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STABILITY ANALYSIS OF WATER FRONT RETAINING WALL SUBJECTED
TO SEISMIC LOADS USING PSEUDO-DYNAMIC METHOD

ZHOU Xiaoping', JI Xuan', QIAN Qihu’
(1. College of Civil Engineering, Chongging University, Chongging 400045, China; 2. Engineering Institute of
Engineers Crops, PLA University of Science and Technology, Nanjing, Jiangsu 210007, China)

Abstract: Tt is assumed that failure surface of backfill soil is composite curved one. Pseudo-dynamic method, in
which time-history curves of acceleration was simulated by sinusoidal motions, was adopted to research the
stability of the water front retaining wall subjected to seismic loads. The damping force and the inertial force
acting on retaining wall and backfill soil were investigated. The closed-form solutions of passive earth pressure
and dynamic factor of safety against sliding and rotation of the retaining wall during earthquake were obtained.
Finally, effects of seismic acceleration, amplification factor, wall height, physico-mechanical parameters of
backfill soil and hydrodynamic pressure acting on water front retaining wall on sliding displacement, dynamic
factor of safety against sliding and rotation of the retaining wall were quantitatively analyzed. It is concluded that
the stability of the water front retaining wall is getting worse when the earthquake speeds up, the water level gets
higher and the internal friction angle gets smaller.

Key words: soil mechanics; pseudo-dynamic method; passive earth pressure; seismic acceleration; hydrodynamic
pressure; amplification factor; dynamic factor of safety
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Fig.1 Movement of retaining wall toward the backfill and
formation of a composite curved rupture surface subjected

to seismic loads
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A TFENOLE S
cosd, k A

Qi O =——"5"(5 + 6 +&5,) )

L,
. . cos(6,+6,)
G= Hll =1 Slrle2 |:1_e Gang cos 6, :|

é:ls =(2f - 2)V527{COS{CO[I —ﬂj:l - cosl}o(t —ﬂj:l} +
VS VS
2 h
Qf =2V (y, — yw){co{a)(t - V_H _

s G- H +tvs)}

Vs

& =12F =2)h—(f =2)H]rwv {sin[(o(t_vﬂﬂ_

fH sin{a)[t _Vﬂﬂ} +ovg(y, — 7, )2-2F)h+

S

(f —2)H]{sin{a)[t—vﬂﬂ+(26 —2G + fH)-

. o(G—H +tvs)}

sin
Vs

\



«2074 ¢ HA D1 E TSR 2012 4F
£, =(HG + 167 - G?)cos 2E—H ol Qi ®=['m@a, @ tdo (9a)
s Hrr,
(Ve = 7)@" +(H =h+ f)(y =y =7, ,
) a, (6 t):[lJrH—G—(r—x)sm(@z+9)(f_1)]
(h- H)cos{w(t——ﬂ H
Vs  asin] of 1 H=G=(r=Xsin(@, +0)
R, PR AR 1D L L T e v
0 k 2 2
QVlelj (t):%(ép +§2p +§3p) (8) m(H):L(rrdH—xde):y(r -X )d9
29 29
e, _ I,siné,
~ sin(6, + 6)

&, =@2f - 2)VP27{cos[a{t —Vﬂﬂ _
H 2
cos{w(t - V_ﬂ} +2F =2V (Vo —70)-
{cosl:a)[t - LH —cos M}
Vp Vp

§2p :[(2f —Z)h—(f —2)H]a)VP}/{sin{a)(t_£J:|_

P

fH sinl:a)(t —ﬂﬂ} + oV, (7 — v I2-2F)h+

P

(f —z)H]{sin[w[t—vﬂﬂJr(zG —2G + fH)-

P

. G - oH + wtv,
sin
VP
oG -oH +oty, ,
a) .

Ve

(Ve =7)+(h=H)H =h+ £y -y, —7,)-

i)

@ FERITEBMRIGI LR 7KF-RRE B 5 b
P4, BORAL SR BRBEAT 70T, AR T AR
RIGI LA 7 5 70

&, =(fHG+ fG* —G?)cos

4

G NXd: = rd6

K4 THAKI1GY Rt i S
Fig.4 Sketch of inertial force acting on wedge 1GJ

(9b)
L: a0 t) MERE LB 1IGI /KT J7 1
TESE ;s m(@) Ry AR 1GY A 6B S5
A B B A FIRE RS ¢ B e
TRUA AG A4, HAE MWIEG AT 1 A
WRlm LR, HRIEA r=re"™"; 0 NHhr
FYEYIEAE 2 MR, AR 0 B 40E) 6, .

LATENO RS

Q-6 (1) = sin {%[wﬁ cos g cos(6; + ) — ar, -

1's

cos pcos(6, + 6, + @)+ wcospb, msvs]}‘

(}/sat B }/w )kh
2

cosd,]—m;, csc 6, csc (6, + 6,)sin 6, +

m, lg(cose—;j -m,lg (cos%j -

{6’1 m, + m,[cos( 6, +6,) —

m, lg(sing‘ ;92 j} (10)
Hrp
m o i —1)sing2 ~G(f ~)F?
P (f -1
m2 :T)
2 : 2
m, =% ml(_sin«%)

-
r,’T(f —1)(sind,)’
m4 — 0 H 2

6, tan g

F:Lro cos
6
Gw—-wH - wRsing,
VS

A, AER T LRARIGI b i) B 17 1 Bk

m=wt+




3L H10M

JEINVAE iR i AR R Il K BRI B ) A E

AT «2075 ¢

[@T1, cospcos(b, + @) — or, cose -

. 1
Q,.1g; () =sin {0—

1°P

cos(6, + 6, + p)+ wcos g 6, mévp]}

£&&__£EL{Hm +m,[cos(6, +06,) -

cos@,]—m, cscl, csc(b, +6,)sin G, +

m, lg(cos—j m, lg[cos d ;92 j -

m, lg(sme t j} 1n)

Gw—-wH - wRsin g,
VP
(3) 1M T HHRARH NI L )
mE3 R, AEHT HAAAH NI B RZKFT7 18]
eIk

H-h
o[ Yc_ Za-fl.
Qh_HINJ(t)—ZI[ g(G Z)cotH{f+H(l f)}

G
khgsin{a)(t— H _Zﬂdz+2 I Yoa "V
Vs Hen 9

(G—z)cotﬁz[f +%(1— f)}khg~

sin{w[t— H _Z]:ldz (12)
VS

>N ’

m, = wt +

e R (12) T 7
2cos Ok, Vg
Quup® =50+, +6,)  (13)
[0
Hr,
0, =y Vg [(1-)(G +2h) + fH —2H]sin{a)(t _Vﬂﬂ

(fG-G+1fH )sin{w[t —EHJ/COVS+ N (V= V)"
V,

S

[2H — fH + (G + 2h)(f —1)]sin|:a)[t —ﬂﬂ + @V -

Vs

(Vi 7 NFG—G— f H)sian_wH + otV

Vs

S5,.=v y(2f-2) {cos {a{t_ ﬂﬂ—cos I:a)[t— ﬂﬂ}r
Vg Vg
2 h
(7 = Va2 F =2)vg {Coslia)(t —V_J:| —

@G —oH + wtvg
VS

COS

S, =’ fGH}/cosa)(t—ﬂj—wz(G+h—H)~

Vs

(H+ th—h)y -7, —yw)cosw(t—vﬁj

S

[FIRE, VR T EARAARH NI _E I B 7 [

Q=220 5 16, +5,) (14

o,

0, =70V, (fG-G+f H)sinl:a)(t—iﬂ+7a)vp-

Vp

[(1- f)(G+2h)+ fH —2H]sin{w(t—£ﬂ+

Ve

oV (7 — 7 I2H — FH + (G +2h)(f -1)]-
sinl:a)(t —Vﬁﬂ + oV, (Yo — 7 NG-G—1fH)-

. oG —wH + otyv,
sin
VP

8,,=Viy(2f —2){%{@@_ ﬂﬂ_co{a{t_ ﬂﬂ}r
Vp Vp
2 h
(7 = 72T =2)v, {cos{a)(t - V_]:I _

oG — oH + otv, }
cos
\

P

Ve

S5, =’ fGHycos{a)(t—ﬂH—wz(G +h-H)-

P

H+fth-h)(y-y,— 7W)cos[a)(t —lﬂ
(4) 1EH T L BAAH GIFIH NI W, W,
YER T HA2RH, GIFIH NI ) 23 5 A

[(-1+e"™)r’cotp—IH -

(H-h)’ (.
2

W 7/93[_
2

_7W)COt62

cos(6, +6,)]+ (15)

W, =cot&,[(2G +h—H)(H —h)y +
(Y —7,)NG+h=H)’] (16)

(5) MEH T AR ERIRHE )

BELJE RN S R/ LY, 5[] 5 T 5
T A B e BT 1) R I R R B T K
7 T R I P AR B HRE AR R L T A
RSB Ty AR R, MBS g 2 5]
F1, BEET IR RRELJE ) EEAKAE Ty B JE 1 AMR %



* 2076 «

HA 1S TRER

2012 4F

W 2 B g 1l (R RELE )
K HRayleighFH Je #7114,
IV T 1l R BEE )T 2Rk
F = [amy,(t 2)dz (17)
Kb o A5 BRI e % 2 v, (6 2) A
R BAE AR K AR R R, HA

Vi (6 Z)=j0t[f + Z(: f)}kh gsin{a)[t— HV_ZH-

W A KR 5

Vs

R AN A (17) AT 731 FAE L ARARH I 1
(KIBHLJE 71

_ J a(fH—fz+z)k g(

dt=(fH -fz+2)k, g Coscoz—a)H 3
Ho A
COSa)z—a)H +a)tVS] (18)

oz —-oH
V,

S

G
/4
zgcot02d2+ j za-

H-h

0Z-oH + oty
cos
VS

cotazysat_yw (fH_fZ+Z)khg‘
Ho
[cosa)z—a)H _cosa)z—a)H +a)tvsjdz (19)
VS VS
ety (19) AT 14
acotdk V.
HIIJ=ﬁ{Q)Z(H—h)(H—h+fh)()/sat—]/w—}/)-
co{ [t_z_hﬂmz(m_m(sz_Gz
2 Vg ‘
fHG)cos (“; Mj+a}vs(2h+ fH-
VS

2fh=2H)(7—7,—7)sin [g[t - i—hﬂ — YV

S

fH sm|: 2(t —ﬁj}r Vs (Vo= 7 )(2G —
V,

S

ot Go-Hw

2fG+fH)sm(7+ ]—2vsz(f—1)-

Vs

{(}/sat_yw )COS|: (t_ﬂj}ﬁ‘zvsz(f—l)]/
2 A
COS|: (t_ih]:l_zvsz(f _1)(7sat_7w)'
2 Vg

cos [a)—t+—G o-H a)]}} (20)
2 Vg

A2, VERT HBARIGI EBH e Ty il %Rk

aCcosS

Fe = L[Hws, cot 8, + Hws, cot(6, + 6,) —

-Hw

Hws, lg(sin%] -Huws, lg(sinﬁj +

Hws, lg(cos%) +Haos, lg(cos % ;02 j +

—S,cosd, —s, cos(6, +6,)] (21)

0 Hws,
H,
@G —wH — wr,sin 6,

S, =wt +
v,

S

s, =i+(G—rosm92)(1— f)
1) Ho

(1- )’ (sin6,)’
Hw
-1
Ho

s, =5,I,°(sin6,)’, s, =

S, =8, S, =

_hocosg
V56

P HRARHND E B ) R, AT

[cos(8, + @) —cos(8, +6, +p)e” "] +5,

4acot@k, vy .
——————sin
Ho

FHlNJ =

a;t{a)v (1=F)(G +2h)+ v, -

(fH - 2H))/s1n{2 [t—z—hJ:l+a)vS(fG -G+
V.

S

fH )7s1n{ [t - ﬂﬂ + Vg (V= 7 )I(F =1
2 v

S

(G+2H)-fH +2H]sm|:2 [t—z—hﬂ+a)vs-

Vg

(Ve =7, NG = G_fH)Sm{Z[t_ﬁﬂ-’-

Vs

2 (F -1, — ){co{ (t _2_hﬂ _
2 Vg

cosﬂt+w}+a)2 fHGy -
2 Vg
co{‘;[t—ﬁﬂ—w(e +h=H)H —h+ fh)-
S
=7 +7w>cos[“’[t—@ﬂ} (22)
2 A



3L H10M

JE AN iR A R Il K A R Bl VAR M

«2077 -

(6) #eshtJE )P,

53 B H T BARH GIFTH, NI ZK - B B 7 17)
JIRAET TR, Al )7 R 2 B AT SRt A AR 4 B8 A
- Ffi B ) P, M AT

Qs 2Py, + P, cosd — Nysin(d, +¢) -
Flsin(f, + 6,) —sin6,]-F, ¢, =0

W, =Q,-4,6) — Flcos &, —cos(6 +6,)]+ B, sind +
N, cos(d, + ¢) =0

Qh_HlNJ + 2P, + N;sin(6, + @) — N, sin(6, + ¢) -
Fang =0
W, — QV,HlNJ )—N, cos(b, + @) — N, cos(6, +9) =0
(23)

fift (23, Hezh LRI N

csc(&—é’l—ﬁzj
2
N

- 5 4cosb, sin%den +4cos%-

sin6,P,  + 2sin(%+ sz(Qh_HIGJ — FHIGJ)+

2
cos ¢—? csc(¢+02)(2Pdyrl - FHlNJ +Qh_HlNJ)+
ZCOS[%JHS?Z)(QV_H1GJ —Wl)+cos[(o—%)-
sec(@+6,)(Q,_y vy —W, ):| (24)

BB+ ) F T
K, =2P./(yH %) (25)
(7) PEH E R Sy . T RLE )
RIS AR ) AT, (T T ) 1
IS Qoo 9

5 Wb RO R R R
Fig.5 Sliding sketch of the retaining wall toward backfill

under passive earth pressure

H z
Quw-omeL :IO %(bw +ztan a)[f +ﬁ(l_ f)}

k.g sin{a)[t - HV_ Zﬂdz (26)

iy B4R
AN 2 2
Qu-onoL =————-1Ho"b, cos(wt)~Hw"b,, -
! Ho

cosl:a)(t _Vi]:l +awb, v, (f-1)-
. . H
{sm(a)t) —sin {w[t - V_H} +Hov tana-
. . H )
{( f—2)sin(wt)+f sin {a{t— V—ﬂ} +2v. -
H
tana(f — 1){cos(a)t) - cos{a)(t —V—j:l} +

H’w’ tan acos(a)t)} 27)
[ BE, A P AE R R B 1) LB T

kv
Quome =— 7CHV = {H w’b,, cos(wt) —
@

cos{a)(t _Viﬂ Hwo’b, +wb v, (f -1)-

pw

{sin(wt) - sin{a{t - Viﬂ} +H’w’ tana-

cos(wt) +tanaHaov, {( f —2)sin(wt) +

f sin{a{t _Viﬂ} +2v, > tana(f —1)-
{cos(a)t) - cos{a{t - Vij]}} (28)

Kby A PERE W EE, v, AT, 70K
SRS ELT I B R AR P B v (A A
RN E D
W, :%;QH (2b, + H tana) (29)

VEIERS T35 ERIBLIE 1A



<2078 ¢ HA D1 E TSR 2012 4F
E’ /\” H 7N “
Ema:m&@nﬁﬁg%MH%%gL_ TR H RN
Ho 2 2 M _ W, _va-OHlGL ®OIx, + FOHIGL ®y.

f cos{g[t 2 J:l}+ wb, v, (f =1)-
2 Vv,
sina)—t—sin @ t—2H +H%@*tana-
2 2 v,

COS%t+ Hov,, tana{(f —2)sin%t+

f sin{ﬁ[t _2H ]:‘} +tana(2f —2)-
2 Vg,

{cosw—t— COSI:Q(t el J:‘}} (30)
2 2 v,

2.3 HIIEBEMS

Y 852 380 19 b s P K T M RE sk
FEI, PURRE LIRS G iEs, KAMEBIA
B, FHSHils hyintaett 15 WAL
B UL S 080 ) i A e 1 SR A
23.1 B buE et R

LB b Aoe T R BT HE B ) R )k
V)]

i _ W, - Ppe sin o — va»OHIGL (H)]tan g,
Fi Que-one (D +2P,, =P cosé —Fy,

FSS,,, =

G
b Ry FoADAPU s )1 @, AL
o5 O AN AR i T PR d K R A1
MR 455 P 5230 3 ) S5 TP 2 pui 7, Bl
F, = F,» FTRUKRH IR A g ie 28k, » 498t
I 52 B P 1A o 3 P2 AR K i S I e 5 2R K
R s rTim L T AR

5= (k, —k,)gdt (32)

232 U hkbuiE R e R
P4+ BE i E O AR RR ] R A

0 y)= 0.5Hb] +0.5H” tana[b, + (1/3)H tana]
o b,H +0.5H° tana ’

H{3b, +Htana (33)
3\2b, +Htana

B P DM, N M I
P LSRR WU AR, B AP g 4U 3 ) P A

FSR,, =—*
"M 2h
¢ Quone Y. + 3 Pyn — PNy cosé

(34)
A b ABEI R P R SR, B

H

Pa?+(Ppc—Pa)0.6H
h,. = P (35)
—l 2 _i hz}/sat T 22
Pa—2H Hl H2J7+ T }(4+2] (36)
3 B

e i H=12m, Wifia=15°, #iF
KA h =0.5H B 0.75H, 41851 Kb, =
0.2H , XJ Hl e th £ (1 4) 4542 =20 m, 6,=30°,
6,=33°, @,=50°, ML HAREE y=16kN/m’, i
FIESE y, =21 kKN/m’, KUY y, =10 kN/m®, i
e BRI = 24 KN/m®, B A BEEE A
o BUE L R 20°~40°, Bty S ()il 4h
ffAS=0, 0330, 050, 0.67p M. HEKS
HOIEUE A s s B IR RO 2R UG 1~
2, AMIT=02s, ATINEEZ RS K, =0~0.7, %
) IS K, = 0.5K, o MR A S 1 P A% 3R (1R I 8
v = H/(0.3T), YLk v, 1= H/(0.16T),
HREBA A TR AL R IREROR v, = H/(0.012T),
MR R LR I BaE v, |, = H/(0.007 7T),
e R % a = 0.5,

3.1 ZA3CA3E5 Basha #1 Babul M igg A s L

h TAET ¥ A7 5 Basha F1 Babul' )77
PRCL IR R ey, 2 RlOFiki S8
AR, HLAy BISRH 2 Bos kit Sgsh LR R
o WK 6 FroR, BEIGH 0 EEE SR o 435I 20°
A 40°, BEIEALT /M EEE S S N 5oL E o,
ME R BUE AR SON S R T AR e Ve Ay
Wit 25 18 TR Je Tyt SO iR RIS -
e JEBK,, FARTIAT ISR I K e WeRH
ARSI RS AT R e A i e T 22 4
32 BHHMBREERRBSK,, o, hHIXR

Wk 7@)FR, KAiEh=075H=9m, f=1.6,
BUEERZIt=0.15s, §=0.5¢ . B /K THuE N



FE3E FE10W

JE AN iR A R Il K A R Bl VAR M

* 2079

20
—e— K Jrip=40" i

C1sk —— WH Tk p=40°

K —o— K TJjthkp=20°

5 —e— B Jrikip=20°

=

=

.H

R

=

5 10 15 20 25 30 35 40
PEEANEE S /()
K6 2 Fridkmd s o RE HR
Fig.6 Comparison of static passive earth pressure coefficients
K, of two methods
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