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Abstract

There are a lot of equipment related to safety and electric power production in nuclear power plants. The structure and equipment
in NPPs were generally designed considering a high safety factor to remain in the elastic zone under earthquake load. However it is
needed to revaluate the seismic capacity of the structure and equipment as the magnitude of earthquake was recently increased. In
this study the floor response due to the nonlinear behaviors of structure was analyzed and the inelastic structural response factor
was calculated by the nonlinear time history analysis. The inelastic structural response factor was calculated by the EPRI method
and the nonlinear analysis method to realistically evaluate the seismic fragility for the equipment. According to the analysis result, it
was represented that the inelastic structural response factor was affected by the natural frequency of equipment, the location of

equipment and the dynamic property of structure.
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Fig. 1 Seismic fragility procedure of equipment
(Kennedy method)

Fpie 7289 $9ATE et

zZ}ze] QbAlet AAA A AIZ (safe shutdown
earthquake, SSE)= #dt 71719 F4% A5 (Am)o]
e a2la 74 Agse] EREAdS SRSSEHS)]
Bt B2 AT F st o] $ES ol&st] 4 (2)9
o] oIzl AZ “a"ellA 71719] A EE “pE A
At

In(a/A,)+B,2 ' (Q)
2
Br

Fig. 12 Kennedy W< o] &3 94 77159 +4%
s ke S et FxE HEAA
71719] &5l ke wA7] wZel 7]71¢] AXHG=E H
7R HR A2 %‘ﬁ l—’FE SHATRE nejd.

Kennedy HHH
o &5 “'“ﬁ’\] 7= 1&%% FrollA FxES] B
& el whek 2% €

toles 7id dxe] &4 AXIPH/d% 7Hseismic
probabilistic risk assessment, SPRA)|A = v|X &4l
<= FYsA 7] wgel Mg TEEHATY FIUES
12 7Hgsta #2289 F954 $& 1 01*394 A el]
Me FxEY] HEdTRSHATe] W
A&t} 7|1z E FE X 4
g7 wiEel o] gt 0eR /\}%'3}2?\‘3}. 7128 FESAA

ololME FSHY TEHE Elsle] HAFPEIEl HEA

© 78 4 -

E
o
)
&
=2,
2
H

-4 o
BN
it}



[e]
=
@ale] bl ARAGE BAE £AT F Yk B

Y3lo] dEYIAE AT (japan atomic energy research
institute, JAERDIME Fig. 29 #o] vlAdgsidz} <t
AAFE 233 HE AT

JAERI ®¥HolM e A 7]1719] 452 Kennedy W3}

D)
20
e
42
b
—
o
N
)
ol
rr
o
i
o
i)
&
1o
oX,
i)
1l
N

}\o% 2~

o AR AAFEE 2ot AXE EeFsle] Ha bR
e vldgeid s Fdstes sk Aok AdaA
E
[<]

Nonlinear analysis

Grouping of
(6 earthquakes)

Linear analysis
equipment

(SSE level) ‘

Eesponse factor FRS-input ground Yes
Y group motion curve

Maximum
response of floor

Response factor
of equipment

Nonlinear response
modification factor

Ductility factor
of equipment

Capacity factor
of equipment

Fig. 2 Seismic fragility procedure of equipment
(JAERI method)

3. HIME AIZI0/Z AW U o/

3.1 5d 2 A

B A 7280 MARATOR A% SHw
3t Aol BAoly] we] Aue] MARATE $G
Hold At oleld ol Al AA %
o
o

oz sttt A 2de] 7

o koax 1

i

2

A wdo] 7

do] 33 L3 oM A8 FRSE S457] st
of RE Fo| ¥ A2 wLaitta 7Hgaiitt. 71719
A Fx=o A3 Blaste] v Z7] wjgel] FAls
ok FxE HAEAES sttlete 7I7le A3AEH
Ao

3.2 X rds} o] rd

2 ATl e 78] AdiEd RxyEe] IF
ak
[¢]

¢} frAlkgt 4Hz, 8HzS] HF4

3} o] 471 A9 TR,

AAFESE ORE A2EAYE Advoz T4
[e)

gut, AEEIZE AT A FEo] nf 3k o
Zoltt, ey Fakge] WA ¢dstEs el =W
Ao izt Fdo] WAetw, A AetET o] HHEFEo)

50m

— E==A
(a) SDOF (b) MDOF
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Table 1 Characteristic of analysis model

Model Floor Frequency(Hz)
1F 4H 1 4
1F_8H 1 8
10F_4H 10 4
10F_8H 10 8
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Table 2 Group of equipment

Group Frequency(Hz) Example equipment
1 1/1,<1 Pipe
Pressurizer

2 - Jf.=1

F1, Reactor vessel

RCP

3 Jfo>1

fdfo> Regenerative heat exchanger
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Spectral acceleration (g)

Frequency (Hz)

Fig. 5 Acceleration response spectra of input motions
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Table 3 Characteristic of input ground motion

Earthquake Station T, (sec) PGA(g) PGV (cm/sec)
1949 Olympia, WA Highway Test Lab(N86E) 15.6 0.28 17.02
1952 Kern county, CA Taft Lincoln School(S69E) 10.3 0.18 17.78
1979 Imperial Valley, CA El Centro Array No. 12(140) 9.6 0.14 17.53
Artificial(Reg. 1.60) - 9.4 0.20 28.7
1971 San Fernando, CA Pacoima Dam(S14W) 6.1 1.17 113.28
1971 San Fernando, CA Hollywood stg.P.E.Lot(N90OE) 5.4 0.21 21.08
1979 Imperial Valley, CA El Centro Array No. 5(140) 3.4 0.53 43.94
1978 Santa Barbara, CA UCSB Goleta(180) 3.0 0.35 39.88
1979 Coyote Lake, CA Gilroy Array No. 2(050) 2.2 0.19 10.16
1966 Parkfield, CA Cholame-Shandon No.2(N65E) 1.4 0.49 26.41
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