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Slope stability analysis method based on compressive
strength reduction of rock mass
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Abstract: In the rock slope stability analysis methods, the strength reduction method based on nonlinear Hoek-Brown criterion has
some problems, such as the disunity of reduction schemes or the complexity of calculation. To solve this problem, a generalized
Hoek-Brown criterion strength reduction method based on the compressive strength of rock mass is developed, which can better
reflect the physical significance of strength attenuation than the direct reduction of material parameters. Based on the uniaxial
compressive strength of rock mass, the uniaxial compressive strength of intact rock oci and the parameters’ combination s* (s and
o are empirical parameters of rock mass) are reduced by the same ratio, the reduction ratios of shear strength and the tensile strength
are analyzed, and the factor of safety is defined based on the average shear strength. The proposed method is applied to the stability
analysis of two classical slope examples, and the factor of safety and critical sliding surface obtained are compared with the local
linearized strength reduction method and the limit equilibrium method. The results show that the factor of safety obtained by the
proposed method is close to that obtained by the other two methods for two examples, and the relative error is less than 2%. In
example 1, the location of the critical sliding surface obtained by the proposed method is in good agreement with the results of the
other two methods. In example 2, the critical sliding surface of the proposed method is closer to that of the local linearization method,
and can reflect both shear and tensile failures. The above results verify the reliability and rationality of the proposed strength
reduction scheme and the definition method for factor of safety.

Keywords: strength reduction method; slope stability analysis; generalized Hoek-Brown criterion; factor of safety; critical sliding

surface

Wk FH: 2021-01-29 EEHIH: 2021-06-11

HETH : WILH B RFEIES (No.F2019210243).

This work is supported by the Natural Science Foundation of Hebei Province(F2019210243).

HAEEE N KOCE, L, 1987 4F4, Wik, YPW, EZNFDIAE ST TAE. E-mail: wenlian_zhang1112@163.com
WIEE: PN, %, 19714248, tL, 20, RTNE LN T TA/E. E-mail: sunxy1971@126.com



608 = +

Jo 2022 4

1 5 =

SRFEHTIGE B BTS2 B R EmAe], o
2R T3 Ra e ot 2l S48 ik PR Pk
FHEE, ZITEA R BE S TR, AR
I, ZREH BRI ) -NAE K &R, o B
13 BBV B TH A 24 R H H AT 5R B ST
1R T 2R Mohr-Coulomb N FFRE /T,
ToVEfERE A A AR I R . | X
Hoek-Brown 58 FEHEN, AT DL S B A FLA AR [ A 1Y)
AL RE i, BERRRAICAN. I X Hr M XA
/N R T R P (R RGN, WRAR T A R v U )
A2, BBV FEFEWTZ NG, BT N A TR
T8 AN TR B,

FF T X Hoek-Brown #E M2 37 58 FE 180 5 %
A LK 5 FE AT L 5 Hoek-Brown 1 N JEZL
PEREIR IR AR S &, S AT 3RS E 1 23 i BE
Mgk RS bs TSN HAET, REZZEHITRILT
AT, {HET Hoek-Brown #ENII S E 4,
T B2, BRA TR AN
Tk HAFEREMHERDNUT 425 OMEIZSH
Promiik, WRM)NEL 2R gl RV, oy sae
SR IEN S A M RS E TR I L)
77 %: @Hammah 5P “FRAC” SRR L, R
4 Hoek-Brown I 1) 58 FE A0 238 1 i B
FIH “BRAR” Jasm eIl a iR 280 fridiik
famtt; @M MEtbiE, KAEZ M Hoek-Brown

(fRIF% H-B) #ENEERH AL Syt Mohr-Coulomb
(AR M-C) N, FHFEET M-C #ENEET 38 B T
IR E R AR, o0 N BEARZE VAR ORI 5 42
AR, Fi g 25 H-B #E 58 B fh 28 3017 544
LA, JEE I RS RS BN H T R B
I 5 S I AR N BESE A . Fih Chakraborti 5501
N R S5 T 1 L R AR B AL TT VR ZE T /N
@FT E RGBT R AR AN, TR
24 R 25 LR, MRS E L
JRTT SR, (BB A “PRIR” s A2k
ERENZHATIE, WA B EER
ZERUR: RS RS 5 TR B T R i 2k
ZHQN AT SR EE AT D 22 4 ROV, YERRASTI T
RSS2z 4 21 8, H 7Rl AR gk ARk
BEATRAR, UBRECN B AR E R AR,
Yo A B IR P AR v

ARICEXT)T X Hoek-Brown #EN, &4 7 —Fh
BT AR Bl e 5 R TR R R AT ek, BRSO

TN, S BERIRIE 7 BT 9 T B E] L 3
Uk, FREESL T R AR T Bl ) 22 4 R HUE X
o I FA AT 2 4 R BN S Sl K4
F BRI SRR A 5 S5 Tt AT X b
g, SRR 7 AT I EEE

2 | X Hoek-Brown N

]~ X Hoek-Brwon Ji Az ##E D) 38 5 B 5 4 R A2
AR B R =5 B ok &Rk, FLaRak R T

03+sj @D)

ci

0, =010, (mb

Xh: o oy AR K. BANENT: o, A
FAPREHUR R my s+ ¥ N RBCERRRIER
ZWBH, HEETEREADS, WA i 5 5
JEF8hs GSI (geological strength index) %L, *

GSI-100
" =P 28 14D

GSI-100
s=exp( Y j (2)

-GSV1s _ -20/3 )

a=l+l®
2 6
A D OSBRI, TR L3 25
BUEVEREN 0.0~1.0; mi N7EBAEANERSH, X
WA AT BV PRERE S USRS abs GSI s 4
SRR OMES TR IO E ,  BUEVEH DY 0~100.
SCHER[18145 1 3T £ N I IERN J) o, MBS
AT BFRIE AN

(S

,_0-0
do,/do, +1

7=(0, - 0;)do,/do;

MR X Hoek-Brown Ji IR E N 7] 15

a-1
% +sj 4
(o

ci

o, =0,

n

(3)

do, /oo, =1+am, [mb

HR (DL @ AR (3), ATE R X Hoek-
Brown #EN T 1E RN A ABTR ik, B

o
0-3

o, | m—+s
O-ci

0_3 a-1
2+am, mbo_—+s (5)

ci

—1
o, “
r=(0, —0y), 1+ am,| m,—+s
o.
Cl

0, =05+




W 2

SROCHESS : T PR e o L 4k PR A4 3 A% e 0 75 609

HF T X Hoek-Brown #EN], CHR[10]1H#ES T &
PRI BRSO, PRI TR R o, I3
IE

o =0.5%

cmass c1

(6)

ci

n,

O,

tmass

=-s

BT R i o, = 0 T N R IA AR F,
BT R B E 0, = 03 = O 1956

3 BT A RS R AT %

3.1 AR

5T Mohr-Coulomb #ENI 58 BEFTRGE, &
AT S8 R F LTI SR T ¢ FIN BESE ff o 1Y)
Z 4 tangp. Mohr-Coulomb #E 3 T 3= N /7 3Rk
A,

cosp . o 1+sing

0, =2¢c— 3T (D
1—sing I—-sing
EeR R ENW R
o, = 2c1 cos :20(«/1 +tan” @ + tan (p) (8)
—sing

A: J1+tan’ @ +tang = f(tan @) -
H A I, Mohr-Coulomb U1 5if & 7 ek ik &

X} 5 R BT S 5 R TR R S AR TR R AT A ek ()
FH, KT X Hoek-Brown #E I T A 44 B 5t 70 16 55
FEA R Oupass = Oas” s FIHITLL 0 M s A AFTIR A
TIFTIRTT 5

EEARFEE RMI (rock mass index) ¥ &iF
fr R RO, B RE R ERRE XN
Oumass = Oy IP, JP NERTTRES AL, AR T A1k L,
MM KR EX S (6) Xftk, "TRURIM
JP =57, BULIEE o, F g XA S HOHAT [F LA
W, RNERBIR AT H R, PrscaAmmeEs, If
SE ARG = .

FARBIAR, HAMBIFEAE SR, FERZH
T AR R A, FECE R B PR R R
W, BT CL miAE NRAE S A AR 5 AR L 248, A
NS 53 AR RPUERE o, = 0. 1EAN
iz, R50,M GSI. D HX, 5 m K,
BE&E GSI /N, HAESE my AR/, K355
R

N7 E, EFEFREEIHT o, fs*,

pr w1l
o, s
K =—"=— 9
O-ci S,a

Kb K ATTRAREG o) s ot YN H R
M2 oL s ot YONTIRUE A3 24

I (2) Al%n, s 2Rk T GSIAH D [Pk 4L,
BBAIIRSIREAZE, D ASEI, s« KPR
HRIEH GSI 2555t r=4, /i

5% = f(GSI) =

GSI—100[1  1( asr 20
exp{ Y }{Eng(e 5o 3)}} (10>

3.2 FFRMBAER ST

9T BAETIROT R RAT I, R 3 HAEE A
A ARRHAE S SmBEAN i RS H O3, sk 1 B
TN oW 3 BRI bSO AT AN R B AR R T Ok
X (5) 4351453 Hoek-Brown 58 HEN] N H ARk
SRR S IER )RR ML (r—o, i
2, WK 1w, Ko MiaE B (1) 7
E:

R1 WA ERNFESH
Table 1 Rock mass mechanical parameters of slope
H V4 O

5% :
PHC i Ny mpa OSU Do s “
H14010 25 30 5 2 0 0067 25x105 0.619
%241 20 25 25 30 8 07 0.071 3.9x105 0.523

FIH 32 25 40 45 10 09 0281 1.6x10* 0.508

VE: HOAYE, y NERL.

o -0.91
Oy =0.720,, (—Cm J

vYH
_poabp
o o [mb +4s —a(m, —8s)](mb/4+s)
o 20+ )2+ @)

A o, N 2002 fik Hoek-Brown #E Ui 5g S %
RERBREN; 0, FiR/N TR ) ERRE.

THEARURIRAS 5 YT 05 108 5 B2 LU A (P
K. =7/t ) BEIEN /10, AR LN (K. -0,),
WE 1) FR. ATLUAHLREE o, BIHTn, BT )55
FELUME K, BN, I TP, B Rgist 1
K, Wil . TS REH, AR RAE— €
A, DRIE T BY 87 58 FE 1 3 AU 5 L A7 9k o

IR SCHR PR SRR 2, S A A

ORI BT K,



610 " 0t % 2022 4
o ol s'm i @ |
K — “tmass _ i © b _ to't
Gl L s m jea | (‘fﬁ—gi)\/““t [@*j ¢
1 ci
p eXp[GSI‘—GSI‘jexp(GSI‘—GSI‘j_ f gsfzjfd]: i ol
r 9-3D 28— 14D o (O;n_og)\/HOfm;[”f Hr] "
] ci
GSI'~GSI' 19-11D : .
K >K 12
' p( 9-3D 28—14DJ S (13

Hi (12) WA, AP kg
Pris,  Frimk LBl e T TR K

0.14

0.12
£0.10
2 0.08
S
5006
5004t

0.02LF

0.00L— . oooL— . . . .
0.00 0.050.100.150.200.250.30  0.00 0.050.100.150.200.250.30
1ER 77 6,/MPa 1EM 17 0,/MPa

(@) B 1 Hr-on sk (b) 14 Ke-on 2K

0.6 22
TR S 21
_o0s HHEIRS %8
£ s 19K =18
Y ! ié K1<=l'?4
03 Y = 1.
E M g K=12  K.=145
= 0.2 = 12 K;=134
2 13 Ke=123
0.1 H K=1.12
o0l . . . . . gl . .. .
0.00.1020304050607  0.00.102030405060.7

1E R 17 6,/MPa iR /) 0/MPa

©) F2Mr-on izl (d) 241 Ke-on 2R

127 o 40
WIERA

10} \ o 35

§ 0.8 k=12 ® 30
= Il

_‘5 06 K722 g 25
‘ -~ = Kr=2.04
Eoar S 5 201 “Ke=1.80
B ol k=2 s Ke= 156

V7 K.=3.0 : K:=1.30

oL .. . .
0.0 0.2 04 0.6 0.8 1.0 1.2
1EN 77 0,/MPa

(f) 23 4 K;-on 1 2R

1Y) S ——
0.0 02 04 0.6 0.8 1.0 1.2
1ER 77 6,/MPa

(e) 3 MHr-on LR

Bl1 HiBRE IR EE K, B os AL 2R
Fig.1 Variation of shear strength 7and its ratio K. with o3

33 RERHHIEX

TR TR, 2 RAREEAf & 224 REGTN
e, WE S HoRpl, € CONAE
I LY AN Izt 2FE e L, BTy
ZRIHTICRE K B4R 22 /5, RERK, &
Bk . SCHR[17]8E H T 3T X Hoek-Brown #E ]
() HE AR 22 4 RAN Fost 78 S0, AR

X ORISR BB 582, IR 2N
AR S AT A SRR GTE 705 o NIRRT
FICIRGTBYSRAL, WIE SN IIAR 73 nI 4578 3l i B A4t
8977, WmiEIRAS MRS 55 TR NI 7. I
g, 30 A3 NEAGUE I S BETE 2, #F
B 7 A RO S LR BTN ) 7 A (5)
SRR, FBIiRIEN 7 o, HIFSh A o YE,
KIEAN

+ —_
= 92 "0 | %2 " 9n o420, (14)
2 2

X oL oy RN 2 R x BRI N T

R R A RV E T, FEE R %
24 FHOE S AT L& S B T & S o B
i H g i e k2R A G —, HikE 3]
(1124 REAFE— EMAHENE. 454 3.2 TRy
N7 7 P S LU AT OB A, A HE I B I g 5 4T Ok
PRIy 2e 4 R A, H ke SC— AN MR 20 i 11
AR, PR ORIER D #heil sk
B RN EN S oy (FEH; @R$ER (5 Ho 1)
VO 3 30 2 B ARSI SRS T IER ) o, 1
JEH (0~ G ) H (0~ G ): @ 0, JEHEIN
(IBYN ) ¢ HECEMEE N PP e s, DL E AR
ELL B N N S ETIN U il = K (B k- o8 | SR/
AanF

U 7'40,1/ G

(g™ 7'd0,1/ o hmas

(15

T

o
A 70 7 R HARRS R SR A& P9t
EL—?E;EE; O-1t1max A O-:lmax ﬁj\%l‘lj"j E*ﬂ?ﬂjﬁ?&%ﬂllﬁﬁﬂﬁ?&
NIER IR KB

4 zZERPH

4.1 WM EEHIZH

57 SCHRL9» 12)1 FLAC™ Fhég th (KR iR,
KB 2 PR A3 AN IR AT JRy IR 34
TR E LR, PIMEL AN A2 H, JA3cs 4
FEB T T R PR



BT 2 TROCHESE: BT AP 5 TRk A A A s Mo AT 611
oo LSH R4 BB 2 RASA ST EZ SR
// / / / II f Table 4 Comparison of factors of safety of various
// // // // I’ i " methods under different slope heights in example 2
s H / 7] i 5 TRERHF,
le____1OH___ ] ' VES

X- B=80° B=75 B=70° PB=60° B=50°
| ENYES 1.246 1.401 1.508 1.851 2310
EH JRAR A 1.238 1.381 1.488 1.840 2310
:!_ faifk Bishop ¥ 1.288 1.457 1.609 1.906 2.330

B2 R A R
Fig.2 Slope geometry and grid layout

N T BT T SR 2 A R EUE ST SR,
LTSI E ] 6 1 S5O0 1
2SR, BT RS R A s B 2 5
X2 1S HUE, BT A 20
SRR AR, BARBEIR 2 s, AT
FE AR, SCRPEBI LY A 5
Bl 1 [ e 13 M p=45°, USRS, H 43 EL 8. 9.
100 11 12m; %62 BEE H=32m, Sk
1B B HEL80° . 75°. 70°. 60°. 50°,

K2 BOASCatk1%SH

Table 2 Rock mass mechanical parameters

E Y Oci
S0 npa Y J(kN * m™) /MPa

1 5000 0.3 25 30 5

GSI mi D my, N o

2 0 0.067 2.5x107° 0.619
2 5000 0.3 25 40 45 10 09 0.281 1.6x10™* 0.508

T BN, v Osiatatt.

4.2 FEMES T

T FLACP BfF, RA (9. (100 Bk
FEMA (15) @ XW-Fhu sy 24 2450, L
& 22 ATl J7 R R<107° AR A Rk HE, 5
AN FAT RS B AT

N TR T FRRE TG EME, SR T
R LR ALY fRi4L Bishop v Spencer y2:iE4T 45
RXFEE, R R e A VA R — B2 ) B B T
BT RO FLACY™ #fbr s WRBR-FiriEd, 1
¥, Bishop 7%+ Spencer V275143 A2 € 14 43 B H S
BNz BPXTEE] 1 AR 2 iad, BiR 4 Ff
JTEITG 24 ZBUNER 3 MR 4 Fis.

®3 HB I ARBRETETEZERETH
Table 3 Comparison of factors of safety of various
methods under different slope heights in example 1

L GERKF,
Jiik
H=8m H=9m H=10m H=1lm H=12m
ENVES 1.276 1.211 1.161 1.118 1.069

ek 1.277 1.200 1.158 1.102 1.056
fiifk Bishop ¥  1.284 1.211 1.167 1.121 1.082
Spencer V% 1.285 1211 1.166 1.124 1.081

Spencer 7% 1.299 1.469 1.625 1.921 2.340

R 3 MRS R, STEG 1, 4 Fhrik
172 4 R AHRIE A Y 0 T s vk by, R A AR
EPERE . 4 FOTIER R REBHEA -, HAE
T7 Rw A RN TR B AL IR IR P i ik 2
A, FXFIRZEMET 2%

HEE 4 v, XNTHEE 2, 4 MTERNZER
AR 0] G T N SR PR T Yk b I E
AT R 5 RIS RS 8 TR rReE, BT &
A B PR i B TR 2% 0 ME S R BR R, &6
REREE, R, ATREGRNTREL LM
W SR~ 9 2 1), BRI T R iR e A ik
AR IR ZR T 2%,

5 M A shim oA

T BRI R R TR A R, B
IR AN R, T R I S BT A
S CHR[22], IEECE T RS RAE W B, AR
PO IG RS2, 2 B s A% AR
KT, S56 8N ARE &2 K, b e
i AN . BN, ARHESCER[17]0H 5 s S 3)
HE R 2 2 515, IS ARTT R R80E L
HEIHATRTEE
5.1 WFEShEHE MBAZ 2 REITE
5.1.1 5B
5.1.1.1 s A4 shin i e

MEEUEAR) 1 H AN 450 HEN 10 m /R A A
LR, FIRATT S AT 98 B A ek AN 22 4 R AT
Ho UITIAR K LT 1.167 I, KRN T
PO PSR, R AR, s Im S0 7
PRV E I 22 RENER 5 s, A ESs
HEAE 3(a)Frs, BTN ARG & 22 E A 3(b)Fs.

®5 HH 1 IERSEHESH
Table S Rock mass mechanical parameters in critical state
of example 1

PrmELsl o
K. /MPa

1.167 2565 4.0 2

GSI mi D my K o K%%ﬁ

0 0.0649 2.33x1075 0.627 1.161




612 = +

VAR &

2022 4

MRAE SR [22] W - sh a5 T i, 19 211 7
HEEh A B 3R OLPR. fTRURBL Wi
TG T B YINAR I B K AL, REAEE — A
TekE s UL ST Sl A7 A 2 R

NAE/1076

-

(29.05, 20)
0

I N

(b) R E A

(a) MrRHE R

B3 HE s REshm A E

Fig.3 Slope critical sliding surface position of example 1

5.1.1.2 Bk RE0THE
MR BT, V1S ST A SR T IR 1E B
10, , BRI (5, W AN R T b
HFRIREFIG FORS BTN AE, W 4 fis. B
B AR A AN SRS T 135 8 1N 77 B = B AR 4k
A —E, R TIETORES T S H S S0
IS A7 AR EE B A
120

—— HFpRAs
100 —e—IlnFLIRA

By ) 7kPa
P () o)
(=) (=) (=)

[So]
(=}

0

10 1I1 1I2 1I3 1I4 1I5 1I6 1I7 1I8 1I9 zlo
% H/m
B4 HEF1EshE AR ERITCHEIRN S

Fig.4 Grid zone shear strength for different heights on
sliding surface of example 1

MR B Ak 22 4 R HO0E LA (13), HIRBRAN
REFY, 2L 24 R0 1.160, 54
SCHSF AP BY SR T LB B 2 A R s R — 3
VUBH T 2 R S P A3 AT 45 R R A 1
5.1.2 %5l 2
5.1.2.1 s 5 shin i e

ST 2 v, Bty 750 L N 32 m Rk
P IRAS 7 SR AT s A 2 4 R BT . MR
O 1.484, HRAEBIR, G TR J15% S50
B2 4 R 6 FoR, MG =SS E L 11 5(a)

Jior, BIRARHE R B 5(0) .

®6 HE 2 WATUB %S H
Table 6 Rock mass mechanical parameters in critical state
of example 1

Pt o
K /MPa

1484 2672 4035 10 0.9 0.208 7.73x107 0.511 1.401

GSI m D my K ;réi;%ﬁl

(60.0, 64) [ 45/107

(60.0, 64)

() AR ESHEL (b) BYRIATE A

60.0, 64

Fj§732§/§/lpa 5
i

i

(c) BNENHEHE

B s Sl 2 BimiEshma E

Fig.5 Slope critical sliding surface position of example 2

X T m B, TR 5 K AERAP IR, WA %
PR Oy < O s » PRIMIE T L5 BT BT I B /N 3 B
71, WEFRE T BN EN 1= BB S)fin. #
%6 MBHEMRAR (6), FTHIEFURE T Bk m
PENHR T 0, = —9.93 kPa. S HT & B IC I £ B
B, PR IAS AL T 0 5 FE H=58 m b A i
IR . DR, S 2 e 2R PR T £h B D) IR T AN
PRI L FIA R P S BTR i) SE A S ZR R
5.1.2.2 Bfhw 4 RHOTH

KR SE AR, HEE 2 P
e 5 T B G B PRI TR IR S RO A6 RS R B 82
18, HTHENEE H=>58 m N RKAERABEIR, %
THEBIR ), P R R & FE HAE 39~57 m =i
AETIBY R JME, Wik 6 B, Bl HERIRES G 7
ARAS T 135 B R I e B2 (AR e 35— 5, BEEH
s s S0t T B AT IE A

RHER (13D, KRGS REON 1.400, 5
ENYTEAY S S SN U R0 B TR o8- Gk O A
HIEAS 7 R AER T .



W 2

SROCHESS : T PR e o L 4k PR A4 3 A% e 0 75 613

600 B
—=— HARRA

—e— IEFURAS

500 |

400

300 |

BN 7kPa

200 |

100 |

0 1 1 1 1 1 1 1 1 1
38 40 42 44 46 48 50 52 54 56 58
% H/m

Bl6 B2 W3 B4 Rl m B T BT R
Fig.6 Grid zone shear strength for different heights on
sliding surface of example 2

5.2 WEINHEAEX

EEXT UL EPIANEA, R ARG FE ATk T S45 2 )
WAL E, FRME&EE. PR il
Bishop 3T HL#E . HT Spencer ¥2: 5 fiij . Bishop
%, VFEEEARL, WA E SRR, KA EXT
Spencer AT 40T b o Fo b R SR ZR ALV R L S
AT7 SAR R S I € 771 - T84k Bishop VA
BN Slide FAFHHEAFE] AN EA 31 5t
AL E M 7 FIE 8 PR

NAF/1076 z

i L

(29.05,20) ¥ x

(S WES

(10.48, 30.76)
faifLf Bishop 2
CERH: 1167
WO AR KR (0.484, 30.763)
HfF: 21.247 N
T 7 v R AR (15.00, 10.00)

T T A o R AR AR (28.80, 20.00) (28.8,20)

(15, 10)

(c) fAifk Bishop %

L 7 3 RO VARE T S LLAL, AT B
R, XTI AN, ASREITIRIRS R
MTT AT R B AR 1 B < B o A AR AL B AR v, T
AL EEEA B Bk 7RI &I s, A
JiVE IR BT 5 W4 Bishop 1 [ FIIE 2 T K 3K
VS

WRYEE 8 A FTVATE SR LE R B, X T 5
B 2 1038, AT IRTT G452 A B T AL B L JR Rk
VeI SR, (BRI 2 mo RN
FAF BN P RLARTIA X AsA AL, 29 I BULAE H > 57 m [X
o MBLULMILG IR, R A% A ik
PUBTIREE, AYTEGTRIRAL, I SR N Hihosn &
EHHEE AT (O =23 kPa), THIA 7 20T
B AL o (R ok, B0 shi iz B 5
SEILHTH o fa7 4k Bishop ¥:45 B (R AR = S
AN IR R 8L AT H>58.2 m 3L, H
T HITE R RE R I B, i AT Sl i 58 58k
IR -

gr BRIk, XTEAG 1A, AT REES)
T o7 B AN A P R 7 1A EEAR ZE D, HERR L s
XS] 2 3035, AT S E BT S R TR
EREONIEIL, PO A SRR, 3P
e VAT R GEE.

NAE/1070
390 " z .
34
bii yo
l% (29.05, 20
%

(b) JRIFRL AL

— BRI R
""" JRER A AR
--- {4t Bishop i%

(d) 3 Py v Bl AL B0 b

B7 E6 1A e SR E (AL m)

Fig.7 Slope critical sliding surface position of example 1(unit: m)
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