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Experimental Study on Vertical Reduction Effectiveness of Main

Control Room of NPP using 3-Dimensional Isolation System
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Ham, Kyung Won Lee, Kyung Jin Suh, Yong Pyo
ABSTRACT
The seismic characteristics with 3-Dimensional isolation systems have been studied
using a shaking table system. In this study, we made nuclear power plant main control
room floor systems and several seismic shaking table tests with and without isolation
systems were conducted to evaluate floor isolation effectiveness. Isolation systems have
showed large reduction effectiveness in acceleration and response spectra with x and z
direction respectively, but horizontal isolation is more effective than vertical one, It is
required to make isolation systems of which design frequency is below 1Hz when applied
to main control room of NPP, but considering much difficulties in making such isolation
systems, it is recommended that much consideration should be taken into account when

applied to main control room of NPP.

LA g

g7 R2AE EL 14400 9450 Qe FALe AN W A4S seso ¢ 2t
Q0w og fa FA el AAzs Ezol(Access Floondl FRAA2HL Elako] o
Zzol 4370719 ANGRE Bt Aol TEAQ B0 E AN D YV TR 43
= WAAAZIZ olstel AASHE ARATY) AT AR Bokel AP FLE AW
R 7ot

FRaNade 2/ 2499 348 Aades Groldd, 2 FHzAsHe) =Qi5E
*Rd HEdTd dudTd, Rd
B AEdTY AgaTe, dHd
B3 A¥ATY 4997, 459

- 417 -



¢

o, 339 SRAN AR QRN ATE ALPoRA 239 FAAA
A

zYE =istel FHERFgH FARF AAFE FAN A@ATIE Al

Constantinou™ o 93] #otd #Ax oy}, npz

deg 729

ki3 . <)
Fol Aol T2 THVEFE M5 @ WA 2AY 5 U3, ouiA BsHe nelal
of Bl g FxEe SHE TaAIIE FAolch vhEAA volY E4L opFwe )
ZAF AA dFg Loy vpRHE vpAWe &5 wojyge] oY, vlEAWe THAdH
S5 Ao B3 o Yo
shgAwol & £ Ao F2 A4HD, ANES Jdo £ANY WL E A
gt AN delN e oloj2ZY D Wsje xgo] wol AHLATH WL oojATYL A}

Aot FAEg ANAZYTE Frratdd FAHE o

Mz Ewol AYEYe AL, ARH AYAo dald 150 2Ye FHse] FAPF A
AgEg vmste] B4, stk ARl FHYY ANSEE Aolshr) Ash kAR
olge AAstn, £4%F NASHL Ajsy] AalA olol2rYs FHE Azl AFY
49¢ sqsidch. AFY AFe] A4 Ads: EEAAY AANEANL EANEAY

(OBE : Operating Basis Earthquake)® <A & x| %] 21(SSE : Safe Shutdown Earthquake)9]

A GH RS Ao o Auyel NHSee Bslstg)

2. /5o 48 Ha
2.1 AFANY £20]9 AYRY

DA ERole RERYS 24A FRE A6 Type [ 44 FAoJA9] 42 2
ol AT Ao 7 19 29 |9 e 2l shEEAL LVDTY F&AAA7 yet
Yool Type & AT =X =3y 98] WxXDXH=2.5m%2.5mx0.8mo] 1L,
H-200%x200x8x12 HAE wieh Zggdog Asle] A4 FAE 2082 AZE A

e L.

: 2
PR 1 -
1
|

o

L

CRI VIV ST VIR

a9 1 gdFAd E20] BY Type |

- 418 -



o oepe

3

| A
2.5mx2.5mx0.2mel &

=
=

zojold g 19 g

X
=

A 2

|

£ Falojae

-

Type 1L

WxDxH=
10803, 1§ 29

=
i

3ol A7
s om A4

L
pu

%

| Hefet =27

d

x

1
[

3

AL

p=24
=

Type 13 #22 #7
g a kA LVDTE §-29 %7 veEpY gl

o
i

15

!

CABINDT

FLIK

FRAME

et BASE

- ISGLATION SYSTEM

P e

CUEEETT

RASE ¥ KAME

e SHOKING TABLE

28 1, 23719 F

!

Aol 2277

BR

i

=2
=

A

B

A A

L
o

zZy, AA Ad
0.4F o)t}

1
jo)

PCS 7fnldlelth(2d 3

A s s

Ao A of

p
L

B A Rbe] F-A

i

12} w0} o] a1,

el

7171 oF

7l

2
A AAL 40mm, ALHHE 12.566arolth. 1

wo) o}

al
-

el

T

X

1

PTFE(Unfilled PTFE)e]51, =}

ROC

j‘ 801

+ S%ﬁ

72k wlol Y

O™ 4. v

Lj'l

|

S 748

g 3. PC

i

!

o

=

!

ojp

=

28 700kgf/eaolt}. of o

=
s

o 7]
Rocking

jen
2

R
popt

N

Bl

e

B o} &g (Rall Bearing)g A

st

|

X

- 419~



a2 5 oo 2z R 2% 6. A4 9
HE7tol= (Viscous Damper)

32k FHAl2dol A AA EA7 5= Rocking dAle] 93 HEd WS Aolsly] 95}
o A4 488 =48 dASGEEFo| 2 tonf, 7} 135mm, A XA o] 386mm, P48
15%, 24 A 47} 15,000N-sec/m ©] o},

S

FAQ) phE A Alads £ ARE HAFA ool AxYo] AR bl TS

1 312
dorx 1 7z SPHo R AEstA 817 At shitol vpEAR AA”E AAE g, 1
ol 19 Zadg At Ty FHo oo} 2xygg HAsle 324U SHIA2HL T4
shAth 3, Tl WEHE FHAN S Y5te +Ho2 FAE T4
A 18 ZHde BA Z7)E 100xX75x5X8(mm)ol 2, Z71E 2.3mx2.3m olH, AX &
252 29 79 YT
E 1 4828 NgeA
AFA F7|EF HF| 4R A
r OBE Z 1
Type | SBE ST
MR oep 7 4
21 |zl e
Falold E3olo] 3a¢ FHAZANE 4o ANFALASE Htsly] d& FHAAA
€ AT Aot AEAaA G A9 WEd 49 e £ AFd 24 AEF XY
32 NS A AAR R ftel Ao} 5% @2y FETHZAELE 7|Fo=2 AN
om, A&ANZFE g0xolH, At s zhzh 0.389g, 0.734g oIt ¥ 1o 98 A3} F
frek e s agetalorn Y 8o Falojdol AN Ad HERAE 144l 2AINE
A3} kAR x| R AHNEY(FRS : Floor Response Spectrum)& VEMIQL, 28 9
~ 2% 100 Azb-714E ol8 g yehydc

- 420 -



osez | !
ssez ! ]

Spectral Acceleration(g)
Acceleration(g)
e
]

e . o
: | { |
25 ‘ .A:, T i
v | i 4‘
!L i 08 — T T T 1
a1 1 10 0 W™ W O 0 B O @
Frequency(Hz) Time{sec) Time(sec)
21 8. OBE,SSE ay 9. E4d7EAA aF 10, kA AR
F3HaA=d ARb-7H = ol ARt o)

v

Aol $9e A28 9stel 29 1~ 2ded EAS AAE SAEE 4Msk LVDTE 7
WU Az E2olo] 27), LVDTE 14 4A89ia, axgas S2olg o wAed 2% 4
A& AAshol MAGAE A e Aok vmae) QB AW FAHA

3. AFd 482% ¢ ¥4

AERde) RAGAE AND A AAGA G A9ol 47 AF G FH5 )
MY ste el s AUl SYtE RS SR $YARENS W, BAW AdE eI 2y
3.1 AN e AUSHAEE B4

A s o Aeagch AARAT A B

Fofale) w2 W HAYIHEEE B 2
2olo AYSHIIER TaE0] 62~79% FFOZ eI CH, Rocking2 & Q1&g 7fulyl 249
&R Apole A LGSR AdTh £ APRY Type of @& 7h&x Aol vlulaAl HER
o (Fad = 100% - Bx/8) 12 x100%)

.~

B2 AN 208w (G ua)
ARG San A5 AN aur 55| |
%) 7l 1} A& = HU &=
Mea| M | pesvva) W |gas

Type []0.47410.165] v65 |0.448]0.171} v62

Response Ratic

OBE

Type 11/ 0.48810.139] v72 |0.466 |0.156] v67

Type 110,786 ]0.179; v77 |0.775]0.165} V79
SSE

Type 111 0.763 ]0.278| v63 [0.748 {0.262| V65

- 421 -



3.2 vl 3t HutSE 9w £4

g 11& HH]Li BP b —’4‘1?, 2 =9 HUst4E 2@H(Response Ratio)d el Ae=
& TE 12 3o vmatodet Type I II E5 0.5 o8t Hdrl&x §HH
g RojFa 9lon, X}Toﬂ e tEE SHHE Bl&d £EE BAFAH.

A
|

3.3 AU $% 28EY B4

I
o
o
1
4
o
o
2

7heldl 8t ehg-of 4 ‘r%—, % $@2d =g Damping 5%)9 BT E&
e Type 19 3 W& BAstE AEF7 ARES FeR o) FaeH, A
e HE £ 17‘1?1"15} Type 119 74
o 3.0Hz ZIF4 FHLE ol F5ich

OBE Z, Type | AFPS+Damper, Vertical OBE Z, Type 1 AFPS+Damper, Vertical
40 40
Table motion Input motion
a5 - Fixed 3.~ - -Fixed
5 Isolated Ey Isolated
E 30 E 304
I '
g 25 2 254
8 8
< 20 e < 204 o
g A s ki
3 s o FERTR v
3 P & D
10 " L 1.0 4 ’ \‘
05 " _W(,:V\;—-—; 6.5
00 > 00
0.1 i 10 100 0.1 1 10 100
Frequency(Hz) Frequency(Hz)
2 5 (o] v Eal 5 ook AHE S It
a9 12, #NY SHAYEYn L a9 13 SN FELAEYHL
(OBE, Type I) (OBE, Type ID
SSE 2, Type | AFPS+Damper, vertical SSE Z, Type Il AFPS+Damper, Vertical
a0 4.0
Table motion Table motion
15 ] - Fixed 35_f~<-Fixed
5 Isolated S Isolated
€ 304 € 30
2 b k] ~
e i o o
3 2 (it &2 25 ; e
8 : §
< 20 v < 20
B P B
?‘i 15 7 § 1.5
[2) - v @
1.0 S 1.0+
0.5 — //\\ 0.5 -
00 el 00
0.1 1 10 100 0.1
Frequency(Hz) Frequency(Hz)
] 2= 9 3] Ea 5 Sk AdAE & 1l
a9 14, A Y SRadEdn 29 15 FAYE gHadERn
(SSE, Type D (SSE, Type 1D

— 422 -



4, 2 B

FAE AEEY Type I3 Type Ilo 3l FAUA 28 & HdAsty, £2A4F Agd A

¢ F9% 2348 Aeaw e go,

(@) AW ey 3 hEE SHAAERY FTFAL NG 2B, 54% ~ 1% FES A

£ ATE 2005dE AAALR Ao FHA QA FAlA ANVLH AAAAF” H7)
2 A7 Add A=A

1. K. Ebisawa, K. Ando, K. Shibata, "Progress of a research program on seismic base
isolation of nuclear components,” Nuclear Engineering and Design 198, 2000,
pp.61 7~ 74,

2. o], A FAlfd FHA Vlede FE ASFHRAAT 04 AEA-HT1T,
TC.O3NK01.02004. 717, @3 #FA AddAF

3. Zayas V., Low, S.S. and Mahin, S.A., "The FPS Earthquake Resisting System,
Experimental Report," Report No. UCB/EERC-87/01, Earthquake Engineering Research
Center, University of California, Berkeley, CA. June, 1987.

Lo

- 423 -



