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Estimation of Permanent Displacement of Gravity Quay Wall Considering
Failure Surface under Seismic Loading
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Abstract

The stability of the gravity quay wall against earthquakes is evaluated on the basis of the allowable displacement of
the wall. To estimate the displacement caused by external forces, empirical equations based on the Newmark sliding block
method or numerical analysis are widely used. In numerical analysis, it is possible to analyze precisely a complicated
site and structure, but difficult to set the appropriate parameters and environments; there are limitations in obtaining
reliable results, depending on one’s level of expertise. The Newmark method, with only seismic motions, is widely used
because it is simpler than numerical simulations when estimating permanent displacement. However, the empirical equations
do not have any parameters for the response characteristics and sliding block of the structure, and sliding blocks being
assumed as rigid bodies does not consider the nonlinear behavior of the soil and interaction with the structure. Therefore,
in order to evaluate the seismic stability of the gravity quay wall, a newly-developed empirical equation is needed to
overcome the above-mentioned limitations. In this study, numerical simulations are performed to analyze the response
characteristics of the backfill of the structure, and to propose an optimal method of calculating the active area. For
this purpose, finite element analyses were performed to analyze the response characteristics, and stress-strain relationships
for various seismic motions. As a result, the response characteristics, sliding block, and failure surface of the backfill

vary depending on the input seismic motions.
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2. Richards-Elms Method

Richards and Elms(1979)= Newmark(1965)2] sliding
block o] 7]uke 4] ohule] GLue] HPAL A
gretgon] o S AxE 20 YL
Al Newmark(1965) HYH L FEE S E20 3
PSR mAle A3k A4 glelo] A3 uct

Fig. 1. Forces acting on active wedge in Mononobe-Okabe
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dc,=pv, (6)

dC, = pv, (7

o714 Gok Gz 22t Pufe} sako] A4l L, v,
o vz 7t ARIne] ArkuE, pi AJuke] Wiolt.
Ayre] n| WG E 7HAE Rayleigh 244] B412 of

gato] mARgow 1 AL g gt

[€]=a[M]+ B[K] ®
a:47r(fmfn) ’ ﬁ—é 1
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Aoln] a2} piz Alo] Tst Wolck. A% T
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(Lee et al., 2015).
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2 AFollME =] & X715 67FA19F 9.124]1
(AzAE ARk AYaich AgE ) 2a}
O] AJFAFES Table 19 Aefstar, J=x[Z19] Al7to]
g 9 S AHEHL Fig, 30 EA]SFS T} Richards
and Elms(1979)¢] F--9] A1 0.3goldol thsiA 2]
FEE A4S mefste] 8 Auks Hj s
(Peak Ground Acceleration, PGA)E 7|52 2 0.3g, 0.5g
2 2ALYL Sk ojy) BE AAnke EE, S,

HA 9] 7|&A HA(baseline correction)S 435}t

15 (Unit : m)
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Fig. 2. Model of quay wall
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Table 1. Recorded motions

Motion Earthquakes Year Station name Magnitude Fault Rup (km) 7, (s) Vego (M/s)
1 Loma Prieta 1989 Gilroy Array 1 6.93 Reverse Oblique 9.64 0.24 1428
2 Ofunato 1978 Miyagi—oki 7.7 - - 0.09 -
3 Northridge 1994 LA—Wonderland Ave 6.69 Reverse Oblique 20.29 0.17 1223
4 Kobe 1995 Kobe uni 6.9 Strike slip 0.92 0.44 1043
5 Coyote Lake 1979 Gilroy Array 1 5.74 Strike slip 10.7 0.35 1428
6 Hachinohe 1968 Tokachi—oki 8.4 - - 0.1 -
7 Gyeongju 2016 MKL 5.8 - 13 0.07 -
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Fig. 3. Input motion of scaled 0.3g: (a) Motion 1: Loma Prieta (b) Motion 2: Ofunato (c) Motion 3: Northridge (d) Motion 4: Kobe (e)
Motion 5: Coyote Lake (f) Motion 6: Hachinohe (g) Motion 7: Gyeongju (h) Response spectrum
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YA o] AHE 2L HoF A EZ(clayey sand), 2]
EZ 27 (silty sand), X}Zt_l’ Hf(sand gravel)= AT o]
Q1. 410 ATl ANE BAHIE Table 20] Fel5t9)
of. HupzzR(¢)> SPT-NX|& o]-8-35}o] Wolff (1989)
of AR R AYE Ao, HRtThE(Y) AGAS
ofejer 2.

¢ =27.140.3N,, —0.00054N?, (11

(V)= (B)si v (Vi) + (5o I (02)+ 06 (12)

oA71A o= e 2| WHHREZY, Ng= SPT-N
219 s &L 60%0] et B o= FAEAASE,
Por= AEA 3 AE, osove HE A olgof gk B
gkelck.

Qe AJute] 4BAHSSHE HuekA Brtek] 5]
3l oIl AW, oIl BI-e-A) Atolo) |11 H
Q17} WS 2 surface-to-surface contact =712 2-8-5}
Sk ofu] ehelah AR Ajolo} upHze. ERguinE
(MOLIT, 2008)2 #118}o] 30°% 71481911, Coulomb
ol 2o Aste] nHaARE AVgslch huint SIAE
Aol lEfHo]2 mhEkzRe SIfEA ] W2 (¢) 9]

Agke] BAZAL dy Frke] AR AHe] S
A koilol] FelHoR ARE dEge A8

2 (sand gravel)+= Darendeh(2001)7} Aotk =7

AgoIT, 7t S Egu vt vl
2 A EAAFK)E HP= /\FQGP?‘%E}- S
(backfill)Q} A|H(foundation)-2 74, A2 o0& AT
719l Menq(2003)2] 52242 ARE-3FCE SIA-2-A
of qhul A E3o] FATA 4 A AHSE BAAL

At AoF HEZ(clayey sand), A EZ R (silty sand),
4y
A&

Table 2. Material properties based on SPT-N at specific site

Table 20 A2jsl 1L, 712 HLE FSA5=2} D&
Lee et al.(2017)9] AFYLS =31t

g&3he ANt g A s 22aHE AR
% oA gz wheh AT FAAREE A-gafjof s,
T HIEA] Fesith & Ao ESHE A
F 54 TAS 28510 perfectly plastic i@ 1 von Mises

5l mdlS 1LAEY T, AZL amoﬂ A9t

o oy
24

criteriaS- ©]-&-

E‘:*‘_J HH1EH —'—/ﬂ(backbone curve)—

ﬁ sHM NNERE= diﬂ P A= A
o & Vel %7] 81(initial loading) {3} A] x|yt
o W ZAL o} AchAd o] urasit). oju) 51
A5Hunloading) 2} 23K reloading) S HHEGFHA 2| Hlo]|
Sl Ao WARIT HHEel SR WS
o]& X (hysteresis loop)o]e}iL &, o] Masing ruleS
w2t 7} 315 At A] unloading curve$} reloading
curveZ} FA HAISH 2|1 HPEL 2)Sto] wit)Al
(backbone curve)¥} TH4A| HH 71291 HE o] HHAY
3t 0|2 wheprbs oFARS W QITKPark, 2004).

Jl'

0.8 s———
—— ABAQUS (von Mises)
a Tlecce- Input curve
2
= 0.4 —
2
¥
& 4
»n
bl
g 0+ |
=
7
k-] 4
Y
N
= 04 L
g 0.4
e
Z .
-0.8 T T T T T r
-0.03 -0.015 0 0.015 0.03

Strain

Fig. 4. Hysteretic curve and backbone curve

Material N Neo ¢ (°) Vs (m/s) Gimax
Clayey sand 2 2.14 27.24 181.75 60.61
Silty sand 30 32.05 36.16 369.72 278.68
Sand gravel 45 48.08 40.27 456.19 424.28

Backfill - - 37 250.0

Mound - - 37 250.0

Bedrock - - 45 1500.0

20 g=AgtEstel==d H35E A4S
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Fig. 5= PGA=0.5g%1 A XIE 283t slj419] < O 7 o]Fst= AoR UEylth olF 3l sie 9=
T W9 BEEE BAISITE AgE A xluke) Adglol P EAY A o= ek 4= ik Motion 42
P HelE 7% sHEEES wet Ao g A e B - L3 fA| oA AHSH- AP E FAS &F A,
o= AL g LB, Motion 1, 4, 5] 79 SIA3A4) SAFA AHLI-A, LI-B)o A= 24P S el
oA L2ES FHOE H7|Fde] Mo WAYsHch T e W SFHN(LI-D)oll M= S E e AsS
Sz AsE THefshr] sl T4 ok 2 8= 210 & eI Motion 19] LI-D= E5¥ =2
B SHE 7|20 7 999 FMFALL L2, L3S Bt TR Yol 22 o= ukobE| Ll Motion 49] 7
Sk YAollA A-3-H-1PE 4= Fig. 69 =AJ8} T4 ¥Fo] gls ACE SRl o]F Fof EEsHe
ATh ABAQUSOA 383} Mot RIF &2 =TofA 5 A Xl whef Gk 4= e 2lskelnh Fig. 72
%ﬂ‘ﬁ © °1i %‘ﬂ [AaEY HHo 2 AL Motion 19] ZFH FoA o] HA3H-HYE T4
= DAY A S50 B EAISHITHE=E F,

(a) Motion 1: Loma Prieta (b) Motion 2: Ofunato

(c) Motion 3: Northridge (d) Motion 4: Kobe

(e) Motion 5: Coyote Lake (f) Motion 6: Hachinohe

U, Magnitude
+6.529%e-01
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+5.442e-01
+4.898e-01
+4.355e-01
+3.811e-01
+3.267e-01
+2,723e-01
+2.180e-01
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+1.092e-01
+5.486e-02

Y
@=Pp x +4.871e-04

(g) Motion 7: Gyeongju

Fig. 5. Total displacement contours using 0.5g scaled motions
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