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> Be

B PR LKL O Z B E LIz 2 DOFlE 7 /W26 L TR A MERT 2 E i1 5,
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(1) FFffie7 v
AL, 77— A 1 & UTOREEEICH LORMIA R W7 — A UKL/ 25

— A2 & L TR PRICK L TRADMEN T — 2 OKAL/ B E=1.5) LRI FEITH
L TKRMEBEN T =2 (F—=22) O27—=2EiT 5,
ZNZNOFHEET V&2 X 4,5, FHEET VORI EE 5,6 TR

X >1.5) , 47

D - S B
< ®5 FHEET L (F—2A1) O
<L o \
ResHEEL D 1000mm
1 REERE t 50mm
Kam S H 2000mm
KEELES M 1000mm
v
KAL L 1000mm
] KO p 10"%kg/mm®
4 FHEET LV (F—A1)
KL a8 2.0

*6 FHEET L (F—R2) O

A Pk
KemEE D 4000mm
RaRE t 50mm
Kamm S H 1000mm
RarELEHI M 500mm
KA L 600mm
KOEE o 10 °kg/mm®
5 FHMEiET LV (F—R2)
ST TR S 0.3
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(2) fRtrE7T v
NASTRAN D FHAfZ W DT £ 7 L &2 X 6, TI1Z7R7,

6 NASTRAN f##rET /L (Fr—2A 1)

7 NASTRAN fEfrE7 /L (r—22)
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(3) MFEISAT:

BRI RFEZR T, BRETETVOA A=V %K 8ITRT,

KT BMEN

BEFET v
TP \ :
BEDET AL NER K DE T UL
Guyan . Guyan ODOFERIVEIZ LV B DB RALEIZNE K OF R
N 1EHERRET IV
e 44 =8 Syl
) NASTRAN % FI\N"C FEM 7> & [EHEIIE SR 6D 72 S5l /& & 12
EEOIE | 1VEAREFL | e L i
WEB K D F NHE & % AN
Housner . Housner BFHIZHS < ANVE ®ICH T 2 % ffhm = 1
. 1ERRET IV . B
PR WK D A 2V & 2 A0

VERL % : Housner BT L 5 EEIIFE /1% % 1 L 7= SFAI 28 2 FH U C S8 i o & B0 1

B DR E T

N

25
v

- -
- ~~

——

NASTRAN {RABE &1k

@ . FBOEL (FBROELNE)

@ KkoEA

WEL K D fif b & 7 v
"N
%
7K
M LK O PR3
Housner P& >

8 RUMMRICHVOIMFET VDA A=Y
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4.1.2 ZEY VSR AL 3L
NASTRAN @ Guyan O#fiflk & BEEERFHMIC X 2 BALIEE 16 (2532 NEKOHAZE
, MENELOREE &% 8, 9, NEHKOAHEEIZHT HKEKNEDA A —V%k
¥ 9, 10 (Z/”F, FR#ZHE S 2> & NASTRAN @ Guyan OFEHITE & EEIFEG O NEAK O F 2h'E
B, MEMNE;OEEEEIZ L TEY, NASTRAN O Guyan OFMEFIENZL THDH Z L
ARER LT, 7235, BB DALE & NEKOFNE &0 F e S OR% (71 v F )
NEHREBEOMF FICER SN, BMEOIEI D HNEHAKDOEDNER&OSAMES S MRV
A (F—21) TAOEERER L 250, RESEODELD HNEHAKOENE O S E
éﬁ%w%é(#~22)iﬁmﬂ%gik@é
72%, Housner BGEHIZ X 2 WERK DA ZNVE & & O\HIZE fif 8 $ NASTRAN @ Guyan OiffiIiE
\Z XD NEKDF NG E&Uﬂ EMELIFE B L TWVD I 2R L,

# 8 Guyan \Z KX DHERIED Z L PEMERRE R (F—2 1)

WNHER KD o HEME (16)
e | S : L
A (mm) 7qu}ijj Eﬁﬁ{“—} > b (kg . m)
(kg) (N) (N + mm)
Guyan 603. 591 3.010x10" 2. 714x107 ~302. 613"
A
[ERRE A i 603. 591 498. 646 3.010x10* 2.714%107 -302. 613"
Housnex 614 5067 3. 021x10* 2. 723%107 -
i
TEFL % 1 : Guyan OFERNEHZ DOKODEE~ MU 7 AT 5 RS EOfE
k2 EHENFEMNOROT-AHVEELOEMEIICLVETE (K9 EH)
%3 FEERICHOVTIE, MR 1S3HR
9 Guyan \Z L AMERIEDO Y MRERMER (F—2x2)
NER 7K D B HEME (16) B
e | S IR
=\ NP - — N
% 2 (mm) 7}(:F‘J§jj Eﬁﬁ:{% 7( Ve }‘ (kg . Hl)
(kg) (N) (N - mm)
Guyan 1236. 927 6. 050x 10" 4. 467x107 1469, 936*!
A
[ERCR SR i 1236. 926 1688. 378 6. 050%10% 4. 467x107 1469. 936*2
Housner 1306 16573 6. 118%10" 4.541%107 -
A

TRk 1 : Guyan OFERIEBZROKOEE~ Y 7 2B 5 REE & OfE
%2 EERREHm O RO TN AKOENEEL OVEhm SI2 LD EE (K10 28)
%3 AR HONTIE, HiE 25
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C NRKE

CAWEE (RESREONE)

))+o-

s AR )
CEEEE— AV b
I
[ERA R il Guyan &%
®)

2000

< p— —_—
o .
el P K i &
= B D~
of = F7Ey k
(=}
o
S
©
<t
©
o0
(o)
<+

)

i ) s g . s s

9 AREEITETLKERNFOAL A=

EHREEORY (F—21) >
BEREIREAGIC & D2 KOG VE B R OVENE S b REE &4 H M L, Guyan Mo
RKOI-BEE & & T 5,
O EHEAFEHRIC X 2 NEKDOANE &R OEME I 0O BREH TOREE— Xk
% HH,
603. 591 X 0. 498646 X 9. 80665=2, 951. 588 (N * m)
© EHEAFHRIZ X 2 NEKOFNE &% Bdr O E (Guyan MEkIIZ & 5 WHEIKE & D
MARIPLE) 247y L, HawEHTORERE— A &R,
603. 591X 1X9.80665=5, 919. 206 (N * m)
@ OLODMEEE—AY hOEXZEIEE CHRLUIENEIREEE 25,
(2,951.588 — 5,919.206) / 9.80665 = -302.613 (kg *m)
R #-302. 613 (kg * m) 1%, Guyan g7 HR O 72 FIHRE #-302. 613 (kg +m) &
—ET 572, WNE/KZE Guyan OFEFIC L 0 IZY BT L~FEHNT 2 FEE, 24 ThD,
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s NRKE R

CAWEE (RSREONE)

)HOO

L KER S
CAEEE— A v b
D AR &
ERE IR i Guyan &
o
PR KEL %
HBED~
%
S F7E vk
2
S =)
SIS
© Lo
@ ®

i g 5 1

X 10 AEEICHTIKEXNEDA A —T

JEREEORM (5F—2x2) >
EFERIREAMIZ L 2 NE KO A RVE &R OEME S b EHAEEA2HH L, Guyan fifI7 6
RO7-BEIEE & & T 5,
@ EHEEFHGIC K 2 NEKOH NE &L OZEME S D FREHS CTORBRE— A~ b
.,
1236. 926X 1. 688378 X 9. 80665=20, 480. 195 (N * m)
© HEERFHNIC L 2 AHEE L FGEOAE (Guyan Mfi#IIC £ 2 WEAKE B OMERIAL
) LA 7ty bL, BWESTORERE— A b EFH,
1236. 926X 0. 5% 9. 80665=6, 065. 050 (N * m)
® QLODEFRE—RA L FDOEZEHIEE TR LIELEERE &L 25,
(20, 480. 195 - 6, 065.050) / 9.80665 = 1469.936 (kg * m)
FRCEIERE B 1469. 936 (kg * m) 1L, Guyan #Ef0 70 B R 72 MR & 1469. 936 (kg * m)
E—HT B0, WNHKE Guyan OFERIZE VILY ET A~EHT 2 FIEE, 4 TH D,
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<t 1>
Housner BEG@IZ X D WEAKDANE E L OEMES (F—A 1)

T

Housner DXz LB FiEEZHWT, HE X > 7 12k4 5 NE KO A RNVE & & OV s
SIZOoWTHET 5,

Bl

(1)  FliE7 v
S TAE 1, MHEZ 7 OMER AR 111277,
KL & BEER D h/R=1000/500=2>1. 5 T&H 5 7=, Housner M dimx (6.5) DFE
2y, b =1.5R EBE, b LV EVERY ERWVEDICH T THEZIT,

* 1 FHmEE T

Rl {[A BT
VI = R 500 mm
Sy Em BRI E TO®S h 1000 mm
1.5R (KiEi~h" ) h’ 750 mm
h XD BN O &S :

h-h 250 mm
(h’ ~ &)
B W DRI B o (1) " ke

(mxR? X h’ ) X 7K P& *

Eik : KOBEIL 1X10%ke/mm® &35,

Wo(all)

ho(all)
[

| N
X1 FfE2 7 #HEK

Z#Z @k [1] : Housner, G. W.: Nuclear Reactors And Earthquakes, TID Rep. 7024, 1963.
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(2)  WEBKDFEREEOHEH
UTO~@RUTE Y, NEKDOHNE EVo(al )2 H T 5, 7ok, ¥ 7 BHEITGER
WHoD L5,
()
Wo(h)Z—RhWh
(vﬁh—,) ®

=418 kg

wo(h—h’):nXRZMh—h’)xp ®

=196 kg

wo(a11)::wo(h’)+wo(h—h’> ®
— 418+ 196

=614 ke

(3) s & ORH
LUT@O~®RUc kv, Fffid Sho(al )R 4 5,

, R 4
hool)z(h%l)h§<zggzygzj—l> @
b
(v5:-)
=685 mm
ho(h—h’)::E:E; ®
=125 mm

Wo(h’)><ho(h’)+wO<h—h’>><ho(h—h')
Wo(all) ®
418 X 685+196 X 125
B 614

=506 mm
(4)  FHRER
(2), Q) DRHFERERE 2 IZRT,

ho(all)=
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%% 2 Housner M THEH L 7= NHERK DA hE & K OV At g &

k=2 i AT
WK DH ZhE & Wo (all) 614 ke
PR 7K D Sl 1y & ho(all) 506 mm
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<t 2>
Housner BEG@IZ X D2 WEK DO ANE E L OEME S (F—A 2)

Housner Dig XM L2 FiEEHWT, HEZ v 7253 5 NEK O H ZNVE 8 K OV i &
SIZOoWTHET 5,

(1) FHEET L
Sl cAE 1, MEE 7 OWMERAEZR 11277,
IKNL & WAL D LAY h/R=600/2000=0. 3<1.5 T 57~ %, Housner'VdFHL (6.4) @
S A W TEE 21T 9,

* 1 FHmEE T

k=2 fiE <R vA
A/ S R 2000 mm
BN HWRIEE TOE S h 600 mm
5 & ho OIANE & W 7od0 k
= 0 { I=-:7 0
IA] JiL = (xREX B’ ) X o 7 fie g

RSk AKOEEIT 1X10%ke/mn® &35,

Wo

ho

=~}

X1 FfEZ 7 HEK

Z#Z @k [1] : Housner, G. W.: Nuclear Reactors And Earthquakes, TID Rep. 7024, 1963.
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(2) WEAKOEHEEORH
TRIZE Y, NEKkOEE BV oEZH T2, 28, ¥V 7 EEITIEGEERVWEDLET 5D,

R
o tanh (\fﬁ) .
(31)

=1306 kg

(3) ZHhEmS0HEH
TRIZEY, & ShoxHT 5,
( A

4
< tanh \/gg) o
(v35)

= 1657 mm

@l =

(4)  HHKR
(2), Q)DOFEHMHREE 2177,

% 2 Housner M THEH L 7= NHERK DA 0E & M OVt g &

ka2 i <R \vA
WER K D F ZhE & Wo 1306 ke
IR 7K D S5l 5y & ho 1657 mm
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4.2 RERBT — X 2 7o 2 Y MR
4.2.1 24 MEMERE T #

Ty va T o NOMBISEMNTE T B W T, WNERKOSfiE & 2 @i
FERT D72, NASTRAN ORERETH % Guyan MafIiEIC K 0 Mgk L 72K O AV E &4 3
WICIL Y T T VOB SALEIZERE L TH Y, NASTRAN @ Guyan ki % O THERD L 72K
SEHEDONERKDHRNEBEIZOWTIE, 3. HUBISE AT T /L ~D % E J71£112T, Guyan
MREEZEA L O RWRAAEEE 3 Ry = /VET ) OHEM LEAKEIEONE
KOGHNEREFREFETHDLZ L ZMEHRLTWVD,

itﬂ41am%ﬁ%ﬁﬁémﬁﬁﬁﬁﬁ%rw%%wk’é%ﬁm T, MEAR

¥\ 5 Guyan MafiEax W THER LB & (WHAKDOHZE i&o@% q8) KOVER

CEDHBREICOWVWT, 3 RILY =TT VR OBEGRMICROIZEE (NEKOARE
;&UIEI%: I8) MOHEMELFETHL I LE2HREL TWVD,

ZZT, H’ﬁrﬁ%ﬁ%%%T/V{hﬂ“éi{ikLfﬂﬂb\Eﬂé Housner PG 235 1T 5 M H %4
BEOFMRTIX, WEAKDOHFNE &K ﬁﬁmé%uT@}:kD%ﬁ?LTb\é

O WHEAKDHEE &I ,m$ﬁm@mgr £ 2 NI B 32 B Al E ) (OKSF
FEDOES) MHREE
C)W%m@“ﬁ%éi OO NEAK O ZNE & & A EE S OKRETF RO E )
LEAEEEE— A DL REE
C)*“#&’ﬂbfﬁﬁﬂﬁw%ﬁ@ﬁ%m@ Eflfie S 1%, BERR@ICMA T, EEES
GhEHFMODES) LAEEE—A L PR ESNS &S ZNEA
RO HB T DNEHAKDOEME S OO WK 3.2 BN EMITET V~FET D

NI K DORNVE R (2B 5 NERK O Al d S 2SN K O O E ;D%mw:&%%ﬁ
ToHE, YTy arF o ASNEAKN LRI DRBNEIE S OKEHEOIES) |
2 CIEEES) GREHFMOET]) 2 HETLZLITEETH D,

A B TEBIZHW D MEBISE AT E T L Cl, EEREZ AV TR (F8EFE) ONE
JES OKREFHOES, $pE T EOES) H&TTHONETAKOENEREEZHELTEBY,
ZHHIE Guyan MEREAZHWTY T Ly g U F 2 A DT 0 BT VO EAMNEICHEG S
nNbd, 20Ok, $hEFMOIENICE B LT, #EEHFER 4 Bk L 72 NASTRAN (3 &ty = /L
EBTV) OEMELHERL, REFBROMEME L OHBIZ LY NASTRAN |2 X 28 E
M OENOZL MRS D, Fio, x%h*“’ﬁ?é&mmﬁﬁﬁwﬁé%%%m
T 572, IEENEER & B L 72 NASTRAN (3 RJtiE Y 7 /b : Guyan M0k 2 H) |
PriELf B 2 RS L, NASTRAN(3 KJT Y = /L& 7 /L) K ORENAER D fn ﬁik%@#éoﬁ
B, ARFHOBEMICONWT, 10D LBV,
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# 10 ABHOBER

3RILY = LET I

3RILY = LET I

SWILIEY ET v

B kf 52 ) . B}
ZE S /3 WIEHE D EF L /BB
SRIELJT 18 D7)
: SO 7 17 O JE ) Guyan 1 R
B E P 5 KO Guyan #9154
= [ = AIC D gﬁ v A@ﬁﬁg‘g
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(1) fRtrE7T Vv
WENRER T — % 2 FH W E 217 5 72, fRITE 7T VX, E A/ MEHE L 72 IR a5
e (K1), 3Ly =V BLO3RLIEIVICTET ML (K12 F UK 13), #E
HRBRIEOET T Y T2 - T, IREBFEBREKR O G, RN EZX—2A L LTET
IALZATVY, R ERBIE, JEAGA601 (ZREHL D A HAE &M 2kt 2 5k FF IR &3 1% % 1@
M L7,

T R [VAT
(O3 J1Et D HbALiE)

5y DR

gt

Bt oo
N— 27 L — |k

i
o2

>
pafsy
==
=111}
g
=
=

11 EF A&

@D 3Ly = /LET L
WEEEECTEELENEKOENEESRBREO L = VEZRIIMIMLE 3 Rty

T )VET IV
R R UPIEK
wh
- z
ol L.

5y 7151 OMEEASALIE)

12 3Ly = /VET IV
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@ 3®kITixv TV

RABE BECHEE LIZNEKOANE &% Guyan fifika AV CRERIAD I3 B3R
AL 3 otk 70 (BRILRIZBT 2 7Ly v a v F = N NOMEIRE
FEATE T VR E & [FER)

AR (A K O ERZK

t..
53 J1EE s B N Aoz &)
X 13 3 &L 7L
(2) RN A
B IS BRI S 2 3 11 12T,
11 TSR
TH H N
RN =T L 3WRILY = LTI SWILIE TV
R (A Lo LB RS
%5_\‘/1/ 171'5.'% “/I/l/g-;f‘%‘%
593 RN
e THEFHAE (D HFHOFLAME) ~%E
WE K DA NE & D FE BT B ) - e Sl R Bl 2, S e
B S i NASTRAN D RABE EIEIC L W WK DA VE B2 FHE
WK D ZhE & D HER KD L = L HE T Guyan FEFIE %2 AW TC
7 Ak AN RERIR DT Y TR ITAHN
Uk 3= TE 2K 1% (EEEERK, 225
BE Sk WEBRIK LG, e Lo hE WA
IKAL & KA
BB i 0D I B B 21 iR
A JKIEJ7 1A 2 00, 180°
N7 - 00 ,90° , 180° , 270°
TIN5 N I L S It of AL E (4 fEPT)
AT =2 — K NASTRAN
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(3)

AT INE B R OVf B b sk 5

FEFHNLE £ 0 HIRWALE CTd 2 IREIE E Tt Sz s B 2 F o C RS & 7
Hr & 47 o 7oAk R, IRTRBRIC 1T 2 3B NG CRH S L7 s X 0 Hug s & AT
TORBE T OMBHEDN NS WNZ & a8 Uiz, £72, IREVEER THH L 72 RN
JOUMERE 7 — U = 27 bV, REVA BB 48A Tk, sBe E~MEE)NMRET
HIZHEVEINL TR Y, IRHE LD A TiE TOMMMARI W (12, K14, ZD
L, 4y RFORIPEICEN T 53R (100Hz £11T) ik rHBLEZLND,

AR ORRGECIE, BEHONEKICK DIERES) GREFINOET]) O 4VEMR 4% B
ELTWAHTD, iR E LT, 2hitOET BIF Th T, 2 I5HI K DISE IR
REENDARE TG TR S AU 72 K S ORTE 7 17 D NER EE 2 I T2 A T REZ R i 2
RNT 24T 2, 708, ZATGRBEISEMTE T 22 LT, SRAEF MO T v F 7[5 DR
mIhb,

RSB FEHT IS 3T 2 ff O bl e iE, AKEH W (X F W) OIIRIZHE S WEKOH
SEEIC K AEEMEE, MEE S (Y ) e LT, IS (X 5 10
B SN EHSHER T 2720, BB OS5 EtomEE Lz (1K 15),

F 12 HwKRINEE O g
B KEJE (Gal) BRIEE L (5)

RE T | RBRIE T i
/IREG E | RES E

433 469 483 1. 08 1.12

KEhH - e T | WBRIR T i

1,200.0

— Rk LIRSS

10000 4 —HEL/AREEG E

800.0

600.0

Tl RSZ P (<)

100.0

200.0 | |

0.0 r | M—J

i 10 100
fiedhFa(Hz)

X 14 LRHANLEICR T DEHAINERE DO 7 — U = A7 hLIk

BIHE 2-25



180 / 0°
FRBR R T s o0 I FE
E30
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RENE Lok EE . Tt E CoHBERD
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Y®>X AR 8
a . Wrmm
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90 8 I o
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> e
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b . FiE X
X 15 fif 55 D ELES AV (&

4. 2. 2 fRHT R F
(1) FRBRAR N 555 00 ook B g ) i
IREVFRER CRHI S 72 BRI T i O MR EERFZIEE, 3 KoLy = LT /L RO 3 RotiE Y
BT AT K 2 BRBRR T Ui 00 7K SN FEE IR JRE Ko ONER [BLIN e 2 IRs 2 oD P % [X] 16 &2 VX
17 127,
B DFER, 3 WLy = VBT VKO 3RICIE Y 7 /WA THEMT L 72 3RBR IR T it oD 0l
FERFZIEE S, REVEAER CRHl S 7o slBRIR T im O EE R L & Bl e ha—FH L T b
e R LT,
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(2) i EELREXI iR
NASTRAN THEE L7-ANEEBAZHRRED S = VERITMN ML 3 RILY = VBT LI K
% K K OV B far BRI JE, IR EHEABR CRHA S 2072 K K OV (B far 2 IRp 1 JE oD Bl il SR &
18 L X 19 12777,
3 RILY = VBT VT K DK J Oh B B REZI R 1L, BREDEABR CRHAl S 72K E RO
SR BRI L Bkl —EH L T\ 5,

3Ly = VBT VT K D KK OB A B RFZI R, NASTRAN THLE L 72 NI K D HVE
&% Guyan MEA0EZ AW CREBRIEOIL Y BERITMHM L7 3 RITIT YV T M X HKER D
By 17 EE IR 2 JRE oD PR S S A2 [ 19 & ¥ 20 12T,

3Ty = /VETILE 3 RITIT Y T T /AT K B K B OV T 1h7 250 17 41 B oD iR AT s S0,
E<—FHLTna,

3 WITIE Y ET M K 2K K OSh E ff ERFZIIE, SREFER TRl S 72 K K Oh E
fap B ZIEE D Pt R 2 (X 21 & [} 22 (2R T,

3WICIL Y E T /AT K DK K OBh B A7 B IR IR O AT 5 SR 1%, 3 IRot v = L7 /L L [H]
FRICIREGR TR O N2 AR RO EATERFZIE & sk irha—E L T\ 5,
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— 3R LT NE
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B (e)
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— 3R 2 LET L _E

2 4 6I g 1CI) 12 14
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1.0
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0.0

=140
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.

=l

L5

1.0
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-0.5
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. B

2 1 6 g 12 14
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0 2 4 5 8

0 2 4 6 g8
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BFE (=)

10 12 14

R (s)

19 ShEfw ERFZIEE (Z F1m) Ok
(EERBR, 3Ly = /LETI)
B 2-31



15

1.0
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0.0
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2 4 6 8 10 12 14
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BEE (s)

SR e L' Tl kR

—— BRIV EFT L KFE

2 4 6 & 10 12 14
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20 KA EEEZIE (X J5m) o g
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B . L . . . . .

1.5
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HREfEl(s)
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L5

. RERG AT
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& L7, MBRIEOIR L OSHEZK 2 12737, RIS RICIFTRBRIE A SR 2486 2510, 48
= DRI iminpﬁﬁ®mE%Mm#ékbf“ﬁﬁ%9oF%ﬂﬁ4%a%Lto@%,
BIRSENE L 7= FRT ORI L 0 B BICE, NAKOEEOWEICHEZ KIET LD
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REGRIHAELRNZ L 2R L TV D,
TaRHEE I, REE L, RE EROMBIK LOEE, 2RE28 07 BRIKOME, 28
BOENTH D, &£ LISFHAEE, X 3ICRHECEZTRT,

Jorus container

= Water
B (colored)

e

Shaking vtablr:

#*1 FHAEA

Ttems Instruments Placement
Load Load cell Under the base. 90°pitch
Acceleration | Accelerometer Shaking table. Base, Torus container. efc.
Displacement | Displacement sensor | Base.0%and 90°

o
Shakingtable @ Torus container T SoiEinRes ® : Accelerometer
A :Loadcell
B : Disp. sensor
® v
180°
7 s
r T 1.0
Shaking table z
Yt—)X(Slnking direction)
Il e S KA

3.2 PBRGAt:

P, RIS B OELER IRy & B I L~V 3 R & WHIERE A R OVELE #5373
FEXTHINC B LR JE A 23/ S WHIEE R B o 2 FEH O N THIER 2 5, 4 KO 5
2 MR O REZ T K ORI E A2 RV (B3R 0.5%) 237, AR CTIEN 4 K OX 5
DOHEPE D 0.5 %, 1.0 5K 1.6 TIHRZAT 70, MRIZUKFE 1 5 m &35, KRALIE, PHES
K72 U R OMEARAL - OKAZ 164mm 13 146mm), HKAL OKAZ 218mm 3% 203mm), &/KNL (KL
273mm 1% 259mm) K ONE B KAL (KA 315mm X% 326mm) D 57— A L35, £ 2 IR —
AR,
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300

Acceleration [Gal]

Acceleration [Gal]

Tume [sec]
s00L . i : 5000 .

= 5000 f\i!l = 000 -
S, 4000 / D, el j' \
o . [ £ A%
E oo/ \‘my E 2000 / "
ﬁ mn(.)- R ‘; 1000} L\xxk

167 it 15 16 [l Y5 5 k"ﬁr TR io?

Period [sec] Period [sec]
B4 AJJHIEEDE A P45 AJJHIEE B
#2 WRABRSME
ut Input Input I
- S Water level? 1put ) Water level™
wave | magnification wave | magnification
Empty Empty
Seismic X0.5 Low(164mm) S X0.5 Low(146mm)
gismic
X1.0 Middle(218mm) 3 X1.0 Middle{203mm)
wave-
wave-A X1.5 High(273mm) X1.5 High(259mm)
Very high(315mm) Very high(325mm)

*1 Water level from the bottom of the torus container.

3.3 PR RS < A RVE RN

IR A, ASIRER 1.0 4%, IEARRLORER 7 — 2BV TEHI S M7= R B O LI R % X 6
2, WpxZ e OfEZZEE EOFHIIEE, T 72b5HRBIE~D ANNINEE & O T 7 v
M7 D&M TIZRT,

Z g .
g g
Time [Sec] ) * s O S T T [ 560 1000 1500
Acceleration on base [Gal]
B 6 FHHI B O RFAI B 7 FHAMGTER & 285 R oOFHRANSE O BfR
(HhFEWE AX 1.0, {K/AKAL) (HhFEWE AX 1.0, {K/KAL)

— ATy v T OBEAREEEL (0. 24~0.39Hz) XKL, ARBFFETHRET DL L5 2R
FRIFHBICEH T 2B E~OFGIINIWNWEBZ bNDT20, NWEKAME F [N] E8EE
OFHANIMEEE R [m/s*] & DRAMRITA (D) TR D,
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4.

F=(M+Mp)i

ZZiz, Mkg

DAKOENEREL 2D, KD

HIREEETRE
M IZ X A ATEOE LTERIND Z EnD, K 7 IR EUFEAROME E 2
MOHNERBOWRIE 2D, 16~ T, BURMROMEE 22 H2EE KW
KT Dl E L CTHPEERPRETE S, 2721, AuF

E(Zh "

I Ba

B DEEZ N2 D

(1)

DEE MkellIKOFERTH L, X(DD LBy, HE

N2y oo
RE, K

T CTlE, KB L OB 2B R 2 W T, Eit L EEo HETA Q) L 2EE KW

RO E B
R — 2

B2 5%

BHLTWS,

THRONTIKOFERE R ZR 3ITRT, Ads, K3ITIE 2Hz A /AT 4L
F—IC iV Amy TS Y b LTERR B OFETRT, ANMERICEDAMERERLDE
1%, KNMZERICE DI TNSNWZ 2R LT, £, Avy v U IilsBRERE CTH
HEEHITIZEFR CMETH Y, ERoO X 9 ICHER A KOBIZH L TiEARr v v IR ERE
BIIMATE 1T ENINT L 2R LT,

#£3 REIEBRNLELNTKOENE &L

. Non-filtered 2Hz High-pass filtered™
Input wave Water level™
x0.5 X 1.0 xX1.5 X0.5 x1.0 x1.5
Low(164mm) 0.14 0.16 0.17 0.14 0.16 017
o Middle(218mm) 0.21 0.22 0.23 0.21 0.23 023
Seismic wave-A :
High(273mm) 0.30 0.31 0.31 0.30 0.31 0.31
Very high(315mm) 0.38 0.39 0.40 0.38 0.39 0.40
Low(146mm) 0.14 0.12 0.14 0.14 0.12 0.14
o Middle(203mm) 0.20 0.21 0.21 0.20 0.21 0.21
Seismic wave-B 5
High(259mm) 0.28 0.28 0.28 0.28 0.28 0.29
Very high(325mm) 0.41 0.42 0.41 0.41 0.42 0.41

*1 High-pass filtered 2Hz to remove the force due to the sloshing

NASTRAN D AR/

NASTRAN |Z X 5 A 2hVE &7
PLAREIEMEAT 7 b NASTRAN T, Bk & AN EEE THIUE, K

MEEIEICLY 7%
HEPHEHTE D, T, REFBRCEMRBEF R 2 E M5 2 L2 <, X)) Lo zh=x
HUNCEZHAEM T 2B EZHEE T 2 2 L TE L, RS TIE, IREFBR DA FLIFITKT L,

BICE D ARG L, FRER LR, ZORLEEHREET 5,

7F, ARTGETWREZIFEMEIEDORT v i LARET D 2 &I K D HEMIZHT DR
HHREOENZEIZE I LR, BTET V2K 812,

DIRBVE B % K
PR i R 2 A 20

DHLFTETH,

BEE L TRA4IEHT S,
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8 MEEMRNTET IV

5. OpenFOAM |Z X % A %0 E &l
AT/ L72 NASTRAN T, MR ZRAEERL LTEETLIHOTHY, Aa vy 7%D
MIROEENIBE IR, ZD72d, KETHE, A—7 2V —RY 7 F 7 =7 OpenFOAM IZ &
DEEHAFHEIC LY, HikoE#sZ2EE L LT, AEELZREHET S, FEICHVD AT
Wik, IRERBRICIH T 2486 EOFHRILEERZIFE L U, AAIEARER E U TERAKA & QSR AL
L L7e, eb, ARVEEOREMFIEL, REFEREROREI L FEROSIEL LT %, OpenFOAM
\Z X DEATRE R A AV E R & L CE 4 12T 5,

6.  ZYPERRGE

g/ NRBRIAIC L 2 IRENFRER, NASTRAN K2 OF OpenFOAM DZ NN THOLNT-HVE BLL 2% 4
KO 9 (284 5, NASTRAN 12 X D5 AZVEEIIX, WTNOKMIZEW T HIRERRS
OpenFOAM DFEFR L 1< —FH LTHY, NASTRAN IC X W EH SN2 ANEEITZ L THDH Z LN
B INTo, I DHIT, KOOI THZVE RSN 2 10 % fedd Lz,

F4  b—T ARRGEOKOANEELL

1
Input Shaking Structural Fluid ana}ysis ® Shaking table test
Water level™? . analysis + Structural analysis
wave table test” (OpenFOAM) 08 = | 4 Fluid analysis
(NASTRAN) | (OP° S
Low(164mm) 0.16 0.17 0.17 Zos |
Seismic | Middle(218mm) 0.22 0.24 il
wave-A High(273mm) 0.31 0.31 0.31 § ol o o*
Very high(315mm) 0.39 0.39 i g [
= &02 s é
Low(146mm) 0.12 0.15 0.15 = F
Seismic | Middle(203mm) 021 0.22 et "
" : 2 100 150 200 250 300 350
wave-B High(2591mm) 0.28 0.30 0.28 . WATER LEVELam)
Very high(325mm) 0.42 041 Wi _ s .
b 0 KARLIC I B AANE kL

*1 Water level from the bottom of the torms container.

*2 Input wave magnification 1.0
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7.

8.

i A

N— T ARIRETxE L, WEBK O KALAE ZE Bl AT T BRI E A3 5 6%
BE&OHEZ A, IREIFAER &K OPLIREEM#T Y 7 & NASTRAN i ONZA—T > Y — X Y 7 |k
7 = 7 OpenFOAM |Z i@ﬁf H w2 ol L 21T o 7c, £ ORER, AKROTKT 2GRV EEHO
BRI R Sz, F72, NASTRAN I X 2 ARV B HOZ L EN MR T 1=,

FFEFETRE
AMFZEARERIT OV TIE, HAI S 2016 FEEFER KD TERER L TCWVD, BB, A&
EBEED 3. ~T 125\, UTFOmXT—2%5|fL=2bDTh S,

WERRFICHIT 5 b— T ARUEGNEKOAEEOE, 1A 1E%, B #HE, fRki i,
R (B, BW 72, @B KE, ki 2, HABERCES 2016 4FEEARROR 2R SUIE,
Nol6-1

BIHE 11-6



B 12

WEIKDENE &I D Am v 7
1. A

WEKDOBENEEIZHT D A0 v v o TREBEOF 2R T 5720, IEHRR AL
ERZIRE (Ao v oo ZEAMS 2 ETe) KA r v v > 7 AR 2 BUY B 72 fif B REA
JEIZ X 2 NEKDOANE R 2FE L, ik - it L7,

2. FRINEA
RBRIRD 21w o ZTERENE,  EAEOMHTHE R K ONELER S RABRIC L v, 1. 3Hz~1. 8Hz
GABRIANE ORI LY B D) ThD, 2o, REEERTHE O EmEREZIEIZ L
T, 2Hz DA ISR T 4 LB —RUBRELTN, Ay 32 TR Sy % B0 [ 7= fof S e 6 %
Ko, BIHE 1 2. 2. 4 THOFFIEIZT, WEKOFEHERELZFEE LT,

F72, BARMEHECONTONEKDENERIICKT D A0 v o v 7 OB KRG LT,
3. FEhER
vy U TR A Y EOA T v v F TR 8 U oo far BRI R LS e 2 NEFE & A

HOBREK 1 LONEHKOENE RO IR RZ R 1 1277,
BKRPLEAFITHONT, Aay o TR A D LR vy v o TR L ONE KD
BIWEEIGENTR L, WEDKOERVEEILIZH T2 A1 v v ZFOEEITIZIT R0,

frE (kN)

-6 L L ! i L L L
—600 —400 -200 0 200 400 600 —600 —400 —200 0 200 400 600

NEEE (Gal) IEEE (Gal)

(a) AKfrmE, AJIEER 1.0 4%,
vy TR A Y L

X 1

(b) KDL, AJIfE=R 1. 0 £i%,
2wy vz 7RG L

o7 B & s 2 o B
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£ 1 PNEKOEZNE B O sl R

PREN AR
2 . . .
{5 (164mm) 0.12 0.12
H (218mm) 0.21 0.21
& (273mm) 0.28 0.28
5 1 (315mm) 0. 42 0. 42
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IREFBRIL R S F T 3 \LL Lo

IREFER O NE KO LE &

<, MWBEBRMEND D Z L e L,

B2 I L T D, £ 1ICIRE
NERK DA NE &I 2R, FRFETONKOAEREELIZONT,

BIHE 13

B O AR B 1T D

ooz AL

%1 RHRBROLHRBRIENC I T B NEKDELNE &

KL ]:jj PRI T4 i

fE= 1 Al H 2 [ A 3 [l H 4 A {72
0.5 % 0.1367 0.1494 0. 1469 0.1353 0.1421 0.0061
1% 1.0 1% 0. 1554 0.1014 0.1187 0. 0940 0.1174 0.0237
1.5 1% 0.1447 0.1431 0.1118 0.1429 0. 1356 0.0138
0.5 % 0.2018 0.1902 0.1947 0.2021 0.1972 0. 0050
=8| 1.0 f% 0.2103 0. 2155 0.1973 - 0.2077 0.0077
1.5 1% 0.2124 0.2179 0.2045 0.2010 0.2090 0. 0066
0.5 % 0. 2877 0. 2852 0. 2812 - 0. 2847 0.0027
i 1.0 f% 0. 2815 0. 2823 0. 2852 0. 2845 0. 2834 0.0015
1.5 % 0. 2859 0. 2865 0.2818 0.2918 0. 2865 0.0035
0.5 % 0.4030 0.4075 0. 4098 0.4070 0. 4068 0.0025
[=AN=S 1.0 1% 0.4165 0.4171 0.4236 - 0.4191 0.0032
1.5 % 0.4113 0.4125 0.4201 0.4093 0.4133 0.0041
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BIHE 14

WK DOFNE B %3 5 A BB O 2

1. e

BTy varFa rNOMBRERMICYZY, YLy arF o NONEHAKD
ANVE &% NASTRAN IC XV R 2 2 L O SMERFET 5720, FEH 2 M/ L 72
BRIk Z AW IREBR A LB L TRV, MEONBKOANERILNFEETH DL Z L & Hk
WLTWD,

ARERTIE, REFEUBRICH W A RSB LT, M EE R IE & OV R 0@ Iz
LOWNEKOENEE~DEBELEZRET D,

2. RO AT HEE
REIBE~OANWIE, BT 2.2.3THOEEY, L2 E5HOY T Ly arFor N
RRE RIS DI EMER) S s A1 * o I BN S BRI A O O, RRBR IR & ERE o R
HICHREEh 2 EfE L2 b o TH Y, EEHAOIIERFIEE L LD D % 7 ¢ v & UE L
b Thb,
Fo, RERBRTIZ, LRROANEAZ 0.56%, 1.0f%, 1.5 45 L 7200k e L 58 % 4
WTHEBRZITV, TORBERNONTKOFNERILZRH B LTS,
R ko PRk 25 4F 12 ARREAEIFATHERFOEEME®S s (Ss—2)

3. WNEBAKOAEZNE &EHIZ3ET 5 AT MRS O B8
3.1 N R IE D3\

T 2 SO FEEREES s fHY DO ATPIZH LT, AJMEREZ (bS8 TIREER %
Fehts L7z fE R, SRR TONTKOAEERELIL, R 1IRT LB, ANEDOAT)
ERIZELT, FF-HLTWD,

ZOFERIT, REFEERICH O 72 AT BB B 00 i FE AR 00 & A N K O A N E BT R
LTCEEN LN EERTHLOTHS,

F£1 EHRBRHPOSEH LN KOEZNE &L (BIHK 1 2.2-3 O FEH)

» A5 3R
IKAL — — "
0.5 f 1.0 f= 1.5 %
1% (146mm) 0.14 0.12 0.14
H1 (203mm) 0. 20 0.21 0.21
& (259mm) 0.28 0.28 0.28
EE (325mm) 0.41 0.42 0.41
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3.2 JAHVRREOE N

RENGRBRICI W TIE, &Il 2 SO EEMESS s t12Y (A HIER B) & A HiES) &
LRIz <, M LICRT AR R 72 2 MRS (ATHER A) 2 H o iRz %
L TWD (BEEE S S,

F7o, REGFBRTIE, Il 2 SHOLERMER S s MY 2508k & FAk, JEH T

DRI HHMEE (ASHER A) OATMERE 0.5, 1.0f%, 1.5{FEEB(LIET, &K
NEAE IR D IEERBR A2 FE L T\ 5
JE AR D e 2 MEE) (A I HUE &A) X A IREFRER s S B ST NEK D F %

HElE, L2 SHOEEMEDS s A2
2 KOV 2 127,

IREY R DR U7 AR 0 B e 5 HuRE) (A ) IR
B, LIl 2 BRSO FEVEMEREL S s FHX & [FER, KON
ATEDANERIZ LT, ERMEHETIZIE-FHLTND,

7o, 2 SO YERTEES s 1Y L OVRHIRHE D Bre 2 MBS (A HEES) A) |
9D K DHZNE BT DOWT, ARALAEHE LT D 5 (RKNAL, HKAL, F%ﬂdm,
B AN TOWNMAKDOEREREIIE, FERSETHLZ EBTND, T, WEAKD
AEVE R, A HEB) O B i%f,ﬂﬁﬁ%&féﬁ%®%%&@§%ﬁ®m
EFLTWAHAZEEZTRTHDOLEEZLND,

I oWNEKROFENERL L EDET, &

R A) AT D NERK DA RVE
S THINT 2 1m 23 5 0,

Ll

g ET s00
£ A Bhbiy
E E o
3 g U :
% = ’ 3
3 8 500
- <
0 <BoR 5 io 15 0
Tume [sec]
6000 . 5000 s
~ Sooo f\‘r\ = f000r
&, 4000 i 3 [}
g /W 00 | |
= ¢ 8 I v A
.S 3000 / "!ll. g I/ \
B e L £ 000+ x -
& 2000}/ ki /! Y
| L8

il 2 2 1000- y
& o L R .

o= 16t 107 16" io? {7 ey g T 02

Period [sec] Peciad fsie]

(1) AJjHuERE A

X 1 #REHEER
(B 11
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£ D NERK DA %)

JE=n

F 2 ANJJHIERE) O NN R K OV B RF M D18 T HE &
(Al 11 3 3 D #485)
; Non-filtered 2Hz High-pass filtered™
Input wave Water level ™
X0.5 X 1.0 X1.5 x0.5 x1.0 X1.5
Low(164mmm) 0.14 0.16 0.17 0.14 0.16 0.17
o Middle(218mm) 0.21 0.22 0.23 0.21 0.23 0.23
Seismic wave-A -
High(273mm) 0.30 0.31 0.31 0.30 0.31 0.31
Very high(315mm) 0.38 0.39 0.40 0.38 0.39 0.40
Low(146mm) 0.14 0.12 0.14 0.14 0.12 0.14
o Middle(203mm) 0.20 021 0.21 0.20 0.21 0.21
Seismic wave-B =
High(259mm) 0.28 0.28 0.28 0.28 0.28 0.29
Very high(325mm) 0.41 0.42 041 0.41 042 041
*1 High-pass filtered 2Hz to remove the force due to the sloshing
1 I
& A\ SR A
0-8 771 mAHEWB
1 o
]
i
i
o 04 B
R m®
0.2 N me
|
0
0 100 200 300 400
KL (mm)

X 2 A JjH =S O NN EEHRE K OVE B D

4, EE
Eio R,

PREN AR T V72 AT R B L2697 2 e B A Rl e OV 01 R M D JEE N IS
LD NEAKDENERBA~DEBIZONT, AEIFER LI RE B R4 AV Tl L7z f
A, AT HUERE) O E AR K OVJE R O S

ks, ARl BEHRE R 1%, NASTRAN (2
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K DB NR N
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BHTEDEWIHIRHEBESLTWD
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BIAE 15

YTy varF o U NNERKICE D AT v v v T E N O SV & O

1. Aay v U EORETAN

Py varFo o ANEKICE DA v U IR, YLy v a rF 2 RO
TSI E & 5 58 U T BB HER RRAT B 7 L &2 FW T, K 1 5T+ $hiE o HiES 2 A L
T ENTRE R DREL TN D,

RCARATARIFICR LT, HUER DECEE, SRE T M HIEENC X 2R, K2 Hm A

% B WS EM I %@%ﬁﬂL/xn///7nE&UW$m@ﬁ@WE ZHZ D5
BV OV TR ZIT 9, *ﬁﬁ# ZhizoT, NERKOBEHEEDEE L, Ay 7JiEOR
EEE, BURE 1 R OWIHE 6 ([Cie# L7 iEE v Tn g

2. HUEEIC J:é%”?ﬂ

HERENC X 2 AN, MUBEORMEBER L, v v 07 ORI OIS E NN DS
RENVS s —=F 2, Any 7 OEBIAGHOISEIMFEERKE <, #L%?H#F”ﬁﬁlﬁb‘s s —D
1, KOG OEA B OIEIMEENREWNS s —D 2 2V, KOS, 85 EiRR &

OVE RFERF DKM & T2,

2.1 SRR HfRITE T L
SBHERMTE 7 L2 112, e R 1I1TRd,

1 e 7 LIN

* 1 fRHTEETC

HH Fapa
¥ 5 ¥ 140 77
& #9 0. 5em~45cm
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2.2 fRETSME

AT S 23 2 1T,

®2 AT

HH N2
5 AL HFH AV R SN
8 EERKAE (H.W. L : 0.P. =3, 800)
IKAL M B R A R S AR KL (B 2SR B SE & Rl /KL ¢ 0. P. -
1,514) *!
FLAEHESED Ss UK M EERE W) *2Txtd 5
Sl He B ) EEes i g
JRFHREER 0. P. -8, 100 I2331F B BRIR IS
\ OpenFOAM Ver. 4. 1 (LA RARAENT =2 — K)
AT = — N ‘ \
VOF 1% PN T2 W AR T
WERHEIEY) DT MEFE « 5D B (sRAT), <> b~y &,
Z DA A<, T-7xoF ¥ OFOEE, ECCS A b L—FH
T
AR
HEERE - 1.51X107° m?/s
BB . 1. 205kg/m’
AT S0 WAL *?
HEERE - 1.0038X10°% m?/s
R - 998, 2kg/m’?
RS &R m CREIEIE Y 72 LS

TERE k1 ERFHERKAL L D b @ KAz
*2 MUBEBOREEZBEL, An vy 7 OEBEAPHEOINEMEERRENS s —F 2,
ARy v T ORI OISEMEE N K E , MHERFfRENS s =D 1, KU
fif DA B IH OISENEENRKEZ NS s —D 2 & W TREd 5,
%3 FAMER (20C, 1XEDMH)

BIHE 15-2



2.3 FCRERTAMAS R

TR CRE LM E F, Kéve —RERoTIREIT 5 Z LICK AWM EMy %, ARy
N X DI Fs OMEMZAELAR 2~712, A0 vy ZHEIC L 2 RKRMAE R OV
BHUIWEICEIDEE LENHRKROEEREILZR 31, WM R LW E FO7—
Yz 27 kv (S's —D 1, @HFIEEKA & OMmEHGHERFSERKA) 2K 8~9 1T,
T—=UZ AT MALLROIZAT y o T OB AR 4 1R, £lo, Au v U TR
Hras ] (S s —D 1, MM HERFEFRIKAL, R BRI (62 BOIFR)) %
X 10 1Z7~9,

2Any YU UEEIE, Av sy 227 ORBEBIROISEIEE N R E <, MR H2A RV S
s =D 1 OEUOHEVRREKRTH S,

WNERK DG BHIE, KOARSEOEAICIE, MBI LT ETH D,

Flo, Vv arFo o NOMEMEICHT DA v U TREOFIGE 2R 5 IRT,
Y7L ya rF e N NOMBERE (9.163X107 (N) (MHEAMNL A ERFESER AN, Ss —F
3)) KT ARy T NIZLDMEORKIE (2.91X10°(0N) (=AML RS
BiAKAL, Ss—D1)) OFEFHNUTHY, Aay T 7E— RIIDMEITDI,
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ff 8 (X 103kN) 1R 8 (X 103kN) 1 B (X 103kN)

{nf E (X 103kN)
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1 8 (X 103kN)

i 7 (X 103kN)

1R 8 (X 103kN)

1 8 (X 103kN)

15
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-10
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— WE
faf B Mg * X

T ARy VU IEFs

Bl AR
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(d) 2y 7 IE F,

4 B ERZIE(S s —D 2, @ EEKNAL)
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— i
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