2023 % 12 A
Dec. 2023

BEME HE7K 24

Journal of Irrigation and Drainage No.12

XEYRS: 1672 -3317 (2023) 12-0125-07

3 = B 4 b X SR 18320 3K P 52 FE RS2

% ZV mREY Akt
(L7FE K%, %)) 750021;
2TEKRF TEWDRASLXZFAKFERILFEKELERT, %) 750021)

A

7 O [86] it SApb st BEAK TR A 0, AHREAHGRBTREHFRE. [FE] AA
Karhunen-Loéve (K-L) B F ik 5 t RS0 e AUHAEARL, (£ B B ILed Bishop kit B ey a4 R4,
i@ 1T Monte Carlo 8B40 3 18 31 3 69 R A F AT SEE 64T, DT S A s Bl AR TR EOH 0, [LR] =%
EAeE B RS F AT R, TEABIFHMIOLGE K mR); REEIRAKGE AT FRET, TEAE
FARRIL B 093 K R H ), BARRATFEARBRANBEEATFAHB N, TEAETZIAMILZE K
T3 KOHIRIL L FEIARAZG T T R, ARRATAFMEE I RAREATFREAN, THEMBIRE
WA A3 K )y, HARF L 2RI F 6938 R m3g KRR R, (4] M TR S R T, KRB
Yo A 455 T VA RATHAR A I T S B, TEAR R IR TR,
X B R REA TEESM WG Wb MR-

FESES: TVIL XEkiRERE: A doi:

10.13522/j.cnki.ggps.2022633

Kz, ESRIR, FEiR. SRR RGN AT R ENFAB0]. AKX FIR, 2023, 42(12): 125-131.
ZHU Lei, GAO Xinyue, WAN Yukuai. Influence of Slope Height and Slope Ratio on Reliability of Channel Slopes[J].

424K % 124
Vol.42

Journal of Irrigation and Drainage, 2023, 42(12): 125-131.
035l &

Ok se e Y SR SRIE L RO ERE . /K BT
VREL Ty R IEE ERIERT, RE AR E
DREERK IRIE % A IS T E R R . YR
VORI S [ 45 5 75 R I, LR S5 RAT
AR M SRR A R, A
P2 4 R PO I RE e V2 S BOL I TRE T AS
RE LR, Wniay TREMZ2EE. 23T
FEGI RIS 18, i AT 5 BEAR AR VT LAk 2L
2 (6] AR 5 2 AF N IR SRR T o SR AN LR R
Wi 320 35 T S FE R BRI 3R, T T AR S 0 ) A
ST B A B SR AT SR R R, W]
DN BETE TR Bt R 6 A ] £ (1 P2 4k 40

(o Feat ] LARS B2 [ LU0 R 5 T
BENLIZER Y. DR oK BE AL B R 50 SR
PE AT IR B TCIE AR IR VA S &, JR i T3

Yk HER: 2022-11-13 i&E HER: 2023-08-04
HEWB: ExARFFIES (51879134); TFHEAHIRHE (314 %
Ti ) ( 2020BEB04004 ) ; 7* ¥ [H & B & X & & #F & 7+ &I L H
(2021BEG03023); T Mm% — M =Rl d i KR LEZK B RE %
FHEF) BBIH (NXYLXK2021A03)

fEHBEN: K& (1980-), F. 4, #®, TENFELHKIZHH
%%. E-mail: nxuzhulei@163.com

BEEE: Afatk (1990, F. 4, PHm, FEAHLIL TR

E-mail: wanyukuai@163.com
© (EERHOKFIR) HAEER, FFAUREX CC BY-NC-ND 1l

WO SE RS W OBE LA BR BT (RFEM) B
MM P47 (RLEM) B, B4R RFEM BEHAS
BN B H R /AN AT AR AT e A A, (H
) 8 A7 ok a2 75 BB AP /S Ak B S UM
i ST 1T AR IS B SR AT FPIRAS . T AR SR FERT
BRE, R, AT 5 R T E LA BR T 9
(RLEM) #73z R OB, HAT, [ ohdd r 4
Rk e S XA A T - = W N e = (R
[ R 1 i T 15 o =18 1B A= W BRI E 43
RIS FE b . RIS F Rosenblueth 5:
IINT T LS 80% S5 56 A3 R O, FR
JUAR] S0 B AN B o P A a0 38 v 5 B A B v AN R 20
FIEERZE. LSRN E S w2, H
AT 3 A5 120 35 R 5 BE 43 B 4 SR B B2 A O AL/
Christian M52 7 3@y 6. 12 m Al 23 m A
AIREEEFE AR, R I PT 5 B 4 b Bl o B v 1R 1 K T 1
K, X5 JUT S HON 03 22 4 R B2 A R
Vol 2 7S DIRCE SN prb I A} A pT K
PR TR T4 Fellenius VEHES: T W S8R
et IfET RIS, ot T3 UT 5. L ksa
5 23 B0 S FLAR S 1 6 30 30 R A B I S A
RIMAERE € ) SR AT T 3T 5 B R An 2 B 3
S NI =
COINSY BT, BN AME RS0 3% T 5 5 7
125



FEBLHEZK 23] http://www.ggpsxb.com

TH] (P RIF 90 28 BT 0 AT 58 B 0 B 0 1k e AR S H i =
()7 S PR Ji, TR T 45 v A 3 b o220 3 m 5 B )
SRR FLEL D, AR SO 0] 28 53 250 3%
e R 3 b o YR T A0 3 R D R e A S B
[ RSP ] ST, AARET
Karhunen-Loeve (K-L) J& kA il — 4k BN LA
WS H AR R, R fEfE Bishop it
IRTENY N %A 550, 456 Monte Carlo BE4MLIRIE A
I ) RSO SE FEFR AR, RS T s A b
X U TE 3 T SEFE SRR o AHIT 9T 45 SR T IR
HSPTEERE . PRI IE A TR XU A B

1 BEHIARYE AL

AH LG At 2 R T2, K-L R I AE A TR R
FEEERT, Fras iR mAR >, R A T8
SIVE R AR AT 5T R 48 BB BE AL %
AR S H ) A )AL S P AT AU o R T R 1 A
TR X1 70 BRSSO A% A8 FE P A o TR S 001 R
REEWIE IR SHUE, RIEDIE R — XBENLI L
LK 1.

H1 R — KA

Fig.1 Random field of channel slope
IEZSEENL AT AM A BME w() 772 o) HIAHE
FERE p(AXAY)BEAT 5 Lo AT TE 8 HI 5 KR AR 5%
B R

P(AX, Ay) =exp H(&)“(ﬂ)z}} , (D
L’ L
s Ax N 2 AL SRR Ay N 2 A
ARG ot R ELRE B Ly KPR S K
L, NEE TR KE. Hd, MEKETR
B 2 ARG HR O £ 2 T ) A SR AR S
KR UAERF A 2 A K-L & IR0t BEL
Wit AT B AR . e B ML O E S 1) R
JRIF N

H(x,0)= exp{u(x)+§:\/&i (@I (x)}, xeQ, (2)

Rt GO RIMRMTIER 0. F% 0 1 b
LA 0 MBEHLAFIES B 4R 05 Mt I 2
5 G RS B

126

2 HERB*E
Bishop 1AM EME BT NIEIK,  Z0mE LAk 1)
FAER ), 8B R R R s R, e
REOHEAW T
Zmi[(\l\/i -ub) tan ¢'+c'b]

F = ai ) (3
) XW.sing,

o
nhiZCOSaf+E§D%§T1gi, (4)

S

s o NI NESE A NIRRT W,
NE ST wi AFLBRKIE T b A&
RN %4 RB<URAE IR S BRI
Bt RN
Ny

PF:W (5)
s Ne TR 22 RE<1 RAEMRE: N N

R E . KRR Pe TR W 2 P

[ WAZH J
CLHBER LTS
'
[ wmvrmns
li:l,M-:O
[ A R, }——
& =
[ Ne=Ne+0 ] [ Ne=Ni+1 ]
=i+l ;
:

B

T ELRMMAR P=N:/N
TR AR AT B = (- D oy,

B2 Rl YT 5 BT AR
Fig.2 Canal slope reliability analysis

3 BHloHh

3.1 ERFIIE

kM BE L7 36 SR F#5 Morgenstern-
Price yEMZE A, RG] 1~3 BFFL T AR H =30
AW 5l A R R MR 2 B R H
Bl 1~3 RS Aty MtAaS4 (E
B ys Wi TT cn MR TR REL Coven WEEERS o
PR AR S 250 Cov,n KTFAHCKE Ly BEAM
KK L) WK 1 . KRHAARWFFATIA 7155 &
B 1~3 FATEF N, LA REFR MR T 5
ERINE 2 Fron. HFE 2 7[5, ACHEHRN
1% B 22 4 A0S A SN fe 45 R+ ke,



A GG ES RGeS Al

A F AR N2 e KA R 22 53 70 9 1.6% A0
2.0%, i B AH 78 VA ARR 7 A o

AR 4 ISR, e R
O A] SEFEFRPR, AT 1 %248 KRB ] 5 BEFR Ar bl
I AN L AR A . AR SRR 2
CHA) 1 Adn 2> #ATERIFE, Duft—PRE
AT FERFE BB . 5 1 gL 2 gk
SH IR T AU SR 3 FR.

5] 1 AR 2 B ANRE BT 1] AR G BE R
+oo, fH FAHIT T 7 VEAE B BEAL I 4 CRAIE AR 2 5L
()2 TR 35 0 43 A, 33— W R 2= R S D ey 1B o A
P8 AW A A AR BRSNS g
STECIE 3 Fras. ABFFCH 54 RS Bt
TS R0, 24 RBUIT] SEREFR bR -1 24
AAXTIRZE T LN 1% 2%, HE—DEm 7 A5
JIEARE ) IR
%1 H4)1-3 LR
Table 1 Soil parameters of example 1~3

ol TR Uk PIRCE S S
y/(kN-m’) c/kPa ol° Cov, Cov, Ln/m L,/m B b B Him
1 19.0 10.0 8.0 0.25 0 20 2 1:2.00
2 19.0 19.0 0.0 0.25 0 20 2 1:2.00
19.0 158 0.0 0.63 0 20 2 1:2.00
k2 FH) 1~3 095 & F A A0 R M E ST L
Table 2 Comparisons of the safety factors and failure probability of example 1~3
- Sl AL R Z YA R
KB A R KB P R AR ZE % AR ERZE%
1 0.074 115 0.073 1.159 14 0.8
2 0.193 115 0.196 1.147 16 2.0
3 0.074 1.39 0.074 1.39 0.0 0.0
k3 WA 1A= 2 69 LARE R A TUAT A2
Table 3  Soil parameters and slope geometry of group 1 and group 2
. BRUS = b PIREE S (3
HEA
7I(KN-m™®) c/kPa ol° Cov, Cov, Ly/m L,/m Yt Y iE Him
1 195 10 30 0.4 0.1 +o0 +o0 1:2.00 2-8
1:175
2 195 20 45 0.2 0.067 +oo +o0 1:150 K05
40 —— 11 2. 00(ZEUEAE) 75 —=— 1 2.00(ZEHELE)
35 —&— 1 1.75(ZHEEn) —a— 1 1.75(ZEEas0e)
' —— 1 1.50(ZErHELn) 6.5 —e— 1 1.50(ZHHHLA)
w 3.0 ——8--1:2.00(4AX) u ——m—— 1:2.00(4X)
& 1.75(430) = 55 ——4—— 1:175(4&)
R& 2.5 T 1.50(AX0) & 1.50(43)
< H 45
i 2.0 £
15 35
10 1 1 1 1 1 1 1 J 2.5 1 1
2 3 4 5 6 7 8 9 2 3 4 5 6 7 8 9
Y Eim Hiwim
() 5124 R AL (b) 45244 75
55 —a— 1 2.00(ZFBUHZAL) 9.5 —a— 1 2.00(ZFEAAER)
5o | —a— 1 1.75(ZEiELn) —a— 1 1.75(ZEEAn)
: —e— 1 1.50(Z s 9.0 —e— 1: 150(ZEiEEL4)
« 45 —-@—— 1:200(#) « 85 —-@-— 1:2.00(4%)
Dy ——A-— 11 L75(43) g ——A-— 11 1L75(&X)
= 40 ——e—— 1:150(4&3) 9T 80 ——e—— 1:150(£&7)
Has | pEtaessssaie = . e
a0 | & - = T 75 = -
25 33 0 | bar -
[ 2
2.0 6.5 L L
2 3 4 5 6 7 8 9 3 4 5 6 7 8 9
Yerm/m I w/m

B 4 N5 1 R Pe 5 Monte Carlo 1%
IRBCZ TR OC & . BELIAEC 10 000 I, PefH

(c) HHLTEERE TR

(d) 2T FEESR bR

B3 485 1AmA 2 %4 F AT 5 E ARG
Fig.3 Comparisons of the safety factors and reliability index of group 1 and group 2

BT Us. NERAEENER, AfRETET
10 000 X f*) Monte Carlo 14 3545121 3% i) 2 R Mg =22

127



FEBLHEZK 23] http://www.ggpsxb.com

0.1
0.09
0.08
0.07
0.06
0.05

0.04
0.03

TR P,

10000 15000
BERHN
B4 kmESBBAHKZ G EE

Fig.4 Relationship between failure probability and

0 5000 20000

number of simulations
3.2 WS EE X K AT S AR AR RS A 1
225 A8 URE S AV P A0 I B R 1 B A e
WRESHRIUTSH, Wk 4 Pos. SEE NS
ANTR] s Fe AN [ A6 26 A A4 2R B, Cove HUE

JiFE N 0.19~055, Cov, HIHUESEE A 0.05~0.40",
2% Cov, M Cov, HIHUEIEHE, ZAHFFBEE Cov, M
Cov, #/Iv. Cov, # Cov, & 1. Cov, Fl Cov, K
Cov, BRI Cov, #/h Cove U/ Cov, B LA
&5, BAASHIE 4 Pin. E-Ramly 2007
B, Ly BUE G 10~40 m, L, BUETEE N 1~3
m. Z% LIRS B RKEE, AHTERE Ly
ALy BIHUE 22009 20 m A2 m, K-L JETHEA B
BN R BB 1 FiR. MAh, RIS RET L
ALy BB+ IR I, RIS 8 AR 58 S0
AR PAEXE Lo AL, BUEBEE I H B2 87
AN AN 8 A s S A AR R, R
A oS 1 35 7T 5 BE AR AR B R ML . A A SO
RIPVEH R 3 LR 4 1% 4 RBON TSR
br, AR wE 5 FE 6 s,

k4 ] 3 A= 5] 4 6 LARE R A TUAT
Table 4 Soil parameters and slope geometry of group 3 and group 4

5 LB YU B
o 7I(KN-m™®) c/kPa ol° Cov, Cov, Ln/m L,/m Wk Yiwn Him
0.10 0.05
8 195 10 30 030 0.15 20 2 1:2.00 o
0.50 0.25 11175 K 05
4 19.5 20 30 0.50 0.05 +o0 +o0 1:150
0.05 0.25

K 5 A& 6 AN RIS IS AR S 4
R FVERAE T, 24 REOR A 5 AR brBE 3
AU LE IR AR A U . BB SR A LR 3 O, 24
ABOZN, TR EE AR bR AT RERE AR TR o
YR AR, BEESLLIIER, e REORHED,
AR EAR AR B AR IR W S . EA T E AR
SR A AR T, BRI, B
r IR, wA RYOEWEN, ATEERLIRAR R A

7

Bor e g 2.00() —-—a——1:175(§) ]
14 | ---e---1:150(8) —=—1:200(F) { ¢
“« 13 } ——a——1:1175F) ---e---1:150(F)
E 12 5u
ym B
e 11 4 W&
I 10 N
= 3
9
8 2
7 . . 1
1 2 3 5 6 7 8 9
B Eiim
(a) #4151 Cov=0.10, Cov,=0.05
6 r 1 6
55 | —%— 1:2000) —-%--1:175(8) { 55
5 | ---e--- 1:150(8) —=—1:200(F) { 5
45 | ——4—— 1:175F)---e---1:150(F) 4 45
L}é [N
m 4 14
i 35 3.5 #&
# 3 3 ¢
=25 | 25
2 2
15 15
1 1

B wiim
(c) 4151 Cov, =0.30, Cov,=0.15

128

BTN S, HAE Cove BN Cov, B/

(Cove =0.50. Cov, =0.05) &M, "4 Hstx
EIRWE RS £ 8 RS A A 7
SRR, AR, BERSREIE R, % R
BHTEN, AT AR TR bR AR BT K i,
£ Cove 8/ Cov, UK (Cov, =0.05. Cov,, =0.25)
MIZEAE T, TSR TR AR 2B/ 1

B e 1:20009) —-a--1:175(8) ] '
Wor ce--1:1508) —=—1:200(F)] ¢
o B [ T A TLILTs(FR) 1l 150(F) .
12 155
iz @
w 11 ﬁ
# 10 14 Y

F o9
{3
8
7 - 2
1 2 3 4 5 6 7 8 9
Yeim/m
(b) #5312 Cov, =0.10, Cov,=0.05

[—=—1:2008) --a——1:175@) ]
[ e~ 1:150(8) —=— 1:200(F,) |
| ——*--1:175(F) --—-*---1:150(F) |

(2]

o
MNNWWEROUTO O
o
LAERHF,

B
~

AT AR
w
P ONOOITWOoOS o010 oo
ol

N

N
3]

=
o

W wim
(d) 41512 Cov, =0.30, Cov,=0.15



A GG ES RGeS Al

Bhr B

DEJEE

KT B

o e

— = 1:200(8) -—a—— 1:175(5) |
~-e---11150(8) —=— 1:2.00(F)
——4——1:175F) ---e--- 1:150(F,)

I m/m
(e) #H51 Cov, =0.50, Cov,=0.25
—a—1:20008) --a--1:175()

—-@---11150(8) —&—1:2.00(F,) ]
——a--1:175(F) ---*--1:150(F,) 1

Yerm/m
(g) 41%11 Cov, =0.50, Cov,=0.05
—=a—1:200(8) --4--1:175(p) ]

---e---1:150(8) —=—1:2.00(F) |
o *——1:175F) ---e---1:150(F) -

Yeiim
(i) #3511 Cov, =0.05, Cov,=0.25

5

»
3]

% B
w
o~

45

E
k N ¢
oo oW oo

=L

BE: 2]

FEfR 4T B
w = (o] (2] ~ [ee] ©

i

E]

[—=— 1:2.0008) ——a—=1:175@) ]
[---®---1:150(8) ——1:2.00(F)|
--A-- 1:175F)  -—-®---1:150(F)

Pirm/m
(f) 4512 Cov, =0.50, Cov,=0.25
—a—1:2008) --a——1:175() ]

---e---11150(8) —=— 1:2.00(F,)]
——a——1:175(F) ---e---1:1.50(F) ]

2 3 4 5 6 7 8 9
Herm/m
(h) #1512 Cove =0.50, Cov,=0.05
— w1:200(8) ——a-—1:175(8) 7

---e---1:150(8) —=&— 1:2.00(F)
AT 1IL75(F) - 1:1150(F) |

WeEi/m
(i) #4512 Cov,=0.05, Cov,=0.25

A5 THAEHKIFLERABELFHOTR (Ly=too, Li=tw)
Fig.5 The effects of the slope height on the reliability index and the safety factors (Ly=+o0., L,=+o0)

—=—1:2000) --4+—-1:175(8) ]
---e---1:150(0) —®—1:2.00(F) {
——A-—1:175F) —~-®--1:150(F,) ]

_‘,’}f}? by

o-0-0 O A,
"o -e.__ Q- -
0——’»:8_:0¢‘:=::::?i

N
w
~
vl
o
~
e}
©

(a) 41511 Cov, =0.10, Cov,=0.05

— = 1:2000) —-a——1:175(8) ]
~--e--1:150(f) —=—1: 2.00(F) -
——a——1:175(F) ---e---1: 1.50(F) |

Yermim
(c) #4511 Cov, =0.30, Cov,=0.15

5
45
4
5

3
3
25
2
15
1

GERKF,

-~

Sh7
[e2]

[$2]

LIED %]

N
[SIRS, I NS, B, T, B NS BN o)

w

—a—1:2008) -—4-—1:175(@) T
—--#---1:150(8) —=&—1: 2.00(F,) T
——a——1:175(F) ---e---1: 1.50(F) -

2 3 4 5 6 7 8 9

Yeim/m
(b) #H772 Cov, =0.10, Cov,=0.05

—a—1:2000p) --4--1:175(§) ]
---e---11150(6) —=— 1:2.00(F)]
——4——1:175F) ---e---1:150(F)]

2 3 4 5 6 7 8 9

(d) 41512 Cov, =0.30, Cov,=0.15

o

3

NNWWEDSOTO O
o w;
AR

o

(o]

NN WWHDOO O
ol ol
ZERHF,

(S

(2]

($;]

(9]

NMNNDWWADMOUTOODN
o [$2]
o
YA REF,

o

o

(9]

NNWWhDMOOOoO OO
()] ()]
GERKF,

(8]

129



FEBLHEZK 23] http://www.ggpsxb.com

5 - 15
—=—1:200) --«—-1:1750§8)
45 1 -e---1:150(8) —=—1:200(F) | +°
4+ —-2—-1:175(F) ---*---1:150(F) 4 .
LL
Q o 4
2 35 35 o
= 3 3 N
X 25 25 &
5o, ) H
B L _
15 {15
1 . 1
1 2 3 4 5 6 7 8 9
P mim
(e) #1311 Cov, =0.50, Cov,=0.25
75 ) _
? [ —=—1:200(8) --4--1:175@) 5
65 | ---e---1:150(8) —=—1:2.00(F,) | 45
6 | ——4a——1:175F) ---e---1:150(F) 1 4
w55 | 35 &
£ o5t =
E 45 | 3
X, | 25 &
i #
= 3.2 3 2
25 | 15
2 " 1
1 2 3 4 5 6 7 8 9
HeiEim
(9) #i7 1 Cov, =0.50, Cov,=0.05

U a1:2000) —-4--1:175(0) ] '

10 "'0"-1:1.50(ﬂ) +1200(Fs): 25
« 9 TTATTLILT5(F) e 11 150(F) | i
=2 55 ¢
= gt
= > X
w7t 45 W%
# 5 | 4
[ 35X

3

4r 25

3 2

[
N
w
N
o b
(<)
-
©
©

HerEiim
(i) #i5 1 Cov, =0.05, Cov,=0.25

551 —a—1:200) --4--1:175() ] °
51 ---e---1:150(f) —®—1: 2.OOEFSg 18
A5 ToA1iL7s(R) e 11 150(F) | 55
> 4 5 W
&
¥ 35 45%
=3 4 K
e 35?&‘
o2 5
T2 3
15 25
1 - 2
1 2 3 4 5 6 7 8 9
Y wilm
(f) 4132 Cov, =0.50, Cov,=0.25
75 [ —®—1:200) ——*--1:175(§8) 1 7
6573 [ ---e---1:150(8) —=—1:200(F) 1] 2-5
< ‘6 b ——a—— 1:175(F) ---e---1:150(F) ] g
Z55t 5 W
+e 5 - ﬁ
Py 457
245 | NE&
b | 4 pa
= 4
35t { 35
3t 3
25 | 25
2 PR 2
12 4 5 6 7 8 9
Hm/m
(h) 4% 2 Cov, =0.50, Cov,=0.05
8-2 [ —a—1:200(8) —-a--1:175(8) ] °
e [ cTeTt11150(8) —=—1:200(F) 1 45
« 7| *1iuTsF) ec1iisoF) {4
e | TN
= 6.5 {1 35 =
Eoer 13 2
ﬁjﬁ 55T b
o5 ¢ 125%
4.3 3 )
as | 15
3 1

5 6 7 8 9
Wi ®iim
(i) #1732 Cov, =0.05, Cov,=0.25

-
)
w F
~

B 6 THEMIFFLL RIS H T (L=20m, L,=2m)
Fig.6 The effects of the slope height on the reliability index and the safety factors (L,=20 m. L,=2 m)

4 ¥ ig

I v R LU S 5 WA ST A 2 A R HOR BT S
FRPRIE BRI 2K, Sehr LRE, w] DI oA 3 s
A bE RV 3% 1 3 1 22 4 RECRI T SEEEFR A . %24
REA G LR S HAAS LS H8A L, H
KA 2 5| EL i AR e M RG22 BBk .
b BRI 2R A6, 3R R i A I 3w A 3 LG ) AR
WREIL S TR R S H R S A itk (8 R 3L
FFRKE) AR, MEATEE TARREE S0 26
BRRM T, RE IR IR S RN A R R A AR
SEVEROREY, ] 58 B 48 bR BE w135 KT oK, X
SRS MR R 4e 8. e LR S
(1) 2% [E) A S PRIy, R RG50S MR AR/ HL Y R R £
AR S PEARIN, AT BEFR AR E 3 S 08 KT,
At 17 790 35 I 3 v B BE ORI G O, X 5 ANE IR AR
o8 B S H R R A8 et B AS I S AN A . R3]
SN, AT B SRR S A AR R
PERS, FIEEREFR bR AT AE 30 58 A A 1 AR 1 B o
SRR YURR G S . R 45 7 DR 2
130

R SR A AR AT, T R Ay
HH N2 RS AR5 P 2 R A TR AL S b, 7 AT g i
SRR AR 5 LR AR, 0 TREAFERUR
Mz axfa . SChr AR, BARPEARIE e AR /N
PLIS R i 1 22 4 R AL, (HW S SR bR T e
Y I B 35 v BRI T ORIV RF IR L B o 5 B A
FAEL, B/ INI LG A R T e TR B AR AR, B AIRID
b @ 07 of L v

5 45 ip

D AHE RS HI SRS IER, 24 R5
iR b PNITPE N AN P Pk 7 €SN
1117 PR 45 A e A MBI, ) S PSR B B = Y
EEPNI(F NS

2) & LRSI, %2R
W8 34 e PO 38 KT S /s PR RS 2R 7028 S PN
W RSN S MR RO IS, A2 JEE A s BB 45 s O 4K
TR/ o

3) XTI TR, N LEA AT i i i 3 %



A GG ES RGeS Al

é/‘%ﬁ, j&ﬁjfkﬁp%—miﬁ E(] m‘%‘ggj‘g*,ﬁ, Sﬁﬁﬂiiﬁ% [8] 1ZADI Ardavan, CHENARI Reza Jamshidi, CAMI Brigid, et al. Full

e N . N and quasi-stochastic slope stability analyses using random limit
/NG I 07 I A S b

LG, BN AR T RBCA TR, BRI b equilibrium method (RLEM)[C]. Geo-Congress (ASCE), 2020: 667-676.

(m ISy o faS

TAEIITE AR 2 R [9] JIANG S H, HUANG J S, GRIFFITHS D V, et al. Advances in

(EE PR AL FERRBAAZFTR) reliability and risk analyses of slopes in spatially variable soils: A state-
of-the-art review[J]. Computers and Geotechnics, 2022, 141: 104 498.
BEEk: [10] WANG Bin, LIU Leilei, LI Yuehua, et al. Reliability analysis of slopes

considering spatial variability of soil properties based on efficiently

[11 @bk same], 2K B8RSR A F PR IL R E TERT L[],
LK 2 241 (T 24AR), 2013, 47(12): 2 221-2 226.
BAI Tao, HUANG Xiaoming, LI Chang. Slope stability analysis
considering spatial variability of soil properties[J]. Journal of Zhejiang
University (Engineering Science), 2013, 47(12): 2 221-2 226.

[2] CHO S E. Probabilistic assessment of slope stability that considers the

identified representative slip surfaces[J]. Journal of Rock Mechanics
and Geotechnical Engineering, 2020, 12(3): 642-655.

[11] LIU Leilei, DENG Zhiping, ZHANG Shaohe, et al. Simplified
framework for system reliability analysis of slopes in spatially variable
soils[J]. Engineering Geology, 2018, 239: 330-343.

[12] WM, fRMEGE. 3T B R U i LA B W REEE AT 9], P E A
Ht 244, 2012, 25(4): 42-48.

CHEN Peng, XU Bohou. Reliability analysis of slope stability based on
factors sensitivity[J]. China Journal of Highway and Transport, 2012,
25(4): 42-48.

[13] CHRISTIAN John T, LADD Charles C, BAECHER Gregory B.
Reliability applied to slope stability analysis[J]. Journal of Geotechnical
Engineering, 1994, 120(12): 2 180-2 207.

[14] ZEE, Pk, HREE, & LA SHoL3AE e n SR ARy
3], BRiER} 5 TR, 2021, 18(7): 1 748-1 755.

LI Zhengtao, LUO Qiang, JIANG Liangwei, et al. Influence of slope
geometry on slope reliability evaluation[J]. Journal of Railway Science
and Engineering, 2021, 18(7): 1 748-1 755.

[15] RMIE, % Rk, T'9R, 45 BRIEILIAEE v FE L E S iR A
EMEHT]. #1715, 2015, 36(S2): 665-672.

WU Xingzheng, JIANG Liangwei, LUO Qiang, et al. Analysis of model
uncertainty for stability reliability of embankment slope[J]. Rock and
Soil Mechanics, 2015, 36(S2): 665-672.

spatial variability of soil properties[J]. Journal of Geotechnical and
Geoenvironmental Engineering, 2010, 136(7): 975-984.

[31 GRIFFITHS D V, FENTON G A. Probabilistic slope stability analysis
by finite elements[J]. Journal of Geotechnical and Geoenvironmental
Engineering, 2004, 130(5): 507-518.

[4] EL-RAMLY H, MORGENSTERN N R, CRUDEN D M. Probabilistic
slope stability analysis for practice[J]. Canadian Geotechnical Journal,
2002, 39(3): 665-683.

[5] GRIFFITHS DV, HUANG J S, FENTON G A. Influence of spatial
variability on slope reliability using 2-D random fields[J]. Journal
of Geotechnical and Geoenvironmental Engineering, 2009, 135(10):
1367-1 378.

[6] JAVANKHOSHDEL S, CAMI B, CHENARI R J, et al. Probabilistic
analysis of slopes with linearly increasing undrained shear strength
using RLEM approach[J]. Transportation Infrastructure Geotechnology,
2021, 8(1): 114-141.

[7]  LIU Hui, ZHENG Junjie, ZHANG Rongjun, et al. Probabilistic stability
analysis of reinforced soil slope with non-circular RLEM[J].
Geosynthetics International, 2021, 30(4): 432-448.

Influence of Slope Height and Slope Ratio on Reliability of Channel Slopes
ZHU Lei'? GAO Xinyue™?, WAN Yukuai'**
(1. Ningxia University, Yinchuan 750021, China; 2. Key Laboratory of the Internet of Water and Digittal Water Governance of
the Yellow River, Ningxia University, Yinchuan 750021, China)

Abstract: [Background] Slope height and slope ratio are the most important design parameters affecting slope
stability. This paper investigates their combined impact on reliability of channel slopes in attempt to help optimize
design and remediation of such slopes. [ Method] The spatial variation of soil cohesion was calculated using the
Karhunen-Loéve (K-L) expansion method. With spatial variation of soil cohesion considered, the safety factor was
calculated using the simplified Bishop method. The failing probability of the slope was calculated by the Monte
Carlo simulation, from which we analyzed the influence of slope height and ratio on slope reliability. [Result] The
reliability index gradually decreased with the increase in slope ratio. Without considering spatial variability of the
soil strength parameters, the reliability index gradually decreased with the increase in slope height. When the
coefficient of variation of the cohesion was large and the coefficient of variation of the internal friction angle was
small, the reliability index increased with the increase in slope height. Considering spatial variability of soil
mechanical parameters, the reliability index increased with the increase in slope height, except when the variability
of the cohesion was small and the variability of the internal friction angle was large. [ Conclusion] In comparison to
reducing slope height in exchange for slope stability, reducing the slope ratio was more effective in improving slope
reliability and minimizing engineering risks.
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TR #H F

131





