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Abstract Nonstructural components, such as electrical equipment, have critical roles in the proper functionality of
various infrastructure systems. Some of these devices in certain facilities should operate even under strong seismic
shaking. However, it is challenging to define each mechanical and operational failure and determine system failure
probabilities under seismic shaking due to the uncertainties in earthquake excitations and the diversity of electrical
equipment, among other factors. Therefore, it is necessary to develop effective and practical probabilistic models for
performance assessment of electrical equipment considering variations in equipment features and earthquakes. This
study will enhance the understanding of the effect of rocking behavior on nonstructural equipment, and
linear-to-nonlinear behavior of restrainers. In addition, this study will generate probabilistic seismic demand models
of rigid equipment for a set of conventional and novel intensity measures.

Keywords : Intensity Measures, Latin Hypercube Sampling, Nonlinear Dynamic Analyses, Nonstructural Components,
Probabilistic Seismic Demand Models

1. M2 Aafl= AXAAA & 72t
TFEEO| == FHote Agvt ofuehd, HlFx
HFx24 e4s A4" F2E9 7158 Fds] A QA AFRALY) SHAS 9ate] AL ow e
Qate] FRE AXE= A7)Adn], AR, w5 o sy}, dX N 7)) XA S v R, 27
gt QA EETh AN 22 AAS B Al T gFo R Qste] FxE &4k WA ¢kgkont,
Z20] £ ol g} ujT2E 240 E4oR Q1% ol uj A 9o &4to] WAL QT dukE o w

B =T 201495 AR Adom ghmdATe] XS wol 3 7] 2ATFANY U (No.2014R1A1A1005398).
*Corresponding Author : Ji-eun Hur (Korea Research Institute of Smart Material & Structures System)

Tel: +82-42-486-5676 email: sudarr@naver.com

Received March 13, 2017 Revised April 6, 2017

Accepted April 7, 2017 Published April 30, 2017



IEEE/ANSI ¥ FEMA$} 22 7]Zol A A3 918
o] M2 A QA FRE ZAEsA £2E7)

o
4 X
&Nf&
i}
2 2
rir -
EN
Hé
Mo
i =
o 2
o 2 mi
r;—irlo
N
o&—:—l-l_\ﬂ_,
F_._ll-zslir-{o
u{ol_uE‘ :
EJEI:D_HHJIFUEQ
- S I )
o 2 2 ood 18

e ox T rpr fo
ox
A
%0,
=
Y
r
>
)

(o
t
rO
=
o [
-
BN
2
Q2 N P

A are) IEE dFar] Aste] B A7 I8
%20t} Shenton(1996)7 Taniguchi(2002)E H]T-%%]
8AE TEHEA G AAR PgstaL £ 2 54 9
S e 4R 2 Al nAYH AsS EF
T, 2]. Yim(1985)2 A ME& e 7554 ¢
& A E5Y Aol dig A WS FEsta,
ARk 25 EA0] g3t vt 220 S fEE
EFATH3]. Makris®t Zhang(1999)& 487 HAg
(pulse-type) AW 5 W FEHE(ZAE) A
E5Y 7%l thet 24 2dS ek th4]. Makris

9} Zhang(2001)-2 4 RS A}gslo] A7t Ay
=l 87 HE 94 P29 715 2AFRIATHS] L
L} o]9} e 7)Fe] BA mull A7) 2o wpsko
2 oA EEEA g ghEA & 3
sttt ool whel 7)) B Ede o] Ao
71z38te] AntE 7Pde] whAIFE AR
e 7)E BARds 7jAe7] $lske] Gupta(1999)9)
Yang(2003)> &= s 7] Auyle] TEY A
g FA] fg R <

[6,7]. Hur(2012)E &8 @40 £4 »do) tj3t o]
A FAAS 7)=skR 2™, Hurd} Shafieezadah(2013)

<l R =i

S EEH ATS ol 7Y 84 dig A2 24
RS A oFsATHS,9]. o] =4 Bouc-Wen E@-&
ol-gate] AA el L5/ AT AlAE At F Y =

g, 2719 ok 5SS adatr] Aste] 52 ARk
+E 715 AR Aol A9 AF+= Probabilistic
Seismic Demand Models(PSDM)2] ]2 A A] e A o]
o} vpA o 2 A 229 PSDMel AHEH = A 7]

=ol g S-S "-etaL, vE g4l PSDME R’

il
SR
2o
ot
=
u
Mo M
o
ki
N,
1\
o
Y
2
e
S
9,
o

C

AAU ] WAL A7) Aulne] EEY AS
S PASHe T A 2 BE)S] Yo B
t} Fig. 1(a)v =©°| 2h, ¥ 2b& Zk= 72850 449
7S = Zﬂl

PIAE 7 E

=

ol

Rigid B}fwck Halw“\ x 2h
J |
Grouu{:l R\&
N
ig(t) —> 1 1

(a)

Fig. 1. Schematic restrained block of rocking motion
(a) Restrained rigid block (b) Block oscillates
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Table 1. Geometrical and Physical Parameters of
Electrical Cabinets (UNIT: inch/mm, Ibf/kgf)

Parameter Distribution
Height (H) Constant: 91.5/2324
Discrete: Uniform
idth (B
Width (B) 24-54/610-1370 distribution
Discrete: Uniform
Depth (D
epth (D) 16-32/400-810 distribution
Total Discrete
. . Normal
Weight +Continues: distribution
(Wtotal) 500-1340/225-610 stributio
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Table 2. Intensity Measures in this study

IM Definition Units
PGA Peak ground acceleration g 5
(9.81m/sec’)
PGV Peak ground Velocity m/sec
PGD Péak ground m
displacement
Suggested 2 g < kg/m?
PGA X Mass/ Depth
M s/ Depth (9-81kg/ (m Xsec?))
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Table 3. Coefficient of Determination (/)

Suggested
PGA PGV PGD M
0.50 0.34 0.19 0.73
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