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Inelastic Energy Absorption Factor for the Seismic Capacity Evaluation
of NPP Structures
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ABSTRACT

In order to assure the safety of NPP structures, margin of safety or conservatism in incorporated in each
design step. Seismic risk evaluation of NPP structures is performed based on the realistic capacity and
response of structure eliminated the safety margin and conservatism. In this study, the comparative
study on the various evaluation methods of the inelastic energy absorption capacity was performed. The
inelastic energy absorption capacity due to the nonlinear behavior of structures has significant effect on
the results of seismic probabilistic risk assessment. And the comparison study of the HCLPF wvalues
according to the inelastic energy absorption factors was performed. As a conclusion, it is essential to

identify the system ductility and story ductility of structures correctly for the seismic risk assessment.
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3.1 Newmark
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3.2 Riddell-Newmark "9
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Structure Type Median Drift B, B
Shear walls
Safety-related equipment attached 0.005 0.15 0.30
No safety-related equipment 0.007 0.15 0.30
attached ’ ' '

Containment Shell 0.0075 0.15 0.30




3.3.1 Effect Frequency/Effective Damping Method
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3.3.2 Effective Riddell-Newmark Method
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Rigid range Amplified acceleration range Amplified velocity range
Sa(f,B) , : , g
Fu= apga © Fa=[(g,+Dr'—q]" Fuo=Cila,+Dr'—q]"

o714, @ = 0.10 2-5% damping
= 0.11 7% damping
= 0.13 10% damping

r,=0.488""%  »,=0.668""" | ¢,=3.08""Y, ¢,=2.7187"1
CF=fK/f when fK/f<1.0
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fE 2HER VMR FE0 2dEY £ SR Aol W (knuckle) %ol

Yar Voo Qo B gy AN A B A e % %S AHEEH 919 Ao AHgE fE e A
@9 9] bilinear 3tz - FAAM FE F AAdS BHFEr] A AlxE AdEES AT Aol
o pE e Aoz tehdt

' =0.5+ (x=DA+R)+1 (15)

2R’



4714 R=1+s(z—1) °] ST
F = 20 AEAL 2 :’:?'-E]E A9 o] Pinching
A7) e g Aoz BAF)

[
uu?
ox
0¥

S
=2
fu)
o,

o o
S
s
o T
o o
- ox
T e
off =
10,
o &
o T
to =
B
B
of\
x
o
fet

r]I.
of
=
T

F,=1+Cy(F ,—1) (16)

A7 Cpe U AHFAE 7 Ao A9 06019, 2 RS} &S AHAE 7Hd A

A AGAE] WA s H7kdd AMgE = AgdEe] Hed oyA F5ATE 94 71
74 el mEk Abgsta o AnE vlwskdth Newmark B9 2 Riddell-Newmark 4 of A
= AddE9 #38 dAE(Effective Ductility)e] ¥H3lo] w2 HlErA oy A F—’Fﬁ]? H] 3 8}
GFom (19 1), Effective Frequency/Damping ¥ % Effective Riddell-Newmark =9 ol|A+=
AT AL A28 AAE(System Ductility) ¥3lo] W& mletAd oY= FEFA 59 §]r§ H| 1
SFATHLE 2). ZdolA Hafjxd FiES dubdor AGdEe A&7 EA8t= 7#Hs "}E}

Aok 29 1eA B oukel o] AddEe] & AdEd wE HgA duA FFAs

Newmark %ol 2st WHHo] Riddell-Newmark Wl Hld| <kzF =A YeErsth Effective
Frequency/Effective Damping W 2 Effective Newmark-Riddell Wl 2|t Hlgbd A &
FAGTE Avbg o2 Effective Newmark-Riddell ®9ol 23 gho]l =A el $-2vel o
# 5&657] AdAES] v YA FaATE oF 218 ¥luF A JEtw e, o] uf A

B9 3 A4E R A2Y AHEE 27 5 302 so] WARYUREL B¢ o]F YA ni:
who} 2ol Adazel W dux FEASE ARAE Axd A4E D F AHE (Story
Ductility) Wbl wheb 2 A7k vhg =0 wAsgn wed ARAEs Wadse Gl
P77 e Fonn 4 e e FEANE, A2d 94E R 3AYEE FI5H

A};{J»&].oq o]: 6]—1:]-
H gAY oYX FFA5 Aol o2 HCLPEF kel WslE @3] 98] Zhzbe] W
& HCLPF @< A8t vlaAd duvA FFAE A9 vmA &3 2 ds #4
of o5 WHA % EIAHAAF Uigt QFRETHAE JF 5&657]9 AHAE HFELA
AHEgE HolEHE ARESEATHE  3). H]EL“J AdA FAF A8 A Newmark ¥ 2
Riddell-Newmark ®HolA = F& A%
g3sto] F  Fhel diEdl BT ARAsR e
Effective Riddell-Newmark ¥ ol

& % 1A AAIgE ghe] At 2 S AE 7H2E A}
 Effective Frequency/Effective Damping =H 3}
TS 52 71A S AFA S 9o

Y
i
>
P>
r-l_‘r.‘; -
-



° T Effective Frequency/Damping
P Effective Riddell/Newmark
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99 1 RE AN E mE Hey a9 2 AzdAd s ohe HEge A
A=A FFAF<] Wst FATe Wt
E 3 HEet Al # diFiasdA
Factor F B, B
Strength 7.47 - 0.21
Spectral shape 1.25 0.22 0.05
Damping 1.0 0.06 0.06
Modeling 1.0 - 0.17
Modal combination 1.0 0.05 -
Earthquake component combination 1.0 0.05 -
Soil-structure interaction 1.0 0.0 0.0
Horizontal earthquake direction 0.9 0.0 -
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A4 NEAEAGA FaAs R deEsd

E, B, B
Newmark(mu=1.5) 1.414 0.087 0.065
Newmark(mu=2.5) 2 0.207 0.155
Riddell_Newmark(mu=1.5) 1.471 0.101 0.075
Riddell_Newmark(mu=2.5) 2.041 0.214 0.161
Effective Frequency/Damping 1.333 0.028 0.033
Effective Riddell/Newmark 1.665 0.032 0.067
Average 1.499 0.03 0.05
HCLPF
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Newmark(mu=2.5)
Riddell_Newmark(mu=1.5)
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