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Study on Seismic Vulnerability of the Back-to-Back MSE Walls
Using Fragility Curves

Abstract

In this research, the seismic behavior of the back-to-back MSE walls has been assessed in a probabilistic
approach using the fragility curves and the effect of the overlapping length of the metal strips on the
vulnerability of this type of walls has been investigated. To this end, the back-to-back MSE walls are simulated
using FLAC2D finite difference program, and validated with a shaking table physical model test. So, using the
results of nonlinear incremental analysis, fragility curves are analytically extracted based on PGA and PGV
intensity measures under far-field and near-fault earthquakes. The obtained results, in addition to providing
the possibility of predicting the vulnerability of the wall in different seismic intensities, indicate that increasing
the length of the metal strips from 0.65 to 0.85 of the wall height (increasing the overlapping length from 0.3
to 0.7wall height), reduces the probability of seismic damage up to 35% in the far-field and by about 50% in
the near-fault earthquakes, respectively.

KEYWORDS
Fragility curves, Back-to-back MSE walls, Seismic vulnerability, Earthquakes, Numerical modeling, Near
Field and Far Field Earthquakes.
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Input Acceleration ()

First Stage (Constant peak acceleration)
Test-01 | Test-02 |  Test-03 | Test04 Test-05 | Test-06 Test-07 Test-08 Test-09 Test-10

1.0
0.8
0.6
0.4
0.2
0.0
-0.2
-0.4
-0.6
-0.8
-1.0

0 15 30 45 60 75 90 105 120
Elapsed time, t(s)

[¥] o ylie ] Joro 30 oot 0oliiw! Suigoyld Zlgol ) JSib

.. = 0.80 »
' 4 0.70
4 0.60
4 0.50
1 040 o
S =e=0.5g
1 030 =@=1).6g
—0=0.8g d 020 (=*=0%
—e -Yazdandoust-0.52g b
- Yazdandoust-0.83g 4 0.10 == Yazdandoust-0.6g
««#-« Yazdandoust-0.7g
. s s 0.00 X . N . s 0.00
0.70 0.50 0.30 0.10 0.10 0.08 0.06 0.04 0.02 0.00
A AX/H%

0.06

0.06
0.05
0.04
0.03
0.02
0.01
0.00

AX/H%

. 0,010 20 25 30
0.02

0.03 -0.
_0.04 Time (s

Normalized horizontal displacement

&oue Gilw e (w jloel s ¥ S



Sl Jolas g el Jlgps clo Jol o Billas Sut 4y Soty e SB- s (8lg olal jo (000 Joo o i Liel 5l
Sl 5 0057 logs y99 S plo sl b b (oo S5 Joe (b G558 Al e al o (FUSE) el ond 85 Jos
ol odel Caws 4y 3 oa /O ke et
AR (gatiie Gl ((SaSiglagmie g LS 950 lojy) Lol laflod o bl il Ll gl aSal vgzs L
Ol o o [FY] ) Kan 5 pod s IS LB (84,9 slod 55, 4 (Salos Julow gl Swnly Lol LF¥ ]l onis
VLI Gl o e lojles diagas pdlel (rne SIS alold 5155 ol 2 5 anlllan 050 Lo L (y052 )55l & bogie |y a3l
2 dog (ped g 410 5 095 soloing 513,55 ) dcgerme wliil gogou 4 PEI5 5,135 s 55 [FRITFEMA IS, ol sascie
TS e S0 9 7 e 5l 50 s 50 a1 Lo o8, daosl (o5 9,8 Jlanol (s Sz ey ey SIS > 5l eslia]
s S 72 g S 523080 3 o S o055 50 (e i 45 ] a5 4 5 Vo] 0305 (S
Sl 350 b odigrin S pdiiaz oy 99 Sbml s ggeme 3 Jelge (nl 5 )1 18 (e B ke Gl 5 SESLe &,
255 A sy 4 [F0 V8] g o (i o4z p5) JEaile S0 i 5 e Slojazsn b adlie o (58
alols IS FEMA i3 slosal, anogi (bl o Sl 3555 (e sloal 3 okl iy @alicn> 5| ol (55,1 oss
slodll | 6Bl degaze 50 iy e 0 155 VAt o wil 050 Gulliggl 5 8 B egleS V- 51 a8 (655 50,
il adlge o bl LEVITT IS olasls alil) qwiipe Dlikods 35 50 5l 0,55, ks GgloplaS 1o i85 e 5 590 (e
O 5 FUglaz) conl ouds Jlasel Jow &y 5548

W=6m

< s /BEAM
PHGD
L=0.65H=3.9m
Model A'{L,, =03H=18m Ly
g
-_— — L
ModelB:{i _0'083: = Z; m i
= Dl =" MRS, = 5y =75 em =
LR Emibedinent depth=0.4 m
: :
& Ll -
E . > - . - 5 o o m - ~ ~ ; E
< Fixed Boundary >
18.2 m

FLAC 1581 py b gooe Joto: ¥ JSCi



fdoes' y0 oolaiwl 0590 190 lue KoLl Olasin : F Jgus

"“'Q’ . . . ))"3 JL“‘ )9““5 oSy ‘ 4']]!) |°U ")L""‘:J
CMIS) croj @ o3 (MIS) ¥ Goe (loshS)
E-W Ve/) «/+0
YAQ/NA [NAYAN Y/8Y VA8 lel HWAO002 Chi-Chi \
N-S £\ /evF
E-W \VARE </ XPY
AYA/QD Yv/#0 FIN Y Y ls FKSHO7 Chuetsu-oki Y
N-S </FA «/+Yay
E-W /99 /-0
YAY YO/YA YAY V444 as s Lamont 1060 Duzce Y
N-S vy «/Y
E-W \/+Y «/+YY
NN fa/¢ AYAZ R N [ Sannicandro Molise ¥
N-S \/YA «/+Y0
E-W \/AY «/+YY :
AVY/EA AYY g5 AV (..l CEdar Springs A"eﬂ San Fernando &
N-S AR /V00 Ranc
E-W V/YA «/+Y0
V& /0¥F a/8F  F/EY Yoo | oly HYG007 Tottori s
N-S \/-Y +/+Y4
E-W Y/ ¥ N o o
35/FY FYYO  0/0% VAAY I,.l Vasquez Rocks Park Wh'“'eg
N-S \Vi </« FA Narrows-01
Judexi 50 ool 090 SO 3 Glowe SO wlaskin 0 Jgus
.- K | B -
vﬁrﬂ)ﬁ»ymﬁs‘» i S PR ' ) ‘ .
e O @) e Fo¥e Bae o (osksS) B Juo 29S ol a3l b o,lod
cm/s) o) /s) T
E-W AN </YA . .
Y. FY +/4 #/3 1440 wl5 Kobe Universit Kobe \
N-S  YE/a Y o y
E-W Yo/- ¥ </YY . .
AV Y/#Y Y/0) VA4 4SS Izmit Kocaeli Y
N-S YIYA LVAY4
E-W APA </YA Mt Wilson - CIT .
! ! [ SVARYG Y/#¥ O/FY VY L] Seis St Sierra Madre Y
N-S  VAA VAR e1s Sta
E-W ARVANY VAR . .
VEYA/NE AAS £/AY  VAA? 1,61 Gilroy Array #1 Loma Prieta ¥
N-S VAL < /0%
E-W f.xy Y Chromio .
INEVAR 9.9A (A N R & VA SN P o Kozani, Greece-03 0
N-S f.ay </\Y Anapsiktirio
E-W av/o0 /Y -
\Y#a AVARY YIYA  VAAY 1Sl Lucerne Landers 4
N-S ARV < /Y
E-W ARVAPN «/ANY
1l T T
NS VYT AT YEE/NY \/va /YO VAYA ol abas abas 4




‘; ‘.s & ‘SLb . . —f

Ol el gloj I olas; S sk )0 s oSS bl £985 4 e slaail 8 SLsT e 2 (SUSS g
Mag i &S o ol oad el S sl 4 LT LS s o o> Il gl 51 TPEDP glo; ) slolis gewly 5ol Jloisl mils
45 0,8 o D50 s )] (o 5o (Sealind Giloj az )b 5 IUT sl 25k 51 EDP alore anlod oo araslons IM e
Sealins Gloj azesn b 5l ol slagealy (s bl 0y oo oty Sloj azi b T 51 ol IM el )y G Sl agasly ol 51 S
Dy oo hnogs g S 5 6kl lpl L PGV PCGAGw:) IMsla al )b 5 (EDPlo; ) slolis) s e

Ln(EDP)=a+bLn(IM) )

S ‘S';YLO.';pl &5 ool sl oolazwl b bojle canSla by i3 59,8 Cud b daoslu (sloj ) o Slas GNLA.'DI Plo> 4 axgi b
P sl Sad e ja s aSl bys Ll g Bis Solas pate e polie Jbo s Sl mjsi Buded sedenle oy
TEA 098 oo dbns ) abal, 51 csles 4,25 (LSm) g0 el gl 12 sl el Sladlils ) oo o]

Ln(Lsm)—/li
Sx

i Solal moe5 Gl yiel L E) 9 Ay g 05le jo Oylus gum> b LSmg o llisl Jlo 5 atesd m0 595 b D)l o as
Seel bl 98 5l i 4 Jloy Sol @i slayell (Jli So @i s Jbosi@is slaalis s 4 sl X obul>

LA wsgs oo dislons ¢ ’Variance Y by a5 sbre ol 5 (B) 7 Sl by 5L

P[EDPzLS||M]=1—[EDP<LS||M]=1—<D[ 0<X < (f)

1
gsz(Lnx):LnyX—Eéi @
(COMEggm X ) Al lagS alal; 4 4255 L
X
2
£2 = Variance(Lnx) = Ln l+(ZXJ =Ln (1+ 5>2<) @
X

Coy g b -0

Aboe Lo Ty 05 lade o iion les @Yo cuty 4 Culy s S slalgs oluls wezge (8 Slool Ll
e DO N YT o0 Ol s g6 (S0 10 5 o G Sles Sy 2 lnd K i S5STas caw )y alads ool iy
SL lgs sles SBes ceond T 8 Slul> 2STas slie poodd iy a5 o] Gilite zolan bl 5 SanSs sla ovie
@ oy B less 6 Bl s e a5 wilowds 25wl PGV PGA (gl ) slacas ialdl Jlie 1o oty Sty gebes
Al o canSd Sl S

P olws SO L (s e (Seslins Julow TA+ (( FauSls slasionin pas) 10 55 9550 sloodls dsgae JooSS jslate 4
Sloy sbaassu b dcgeme B 3 el VY- - 590> Saw 4 Intel(R) Core(TM) i7-5500U CPU @ 2.40GHZ olasciv b
03ia)38l slaalE L SGo 3 g 550 059> SIS 4 (BT Jslax) o slas,o5 ) cao oo jiSTas g Olis JiSTas Jiuli8l g ool o o
ol 00 Joe Vo CM/S gy g -V Sl s

ol g psla Neolas o ol wy e -1-0
byl 90 el g o0y laoalad pac 00,5 5 )0 el 2l (leie & (Sl sla o 5l Jol> sla IS s



535S wbiie il JuS b alols 5 5,5 5l Jiiae @ad ol Blie gwl a5 048 Sl g1aisS & IM 31 a5 el Las
w)..a o‘).o.ib L osls U?"’“";) w‘)..a osls Q;J..Sb.' wr )5.14..‘41 O oj.o_v M‘ﬁ} w.(bbﬁ ‘) 6)JWL».A QM Lm.));)
GLD)M‘)L LS")IS 9 6;[)‘9.1 )iaLw.’ OJ.A—‘ Cowddy w‘)..a «)B.M}GO oulie AS)BJQJLA.Q (&5\° L.SLQJ&"’) Cwlodls C‘)M‘RZU-»-AJJ
W8S 5 0 yseil el Sleaie 53 L il (558 olsie 45 ol (sl b VLIS 5 LT 4 jho aid )b (b
g dndllas (ol 40 098 (o) alites slayge;l g ools 5l eoliiwl b casl co a5 Conl sleol Yoano and 8 ol 040 oo
DA Cag sl gy CalBS yad yg05] el oais ooliiwl Jlo 5 Syl &5 22l degals asls 5l ate polie A
39 sn iy (w0l Coenl s jsliie (s 3 b WS o0 Cend (Bg5ke Jleixl i @l Sl Eome 9 st LT 4
ol Sl 45 (6 polie Yoomo 0] 05 co duglin cenl oy gl sl die) ol yo Lo peo slo ool 5l a5 @ylel o5l b a8
S 0 Jlre plgie 4 o+ 0 jlade anlllae ol jo a8 [FA]aabico /N big /e d cofo Nl digd oo aid Sk 10 Clnonl mlaw
Coeal 5l oaliinl b g oads oauels P — value g oo a0l (2,8 b o, b Joud Sl 4 polie ol [0e &l oazass 5
[A\]ww‘f s oS 5l alol b 5,5 g (cwdige 55 el )l o aew S, Sl 5l Jeols slaodile (3l b3 (gLl
Al Zwly) eolaiwl 850 alis lacads mul polas gyl )l SO g 5, Judow (g (ol BT () ouils laas
JS 31 alold 5 (M) 30 ool s LT Gy Sl ok iy gosly oty (Seolin (gl Julons 51 Jol bl
o 5l S polie Jgas ool samlie JBF S 40 a5 caloas P =value s )bl cosal o5 Las zl 50l 4 i
D8 ColaS o ol sla,lre 030y 4o 1) padls was ol pasie Gus esls S gl oTe/0 ons At S
ol aales

8|_|M:aM+bM.MWand|IM :aR+bR.MRup V)
)'l L,;{LQJJA.graLAf).m VSOV b RLIR W ‘_gLa:ua:}L‘L Jle s 55.] &8 Qéa)él.gttf.xé‘o UL.M.: IR C‘)éﬁ.w‘ 6LmP—value

5l kol 4 Ced PGA a3l (S50 35 5190 055> 90 00,0 aShl fyewd .aril o 0,65 5 dlj)y s yess lp Y Colas
ol 185953 6 YL colaS 1yl 68, 4 S PGV a3 ls g LS

‘; o.S &S ‘su . . C‘ 3 e ‘_Y_A
Sl oads Gl Hlul> olaw Jlas bcslo; ) Lol lacas wanlid oz ye Solos fdow 51 Jol> slaguly
Sgdon i O,Slee il 938 oile gl wed cld b 5l e Lol 4SS Siso,0 g oad awslie codb
J 5l 590 5 Soopsle, 68, SIS L e pus g Sl (sloj ) slamads bl p &b cpay oads zl il SauSogle o

R PR dj‘)l A 9 Y LngJ&w o

V)



Far Field Records

Far Field Records

1.00 1.00
Ln (AH,,,) = - 1.0461+1.0347 Ln( PGA) Ln (AH,,,)= - 5.5324+0.9532 Ln( PGV)
0.00 R2=10.7684 0.00 R*=0.704
3 -1.00 ' = ~ -1.00 o .
= ) * L="° & g 3 - ’ o
3 2,00 o g-%7g 89 T -2.00 ) w0
= & b et 8 /
= 8-""¢ = 5 ‘ -
-3.00 e ==""e -3.00 L g
- “ o=
-4.00 ' -4.00
-5.00 -5.00
25 2.0 -1.5 -1.0 -0.5 0.0 2.0 25 3.0 35 4.0 4.5 5.0
Ln(PGA)(g) Ln (PGV)
Near Field Records Near Field Records
. 0.00
.00
i -0.50
o -1.00 o
200 £1.50 o ___a-8-%38
£-3.00 5-2_00 _»—“'7?—"? 2 e
<400 i £ 250 e il B
3500 T =300 | _er=T -
= -3.50
-6.00 -
7.00 Ln (AH,,,)=- 1.0432+1.0434 Ln( PGA) ' Ln (AH,,,) =-4.8121+0.7717 Ln( PGV)
R?=0.7516 -4.50 R*=0,7397
-8.00 -5.00
45 40 -35 -3.0 25 2.0 -15 -1.0 -05 0.0 2.0 2.5 3.0 35 4.0 4.5
Ln(PGA)(g) Ln(PGV)
AJso jo osls SuiSTy cuws Wl g @8l o) w0 F G
Far Field Records Far Field Records
0.50 1.00
045 Ln (AH,,,) =- 0.0333+0.2081 Ln( PGA) Ln (AH,,.)=- 6;4IS4+|.|6|3 Ln(PGV)
R*=0.5243 0.00 R?=0.876
0.40
£ B Aé -1.00 g
; . - L 3 © ] € : -
3 030 ° $ 9 g s § *ele]
. , i 2200 . 4 -"g 8 o9
ke 0.25 . | g 2 -
0.20 § g =" o | = P
Q o & - v
0.15 R T S ‘ 0 - g
) ‘ - ¢ N & © -
0.10 il ,2’ = 4.00 | -~ ’1:
005 | =~ ¢
0.00 b -5.00
00 01 02 03 04 05 06 07 08 09 1.0 2.0 2.5 3.0 35 4.0 4.5
Ln(PGA)(g) Ln(PGV)
Near Field Records Near Field Records
0.50 1.00
0.45 Ln (AH,, )= 0.046+0.248 Ln( PGA) Ln (AH,,, )= -5.478+0.8462Ln( PGV)
0.40 *=0.4661 0.00 R*=0.5408
0.35 £ 100
> 0.25 o - = -2.00
= 0.20 L= =
3 015 i.i® o -3.00 =
0.10 - w0 |78
005 |- %
0.00 © -5.00
0.0 01 02 03 04 05 0.6 07 08 09 1.0 2.0 2.5 3.0 3.5 4.0 4.5
Ln(PGA)(g) Ln(PGV)

BJaw jo bosls SuiSTy cons p wals g psli olH cwyp 10 S

\Y



Residuals ()

Residuals (g)

Residuals (g)

Far Field Records (IM:PGA)

—_ 4 . .
3 o Ll
% °
£33 .
N ot
2% ! - 8
: @
1
£=-0.1816x + 3.4991
P-value = 0.24
0
5.5 6.0 6.5 7.0 7.5
Earthquake Magnitude (M)
Far Field Records (IM:PGYV)
L] L] ° L]
2
1
0 - .
° e
-l @ L d
LA S | T
2| : R S —
: : -
< H : . 5
-4 =-0.2074x - 0.3299
5 P- value = 0.59
5.5 6.0 6.5 7.0 7.5
Earthquake Magnitude (M,,)
5 Near Field Records (IM:PGA)
4 °
3 . . £
— . . .
. W . SA— [} °
2 ° ; 3 K8
: =
1
£=-0.2314x + 3.7854
P-value = 0.10
0
8.5 6.0 6.5 7.0 7.5
Earthquake Magnitude (M,))
Near Field Records (IM:PGV)
5
4 L]
L
3| ° *
. @
L ] @
2 T RN PR R i
; H
1 €=0.0715x + 1.5882
P-value = 0.64
0
5.5 6.0 7.0 7

4 6.5
Earthquake Magnitude (M)

Far Field Records (IM:PGA)

5
4 o x
=y L ]
) - -
)
g3 : .
= W 8 e
@ ®
2 2 i .
b o .
® e .
1
=-0.0019x + 2.6338
P-value = 0.94
0
20 30 40 50 60 70 80 90 100
Distance, R,,,(km)
5 Far Field Records (IM:PGYV)
L]
4 & ®
o . .
= 3 L) ° L4
=
= . .
= S | — N— S e
E 2 . - % °
: § = . .
1
€=0.0011x + 2.3357
o P-value = 0.74
20 30 40 50 60 70 80 2 100
Distance, R,,,(km)
& Near Field Records (IM:PGA)
4 Ll
@ .
s 3 . :
= fed ol
w [ T P
CEPAE i :
L] lo i
° L]
5
£=0.0841x + 0.9382
. - P-value = 0.38
2 4 6 8 10 12 14 16 18 20
Distance, R,,,(km)
g Near Ficld Records (IM:PGYV)
4 @
@ .
= 3 ° e ®
g . = :- .
% o : . & 4
. H H
1 .
£=0.0126x + 1.994
P-value = 0.34
1]
0 5 10 15 20

Distance, R, (km)

Ao 3o Jou 3l abold g 5y s ol b psli colas’ owj o if JSCi

VY



P[S>s|PGA]

P[S>s|PGV]

P[S>s|PGA]

P[S>s|PGA]

1.0
0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1
0.0

1.0
0.9
0.8

0.7 -

0.6
0.5
0.4
0.3
0.2
0.1
0.0

1.0
0.9
0.8
0.7
0.6
05
0.4
03
0.2
0.1
0.0

1.0
0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1
0.0

S5 31 398 0392 30 PGA cows AJM;M@M

. §o2 o
/ d =
’—_’/

— ) .
ovFI 9P

0.6 0.7 0.8

PGA (g)

JouS 31 599 0382 9 PGV w5 A oo ([ Fuicsis Sxin

7. Vg
] (9 ,
/
/ . -
/) bawgie ol —mm T
7 -
/ e
/ -,
’II e L4 o |
III . 4
s —_—_——————
/I ,° - - P
J . — 3513
e - -
= i T T T T T 1
10 20 30 40 50 60 70 80
PGV (cm/s)

Jund S35 09> 10 PGA w3 A Joo (Soiiss o

0 cmmemmme-
09 - L
-
I B JUPEY o .
< 0.7 - e g
0} P
Q06 - K b gio | _-c
~ 05 4 PRl
= 04 - K .- -
o ’ .7 S cow!
03 - / . :
7’
02 - / S e ——
. -_—
| S o~ 530998
L £ 31)
0 01 02 03 04 05 06 07 08
PGA (9)
JouS S503 0392 39 PGV cns p A oo Saissid  Sxo
10 - JRN=PL.
P -
09 - L PR
y
08 | i 2
— - /’ 2
(>D 0.7 1 ol (g i .’
Q06 - S R4
n i 4
A 05 | S bwgie coml
(2] 4 7z
= 04 - ’ .
o II i i
03 - / PRI e
4 .
027 /I /'/ -
o1 - ——— T
1T = 5959
00 2 —
0 10 20 30 40 50 60 70 80
PGV (cmls)

Suo3 g 599 sWoje> sl o PGV s PGA w3l cuis p A o (S uiasl sy o 1Y JSCis

Mﬂ)’écjy)oPGAw,gBJM;ms;M

=2 e —

07 08
PGA (9)

0.1 0.2

P[S>s|PGV]

P[S>s|PGV]

s 31 599 0395 30 PGV s 9 B Joo (FSoiasis S

1.0 | —
09/ Pt
08 -~
I,’
0.7 - ,
- 4
[IRYRY /
06 - el 9N J _
4 - -
05 - /'I L gio | /./ -
0.4 - ,,I . .
0.3 - ! s
I,' % . g
0.2 / L’ - —_—— —
0.1 - / e P .
Py “ — PR 9
0.0 == e : . . !
0 10 20 30 40 50 60 70 80
PGV (cm/s)
FS o3 0392 10 PGV cns 5 B oo (Suaossis s
1.0 |
0.9 - /,—‘
0.8 - e
07 o
7 L
"
0.6 - %
.
.
] - y
05 sl 9y 7 e
0.4 - ’// .-
0.3 - . - L
02 ,,/ Lo g o] _ -
.2 ’ - -
7 - e ]
01 L - _ rfvetwell
00 el == T T CR R
0 10 20 30 40 50 60 70 80
PGV (cm/s)

SOy g 590 sojes sy yo PGV 9 PGA&:L& o> B Jow ;w sy g A S

\f



e 0k g i o LS slog ) S pen Dl ol s 1) ol Ol il SanSs glo g IS jeb 4
039,30 100 Dol a5 slal3l; £485 L Jlie jab 4y conl Jai o cod,b b canSs a4 s, U lacas (il 3l L less (L8,
Y bwgie ol Hlz0 0o )0 AD Blas Jlas! s o IPH Slagaed flie LA Jow Coty 4 Cuiy e Sl ( JuS 51 590
50100 ud a4 lily ge8s L 00 jle 4y clils wales i3 9,8 Jleim] wo 0\ Y BBlas g ouls (gux o >0 ao e
Iy yio il Yo oV VAY 5l iy ool cod sy aS o)l Jlaizl as 0V Y FYAD o 5 4y (6550 #)lgs0 (0l ()90 059> (slaal 35
5 do,0 O Jolee (g0 o] Jloil o 08T Jolae lawgie comwl Jlais! o3 059> slaalil; jo a5 Il j0 .auled o
SSlam b oojy) ey SO il Ay ce s SSTas glog ) Sad Jlse ST Liwl) aer jo el s yo Ve Jolre (359,88 Jlais
| Tobw 5l a8 clls walyr Jliml cud i a4 o0 YV OVAY LS 5l 190 059> slaal )y jorasl 5 e sl B0 Cayu
sy S2l5> 00,0V Vg OV AY S50 @y JuS o035 059> slaal il )0 polie cnl Sl (ped iles j5me (32588 5 9 hawgie
syl o IVH Sligeen (i LB Jow cuiy 4 iy e S lge0 /00 o b sloj J sl SGyo o5 Sl Jb> o oyl
30 g odd Shp,0,8 )0 a0 A 5 Ga caml a0 0,0 YV dawgio caml Hlo ao 0 VY PBlas Sl db LS 5l 90 059>
Sges ablgs i 1) 3908 g (g0 ddawgio cawl o )0 185 FO A Ci 5 a4 ! JBlas (S L oo 059> sladlyl;
Oldws sl 5 5 0o 0% FTAY Coi i 4y 190 lage ladd)s cll> o poliepl 4l e il B o JiSTas o yioen
3l (Ko Lol g cod by alaly 4 canSCs Jlaa | oS ins o Lt uzred B jloges (plig dalgs as )0 £V DY S0
S mo90 Glacaw] a5 bl 5laenl S3 ¥ o aaly: oo G A s Sl i )b 4y cos Lolas zol38I L g
9 Senglia g oled (elS Caaglie a5 51l 3o (gl canlllas Sl o 1 sl (S )T (IS (55l Bl 25 o5l
sy )90 3 ol oty (o 3259,8 Jlxe) g0 sl Tuo i b ladeds Jes wbuls a5 slo) ) sload )0 baews Sais
(slogiuly degazme | clizgas e lodand FAS (35,02 Caslin 1 pled LS ol e sl lome 5145 olisly 5 438,55
wiloass B> Sauusls s gl gl o eolatul o0
Joe g0 iz ol zobaw 0 07 <3818 Jleial 5l jee Sl ks 9,90 aiy SHa8 g cmas (e b Sausls slaaile

el oanlie BB Jgaz 50 55 Llagh ol

FuS SU035 9 599 0395 90 50 Wl GRS LY Cans 1 (S uESl g )0 gei cams 9 0jlw (SuscSh dilo 1 £ Joua

a5 plaaigladl; 29% Qe sladl 3l Jae g5 ol
PGV(SM/ ) PGA(G) PGV(TY/) PGA(g)
Y\ <IVA Yy YA A i
£ S0 vf NS B
AL “[FA £y < 1OA A i
GO o
A .10 a1 -1V B
- - - A . .
- _ _ B B OV 908

o3l 10 el s Jlazml Jlas POA S (ol caws py LSS gl sieis 4 45 amo oo Hlis gl 4 IS ol

69,5 kae s ) 03 YY1 Velawgio comsllcapml (590 (63, Shas grhans 53 A Juto 0 550 059> slaal3l 4y S Su335 055>
2 (A JSE) ol 009y yidon 3oy VB Y (B3 9,8 505 ol (60 Shas law 10 9 30,0 VW BTY (o ol lawgio ool
zlis] e a5 S50 10 o Bk 5l (VY USE) bl co do 0 VB Vg YL O NALY iy 4 polie I B Juw jo a5 J>
2 530 0357 ol 4 Cud o3 059 slaalily 5o ol Jlail Gl S sl PGV jas i lai  Saiisls mis
SYALY OV B0 s (hi)9,8 602 ol § (592wl lawgio cosl davgio ool (g ylas mslw 0 A Jow

VO



sy a Cad 90 039> el )y (g Ls).nbu...w—l S, Jloisl sales B Jow o Ll (V¢ JSK0) cenl duoy,0 A G Y
ATV JS2) adly S s pud L3 590 Slde @ WlgS oo eomn) Sieg b &5 5> Sla Sazmn plo 5l a8 By0 a5 039 S35 055>

Moderate Damage yge1 4 (IM:PGA) Severe Damage p;oqe1 4 (IM:PGA)
100 F 100
80 7 WV fv 80
< ‘N < ;
g 60 ? 5 % ; O 60 ] 5
n 40 ‘A 'R ‘M I’ / L 40 , 1wl W g /
et sl B WL ] 2 ad WU W W
o =4 W4 N WA W A «° .« WMWK WMWY
0.1g 029 03y 04y 059 0.6g 0.79 0.8g 01g 029 03g 04g 059 0.6g 079 0.8g
PGA (g) PGA (9)
mFar field @ Near field mFar field BNear field
Collapse Damage yoge1 o (IM:PGA)
100
— 80
& 60
= 4
é\) 20 [ g
2 o =2 =4 ud o1 W 0 W
0.1g 02g 03g 04g 059 06g 0.79 0.8g
PGA (9)
mFar field @Near field
S0y 9 590 srojer ral P ;0 PGA sl caws wA Jowo phad 7 ahaw duw lio 14 S
Moderate Damage yge1 4 (IM:PGV) Severe Damage pioge1 2 (IM:PGV)
100 7 100
1 W W 7
= p (A /4 ¢
11100 7 4
g 60 ‘B ‘W ‘B ‘8 ‘] z 60 1 W
" 2 B B BK B4 BH B - 1 B4 B B
A~ 40 v ¥ ’ 7 ’ v /4 40 F [ 4 # g
o ’ / ’ / / / / A [ v f 1 ¢
e P WEHEY 2= mEY YN
o w4 WA WA WA WNF N4 W Nd <~ , - =@ WO WA NQ N4 N B
10 20 30 40 50 60 70 80 10 20 30 40 50 60 70 80
PGV (cmis) PGV (cmis)
m Far field B Near field B Far field B Near field
Collapse Damage pge1 o (IM:PGV)
100
< 80
2 60
A 40
@,
o 20 B 7
0 - ma Iz I I I I
10 20 30 40 50 60 70 80

PGV (cmls)
W Far field ®@Near field

S0 9 530 ojsx sl 10 PGV aslis cuns pA Juo yhas gl dulio Ve S

\#



P[S>s|PGV]

P[S>s|PGA]

100
80
60
40
20

0

100
80
60
40
20

Moderate Damage poge15 (IM:PGA)

Severe Damage o401 5 (IM:PGA)

7 7 5 100
- 0 1 B R T 80 7]
7 / v / % < ;
W W W & 7 0l
‘W ’H ’H ’H '] | n 40 A a1 B B
7 4 v / v / 9 # 1 ’ v
EEELEE 2 _andVBE
- WYY Y W = 0 -o B0 W1 W W WY WY
01g 029 03g 04g 059 0.6g 0.7g 0.8g 0lg 029 03y 04g 059 06g 079 0.8g
PGA (cm/s) PGA (cm/s)
mFarfield  @Near field mFarfield — @Nearfield
Collapse Damage yoq4e1 5 (IM:PGA)
100
< 8
g 60
A 40
= 20 . P ’
* 0 - WP - . . . I
0.1g 02g 03g 04g 059 0.6g 0.79 0.8g
PGA (cm/s)
mFar field @Near field
9035 9 590 ojsm syl 0 PGA sl cuws 1 B Juo shas 7 gk duulio 1)) S
Moderate Damage p;o4e 5 (IM:PGV) Severe Damage o408 (IM:PGV)
7) 100
] [
Y =
-/l ‘8 % O 60
‘B /B ‘Nl 7 L -
‘B ’H ‘B 7 © 40 . 7
/B M ‘W 7 N 7 4
7 VY 2o o N ‘W
o B2 B2 WA WA W - = Bz B2 B4 W2 WA
10 20 30 40 50 60 70 80 10 20 30 40 50 60 70 80
PGV (cm/s) PGV (cm/s)
mFar field @Near field B Far field BONear field

Collapse Damage poge1 5 (IM:PGV)

100
'g‘ 80
a 60
(%]
A 40
@,
a 20
10 20 30 40 50 60 70 80
PGV (cmlis)

mFar field @Near field

S0y 9 590 srojgr AP O PGV sl cons 3w B Juw shas 7 gl duw o VY S

VY



Jgd gl )] < TAD s (A Jow) s glis )] /80 5| Sligean Job il3dl 098 oo ala>de VY b A sla JSs j0 a5 joblen
Sloaljl; 0 a0 00090 B g JuuS 51 190 059> sl 10 00,0 YO dga5 laie b ojle 40 ol 590 2alS cel (B Jow)
slad iy Jloel ol ;0 S 51 550 059> slaal il 10 (60 ol Sy (alS Wiy, a5 0l (s 35 o0 S 2 o5 055>
slalily jo 13U ool aS ool Jb> 0 cpl il so S wgale PGV < 4 (CM/) L slao))) (o) crimon s PGA > 049 L
)13 wgSas (s8g) oS Su035 059>

& 5 i -F

Byl g0 laolfaSs asS o loges a5 wiil o > e S slajlas 5l e ity 4 Cutiy bipa 4 SGop sl lgss
S sl 4 Cond Ll (35 Foar 4 az g bl jleg nl 1, (b 5058 e )18 ooliial Bys0 o, 5 Loy
Lol cadllas cnl 5o I el plaizgs |y sl o Slas yige colids 5 oy po3) ecslos)) Laulpd yovegami (Jsons el
oo ol 50 Jas i Lol [V] o5 5 Cengalo (S5 Jao bl  FLAC 38 o5 L bt 85 Joo 5L
0l JSE el oy p Sz 4 Sl B Ojs0 L Slalllae plnil sl s (aBly wlie (3 (iledned G
2l Sl b e 5 00l o Il (S5 35 5 599 055 slaal il Cs s 0lis ke slaazsn B slo; ) calizes slacias
els Ll 5l Sl Judow 5l Jols JS yets slagwl alsl jo ool Jleehiow 4 VOIS Ce yus 9010 Ll ol
Jlod gl 0o ,3 B 5 VIO oV o olmle polie (31018 Jlone b g 5 438,55 0w 12850 el sla a3l colis 5 LS
davgine ol iconl o ga mhw iz o (SasSs sl poue Vi Ly, 5l esliul b ol sla el lgie 4
Bged 4> LS Ojgo a4 lei ge |y et (pl S el il o g alex 3 ailoads adgi (B3 9,8 9 g9 |

I Jole e 551 il o ISl (552l S5 sy il eSSBS 5SSyl oy )
ot sl o ols Gl JuS Sl alols 5 18,5 ol (5008, 1 o i iy ol 5 SSals slo o
il e )55 W3l e Gees (lppsY clliS 5 LIS I PGV) s s PGA) Clis

Lol G0 g o (S ol 5 bl b, 48, Shae ilishe gl 51 by ey JLazol 5 Lol -
L) B g (lgs Ll Y Sligeon Jlade gl glas |+ /90 aans Job L) A Jos 90 1250 caSs Jlis! wud )b a s
5 bl il canlllas o8ty &) i s S sl 30 (oo glis,] -V Slgran o 5 lppd £+ /A anns Jsb
Dgd g0 Sy Sy

oo (lgss gl IV a4 /Y s oligmad Jobo iol3sl ase 10 g la0o glas,l /AL 4+ /PO Jlade 5l oSl Job iol33l-Y
oS 4 S5 0552,0 o y0 0 3505 b g LS 51 590 039> glaal i 50 00,0 ¥ wgu> b (gloj ) slaccws] Jluz>! als 4,
5 PGA 2 049 b slooiylopay Jlesl plSin jo JuS5l 550 055> 50 (s pdyms] Sy (2l i, aSinl (ol 090 o0
osSne (5ig, Su03 o555 Bl 10 3 1l a5 el I 15 sl el 5 yogele « PGV < 4 (ST/0) L slaal3l; paiman
YR

Jde 10 490 0355 4y T S5 3 039> ;0 CusdSS x| Plas> PCA Guls o3l cans p (SaSs slo oo jo -F
WEY XY EY s dr Ghi a8 592 coml § 592 comlllwgio conl c laugio cosllan g st zglaw 5 0 A
sl 2o )3 VB Y Yo O VALY iy @ polie (I B Jow jo aS Jl> o ol oo i a0 0 VB Y

Gl 4 Cas o 059> sbaljly jo cidSl S Jlis! Plas PGV o a3ls cas 5 SosSs gl ous o -F
B A Giis R 69 el 5 (592 ol amgie o] damgie ol [l (g Sl ala 0 A Jaw o 550 055>
@ S 30 059> sloal )] 10 (6 i (6 pducam] Sy il sals B Jow jo Lol aisb oo a0 )s ALY g YA LY ) 5O
SE sl U8 e p Sle 4 Wl oe ey Whag s OS> Sla Sz ple 5l ai e a5 eog Suo3 039> sladll;

sk

YA



38es S0 oile aogad Gl 1y ol (o> Jloio Glsie o] ST L aS cesl 955 (ol (FaiSs oo sl o3l 2

s £89 4 7o g 035 ojl (] & yasis (e Shegyed S5 > 5l et loj ) Dad Sl o ejle e los ) Gy
8 gy 2 g anlllae (pl dolol 55 g co cdinn (nl )0 09750 Slaygaze 1 jsliie 4 1 050 o o5l ()T o gl 5l el
S 6,l8, Jae zmad o] YLl 5 Lo g5 e, pllas Slasin 5 g5 dboniS gmhas lodez 055 5 £55 0120 din
g oad el plaie 4 503 loj ) la el )b DLl L g (SaiSs s gl slagts; plo (Yl e wly 500
o g ails alisee Ojlus ezl (IM) (glo; ) alizee (sl ol )l el snmline a5 a3sles 3,k 510505 0Ll rwly (asLis
W 500 Olo 4108l Glojles s JS CnSCs Lol B pne Wil ood (2l sloj ) (o5 Sl So bl (Sanss
ansg Ladad g ol Sgliie (61050 (6 ]y g e Lol ansl o0 Ll SaniSss Jidss gl IM plas oSyl o
sob a1y asy cpl )0 05290 slacuahad pac ool SauSTy, rals Lo 4 sloj ) slacas oS5 5 gylep (SauSs milos

[1]
[2]

[3]

[4]

[5]

[6]

[7]

[8]

[9]

[10]

[11]

Sl soles oS dhais
&=y

F. S. Hardianto and K. M. Truong, “Seismic deformation of back-to-back mechanically
stabilized earth (MSE) walls,” in Earth Retention Conference 3, (2010), pp. 704-711.

M. Djabri and S. Benmebarek, “FEM analysis of back-to-back geosynthetic-reinforced soil
retaining walls, > International Journal of Geosynthetics and Ground Engineering, vol. 2, pp.
1-8, (2016).

M. Yazdandoust, A. A. Samee, and A. Ghalandarzadeh, ‘Assessment of seismic behavior of
back-to-back mechanically stabilized earth walls using 1g shaking table tests, ” Soil Dynamics
and Earthquake Engineering, vol. 155, p. 106078, (2022).

M. Soltani Mohammadi and S. Rahimi, “Probability distribution of relative displacement of
two adjacent single degree of freedom systems, ” Modares Civil Engineering journal, vol. 14,
no. 20, pp. 49-63, (2014).(In Persian).

A. H. Gorji, E. Darvishan, and H. Babajanian Bisheh, “A Study on the Effect of Aleatory and
Epistemic_Uncertainties on Fragility Curves of Steel Moment Frames,” Ferdowsi Civil
Engineering, vol. 33, no. 3, pp. 1-15, (2020), doi: 10.22067/civil.v33i3.85472. (In Persian).
M. Maddahi, m. gerami, and H. Naderpour, “Seismic Performance of Rehabilitated Moment
Frame with Steel .Shear-Wall by Considering Structural Uncertainties,” Ferdowsi Civil
Engineering, vol. 32, no. 4, pp. 87-104, (2019), doi: 10.22067/.v32i4.78335(In Persian).

H. Tajmir Riahi and S. M. Ommizadeh, “Study of the Seismic Vulnerability of Steel Moment-
Resisting Frames Designed Based on the Tenth Code of the Iranian National Building
Regulations Using Fragility Curves, ” Ferdowsi Civil Engineering, vol. 28, no. 1, pp. 13-28,
(2016), doi: 10.22067/civil.v28i1.15811(In Persian).

Y. Maruyama, F. Yamazaki, K. Mizuno, Y. Tsuchiya, and H. Yogai, “Fragility curves for
expressway embankments based on damage datasets after recent earthquakes in Japan,  Soil
Dynamics and-Earthquake Engineering, vol. 30, no. 11, pp. 1158-1167, (2010).

S. Argyroudis, A. M. Kaynia, and K. Pitilakis, “Development of fragility functions for
geotechnical constructions: application to cantilever retaining walls,” Soil dynamics and
earthquake engineering, vol. 50, pp. 106-116, (2013).

H. Alielahi and M. Rabeti Moghadam, “Fragility curves evaluation for broken-back block
quay walls,” Journal of Earthquake Engineering, vol. 21, no. 1, pp. 1-22, (2017).

Y. Jafarian and M. Miraei, “Scalar-and vector-valued fragility Analyses of gravity quay wall
on liguefiable soil: Example of Kobe port,” International Journal of Geomechanics, vol. 19,
no. 5, p. 04019029, (2019).

AR



[12]
[13]

[14]

[15]
[16]
[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]
[26]

[27]

[28]
[29]

[30]

[31]

P. MarCom, Seismic design guidelines for port structures, in Working Group, (2001), no. 34.
R. M. Cosentini and F. Bozzoni, “Fragility curves for rapid assessment of earthquake-induced
damage to earth-retaining walls starting from optimal seismic intensity measures,” Soil
Dynamics and Earthquake Engineering, vol. 152, p. 107017, (2022).

M. Pellissetti, M.-C. Robin-Boudaoud, and P. Gehl, “Seismic Fragility Analysis Based On
Vector-Valued Intensity Measures; Theory And Application To Fuel Assembly Grids,”
NENE-2021, (2021).

S. llbagitaher and H. Alielahi, “Seismic fragility assessment of shored mechanically stabilized
earth walls,” Geomechanics and Engineering, vol. 36, No. 3 (2024) 277-293 2024., (2024).
S. ichiro Fukushima and T. Hayashi, “Seismic risk analysis utilizing the PGA and PGV
simultaneously as ground motion measures,” (2009).

A. Shafieezadeh, “Seismic vulnerability assessment of wharf structures”. Georgia Institute of
Technology, (2011).

F. Mollaioli, S. Bruno, L. Decanini, and R. Saragoni, “Correlations between energy and
displacement demands for performance-based seismic engineering,” Pure and Applied
Geophysics, vol. 168, pp. 237-259, (2011).

H. Alielahi, Rahimi, Maryam., Geotechnical Earthquake  Engineering, Principles and
Practice ACECR Publication , AmirKabir University of.Technology Branch (In Persian),
(2021).

Z. Hong-wei, “Comparison of dynamic characteristics between netted and packaged
reinforced soil retaining walls and-recommendations for seismic design, ” Chinese Journal of
Geotechnical Engineering, vol. 34, no. 11, pp. 2072-2080, (2012).

C.-C. Huang, S.-H. Wu, and H.-J. Wu, “Seismic displacement criterion for soil retaining walls
based on soil strength mobilization,” Journal of geotechnical and geoenvironmental
engineering, vol. 135, no. 1, pp. 74-83, (2009).

J. Kuwano, Y. Miyata, and J. Koseki, “Performance of reinforced soil walls during the 2011
Tohoku earthquake,” Geosynthetics International, vol. 21, no. 3, pp. 179-196, (2014).

J. Zhang, J. Feng, S. Xiao, and C. Liu, “Discussions on two key technical problems for seismic
design of retaining structures,”” Journal of Southwest Jiaotong University, vol. 44, no. 3, pp.
321-326, (2009).

R. R. Berg, B. R. Christopher, and N. C. Samtani, Design of mechanically stabilized earth
walls and reinforced soil slopes, FHWA, Washington, DC, Report No. FHWANHI-10-024,
(2009).

R. A. Imbsen, AASHTO guide specifications for LRFD seismic bridge design. AASHTO,
(2009).

G. Yang, C. Xu, and M. Zhang, “Geosynthetics reinforcement soil structure application
guidance”, ed: Beijing: China Communications Press, (2016).

PWRC, Technical Report for PWRC Certification of Construction Material, Products and
Technique:, Tsukuba, Ibaraki, Japan (p.149) (in Japanese).( 2005).

B. S. Institution, “Code of Practice for Strengthened/reinforced Soils and Other Fills: BS
8006-1: 2010”. BSi, ( 2010).

WSDOT, “2005 Annual State Highway Collision Data Summary, ” Washington State
Department of Transportation, 2006-01-01 (2006).

S. Li, X. Cai, L. Jing, H. Xu, X. Huang, and C. Zhu, “Lateral displacement control of modular-
block reinforced soil retaining walls under horizontal seismic loading, ” Soil Dynamics and
Earthquake Engineering, vol. 141, p. 106485, (2021).

F. Itasca, “FLAC-Fast Lagrangian Analysis of Continua, ’Version. 8.0, in, Itasca Consulting
Group, Inc, ed: Minneapolis, (2016).



[32]

[33]

[34]

[35]
[36]

[37]

[38]

[39]

[40]

[41]

[42]
[43]
[44]

[45]

[46]

[47]

[48]

[49]

M. Yazdandoust, “Investigation on the seismic performance of steel-strip reinforced-soil
retaining walls using shaking table test,” Soil Dynamics and Earthquake Engineering, vol. 97,
pp. 216-232, (2017).

V. Elias, B. R. Christopher, R. R. Berg, and R. R. Berg, Mechanically stabilized earth walls
and reinforced soil slopes: design and construction guidelines (updated version), United
States. Federal Highway Administration, (2001).

J. Li, X. Li, M. Jing, and R. Pang, “Numerical Limit Analysis of the Stability of Reinforced
Retaining Walls with the Strength Reduction Method, ” Water, vol. 14, no. 15, p. 2319,
(2022).

F. Schlosser, “Friction in reinforced earth,” in ASCE, Convention, (1978).

N. Norme, “NFP 94- 220- 2,” Ouvrages en sols rapportés renforcés par. armatures ou
nappes peu extensibles et souples- Renforcement par des armatures métalliques.en treillis-

Justification du dimensionnement, (1998).

A. Abdelouhab, D. Dias, and N. Freitag, “Numerical analysis of the “behaviour of
mechanically stabilized earth walls reinforced with different types of strips;”” Geotextiles and
Geomembranes, vol. 29, no. 2, pp. 116-129, (2011).

Y. Jiang, J. Han, J. Zornberg, R. Parsons, D. Leshchinsky, and B. Tanyu, *Numerical analysis
of field geosynthetic-reinforced retaining walls with secondary reinforcement, ”
Géotechnique, vol. 69, no. 2, pp. 122-132, (2019).

C. Fan, H. Liu, J. Cao, and H. I. Ling, “Responses of reinforced soil retaining walls subjected
to horizontal and vertical seismic-loadings, ” Soil' Dynamics and Earthquake Engineering,
vol. 129, p. 105969, (2020).

R. K. Rowe and G. D. Skinner, “Numerical analysis:of geosynthetic reinforced retaining wall
constructed on a layered soil foundation, ” Geotextiles and geomembranes, vol. 19, no. 7, pp.
387-412, (2001).

K. Hatami and R.“Bathurst, “Effect of structural design on fundamental frequency of
reinforced-soil retaining walls, ” Soil.Dynamics and Earthquake Engineering, vol. 19, no. 3,
pp. 137-157, (2000).

K. Mackie and B. Stojadinovi¢, “Probabilistic seismic demand model for California highway
bridges,” Journal of Bridge Engineering, vol. 6, no. 6, pp. 468-481, (2001).

N. Shome, C. A. Cornell, P. Bazzurro, and J. E. Carballo, “Earthquakes, records, and
nonlinear responses,”Earthguake spectra, vol. 14, no. 3, pp. 469-500, (1998).

C. Kircher et al., Evaluation of the FEMA P-695 methodology for quantification of building
seismic performance factors, (2010).

M. Adampira, H, Alielahi, M. Panji, and H. Koohsari, “Comparison of equivalent linear and
nonlinear methods in seismic analysis of liquefiable site response due to near-fault incident
waves: a case study,” Arabian Journal of Geosciences, vol. 8, pp. 3103-3118, (2015).

B. S. S. Council, NEHRP recommended seismic provisions for new buildings and other
structures, Federal Emergency Management Agency Report, P-2082- 1, available at
https://www. fema. gov/sites/default/files/2020-10 ---, (2020).

O. Berkeley, “PEER strong ground motion databases,” Pacific Earthquake Engineering
Research Center. Available: https://peer. berkeley. edu/peer-strong-ground-motion-
databases (accessed Sep. 10, 2021).» https://peer. berkeley. edu/peer-strong-ground-motion-
databases, (2021).

A. Haldar and S. Mahadevan, Reliability assessment using stochastic finite element analysis.
John Wiley & Sons, (2000).

R. E. Walpole, R. H. Myers, S. L. Myers, and K. Ye, Probability and statistics for engineers
and scientists. Macmillan New York, (1993).

Y


https://www/
https://peer/
https://peer/

[50] W. W. Hines, D. C. Montgomery, and D. M. G. C. M. Borror, Probability and statistics in
engineering. John Wiley & Sons, (2008).

[51] N. Luco and C. A. Cornell, “Structure-specific scalar intensity measures for near-source and
ordinary earthquake ground motions,” Earthquake Spectra, vol. 23, no. 2, pp. 357-392,
(2007).

! Federal Highway Administration (USA)

2 Back to Back Mechanically Stabilized Earth Walls
® Fast Lagrangian Analysis of Contina

4 Hardianto and Truong

5 Djabri and Benmebarek

¢ Argyroudis et al.

7 Cosentini and Bozzoni

8 Incremental Dynamic Analysis

? Intensity Measures

10 Engineering Demand Parameter

' Peak Ground Acceleration

12 Fukushima and Hayashi

13 Mollaioli et al.

4 Huang et al.

15 Kuwano et al.

16 Zhang et al.

17 Sichuan disaster area

18 Zhu et al.

19 American Association Of State Highway and Transportation Officials
20 National Concrete Masonry-Association (USA)
2! Modular-block

22 Public Works Research Center (Japan)

23 British Standard (British)

24 Washington State Department of Transportation (USA)
B Lietal

26 Mohr—Coulomb

27 Strip

28 Interface

¥ Free Field Boundary

30 Federal Emergency. Management Agency, P695
31 Far Field

32 Near Field

3 FEMA, P-2082- 1

34 Pacific Earthquake Engineering Research Center (PEER) ground motion database
35 Engineering Demand‘Parameter

3¢ Expected value

37 Standard deviation

38 Covariance

3 Peak Horizontal Ground Displacment

“ Efficiency

“ISufficiency

42 Ramps

Yy



