BT B

"= T B % Vol.37 No.8
2015 4 8 H Chinese Journal of Geotechnical Engineering Aug. 2015
DOI: 10.11779/CJGE201508012
BREH T RO RRES
Mﬁt&ﬁzwﬂth -T:jt,ﬁddii ! AE;E%ZEJU J?
HEQUE, T OGR, HRE, X W, W A
(V75 P A K2 i Ak s e i TR O i i s s, DU ek 610031)
OE: AR RN PRSI R, 45

Mohr—Coulomb B HE, FFIE T MR ASTEAIBHIBI A F B 1
IR SRR i3 . AERIT S NS R 2, AW K Ly 21
fy 2%

BRI ZREE 0T, R T IO R RAS I EGakprIX L v BEEE N DR R G s X = By 8l DR By i it
27 WEARLG TR CERIE, BIE T BRGNS AR SR I R A BUR BT AL, 0L T B IESE

Wi PR AR i 2™ 20 T T SR A E 7>
KA WBGBR, LRUANG REBOE,
HESHES: TU43

Wrorike WM. AR IR T ARRETERE Ly OB WA, IRZOEIE TR RS2 e R B 2, 190 H 2%
RIFSIS O e B IR 2, <z, I, WA AR VAT R AR T Zhiddb AT 20k 45 20w 116 B

RNBHRIL z, > AT HBEPEPRE T IHAR Ly BN 2%, 2R MRAR “ WU 2 AR B CRAB AL b )2 4

My h e AT AR AT

EHS: 1000 - 4548(2015)08 - 1440 - 09
EE I EAkE(1984 - ), T3, 1LHIIUAE, FEANFRE TS, E-mail: 453368452@qq.com.

Shallow stability analysis of soil slopes under seepage parallel to slope surface

LIAN lJi-feng, LUO Qiang, JIANG Liang-wei, LIU Gang, XIE Tao

(MOE Key Laboratory of High-Speed Railway Engineering, Southwest Jiaotong University, Chengdu 610031, China)
Abstract: Based on the stress states of slope soils and the failure theory of Mohr-Coulomb, "parallel slope-curve" failure model
is proposed, which includes the tension zone at the upper edge, the main slide zone in the middle and the squeeze zone at the

lower edge. By using the elements of integral method, the logarithmic spiral equation expressing the rationality of the slip

results.

surface at the upper and lower edges is justified. The method of "parallel slope-curve" composite sliding is proposed taking into
eventually tends to the same value as the infinite slope stability method. When the infiltration depth z, reaches the maximum

account factors such as penetration of soils and adopting effective shear strength. The researches indicate that under infiltration

depth certain conditions, with the increase of the main slide area L,, the safety factor of shallow stability decreases, and it

stability analysis

mode. When z_ is less than z,, the whole curved surface method for stability analysis of shallow will produce dangerous
0 3l

Key words: seepage parallel to slope surface; soil slope; shallow failure; "parallel slope-curve" composite sliding surface;

depth z,, the relevant L, drops to zero, and the slip surface degrades as logarithmic spiral characteristics of deep sliding failure
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Fig. 1 Translational failure model for infinite slope
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2.2 ‘KL ARBEXERESFAZE
(1) FAR BT 2 DT UIRR h i 2



1444 a5 oE L OB ¥

2015 4F

A EE R L NS ET VIR LSS, W
HAMRNR, WK 9 FR. Hr, 338X 44'B'B H
AA") (BYB IR

9 B ETEEYIMIRHE S

Fig. 9 Failure surface morphology of upper and down zones
MBS, e EARE R (o, y) FF 8y = f(x)
BB R, W MHIRE f(x,) =tan(B,/2) . KL,

CIES el &S uwW

f(x) =] tan(B/2)dx - (19)
W g5z, IRARBE R, W A5 Pror, K
(19> ANGpsR i s ek B pTie. tk, R E
By e, WRREE 2 I, TE[0, 2, ] TR

AL TNz cosa=y, <y, <V, <<V, <V,

=0, 2 A =y-Yp A=y,—yps Ay, =y, —
Vou s AN Ax =x,—x, Ax,=x,— Xy AX, =

X, =%, 0 M —REG, <& <x), HHINFHK
S1E) T () + £/ /2 AR [y, x, 12 ) 2Rt
A

x,=0,y, =2z, cosa,

2z, cosa z,, cosa
e n[tan(f, /2)+tan(,/2)] RAREC n
X, =x + 2z, cosa =y — z, cosa
n[tan(f, /2)+tan(B, /2)] n
2z, cosa z, cosa
T lan(g, ) +an(B, 2] T
(20)

W (200 & ARbRTHE A 15 27K N St
FEBI ORI ZR B2 2 N G I S x,0 [RIEE, 3
NI RZ T VAR N R M

(2) AR ZFEE AT

a) b GETUIREIA i 6] FOE e £ Kk

R s R ARk =0 (19) BOAR AR T4
IR A4 5 43T - Rendulic!" 1 Chen 25U B & 4 323
I RAGASE A A R EIE e i, 53 ot SR P AR B YA 48 g v
5 b BRI A HAT T A AT

r:%Jm¢ , 2n

A, r AXBUR IR FAE R AR KL, AW

IRAEICRE, 0 A r Bl IS, IR

AL, HiEER TR TR I A
PR, BTN Geth iR D Bl e 75 R Ak ) B

b) AR TS0 . r fiy,

HIE R B TR, P TR AEAE AT R4 1
AR A 90" ¢ U¥e IR, MR RARI T A LR
G BIRTE LRI TE A LT Z 2 R R W 10 s

10 MHIEREL/LMER KR

Fig. 10 Relationship among logarithmic spiral geometric elements

HIFE 10 LTk R A 15

sink _sing’ sing’

= . (2)
BF EF  FD-DO/cosw

A, Do=x,. HIX 2D ~ 26) T L NG
@%ﬁﬁﬁzﬁﬁéﬁﬁ Fo» T'ts 12 9]’ 92$[]93o JH:’ ﬂﬁﬁ
SE T PR _E T SR A TR X B e e i T

sind _ sin @ _ sin @ ’ 23)
FD FC BF-BC
FG=rcos¢'—y, (24)

r,cos(¢'—0,) - FG =z, cosa , (25)

r,cos / GFG! = e cos / GFG'=FG . (26)

o) TR LR G R AR BIA B

Sif e TR, T BUR A T R A
AT SN A EE, W 11 R (=20 kKN/m’,
Wb 10 1.5 W0, o (EfEER, HhZbl o g
BATY K, ARATES LA, &0 B ie
Lt IR LLBIAT Y RS, e Ry TTRVET E
e W&, i EEER, HhZbE o' &
HOR BB TP B, X BRI L TS
Mo BE o' 184 KK AR A, 05 @By TR
M2 Ordr— 20 45 Rk 1 s, X 5312
WA ARG W i S IR SIOR , Jo R L sl
AELRE B K, Wk B Sk ok
Rt S RS SO e 2 T R AR 5, A G g sl it B T BY
S JE S HUE BRI T T S e ), ELTE 3530 Bl A AH
/N o



%8

HEGkE, S RS FAAT N T IOA R RS E b 1445

o ¢'=6kPa
v ¢'=10kPa A0
* ¢'=15kPa
* ¢'=20kPa

ov* e FRITRE

b3
¢'=35°
9'=40°
XTHORBEL,
ov » o ERPTLRE

o x40

(b) FiRI1c=6 kPatEE, WEEHEMEZM

11 B ST SR BURIE L R IE
Fig. 11 Morphology of logarithmic spiral on curves

F1WEIBIRESEM S, o BT
Table 1 Change of logarithmic spiral parameters with ¢’ and ¢’
¢ =30° (lH5E), ' &3 ' =6 kPa(lEE), ¢ %3)
¢ IkPa  rlry xu/vo 0 @ /C) rir xlyo 0
6 1.38 435 0.56 25 1.31 3.86 0.57
10 1.38 435 0.56 30 1.38 435 0.56

15 1.38 435 0.56 35 145 5.02 0.53
20 1.38 435 0.56 40 1.52  6.02 0.50

& W R SER T AT

SCHR[2019 A fEki Jm I E AR R, 8 L
TG IIMER AT EAER & 1/2~1/3 RN 2 G H .
R, BFIEX Py I4E s 1/ 22, 4k, 5K$r X Py AEH]
MER1/3z, Abo WU3RE EN SR B ARz i 12 fr
7N

HI N GG L R RE Fos MBSk 242
FH s RIS N
_0.5¢7; cotg'(e2* ™ —1)
B Wil, + Bdy+Jym,
E _ Rd,+05¢'; cotqﬂ'(e”sz’—l) o)
Wl +J,(m, cosa +1 sina)
X, T INBES, my, d, L, om, LRI A
FA R, sl 12 o
Petterson'* Vi X 24 RECHHLIE J M 1 B K
2, W F =M, /M; Bishop®lxl 24 RE0E LA

. Q@)

S3

AR B R AR AR 10 Ak AR, B e=c'/F, Fl
tang' = tang'/F, , XK ¢ 5 tan ¢' FE LA
s AR TR RO e 2 i i A A ASE S, DBy om e 24k
{HARRE 5 | B AL B RE SRR, AT
W5, Fss M1 Fs RAPUH JIAES Rl sz b 1
P& F Gk prIX e ABD H AR A 3= w! (AR
BrithiiWUia e AB'LG B AR A 8y, 1%
).

(b) FHHRX
12 B E XAk h XIR B IR
Fig. 12 Slide isolation body in squeeze zone and tension zone

BRI X 2 RECRIE AN

(c'+y'z, cos’ atan )L, + P,

F,= (29)

Ly..z,cosasina+F

SXof T[] S VT PR AR T S 2 RO R A
4 Fsi=Fs3=Fs, A[BOIIN (27) ~ (29) sRfft. %k
JERGE ST T ST A 2 AR P B
W DRI DR, BRIV i 2k ”
AWML (A2 M h2e” AR A
KA DX R s DX 2L % R R 0 T 4 T T A S S
oz 55 Fon % P A
_0.5¢'r cotg'(e —1)
B Wil +J5my,
Ko, 0=6,+6,, W, J, AR L KR
NGB A IR A SIANBE )5 Ly 5 myy o)
Bk W T K F S

Bl (300, D AEFAREN L, 5 2z, KRR
e

. (30)

S

h-h =L .(31)
¢ +z,(y, cos’ atang’ —y cosasina) ’

IR 2z > 2, AR s AR B2 ik, ML
SRAFHE R BN SR sh BRI, UL, sk
JERE TN AT T 2 =z, W (K3 STt
o KBTI R N, B 12 (o) AN %
EARE RN T z <z, B, EWXEA&N BT %
RAS,  BEAT AR, VRO R et




1446 a5 oE L OB ¥

2015 4F

3 “likphze” AEEEERNA

PL g 9EJE /7 44 (The northern province of south
africa) B S 1P, B3R IFOR] 2 BN AR A KL
o B 1015, KA/ T 75 pm FE R E T
79%, FBVEIREL =14, MR wi=49%, =6 kPa. ¢'=
30° , y,, =20 KN/m’,

COART S TR R Z R 08 2 i 720 b

R HITG IR AR R B v S5 (4) 13 2, =1.16
m, MCINTERZITEE L, BT, 5 “idkthsk”
2ﬂﬁiﬁ'ﬁlfsiiﬁﬁﬁ te oA an &l 13 B

—o— “IRBiihe” AAMWmE
1-4“\ ---- ERKHBREREHE
13} &
g1\
W 12f
NI
L1F —a
0o o
LOf- == s
% 3 6 o9 12 15 18 2
Ly/m

B 13 R REUTHLE RN
Fig. 13 Comparison of calculated safety factors

R, M A e T S Fs Bl Lo 1Y
K IAN Wk > HL 32880 10T G BRAC AR o S 45 AR
o fE 20 THAE, LyBUMY, SRATERACRIT F7E
i AR, SOCHER[L, 120R A BRI K fs
MER 2 R Lz, BN, BN E) k%
AR EESZ SRR DN Gl Hs X R (R A
e, 2 IR

(2) Ly A1z, 0] 224 R BN I B AR 520

PN IR T SRETIS P e 11776 o T RN 16 4 o
RGBT, Fs 3 SR 2, 10RO
DL, BB G AR i A R 1
FsmTHATH,

10
—=— PRk BRI
—o— “IBCFE” BIMEN
8 “MRIE LR BB
—&—[)=2m
——L,=4m

1 1 1 1 1 J
0.0 0.5 1.0 1.5 2.0 25 3.0
Zy/m

14 REBIAMERX T IHE F B 2, THE
Fig. 14 Change of safety facbr with z,, by different models

S, X G w41, IS RFRASH, Lo b
zy I R IO WO R, X T Fsi=Fs=1 4%
PEF, EZIRRIX G PO NGB RIXHED) P B 2,
AU 15 PR s 2y IS B B NBIRE 2=1.94 m I,
P=P3, XTIV L W EE. =B
LA i 2 ” BOARIAOR AN B S khrIX
AR B R DA s R AR i T e A T I, 2z, <
zp W R A e PR FH A A it it o Bk AT 40
*ﬁﬂ%ﬁi%ﬁ?f@ﬁﬁﬁ@%%o

—A—Ps
40+ —o—p, 140

35¢
Zz 30r
<

L - . — : : 10
10 12 14 16 18 20 22 24 26
Zy/m

B 15 BARLETEIRARSH P 5 PERETHE

Fig. 15 Change of P, and P; in critical state upper and lower edges
(3) AT5 5 B AR E

XEFBIEIE BRI AS EUE AR AT i AR
BN S R 2 e LR, KRR H 3 L
SBE PR A TR TS 30 A 2 A2 ST R A NG
2 AR

TENBIREE 2, =13 m 40 F (2, > 2, ), 21
AR T7VE S R I AT Lo #, TR i ke
IR AL E W 16 Fs, 2R/ 8WER 2 fidl.
o, [BYE AN slope/w B4, i@ FLB/K
TP R =u/(y, 2,) =(7,2, €05° @)/(¥ 2, )=0.339

S WA R [0 2 F A o
o PSRRI

B 16 HEMBHRE LR

Fig. 16 Comparison of most dangerous slide surfaces
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Table 2 Comparison of safety factors
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