditional
Newmark method was too small in general. Traditional Newmark method was only suitable to evaluate the rock mass slope
with small permanent displacement during earthquake.
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Fig. 1 Model of rock mass slope
BT I P 4 A AE Y 7 AT
N =mgcos B+ mAgsin(0— ), (2)

W NN R AR R SCRE Ty o AR X 5 AT
mAgcos(6— B)+mgsin f— Ntang =mi, (3)
K o NN, x IR, g RoRHT KT
INIESE .
¥=Agcos(0— )+ gsin -

[gcosﬁ+ Agsin(ﬂ—ﬁ)]tanqo )]

X =0m, A Bk RDNE R A,
cos Btan @ —sin f sin( 8- o)

A= cos(0— f)-sin(6 - f)tang =_c05(9—,6’+¢>) ’
(5)
;Y,:Agcos(f?—,6+¢))+gsin(ﬂ—gg)
cos @
:Qcos(c’-'—;6’+m](A_Ac), ®
cos
o P=@, + > (7)
@, NERIIEAPEGES, o AEHHEARM .
L (7 AKX 4 17
¥=Agcos(6— )+ gsin -
[gcosﬁ+ Agsin(&—ﬂ)]tan(¢b+ak)
= Agcos(0— )+ gsin ff -
[gcosﬁ+Agsin(6'fﬂ)] tan(,) + tan () )

1-tan (g, )tan (e, ) ~
1.2 ESEmmEmeEAaaRLnE
FEAEIA B OIAE R T, 7 38 1 ) A R 3T ol B T
tb, BLEARM o BHEIAZ /N 47 1 H1E Patton(1966) 1
PR AMEECI S AR (LB 2), DR
Plesha (1987) fH#F5t?Y, 47
a, =(a,),exp(-cW") . 9)
Rl (o), IBRAR A L ¢ o5 B B OB,
m*/) ), JE AN REE L P YRR,

(a) Z8LEKAMA

2 —RRAINE R AR
Fig. 2 1st order asperity and 2nd order asperity!
4% Hutson (1987, 1990) ({51220



454 il

2007 4

c:—0.114JRC[J“], (10)
ag

W o MBS YRR, o, 2P
(&5 K v e e ) o IXFERIH G (9) BEnT EAE 2
i N G5 R TR AL IRAT A

1.3 L5MIEE BRANE E #Y R FNE F BT

FEAL (1982) WFIT T AE i el AR BRI C o, =
0) TEARAHRS) T BRI, L5 3 & FEH R AL
Ve v ke

R AGAGE (an
b f(x) RN EEEREL x BB,
£, (%) AR A X WO BRI SR KL M x =0
i, f(%)=1.

Crawford (1982) il KEMFFUAIM, X FH
TeASREGE AT, i IR E A, & RBUTE x LLEGE
XA B A (x %) B X T R BB N,
Crawford K HI NIRRT A% 800 F 06 I s A B A 7R ok
ik, B

Ii&%:AmP—U—p{i}}xé%, 12

A, p,x> X,
Hrp p AT REG AT DO RIS R, A R
NHBFE I ) e KIS S i1 Crawford 19 K #F57 120,
ST RZEEAR, xo HU 50 mm BN 5id
HAE Crawford 55 AAFFT, Jiit i Dok JEE 1 38 22 20
B A, () wTELH R T 4 23 B ek Bk & o

i
4,11.0+0.20log| = || %> %,
4,(3)= m[ g£%]]x L 3)

A, X < Xy
Horp “£7 ZoRANREIMEL N THRISHME Az
), W+, MFFRIAR (B B, B
“—7, Crawford (1981) i ik K ik ({350 5 R A X,
Ak 10 mm/s©Y,

{EUE AN 18 SRR RS RN A N, AR =X
(12)y (13D, 17 A, (x,%) = A4, » X5k AL 150 it Al it i
P T B RHL R g 5, BARIXEAA B, Crawford
feth i Q2> Q3D FEEME AR . ZB#H IR 4,
SCA ARG e BRI B 55 o B [ (12D (13)
BEAT e [R5 2 18 SRS RN RN A O, 17 A& 43
F1&. ALk, HAEHEBHEAEYNY, Wi (13) TeiE
B

i
4(0.x) 1.0+£0.20l0g| = | [, > %,
4, (%,x) = L x)[ g(;’c,)]]x (14
4,(0,x),5% < %,

M I8 RPN, WL (12) 5
pA.(0,0),x > 50 mm, % <10 mm/s,
A.(0,0)7},x <50 mm,x <10 mm/s,
A (1) =) FOOT (1)
pA.(0,0)7,,x > 50 mm,x > 10 mm/s,

A.(0,0)7,7,,x <50 mm,x >10 mm/s,
Horp
x|

T, {1—(1—;;)[%” T, :{110.20I0g[%ﬂ .

ta (5 mr%n, Jut R age BE it A8 Ak 2 15 R T
P EE R £ o I AR Ak T 51 EE o R T T 45 M
o=p,,» W
_ cos(0— ) A, +sin ffcos B
b cos B+sin(6- B) A,
¥ (16). (15) LAt (9) ARA (8) ginrLlsd
BT HOZ B e R, 8 X AR 2wl T AT R
P HBE BN K AN

2 BRIBFEHEAAMLBRKETSE

C) K¢ InEERE N 5 B B R mAE , HERIER S
AR (a, ), VI IEA BB A (), RAIL (8
RIS (5D, SRAGHILG IR FE 4. (0,0) LUK Hed)
d i (%), BEMVEE (%), AT 0, #4, 4k
BRI (2), 45, WHHTF 55, HEE ml
i 45 (%), =0.

(2) BUrsRAF m1 W50 (x), .

(3) MR (x),, KA T hFimshwe
FHEBE A AR TR A (o )

tan

(16)

°
ml

() e (x),,, R (x),, FRAR (15D (16)
LSRG tan (g, ), -

(5) 4 (ak)ml i tan(%]m] AR (8) K1
ml BN (), . SEMTHE IR (£),,,, A
T 0, #AE, dkEBUE (2), A, WHEHT R P
WAL, ELAEW ml+m2 14 (%),,,,,, =0,

(6) EHLUL LI (2) ~ (5) HEHEn L,
oA LSk /3 R K A R B (x), =(x)
+(x), A1

n-l1

3 HBERAEE KA ST

BRICARTE IR & —Fis WIS BOd e e . i
BLIEARI 5 47 0] # Hoek (1977) £ (A Aili bl TRE)
— BT T e PY. RE S E E R, B X
(1992) WFFT T MUBARILSE 03y 1) 02, (HR A
2 e AR L B b 25 R 1 R R AR N . R
VIS B8 45 KA THT (1438 Ak TR T 38 50 ) AR 1 5% 7K AV
Bt 5%,



5533

FRAESC. 5 RS SRR AR ) 55 T3 I R K ARSI 455

Bl 32— il 2 AN TR S5 T Ja, J VIH
TERR PR TE YAk o R AR Sz —HhRE i Ky Ag, INAE
P 8 g T A R M 1 8 ) P T A e B, 1A R X1
M By WHIEHARRI TR my Ja, Jp 0 ERIZCRE S
9N Ry Rps - HLPSTH  EERE REAHA), ¥Whe.
HEArE 3 (b)) Froastebr &

|
B
red A &
(i}
I3
(a) PETE BB 22 R
putii]

(b) BT HE (h H T 3228 (o) MEHREFE

3 HARIA AR AL
Fig. 3 Model for wedge failure of slope!*!
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by different methods for case 1
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