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Fig.1 Sketch of a slope with earthquake
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Fig.2 Sketch of a slope with earthquake

after coordinate transformation

W, =y'n(fi =fo —fo (11)
K o——WIAREE 3 fA B

1
£1(6,,6,) = 3(1 + 9tan2¢)

e e (3rangcosf, + sing,) | (12)

[ (3tangcosf), + singd,)

£(0.00) = - (costl, - ~Lcosalsin(6, + )
0

To
(13)
N e(ﬂh—ﬁo)tamp ] l . ’
f:(6,,6,) = 6 [sin(6, - 6,) —r*sm(ﬁh +a')]
0
[COSGO - rLCOSa' + Cosahe(ﬂ}rﬁo)laxupJ (14>

0

1.3 NERFEMIR

NFRRER AR K AR AR MBI BC 1o Wi i fE R
FEA AR BT, W] LA T 69 3000 T AR rd 6/ cose SR
R ¢ LA B R Y] [ (8] Wy B E Veose 1A 14 AR
P2, TR A Tl W AR, B

0 2
J%(Vcosgo) rdg _ row
o

cosg  2tang
L4 A
ANy R 1 AR RE R AFEI AR ST 15

H = 5f(6,,6,) (16)
y

sing’[ e 2(f-fo)tme _ |

£(6,.60) = ZSiH(B’[i[Ol')tangp(fl _le_fs)

[sin(@, +a')e ™0 _gin(g, +a’')] (17)
B=(7) (8) A (16) ,15:

H = 1 B € rh,.6,) (18)

1 + K, + 2K, sins 508" ¥

A (18) 5t TR & —A LR, 24 6, 16,

W LA (19) B, BRI/ 0,,0,) F— /M

A gy (19)
90, a6,

fiff X ST R K TR 6, 0, [RA(18) )5,
R 2)h i s B H, 09— E/h ERR. D N, =
minf(6,,6,) , 13:
H, = ! sinf < v (20)
1 + K, + 2K,sing S1"8° v
N B AU S M o B A C, T H AR
SNBSS o MRS B K, MR T 8 A G, H,
SRR IR FYE . X (20) ATLUE 1, HRR 71
P FH X 0 0 W 8 v A =l B S A )

2 ERZERHNRRSERULAK

X% P2 A Z R DL, R i BE T ek AT
fife. B

[62<91r90>‘anw _ 1} (15)




552 FR 3L b J5T T A5 b Jot - 45 .
o = L,QD' — arctan tang (21) 1.0990,
F £1 BEIHESH
fCEF‘ F s-ﬁ@z,%éﬁzo Table 1 Calculated parameters
A, XX (20) AT AR 40AS c(kPa)  o(°)  y(kN/m')  a(®)  B(°)  8(°) Ky
1 5 20 20 0 45 0 0.1
H, = : N () —
F 1 +K 2K, sind 8! Y
+ K + 2Ky;sind 4.2 2

EE Ns :minf(e],,e())EI]E‘r;szJl NS’;H\:EF‘:

tan

FS
A 22) AT F b R h X TR L 2 R
BOER VL KR 0 2R T 300 3 e S5t e RE A 5

3 RERFAKRBANX

FESCBR T AR 3 & 4 RBORVEAN 32 B A
FE R E B . FX(22) AT AR AL, X TSR BRI =
H il , X (24) TR N 2 R F
1 s.inﬁ’ LNS (24)
H /1 + K, + 2K,sins $in8" ¥
K (24) BB 8, T 2 AR

4 BHISH

4.1 Hl1

ERE Y, BRI 1, BUESR HAZ AR E v
FBO AL L1 SRl B

i 30 (22) THEE T A 35 e 5 B2 A 7. 5029m,
i Slide R AFBEAT 5, O = 0 7. 5029m, 3354 Hig
$LI% 1 TR AL Bishop 3% % 4 R B30 1.0627

tang’ = (23)

F, =

CRIEIL IR TR, BB O i B R
N 1:0.75, et N By Bk, PE R AR O A 22 . B
USRI 2, T W A TR E e

x2 AHIHESH
Table 2 Calculated parameters
c(kPa) ¢@(°) y(kN/m3) al®) B(°) 8(°) Ky H(m)
27 30 25 0 53.13 0 0. 067 10

it 2 (24) TR TR L A R AR 1. 3318,
H Slide BAFFEATIHE, B o 10m I, 715045 Ji g 2%
g3k JRIAE Bishop 352 4 R Ho050 0 1. 2986 1. 3391

X B AT LUK B, AR SO ik TR A 2R e A
Bishop ¥&MTHA 45 R BN

TR SO ISBREE PR, 7 | i 35 2
R —ASR I I A N S RS F RSER, A 3
Pse & 3 iU REMA ML REE, HiE ey,
o 8.8 Ky H SRV BAAE L : B ¢ @ [HIE, F, AW
AR BEE v o B Ky H NN, F, AN, 5 =
JITT 14 6 75 10 ~30°E I, F, HUSR/IME.

FRIUEDT, ¢ . TELASE IS 21 38 RS P A B
M7y oo B Ky H B INXS 3R 8 PR AR

1.8 150 1.36
1.6 - "~
L6 145 \ 1.34 Tt~
14 1.4 ] . ~
- 12 1.40 o
1.2 s - = 130
10 1.0 / 1.35 128
0.8 0.8 1.30 ’
./ \' 126
0.6 0.6 1.254 |
5 10 15 20 25 30 35 40 45 0 5 10 15 20 25 30 35 40 45 19 20 21 22 23 24 25 26 2728 20 -10 0 10 20 30
c(kPa) () ¥ (KN/m?) o°)
1.507 2.0
2.0 137 ; 1.45] )
1.8 6 / 1401 1.8
1.6 -~ 1.351
. 1.6
T 1.4 w” 135 / o 1.304 o 14
12 125
1.0 134 / 120 12
0.8 1:33 1154 \, 10 —,
0.6 , 32 110y ‘ ‘ . NN
30 40 50 60 70 80 90 20 0 20 40 60 80 0.00 005 0.10 015 020 ~° 4 6 8 1012 14 16 18 20 22
B(©) 5(°) K, H(m)

3 F,5c.o0y.@..6.Ky HRXE
Fig. 3 Relation among F, and c.¢.y.@.8.6 Ky H



- 46 - ZL, A TR PRk i 32 50l g AR PRI 5T

2012 4§

5 &g

(1) AR SR TR RIUUR e 28 SR ik 249 Jo 320 355 1) 24 3
1T, I AR BR e A B BRBETE, 25t 7 2 iy b FR il 5t
m AR AT Z E M (22) W T H IR R
T3 1) A 1Y AT 2 4 2 BCEOR A 3 i e 3 v 2 1
Ao I (22) AR 153 1R SEPRI R  H
FR32 3 22 4 FAA

(2) i PRI Slide BF 145 2R %)
LU, SR XA 5 VA TR 22 4 R BB ML 2R ImE R, S5 ]
& Bishop IR FIRE RAR B 1T, W] 1i%07 k3
Y IEA 1 DL AR SE B A rp g ] i

(3) AR SCEE R ] B2 A AT 22 o b M
Xt P2 )R LR KPR ISR DT A A fy it — 2 R .
B

[ 1] Chen W F. B AP HF 5 438 HE [ T 5
(). bt MRS it 1995. [ Chen W F.
Limit Analysis and Soil Plasticity [ M]. Translated by
ZHAN S B. Beijing: People’ s Communications Press,
1995. (in Chinese) |

(2] BRiSE. 02 ae d ] Y B BR 23 B b T BR i
[J]. #+ T %442,2002,24 (1) : 1 - 11. [ CHEN Z
Y. Limit analysis for the classic problems of soil
mechanics [ J ]. Chinese Journal of Geotechnical
Engineering ,2002,24(1) :1 —11. (in Chinese) ]

[ 3] Mokse, 250 aL. Huserie A s b 3 i 55t v e
#wJ]. &+ J15+,2008,29 (3 ) . 394 - 398.
[LIN Y L, LI X X. Research on critical height of

(4]

[5]

[6]

(7]

reinforced slopes under seismic load [ J]. Rock and
Soil Mechanics, 2008 ,29 ( Supp):394 - 398. (in
Chinese) ]

RARAE, B, 2 AR RO AL S S A RS E
P LR T[T . b 02%,2010,31(11) 23627
-3634. [ZHAO L H,LUO Q, LI L,et al. Upper
bound quasistatic analysis of dynamic stability of
layered rock slopes [ J]. Rock and Soil Mechanics,
2010,31(11) ;3627 —3634. (in Chinese) ]

JRP2 B, R, M. AR RE AR FRR 287 B R
it S b [T, £ TR %4, 2010,32(3)
381 - 387. [ YU X Y, WANG X M, HUAI C.
Calculation and analysis of upper limit solution of
ultimate bearing capacity of sloping ground [ J].
Chinese Journal of Geotechnical Engineering,2010,32
(3):381 -387. (in Chinese) ]

TR ARIEAL, K5 . T S RS Bl AR 2
PEMBR > A L FREE [T ] T2 s =44z, 2011, 19
(2):176 -180. [ WANG G L,WU F Q,ZHANG M
S. Method of upper bound limit analysis for plane
sliding of rock slopes [ J]. Journal of Engineering
Geology ,2011,19(2) :176 - 180. (in Chinese) |
KA , Bbk , MR D). bR AR TR SRR T 43 B
MAR BRI [T ] 1l M 2% 4, 2010,28 (2) 1129 -
134. [ ZHANG Y X, CHEN L, CHEN J G. A
Coordinate Transformation Method for Evaluating
Stability of Slope under Seismic Conditions [ J].
Journal of Mountain Science ,2010,28(2) ;129 —134.
(in Chinese) ]

Research on critical height and stability of slopes based on upper

bound limit analysis method

JIANG Yu-ping, CHEN Zheng-zhou, BI Gang, JIANG Xin
(School of Earth Sciences and Engineering, Nanjing University, Nanjing 210093, China)

Abstract: A computational model for critical height of simple homogeneous slopes is presented based on the

upper bound limit analysis theorem and the shear strength reduction technique with the rotational failure

mechanism and the failure surface assumed to be a log-spiral surface. The seismic force and factor of safety are

both introduced into the analysis of slopes in this method. The results are compared with those of the limit

equilibrium method, indicating that the results are in agreement with those from the simplified Bishop method,

a bit more unconservative than those from the Fellenius method.

Key words: limit analysis; log-spiral surface; critical height; factor of safety
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