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Fig. 1 Schematic diagram of a one—dimensional linear

interpolation method
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Table 3 Comprehensive values of horizontal seismic coefficient
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Fig. 2 Flowchart illustrating adjusting peak acceleration

of different intensity seismic vibration
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Table 4  Adjustment factors for field seismic peak acceleration

11 2537 b 4th 5% By e
T3 A s Io I, I I} v
<0.05¢g 0.72  0.80 1. 00 1. 30 1. 25
0.10 g 0.74  0.82 1. 00 1. 25 1. 20
0.15¢g 0.75 0. 83 1. 00 1. 15 1. 10
0.20 g 0.76  0.85 1. 00 1. 00 1. 00
0.30 g 0. 85 0.95 1. 00 1.00  0.95
=0.40¢g 0. 90 1. 00 1. 00 1.00  0.90

25 ETHRRFEZINARFME TR BT E M
S

A R 5 2 24 T I P9 A I e oA )32 1 340 39
R RE PRI J7 ik 22— TR SR L R AR 3 AN
fb e 450 E B R EME T OTIE Y BB AT
PO T SRS RE PR B R WA I, SR T 2.3 35 ik S )
5, LIS BR P 7 72 O B SRR R AR 2. 4 Rl E
A [ 45 2 b e AR FH 7 AR 1 3 0 A TSR RO A T T
A H 0K Y- D i B T 1) Y T A R Bk



80 S}

W B

932 4%

A7 R A BT AT R T T T R A D i S
T 53 fiff SR BT 0 (0 ) A 8 1 (D136, R R
PR P-f vE T S A TR s R AR N A E M, R
T T A 1 2l THD %) A2 A I AR A 9 A T B TR 2
i R 1IN NE TS I AT A LTI i U S A e T
W D5 e d i 2 03k (AR 45503k ) Tl 4K Bishop
VLS X T AT GBI R R N P A 4 0k (f i
AR

Xt R SIE ¥ 1, DL A Bishop ¥ 9 i), 2%
PR 3 3 S 6 S B O WRORE, ARl 1) ) P,
AT 3 Hi B B, RN 7 ) A B, A AR
T RF 800 AN 72 A 18 Bl g T sl b i i ml ) )
M B AN A R A BT ) T, R i LY

Z 1 (c;l; + W;cosb;tang; )R
m

YUY I3 T 0 Bl X 80 7= A i 8l A R . 24
SIAMERAE I, #R2 )™ A A /R T A R E O AR 1Y
TR RIS i) b = B O R e X 9 gl B 7 A T Bl
H, MO S M, PO A M, or il an T X
(10) (1) o

h,
M,=T.R + F,li(Rcosé?i—z—‘ + F,Rsinb, | (10)

M.=TR = (cd; + W,;os@i tang;) R (11)

L T, = W,sing,,l; = b, cosO, 24 ¥ N5 3l + 14K 4k F
W BRS- i R S B W 2l AR A T h0iE e AR e &R
BF X (12) R,

M )
F=— = b
=y

z W.cosO;R + Fhi(R(:osQ-—E

3 fa{tBishopixit & & &

Fig. 3 Diagram of simplified Bishop calculation

Xt T LI W [ AR R PRSP 4 vk (1%
R EOE ) BUE KA S B YR TE AT AR
FI - 208 B A A B R AESR , B s — 2%
PRy T % % X RN 1 4
FR BB 7 R AN AT T 0 1) 5 B AT D2 4 R
B figp i 0, T SO0 bR v 5 gk AT X L
B AR 0 T IE W T i B RS E R AR
B UL AR BB T A2 4, AR SCLUR
A 7 3 RO R AR D B, 3 25 18 i = A A i 33
SV R N N RS R AL

I LI T AR 3 AR A 3 2 RO Uk e
PARTEE R R BT 4% B X (13) AT

P,=0 (13-1)

) +F  Rsin6;

JMy, = COSQ‘ + tanglg'sinﬁ,- ( ]2)

P, =P. .+ T-T/F, (13-2)
s = cos(04-0) - SO Olang (133,
T, = (G; + F,)sinb; + F); cosb (13-4)

Ri=cl; +[ (G; + F; )cosh; + F);sinb; Jtang;
(13-5)
K P, —5 n SRR T W T
P—5 i ARG AR ] AR TER AT W
1,4 P <0G <n)if P =0;
T,—55 i RHRTE T T
R,—2% i ZRHLERSEHTI T 5

B4 REEESE (58 REOE) i EEE

Fig. 4 Diagram of unbalanced thrust method

(transfer coefficient method)



%1

17 NG A5« T UL 0 3% (8 AN T 3t o 0 AREIE B T e B MR TP AN T 1 A 81

i —5 i1 FRHEIRT A R W S B B
T AR R ) £ 8 R B

G,—5 i FHSE A

Fy—55 i 25858 K F MR B ME 7, 48 1 3 A
HIE 38 [ 35 Pk

F,—55 i 2o B 1 MR B g 45 R Oy
RIE, R Z R

e —55 i SR A A B BE R SR A

@ —55 i SRR A B Y B A AR (R

L—55 i AU RN K

3 KT a4k Bishop ¥5 Y B 9N W 1A
AN TR] M5 T 00 e 6 1 T

3.1 HBiT#R

WK 5 Fros, Fl EREE AL T H A KoK %
FUXAE A48, W 20 m, B L 12 1. 75, R
Hy =20 kN/m* WEEHES ¢ = 26. 6°, iR I c =
14 kPa, S M2 5110 T 28 | S A 1 52 2 0 o 3k )3 o
0.30 g,

20m

7=20kN/m?3
$=26.6°
c=14kPa

5 RHEKEFE
Fig. 5 Slope sketch

3.2 A[E IR E BhIE(E b B iR &

Y 2. 4 77 Hiu R g W R o R R R AR e
(b E 3 S 80X R E ) (GB18036-2015) B 5% C
A0 A R T e M DX I 237 b 2R A T 1) A i 7% Bl e
I BE R 0. 30 g, HUR Hig i X W IE 6. 2 450
11 253 Hb 254 T AS [R)ER BRAE K7 (2 A (5
R ) I b AR Bl W AE N a g, 25 08 R B
WA A i T B 4 AN TG T JE AR b 7E 2 0 o o 1
1/3 580 08, AR SCHE 2/3 A5 AT 115 5 55 3 b 7 2 0
LI T B2 BT 4% A Ml R Bh V(B R Y 1. 6 ~ 2. 3
FEHf 8 AR SCHE 1. 95 A5 HEAT VT AR 5 A 5 8 b 732 By 0
LT B BT 42 A Ml R S W (R B 1Y) 2. 7 ~ 3. 2 £
i, AR SCHE 2. 95 REHEATH5, 45 Hh X 0] 25 & Hh X
BRI SR T R, I 2 A R TR

LA M 72 Sl W AEL N L @y PR SSSRANE R 5
PN

x5 DXGHEHARBEERKFEEIHIEEMEE
Table 5 Peak acceleration of horizontal seism force

for Category Il site

Tk

BiS NE

é;?ﬁ;gf 2 A TR
: T wmmm WEd  mEH  WED

Bl AR N B

0.200g  0.300  0.585g 0.885g

TE bR B A A L AR I XA AT 8. 1 A A
B 5% E 5 AR N 14 37 L b 5= 2l 0 R s O R R
BOF, (R 4) X 20 HE AT B R AR IR R
b 4% 2 3 552 Bl 0 N ) W RIS TE oy, TR 2 SR I SR
6 fin,

F 6 BRIFE R E XK IEENEEa,
Table 6 Peak acceleration @, corresponding to seismic

vibrations at various levels of various types of sites

R [R] T H RE E 1 b 2 5
U A0 3 BE 10 I1 I I v
Z il B 0.152g 0.170 g 0.200g 0.200g 0.200 g
FEA L 7E B 0.255g 0.285g 0.300g 0.300g 0.285g
1 7 B 0.527g 0.585g 0.585g 0.585g 0.556 g
WeFEmMEs  0.767g 0.885g 0.885g 0.885g 0.767 g

3.3 ARIAFEREEITE

FE 1 SRS [R) T 950, b 7% 2 WA (o 358 B 9 K 1) S il
b TR Sk T R M R AR F G M B i
52, R 20 (9) , THE N [ R Tl Hh R AR &5
AW BT LA 2.5 15 1§ 46 Bishop ¥ S #E36 J A
i B T Geo—slope A5 K AR FIA [A) #h 7 T-00 T
RIPFREVERBF, R R T,

HI 3R 7 FIEL 6 7T UL, 2475 b 7= A F g, RE RS
FEME RBOBBREAL, AR T2 2 8 T, &
PRE M RBCSRIFEAR, A 28R T 2 A% 8
Hi R T LA R E T R R N, FLSUINIE S

x7T FAEIABERERYF,
Table 7 Slope stability factor F;; for different operating conditions

T (1-5)
AT T AR - — —
o AR R PN Z i HAR Fil RFE
ToL MR HEEE) MR MRdd)

F 1.418  1.205 1.150  1.010  0.890




82 H & i R o532 4%

th 2 8 IR 7 T UL, B 25 M 1 P 0 3, Ao o
S MR MR K, 253 O T LA 7 T
Y R S B/, T A M T % A
e TR S AR th BB, 25 5 MR TR
RIS B K E] 100%

3.5 ARIAMEEREREEITE

R 201 Y B R FE R PR S Kk A5 3. 4 it
TR AN R T 00T AR AR R P BUE iRt
WemT I S AV T AT S AR R Y = 3.5 (R
BAILLER Gy R AEHEBOR SRR 9 B SR J. 1 25 168
%), R 2-1 IR R AR R 00T 1 1E

6 RERERMBARMEERANTH Ko MEFe B H, 4550 BT R 9
Fig. 6 Variation of slope stability coefficients with different '
seismic effects £9 FETRFEERIEESH,
S 7] M 722 1A P I (6 03k B 0 9 22 0BT 1 Table 9 Slope Hazard Index H; for different operating conditions

RA
ENCIRRUN S

3.4 FEIRMERBEEILE fwtespy K0 ZE R PR
s ) . Y N Lol WrEsh  WiRsh  HEsh R
R A5 O R T R R

P, 0. 14 0. 14 0. 15 0. 60 0. 80
DL 2.2 1OoNBRIE R A, 455 K 2 Il sE vk R RS
RIGAEA X IRZE SR 2 B AR (2 0 AN ) T 00 09
PRBCRRMER P TR AR IL T R 8, 08 038
0.7 F
x®8 AEIRFBIFEKRBBEP, g
0.6
Table 8 Slope instability probabilities Pi for different s 0.6
o #Hogst
operating conditions &
£ 04l
) TH £
AT T A 3 - - - &
Py PR % i HA il RFE 03
Lol WEdh MRS RS WEEg) 02}
0.14 0.14
P 0.20 0. 20 0.21 0. 96 1. 00 o1k 0.15

Tl THi2 T3 T4 THL5
TH

B8 MERKREESMAIREFIRERNTL

Fig. 8 Slope hazard index changes with seismic effects

of different grades

H12¢ 9 A 8 AT UL Bifi % b 2V FH A0 15 588, 2R
fER YRR B G, LB MR T ERAET
DU, AR I 1R A5 JO MR /0, T A s 752 T 00 2 5
MR T ORI RS A BEBERS | A R
ORI S B PEFR BUR 3K 0. 8,

B 7 i o T R ) 25 0 1 R MO TS 3.6 ARITR{WEBRETH
Fig. 7 The probability of slope instability varies with R HE 2 O 1 T A8 bk 7E AN ) T n0 fa e e 8

the seismic action of different grades B 1 A M T o B R R Ak T



%1 177 09 45 B T 4RLH ) 10 AN ) Ml 2 T RHE B I S B A PPAN T Y &3

I RE AT R 00T B 6 6 P 2 2, 45 2R 91 1
T#* 10,

£10 FREIAHEBKRYE

Table 10 Slope hazards for different operating conditions

L
SERR
4,{\\'};&1,?“ XA 2B A T pes
AL ; o o e Ul 2
o 1 2525 TH MRSy HLEzh  HEzh MRS ‘
Bak KEk Bak R SRk 10 S5 KR E

Fig. 10  Slope sketch
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Fig. 9 Slope hazard with seismic action x 11 ARIRBHEBERHF,
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Table 12 Slope instability probabilities P, for different

operating conditions
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Table 13 Slope hazard index H; for different

operating conditions
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Fig. 13 Slope hazard index variation with seismic effects

of different grades
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Table 14 Slope hazards under different operating conditions
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RISK ASSESSMENT METHOD OF SLOPE UNIT IN GENERAL
SURVEY AREAS OF DIFFERENT SEISMIC CONDITIONS
BASED ON QUASI-STATIC METHOD

JTAN Peng'?, LI Wen-yan'?, GUO Hong-dong'?, LI Song'?,
DANG Fa-ning’, ZHANG Zhi-jia'*
(1.The Second Institute of Geology and Mineral Exploration, Gansu Provincial Bureau of Geology and Mineral
Exploration and Development, Lanzhou, 730020, China;
2. Gansu Hydrogeological and Engineering Geology Investigation Institute, Lanzhou 730020, China;
3. State Key Laboratory of Eco—hydraulics in Northwest Arid Region, Xi‘an University of Technology, Xi‘an, 710048, China)

Abstract: The slope instability caused by earthquakes is the most significant secondary disaster caused by
earthquakes. Under the realistic background of frequent small earthquakes and frequent large earthquakes, the
practical significance of slope risk assessment under different earthquake action conditions for regional disaster
prevention and mitigation, geological disaster risk control and territorial space planning has become increasingly
prominent. Based on the pseudo—static method, according to the slope site category and exceeding probability of
different seismic action, to adjust the peak ground motion acceleration, determination of slope under seismic
action of different levels, a comprehensive coefficient of horizontal seismic calculation of different level
earthquake effect caused by the horizontal and vertical inertial force ACTS on the slope of center of gravity, based
on the theory of limit equilibrium method, The slope stability coefficient under the action of earthquake of
different grades was calculated, and the slope instability probability and risk index under the action of earthquake
of different grades were calculated based on the risk index method. The results show that the slope stability
coefficient decreases with the increase of earthquake, the slope instability probability increases with the increase
of earthquake, the slope risk index increases with the increase of earthquake, and the slope risk increases with
the increase of earthquake.

Key words: limit equilibrium method; quasi—static method; hazard index method; different levels of

earthquake action; slope element hazard





