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Abstract

In order to secure the stability against strong earthquakes, isolation devices on the existing nuclear power plant have been
introduced. By applying the isolation device on structures, it is possible to isolate structures from the ground motion. Therefore, the
natural frequencies of the structures become longer, and the responses of the structures due to the ground motion decrease.
Especially, when designing the nuclear power plant, it is important to ensure the safety of internal devices as well as the nuclear
power plant itself. The floor response spectrum is commonly used in designing the internal devices. In this research, floor response
spectrum is evaluated and the effect of second hardening behavior is investigated by performing earthquake analysis.

Keywords - floor response spectrum, isolation device, second hardening, base-isolated nuclear power plant

.M B

A AlnE gRe] ©
ek ofyel Wil =

7(
et
o WA 571, e RS A A 72

HU o
e
o
_1>4
mZi
3
=)
o
N
N
)
>«

UFEaLel A AL 2 5 Aol 7598
g FdaAEgel e 477t Dol A 5
saselel 49 12 B8 @rEel 498 b 9

] 3y
(Choi et al., 2013). =L 5 U.S.

Z
j=8)
a
=}
o
o,
@
©
=]
~
@
g
=
©
=8
=)
=
<

commission) oA 233+ Reg. Guide 1.122 (U.S. NRC,
1978)7F dulEHoln, UM F2E F7]e BIEEAE
w8l 93 Aegk & 2 Fas) upS AA)En on;}

49 AR A 54 F AR 24 B8} e
Ak 2 WP AN B0l 7 o] ol
A3l AA Al=Ee] nfF7]d s Fedl, F2RE WA

T
ko
e
patk
o,
L

o] SSHAAER vAE TS Brleien, A
Y A XA ] e 23 738t @] S8 el

' Corresponding author:
Tel: +82-42-350-3616; E-mail: j.hong@Kkaist.ac.kr
Received June 27 2016; Revised August 10 2016;
Accepted August 11 2016
©2016 by Computational Structural Engineering Institute of Korea

This is an Open-Access article distributed under the terms of the Creative
Commons Attribution Non-Commercial License(http://creativecommons.
org/licenses/by-nc/3.0) which permits unrestricted non-commercial use,
distribution, and reproduction in any medium, provided the original work
is properly cited.

=2 M20H HM45(2016.8) 355

AMTEZE

e



29 22F 73t et JekS Hrlstaal gl
2.1 APR1400 ANT 43814 =2

AAFEE] A2 A8l T=1187]=(KEPCO E&C)
A JBEE APR14000 21814 2EE ARSslsith. &el=
845 AHESR] nuclear island(NDE shel] Zd&]a}sd
o1, bearing elementE AHg-ate] 486719 WA E NI
Rl BB}, A2l reactor containment building
(RCB)®} Auxiliary building(aux. building)< ¥-2H
BdS ARgste] NI Al wix|=]lem, RCBS Aux.
building®] =l Z}7t 77.88m9} 46.64melth. 31314
2do] & Aeko 498 220tono]™, 155070¢] beam 249}
2570709 solid £4& FAH] vt & AFox e theket
bearing elementE AH-3}7] Y3l 715 SAP2000 744
M $21814 2dlS OpenSees $70IA AMEE 4= Q==
2 wgkslo] ALg-sISiTh

27184 & flste] 30709 AP AES st o,
Reg. Guide 1.60(U.S. NRC, 1973) 7]€4 0.5g &%
2HER S WA RS 49 30709 AR AHE-ste]
AZeA g FaeATHFig. 2).

Table 12 FX|eiA mdle] WA 72 fio] we

o

A S Aol A7} B2 4] &2 2dl (base-

Fig. 1 (a) APR1400 numerical model, (b) distribution
of base isolator, and (c) schematic of APR1400
(KEPCO and KHNP, 2013)
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Fig. 2 Response spectra of 30 earthquakes and target
spectrum(Reg. 1.60)

Table 1 Results of modal analysis

Frequency(Hz)
Mode number -
Base-fixed model |Base-isolated model

1 3.710 0.476
2 3.715 0.477
3 5.647 0.709
4 6.049 3.546
5 7.272 3.572
6 8.128 6.997
7 9.874 7.483
8 11.380 7.947
9 11.445 8.752
10 11.536 9.880

Mode 4
Fig. 3 Mode shapes of base fixed model

Mode 3
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Table 2 Properties of base isolator

Parameter Value
K, (MN/m) 524.755
K,(MN/m) 2.262
Q,(MN) 2.251
HWAAA ASELY] 2247488 BARE] $8td Open
Sees® HZE 4 RdoA = bearing element® A
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Fig. 5 Behavior property of Bouc-Wen model
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Fig. 6 Force-strain curves from experiment
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Table 3 Parameters of Bouc-Wen model

Parameter Value
K, (MN/m) 524.755
£,(MN) 2.261
a, 0.00431
a, 0.00197
w 7.73372
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Fig. 7 Force-displacement curves considering
(a) 0.90g and (b) 1.00g PGA level
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Fig. 8 Mean value of floor response spectra considering
the variability of (a) isolator, (b) earthquake, and
(c) isolator and earthquake simultaneously

(h=101.65m)¢} 7F4 2S Aoz dAdg: FHad
(h=23.7Tm), 281 F =29 7}edd 9gAsh= =
(h=60.96m)oX =319tk (Fig. 8). =1 Az A 7
T RCBe #@ste= FIb ogoio] 3~4Hz o

Lk
=
=

o
N
-
olN
N
o

o



20 T T
Mean _—

Minimum  ------

Maximum — - — \

-
()]

-
o

Acceleration (m/sz)

10" 10° 10
Frequency (Hz)

(a)

20 T T
Mean = ——
Minimum - -----
Maximum — - —

L f ]

Acceleration (m/sz)
o o

(6]

0
107 10° 10°
Frequency (Hz)
(b)
20 Mean —_— ] '
Minimum - ----- fi,
. Maximum — - — ,‘ ‘
<15 | ! _
£ Il
Siol Aoy _
-.g 10 I'\.A' ,\' J \
) . - N
St 2 L AN
0 ' :
107 10° 10°

Frequency (Hz)
(c)

Fig. 9 Maximum, mean, and minimum value of floor
response spectra at h=101.65m considering the
variability of (a) isolator, (b) earthquake, and
(c) isolator and earthquake simultaneously

HAA) & 2o SSHAEHS] A, Ha Hatgholn,

AY, A2 N2 FSHAAEY okl HolE /1Zo
T3

Fig. 10& $9g2Ee] B2aneld BFghe &

AL wsh G Bol7h A4S SeYLAED
ba
o

EFAA £3 Z7H Ao deRont, WrgA
o

e Dese A 1 9 BE 2950 vel Awgos
@A e e vehie AoE BAHUG. EF 337
sAERY] 2% A, Aagtel A3 BE WSS 17
A% 7k B 9ol vlel sl 2 Aol d nelErt

A - ol - FAS

4.0 r
h=2377m

35} h=60.96m ------
h=101656m — - —

Acceleration (m/sz)
N
o

(a)

Acceleration (m/s2)

4.0
3.5

< 3.0

E 25

C

2 20

[of

(0]

2 15

[6]

2 10
0.5
0.0

107 10° 10’
Frequency (Hz)
(c)
Fig. 10 Standard deviation of floor response spectra
considering the variability of (a) isolator,
(b) earthquake, and (c) isolator and earthquake
simultaneously
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PGA level
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Table 4 Maximum displacement of isolator according to

the PGA level
PGA(g) Maximum displacement of isolator
1.00 1068mm
1.02 1099mm
1.04 1128mm
1.06 1155mm
1.08 1182mm
1.10 1209mm
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Fig. 13 Floore response spectrum of RCB(h=(a) 23.74m
and (b) 101.65m) at 1.02g PGA level
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