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Abstract: The heterogeneity of cohesion distribution was applied in the calculation method of seis-
mic slope permanent displacement based on dynamic acceleration, and the degree of uneven distri-
bution affected the permanent displacement calculation results. Studying the distribution charac-
teristics of shear strength parameters on the bottom of the Newmark sliding block or the poten-
tial sliding surface of slopes can clarify the distribution and change process of critical acceleration

in seismic processes. Through calculation, it was found that the linear relationship between the
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standard deviation of cohesion and the cohesion of soil slope is weak and can only be used for ref-

erence in the absence of experimental data. When the random number of cohesive forces reached

200, the calculated permanent displacement values no longer fluctuated. Setting the cohesion as a

normal distribution or lognormal distribution had no effect on the permanent displacement calcu-

lation result. The standard deviation of cohesion had a great influence on the value and dispersion

of permanent displacement. During the seismic slope calculation, the cohesion should be set as

normal distribution as possible, and the standard deviation of cohesion should be set according to

the measured data as much as possible. If there is no measured data, the standard deviation can be

set by referring to the linear relationship between the two.

Keywords: seismic slope; Newmark permanent displacement; dynamic critical acceleration; types

of probability distribution; standard deviation
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Fig.1 Standard deviation distribution of cohesion
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Fig.2 Relation between the cohesion number of random

numbers and the permanent displacement
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Fig.3 Three seismic acceleration time history curves of Chichi, Taiwan earthquake
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Fig.4 Relationship between mean permanent displacement and standard deviation of cohesion
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Fig.5 Relationship between standard deviation of permanent displacement and standard deviation of cohesion

(2) LB A F(b) , R I T & & & N IE
A5 03 A0 3 S R B TE 2 A3 A K AL it 2R 2R B
AR A AR Al A A . il 206 28 1k BH 08 0% 45 8 T X 7 )
A bR AL AT — 22 AR T L QN 3 R 1 bR vfE 22 ) 20 kPa
TG K AL B M T o752, LI X 808 3R T b it
2EHEARRE N T 0.2, 33X 22 AL AT LA X 5503 A B3
13BN B R, DR I, DOZ IR ok B, 6 3R i
B AT AU Ry TE A 3 A I 2 X BOE A o A )
AN R TG RIF A 7 E AR TR, 52 PR ik
PEI AT DA 48 AR 9 07 m DL

(3) K5 AT LLE 76 5 R 7 br o 22 300 4
BRI bR e 224 Sy 8 b 1) A6 B R L K A RS B T
2RI PRI N IR A

W AP 2 ) o >4 266 5 7 b o 25 0ot R 28l SR 0 A o
ZE W AR /INEE T T B A RS B 1Y S IO R
M, B 70 B O BB R AR E 25N 0 I,
TR 40 IR AL RS R /] —18 . WA A4, S 2
R 77 bR 1 2 SOR BORE 2R 0 b o 25 58 M AR KA, It
ALK AV RS B 1 2 T A )N L 8 R T R 1

22 N2y 30 kPa O B 58 0 A i 22 0.3) 4R 22314 K
B BT SRR AN B o o 25 /)N 1) R s T 2%

FEL B TARBR R FHMHEEE R 30
kPa, i 24 M 0 HO2 56 R J1hn e 22 ik 30 kPa (%)
BER O MEE BT 0. B A S LA, NN
I 300 35 B R T A i 25 LS AH — R AR B RGO
BHE R RN

M Fig e E& & 5 IET R iR E N
TE A 43 A B e i 2 A 0 BTk Bl L 815 (b REZE 3R
T35 R R BT 25 40 A I R 2R AR T T B A
I AR H T Eh B AR B R D1 AR 2 KT 30 kPa
R B R R D7 B (E Y X, BT LART LUK %
JE Hh £ I8 Bl R B S

(4) 4355t LR 4 ) AR 5Ca) (] 4 (h) FIIE 5
(b) W] LA A A0 B il BT e B B B 3 25 i 7
T B 3% B 75 43 1 B B 15 7K A AL S Ak o 22 e {1 o Bt
FEAS T I A ) 0 8 A A DX ), R R T S o e
AN BOR ] B R R bR 2, AR
FTE SR K AN B B P E R R R RT RE . PRt B



1184 WoE TR ¥ 2020 4
A3 G R bR o 25 X0 T 3l A G S 0 3R 2 A5 RE S8 2 % ik (References)
MBI SW/NE EEBEVEH. [1] ZEd g g kA8, R LI 55 25 18 2 4as 6] A28 S5 i) 340 1 T &
> ¥ 24 = {7 icl JG 1 A N i 3.35
N B BT 15 5 B ) 52 X B 25 43 A B B irAE R AKX B ML A BR ook [ ] 5 + T8 224k, 2013, 35
(8):1413-1422.
K A R 2 1 B /I o (EL Pl T e T A '
mﬁ{i@&ﬁ{,ﬁ;%&@& J /f# EE :J:XTX& /ﬁﬁ Ei%jj 1:/_5 {’ﬁf LI Dianqing, JIANG Shuihua, ZHOU Chuangbing., et al.Relia-
= ¥ v . ) S S V
ﬁﬂgﬂﬁ@d\ ’ ﬁi/l\az L, Ujﬂfjﬂ:lzﬂj{ﬁiﬁﬁﬁm bility Analysis of Slopes Considering Spatial Variability of Soil
X#ﬁ%ﬁ%ﬁ H‘T/ﬁ\ﬁj(id\ﬂ: 0 E@ﬁﬁﬁi?ﬁ%d\ Parameters Using Non-intrusive Stochastic Finite Element
ﬂi 0 E’J Xﬂ‘i&%’jgéjj s jﬁi@%ﬁﬁ%%ﬁﬁ%%jﬁ%ﬁ Method [ ] ]. Chinese Journal of Geotechnical Engineering,
BB AR A A B X502 2013,35(6) 1415-1421
N . [2] #7904 38 3CHL K IR 2 4o 1) A8 53 Pk 110 300 3 A0 It BIL 7T 52 3
SRR I N IE A SRSt
PSRRI Ty 2y ]?%ﬁfj‘j;f _ ORI i R S A B AAFRERD) . 2014.42(9) 19397,
S %,i % jj )F/]‘ {E % EI/\J ﬁ *:F EI 7AA % LZE‘: :@ ;[;Ez e SHU Suxun, GONG Wenhui.Fuzzy Random Reliability Analy-
EI N iyﬁé&ﬂ% VLK /;ﬁ 2.2 Aﬁ 4] éﬁi+9é /z%\ ° 'fg g ﬁlrjﬁz sis of Slopes Considering Spatial Variability of Soil Parameters
%Tﬂzi%\ﬁﬁ CJER RS 7!:/]—2 WEZR R miEE [J].Journal of Huazhong University of Science and Technology
ﬁjtégjleﬂlré ’%;’:/-ﬁy,ﬁ;%mﬁﬁd\ , D]\[Jﬂﬁ/%ﬁ:}%%ﬁ% (Natural Science Edition) ,2014,42(9) :93-97.
y 3] ABURLL, XUBUAR L 22 DU, 55 % 18 Mk S 5 ) AR Sk 9 i T
T REAT BB TR S B s Ay O PR i RS
. b g P " SR ML) TR M 2441, 2007, 15(2) :205-211.
ZEANKTFST LR 15 4R AN B VR B R Al S YANG Jihong. LTU Handong. QIN Siging. et al. Reliability
EE E/‘ij]?é}\ﬁ'ﬂﬁ ’ K%ﬁ%" H"l %IE E"] 12@?5%(5 5 %*’]‘ Analysis of Slope Stability Taking into Consideration of Spatial
Yﬁiﬂyﬁﬁﬁ . m[l %E%éj] %ﬁ&‘@ﬁﬁ , i% ‘Fj‘% @ZY{ é{'j Variability of Soil Parameters[ ] ].Journal of Engineering Geol-
S 0 0 7028 1 S04 1 68 0 o8y 2007,15(2) 20521
» . , e y 25 P, K /N L BB L 5 S s il 5 S 1 TR BRI
BT RS SRR Ak A 2.2 g B B AR R
LIE i3 A TR, 2013,35(10) 1 1799-1806.
o v E ) NI
- LLl T %’i%ﬁ*ﬂ? (E% lﬁ %,i gé jj {E E/J JE {U\aé /2% ’ {E EE LI Dianging ., QI Xiaohui, ZHOU Chuangbing., et al. Reliability
?FﬁiﬁﬂlE@%&Tﬁﬁﬁiﬂiﬂiﬂ(ﬁﬁ%ﬁ‘%ﬁﬁfi% b{EN Analysis of Infinite Soil Slopes Considering Spatial Variability
ﬁmﬁ%%é%% ’ l*l ﬂt{l{&%%{ﬁm o of Soil Parameters[ ] ]. Chinese Journal of Geotechnical Engi-
A neering,2013,35(10) :1799-1806.
N W
4 gﬁlbﬁﬁlx [5] FEdk, BEMEnA, 2500 2% 1+ R 2 B e A8 53 1 320 38 Bl
N FELJ WL R 2= 2R (T2 M0 , 2013,47(12) : 2221-2226.
D) S G BE BR 2  B
1 Lﬁiﬁ: *ﬁ%jjﬁ: {E£ lﬁ?ﬁ%jj E’J;é >~ BAI Tao, HUANG Xiaoming, LI Chang.Slope Stability Analy-
. 2 FSRTON — N FRRES
%IJ ﬂ:#j‘ﬁ% E\Jﬂé UEAS [e] A ﬁ HAE . ﬁ%%‘ lﬁ?é,z% sis Considering Spatial Variability of Soil Properties[ J].Journal
*HX‘T%&EQ ’ Eﬁkz i gﬁﬁjﬁ ETJ‘ {Xﬂé%%{iﬁﬁ o X‘T ¥ of Zhejiang University (Engineering Science),2013,47 (12):
SUR WA % RO S RE =% &1 (e SLIMN (BB 2221-2226.
T AR AR R IR R (6]  AB/INME, 2 B, Q0 J% , 45 2 1 Ak s i) 78 5 P 10 32 30 0 fE
- \ N N i M 2l i B AL S BT 7 B [0 + TR AL 2013, 35(4) 1 745-
(2) Bh2 s Sk 5 59 7 ok o B R S B AL - T )
53.
M, /\\ ~ S N S 3 AN N N
ﬁ ! ﬁljj@] 200 HTETVI‘%: Eﬁﬂ(k{i@ﬁﬁxﬁﬁ@z QI Xiaohui, LI Dianqging, ZHOU Chuangbing, et al. Stochastic
fjJ ° .[J:t ’ %Egéjj Fﬁmﬁ/l\ﬁﬁmz:m b T 200, éél: Analysis Method of Critical Slip Surfaces in Soil Slopes Consid-
{%%#%—E?&Fﬁ*ﬂﬁ[%ﬁﬁ A, Eﬁ(ﬂy 1 000 'f/]fy\j ering Spatial Variability[ ] ]. Chinese Journal of Geotechnical
%lig%jj E/‘J Fﬁmﬁ/l\ﬁ Engineering,2013,35(4) :745-753.
- N N § \ 7] FEKAR AR, BN AF R S 8 ) AR S v i AR R
() A R B S g R ke T s I
B S T A A A6 T O BCIE 5 5 A5 TR B K A enT SRS M [T 1.7 + J15 2014, 35(9) : 2569-2578.
B IR 893 A 8 S X = N IR A JIANG Shuihua, LI Dianging, ZHOU Chuangbing, et al. Relia-
@ﬁ‘ﬁ%% o 'fﬂ%fﬁ @J & Eﬂ‘jx“fﬁﬂz }7{& ﬁj\?ﬁ HTJ‘ ’ Fﬁ bility Analysis of Unsaturated Slope Considering Spatial Varia-
BLA B 35 5 0 25 Hh B0 {8, T DA g IO o 3 3 OF bility[J].Rock and Soil Mechanics,2014,35(9) ; 2569-2578.
S5 1 3 M B M T [81  BRWINE, 1 4R 55,5 0 500 8 5 B 3 W e T

(4) FHE TR 22 89 R/ B i 3303 K A Aot
P B9 /NS BOPE S IR AR . AR TH 3 R AR A 52
DA HEAT I E  (H A Bk Z S50 ORI B0 T =
FEWH AN RIS BB T 3UE .

SEMEATBROCHBR A T L) £ TR 242 . 2018,40(6) : 985-993.
CHEN Zhaohui, LEI Jian, HUANG Jinghua, et al.Finite Ele-
ment Limit Analysis of Slope Stability Considering Spatial
Variability of Soil Strengths[]J].Chinese Journal of Geotechni-
cal Engineering,2018,40(6) :985-993.



842 % 5

X 08+ 45 < b R 0 3l 0 2 i S ok R v B 0 8 2 OB SR A 0

1185

9]

[10]

[11]

(12]

[13]

[14]

[15]

[16]

X U S B, X BT A5 2 I S A i S o L Y b 7R 3 K
ARG B FELT ] RE TR 242, 2017, 39(5) - 876-882.
LIU Aijuan, ZHENG Lu, LIU Tiexin, et al. Study of Seismic
Slope Permanent Displacements with Dynamic Critical Accel-
eration[ ] ]. China Earthquake Engineering Journal, 2017, 39
(5):876-882.
TREE R L Bk R R B S BN ST R
TERFFELI A A 1% 5 TR 24 . 1999.18(4) : 382-386.
XU Jianping, HU Houtian,ZHANG Ansong,et al.On Statis-
tical Characteristics of Physical and Mechanical Parameters in
Slope Rockmass[ ] ]. Chinese Journal of Rock Mechanics and
Engineering,1999,18(4) :382-386.
L KUK T, B a0 L 55 TR T A B oY 9 B S R e i 4 i
Loy ALY J5 8 TR 2 B 22 41, 2008, 24(2) : 18-21, 36.
YANG Kai, LIU Dongsheng, YI Qianying, et al. Parameter-
Statistic Analysis and Application of Rock Sheering Strength
in Chongqing[ ] ].Journal of Logistical Engineering Universi-
ty»,2008,24(2) :18-21,36.
WA £ BT, EWIAE 5 R TR I LA PO 9 S 80
BER A R AAL I [) ] 5 A 1% 5 TR IR L 2006, 25 (44
F 2):3782-3787.
CHEN Weitao, WANG Yusuo, WANG Mingnian, et al.Prob-
ability Distribution and Optimizing Example of Shear
Strength Parameters of Surrounding Rock in Cohesive Soil
Tunnel[]J].Chinese Journal of Rock Mechanics and Engineer-
ing.2006.25(Supp2) : 3782-3787.
5w, BN BRI, 55T N D S A L BT 0 5 B S 5O
AT G RHARALLT ] A A 1% 5 TR % 2005,24(9)
1588-1593.
LUO Chong, YIN Kunlong, CHEN Lixia, et al. Probability-
Distribution Fittingand Optimization of Shear Strength Pa-
rameters in Sliding Zone along Horizontal-stratum Landslides
in Wanzhou City[J].Chinese Journal of Rock Mechanics and
Engineering,2005,24(9) :1588-1593.
S 4T B R PGl X L b BT 9 B S RO S SE i A A [0 . K
E 5Pt TR ,2007(1) :62-67.
ZHANG Hongqgiong. Probability Distribution Statistics Anal-
ysis of Shear Strength Parameters in Sliding Zone along Hori-
zontal-Stratum Landslides in Chongqing City[]].Disaster and
Control Engineering,2007(1) :62-67.
VRSB R RS R SE LA L BT 9B R AR ¢ L tang AYMER
FRELT ] A £ TR . 1999.21(6) : 760-762.
TAN Zhongsheng, GAO Bo,GUAN Baoshu.The Probabilistic
Property of Shear Strength Parameters ¢ and tang for Rock
Mass around the Tunnel[ ] ].Chinese Journal of Geotechnical
Engineering,1999,21(6) :760-762.
AR ST 5 B AR 48 X0 46 A (AT 5T 9 BE 45 B 14 A8 4 43 A 25 Y
WEoELI]. 55 + 1% .2005,26(1) :37-40,45.
CHEN Lihong, CHEN Zuyu, LIU Jinmei. Probability Distri-
bution of Soil Strength[ J].Rock and Soil Mechanics,2005,26
(1):37-40,45.

[17]

[18]

[19]

L20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

IR D A Bl b BOR L T 9 SR BE 48 bR A B 40 A 2
RIWFFEL) ) T 25 5 TR A= R, 2012, 8 (B 2): 1695~
1699.

SU Weiwei, HUANG Hongwei, ZHANG Jie. RiskAnalysis of
the Underground Passage through Rail Transit Construction
Scheme[ J].Chinese Journal of Underground Space and Engi-
neering,2012,8(Supp2) : 1695-1699.

X g AN L )2 BT B 5 4 AR MR S A BB 5 ()] R T
i, 2009(3) :155-157.

LIU Xuemei.Studies on Probability Distribution of Shear Strength
Indexes for Several Stratums in Hangzhou Area [ ] ]. Urban
Geotechnical Investigation &. Surveying,2009(3) :155-157.
ML, X BB AR Z 7 B 0T 9 S 80 Beta %A ()],
R 23 (0] 5 TR 24 4], 2014,10(6) : 1250-1256.

LU Yan’er,LIU Yong.Beta Probability Distribution of Shear
Strength Parameters of Weakness Interlayers in Rockmass
[J].Chinese Journal of Underground Space and Engineering,
2014,10(6) : 1250-1256.

LUMB P. Safety Factors and the Probability Distribution of
Soil Strength[]7].Canadian Geotechnical Journal,1970.7(3);
225-242.

AR M, 22 DR A e, A SRR B R L G BT A S T
TR AT N R B, 2006, 28(5) 1 65-66,73.

JO W RGP LR SR R AR ¢, ¢ BMERRELT K R K IZ R
2EWFSY . 2000(1) :49-53.

U E NS BRI o T e ol s L (=R N S A 2
A F12.2003,24 (B TI] 2) . 180-184.

LIU Chun,BAT Shiwei,ZHAO Hongbo. Statistical Regularity
Research of Physical and Mechanical Indexes of Clay[J].Rock
and Soil Mechanics,2003,24(Supp2) : 180-184.

i 98 o 0 Ak g2 K et R PSR AR B ST O R B M R A A Y
WFFEL) KB #E 1,2013,34(2) :163-168.

LU Cheng. BIEShe’an. Study on Statistical Relationship and
Probability Distribution Model of Tianjin Soft Soil Index[J].
Journal of Waterway and Harbor,2013,34(2) :163-168.
A, RO Xk, 45 T R AR W HL ) S B R A
el RAEWFFELT ). o E A 1830, 2013,8(5) :367-373.
ZHENG Yiyi, ZHU Jianfeng, LIU Ganbin, et al. Probability
and Correlation between Physical and Mechanical Parameters
of Soft Clays in Ningbo Rail Transit Engineering[ ] ]. China
Sciencepaper,2013,8(5):367-373.

FEAR I KRG, SR A L S TR T AR OC TR S U
At R BOME AL Y BB BE ST L) ] A0 02 5 TR 24 4, 1999, 18
(1) :36-39.

YAN Chunfeng, LIU Dongyan, ZHANG Jianhui, et al. The-
Susceptibility Analysis of Reliability for the Probability Dis-
tribution Types of Parameters in Strength Criterion[ J].Chi-
nese Journal of Rock Mechanics and Engineering, 1999, 18
(1):36-39.

SkAk R BB A LS B AR A R RO AR L) ] A
N5 TR, 2009, 28 (3 H) 2) :3526-3532.



1186

o® T OB E R 2020 4F

ZHANG Jizhou, MTAO Linchang. Types and Selection Criteria Failures and Its Application for Zhangcun Landslide,Zhejiang

of Probability Distribution of Rock and Soil Parameters[ ] ]. Province[ J].Safety and Environmental Engineering, 2004, 11

Chinese Journal of Rock Mechanics and Engineering.2009,28 (2):1-4,13.

(Supp2) :3526-3532. [34]  WRJRWE . BRTLIHE AT CH] 45 25 JECE AR S HUE 5 M 0 ¥ e i
[28] 2, HAESE BT 52405 R I8 7 i s BT S T LT ). P E IRME R A HT LK A 5 50 TR 244, 2016,14(2) :100-103.

TR E SR 1E4R .2014,25(1) :23-27. YAO Chenhui, WEI Jiangbo, REN Guangming. et al. The

LI Kan, JU Nengpan. IntegratedApplication of Monte-Carlo Failure Probability Analysis of Landslide Considering Varia-

Simulation for Landslide Reliability Analysis[J]. The Chinese bility of Soil Parameters[ ] ].Journal of Water Resources and

Journal of Geological Hazard and Control,2014,25(1) :23-27. Architectural Engineering,2016,14(2):100-103.
(297 FKAIZK L T ARG, 44 7T A 3 BEIH 48— Rk : GB50199-2013[ S (351 HEB X3l & . % i U , 28 2 T 52 45 B S M R ek & g

At v R A, 2013, . SR U] £ J1%,2014,35(7) :1979-1986.

Unified Standard for Reliability Design of Hydraulic Engi- GUI Yong,DENG Tongfa, LUO Sihai,et al. Establishment of

neering Structures: GB50199-2013[ S].Beijing: China Planning Slope Stability Dual Index System Based on Monte Carlo Sim-

Press,2013. ulation and Its Application [ J]. Rock and Soil Mechanics,
[30] f3/IN3i .5 F Monte Carlo ¥ % 1 Bl B /8 AT 4 4 43 7 FF 5 - LA 2014,35(7) :1979-1986.

ERTGATER v Hy 3O 0T ] 0T E A S5 Bk, 2014 (11) [36] HEAE S, E AR, vk B T 5200 % 0k 0 3 By ¥ % A 78 43

210-213,32. [J]. AR #3 , 2008, 30(6) :16-17, 20.

HOU Xiaoqgiang. Analysis and Study on Reliability of Land- [37] ZEZe, #EN., T U525 K B A i Ik e it Rt b i

slide Stability Based on Monte Carlo Method[J].Urban Roads BEFILTD 5 & B TR 22 241, 2012,33(6) : 6-9.

Bridges &. Flood Control,2014(11) :210-213,32. LI Liang, CHU Xuesong, YU Guangming. Application of
[31] ZEM3.mMEWRX EEE -2 S 50kt R HOCH A 2 M i 58 Monte-Carlo Method in the Calculation of Failure Probabili-

[D].FE B K¥.2018. ties of Soil Slopes[]J].Journal of Qingdao Technological Uni-
(327 M55, 2 i it 000 2. 50 B 2 B8 T4 4 X0 300 34 2 7 T 5 4 versity,2012,33(6) :6-9.

Yy sZ )], AR 5 PR TR, 2015,37(4) :67-76. [38]  FRVL. A7 AL X 2L 3 T 540 R 3 BEDLIA A0 IR 300 3 mT 5 32

GUI Yong, LUO Sihai,DENG Tongfa.Effect of Strength Pa- PO LT ] R A (] T AR AR 2007, 3G T 2) 1 1433-1437.

rameters Statistical Property on Slope Stability Reliability[ J]. XU Jiang, YANGGengshe, LIU Hui.Evaluation of Permafrost

Journal of Civil, Architectural & Environmental Engineering, Slope with Monte Carlo Simulation Method and Program De-

2015,37(4) :67-76. sign[ J].Chinese Journal of Underground Space and Engineer-
(330 JAI A L Fi o . M 3 e A ARE 3 0 B FC A W V0 5 AR 0 39 v v ing,2007,3(Supp2) : 1433-1437.

Bz LT %A 53R TR, 2004,11(2) : 1-4,13, [39] fRdkfh. FaAd e A TRERPEN S 0 L0l

ZHOU Chunmei, YIN Kunlong.Probability Analysis of Slope

e T[] N R #9,2010,32(3) : 112-113.



