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10 |_ogarithmic standard deviation of the demand
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1 Moment frame action (MFA)

2 Krawinkler

3 Probabilistic seismic demand model
4 Peak ground acceleration

5 Peak ground velocity

6 Spectral acceleration
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19 Mackie & Stojadinovic (2001)
2Makris & Black

2lpadget et al

22 pile foundations

2 Velocity spectrum intensity

\f"uL—ML’ Al O)Lo.a.:l SA 0)93

J3)5 —ojs U1 aslilias

Alse ) Sl py8 3 ) ol 5 Lol ailie (g daily 35800 Ol
25 ol (V) daly ©j50 &

Sp=a-IM> ()
2 ol S LB (V) by S5 4 ey B Ladyy jo8de dlal,
o2lizl |y g L3l o 1S o (B) Jltis g e 51 Loy IN(@) Ltb o)

252 20155 aulons B (s 55 5005

In(Sp) =In(a) + b-In(IM) ()
ol it polee LB (F) ] 51 Lol SiS1,y jzolyly a5

Boim = N_2 (f)

oo bl (shoj) Lol Vel gy oad gl SIS6 & 4o
01 L) ol )3 S e ol |y o (sla ol g Laguly dipii
3ol 385 g oy OBl g o3g Sl Hlows (IM)A; s lro

~ jzan(di) — In(Sp))?

S ol s o bl plas e Sl a8 5 2V Coan
KB oy g Wt Gl el b 6Tl blsjl sl (o954
Tl el e g WS ot ) o)l 3> i
s iell (355 paseie dige) 53 SlaioS (elul cpl - Mt 05
Gt b gl (nl & Cunl 48)S S5 3l Sl ) a0
)8 9Paign t il coliS Ao 1) kb cla b g
5 on’ e Sl bl S bl pies 500w
i a5 350 05l )3 ol (g sl |y b 2l o celie
Sl 039 Sliios oyl 31 LS e pasde o 00y sl L
ojp> slodlly Gl ainej 5 9 Cunl 0 plxl 493 05> sadl ]
Dl dgp g Slauios M Koo

11 satisfactory correlation
12 Optimal IMs

I Sufficiency

I Efficiency

! Practicality

! Proficiency

I Relative sufficiency

© N o wu o~



V¥ ‘uLqulj Al O)Louf) SA 0)5.)

i 3390 B &P (B Y
bl o dgmge sba s Gledbl & pwyiwd cde @ adllas oyl )
@l ol oy ohb el Jste 5 i ¢ awin s 5l i)l
alad L o bbby 0gd o0 oolitwl b Jae cilo (gl Wodly oyl 5l
odsols (MSCC-BGY jlaid] 4 oS (gldnr 15 ol adye b dtwge
e 9 1, bl G50l 1o oy (5 0l gy o 5l 2395 0
i e sy Jlol (s ol aizs i ybe)) bl Lo
ol |y bl cslady STV 5l Sy Sy £ ol VIR Jlo o S0l
2 e 5 5led Slyo bawgs ofg (yp S oll 5 99500
09° Jade S )3 & g9 onl B S g NFYAIY Lo
B 5L pdlS Ll s ojles (o e (Wlaoge 4idye) 2l adys
390 el dlad Y oS dgiw Fol'Y |y g4 ¥ adllas ol jo .cuwl olass
oyt e Al o I pents g8 (eyls Kok 45 0585 8 sy
YL el dloy ol )3 (gt diz) g Folsl (sl s
Ol 5 S iy Sliiod 10 &S st S5 (sloJus 4y s o]

ol o 0,3l T 4 VO]V Jlo

Wy 2990 (s 093 -

Slite (b o> dw Jobo 3 il (Lol po 5 ey (b g0
VAL Jlo g 95613 o VAVY oo jg0io 5 (S )b (sl 5 Laugs oS
OBLLly Glallas lawgy (gandiwd (pl Lud SS&5 pb 5l Ly Loy
b slelyed 4 bgye slay (slojl slodiis 535 oy L[VF]
ool 2 emen 51 S AL oMl ool L g il
o1 (5 )3l2 SINBIJIS, ol 1>y (sloodls sgl go 5] | 3o
Oldi 3959 Gygpd g Cuonl glilyd lo VAVY Jlo 45 .ol
Jr sl ojle 3 (6 S5 Casls el e o (los ) s
P bl p i (b ledyy Sy 4 pxie 938 S,
S b Slogas )3 elss ol s by (b (clad ikl
ol aS U ol cdil avg L [V ]oad # )b VAVY Jle o
osol 3525 &) i 53 (§ s JS5 Sl I pdm oo (ST 090
Sl Glomen (L5 0)90 4 o dlols (Sladdping o) e g
ool adllas ol )0 oolaiwl 5yg0 (Jdow (gla Jae (solos e 3)ls YL

2 Multi-span continuous concrete box girder
2 Caltrans 8
2 National Bridge Inventory o

A5 —ojl jJUT aolibad

e ol sy )3 306 5 (Bl (slmalzo 4y Lasyo (sl el lojen
oj9> 2555 ¥+ 3l Gimgly ol >l Sl ojl slael )3 sl
ol o o3law] S5

$39y9 A Yl YF (o9 dige (A 3 [Ve] )en 5 Sl
AT L g S slady 2 piagl nl 35 03 - 835 (0 ]y 4
A WS ol as Gikgh cpl . g 1Sl S yd eolu
sl iyl 5l e e pos Al o sy 4y Lo s sl ol
s e Sl GSE 5 ool o Gl 4 b e il
8 adlls 3y90 1y i > M s ol o TNV e 5SS
29 b plul Sea5 5 )9 0jg> slr)sSy e pirgl cnl B
CBl yiall o i Glsis 4 (e Sy Al yiall bl )
Slisl) atly jler Gt )1 b oy 3,90 3 (g 2> V] o2
(0 9988 SldsS g )lgeal (S 0295 b Gblio g laoyd 53 0
ool 2 (2l g G p Old diul) b L Y 09 dige
Aol o g cnl lp M pasuia 5 oy p S35 0jg>
el (o i Co o Ay

VAGdg die W] oo 5 03l Slo bwgs (oSS (cdingly
s Sl g old (2S5 cpde lp A oM bl
M5 nyieS LBl g LS S s (geesS) bawy dlugy
2 ogrge Slise g ond o))V gyt 5 & o8 5750 3l
dape b slaylixe 1 eolaiwl b coles jd g odd duwlio (28 il
syl et J 250 VY lp ndiean dbly 0ad e
5 Gy b Gl dalllas pl ) ] ol dbo) awdine (sLolE
ity ©A5 (Sl Jlme o iRy (o) C o didis

Slallas )3 o S35 09> ;2 ST 4 42 5L (agh cnl
g 059 (il 2 4ye s Slpcosd drg o 4 a8 iy
Sloj )b ilos )3 (e Slid 8l g o6 cloadlge Slojen il
sl gy ey b ggoge nl il ond Bld y ojlu (Jas e
Slojy Cuenl () 3y90 SO (sl el cales )3 5 0ad Sl
e Byl 1y 05 cnl > Slaiod sl Mo Klgie 9 anshy

24 Zhong et al (2019)
2 |east absolute shrinkage and seléction operator (Lasso)
2 Step-wise regression forward sefection algorithm
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Abstract:

Seismic intensity measures (IMs) perform a pivotal role in probabilistic seismic demand
modeling. Past studies investigated appropriate IMs for structures, including the vital
component of the transportation system, the highway bridges. These studies were mainly
focused on far-field earthquakes and did not consider the strong vertical component of ground
motions in near-field earthquakes. In order to evaluate the optimal IMs for the multi-span
continuous concrete box girder bridges subjected to near-field earthquakes, ten sample bridges
were modeled and then subjected to three-component records of 164 near-field earthquakes
applying the OpenSees software framework. In the present research, 5 engineering demand
parameters considering the most critical response parameters related to columns and deck were
selected, along with 24 intensity measures considering the horizontal and vertical components
of ground motions. Base on the optimality investigation method, parameters such as efficiency,
practicality, proficiency, sufficiency, and relative sufficiency were considered. In total, 8200
nonlinear time-history analyses were conducted. The results presented that the peak ground
velocity of the horizontal component (PGVH), velocity spectrum intensity of the horizontal
components(VSIH), and Housner intensity of horizontal components (HIH) were the optimal
intensity measures, and vertical component of ground motions in near-field earthquakes should
be considered in optimality investigation.

Keywords: Optimality investigation, Optimal intensity measures, Opensees framework,
Nonlinear time history analyses, Near-field earthquakes, Probabilistic seismic demand model



