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Earthguake Response Characteristics of Experimental

Fast Reactor "JOYO" on Quarternary Ground (IV)

Simulation Analysis for Actual Recorded Earthguake Data

M. Sawada*, K. Hanada*¥*, H. Yajima*¥,
Y. Sawada**, Y., Yamashita*

Abstract
Ground surveying, forced vibration test and earthquake

observation were carried out at the site of Experimental

Fast Reactor "JOYOQO" which is deeply embedded in compacted

sand and granular quarternary ground in order to examine the

earthquake resistant properties of the structure.

Objective of this study is to evaluate current SSI

analysis methodologies by using actual recorded earthguake

data (free-field and structure response).

(1)

(2)

The results of this work were as follows:

Post Analysis

Each calculated result of the general programs which
are based on the Sway-Rocking Method, Point Exciting
Thin Layer Method (RESP), and the Simple Soil Colum
Method, was in good agreement with the observed motions
of the structure during some earthquakes, respéctively.
Through the simulation studies, it was proved that the
above mentioned programs had a capability which was
able to predict almost exactly the carthquake respbnse

of the embedded structure.

Effect of Soil Stiffness

It was assured that the earthquake response of the
embedded structure had a tendency to be proportional
the soil stiffness; i.e., the response becomed greater
in the case of the surrounding ground was hard, and in

the case of the groﬁnd was soft, the response becomed

little reversely. Basides, it was confirmed that the

soil stiffness had mainly influenced on the rocking
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motion of“thé embedded structure, by the evaluating

results on the observed response spectrums.

* Reactor Technology Section, DEC.

** Central Research Institute Electric Power Industries

(CRIEPI), Abiko Research Laboratory.
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4. B B F K

4.1 BFXREGRHMBRR

£21~(1), QICRLEHMEROS B, ARETIIEQ-02, EQ-04, EQ-05, EQ-
08, EQ-09, EQ-11, RUEQ-12D THAZ MBI REL L1,
BEMBHIcBVWTEOhABRINEE—B4x41ic, £/, BRAMEZE 4 1R
To BRMACBOTRELREUMEE 2S5 A CHBEREQ-12THYD , BERGITO
INEEEIZ NS 19gal, EW: 19gal, UD: 10gal Thot, FEETHE, HHE
BEHMLUTEAMBESHE b BINER <7 PLEEEL, Ch s OBBAIER & B
B DHREET 5.

4.2 Control Motion (EZEMEE))

MEROBEMEHOETEICE, BEWERCEES NI OERHET S>HE (AT
ERfiRERdTs ) OXBETHILEND S, HHHMBEHITENEEZRAT S
WIZ, FIBOL I RGI~GLOMBEHAMTHON TS, LBLLINGGI~GATH
RMEaNHLTOMBEREFLBETIE— DR ANV EATTHESLED S LI
RRTHRETS 2, 20k, HEShAHBEFLvERVT, 55BRHAOME
EHLEAECABIEIATHER L MBS LLRET S, BHELT 2HAlLOH
TR EH % Control Motion (BT, EEMEBHEER) E—RICHFLTVSE, &
RETIEEMEHE LTCLIEREZEY, Loy —22FRESTE, TOMOT —
 RATRERIGEVG2, G 2 HRBEMEHE LTHEHTI, Bk, BRAMBESHO—-
ELTHEREBIN 3 REOBEREE{ERL TV 5o RESPILOAEM T & 3l
EEHTH-T, z=-32m, -18m -1mTIEG2,G3, G4 DBEHEHEDL . h b Db
DEETRAWILT 2 TEHECHET 2 BRETD 5,

BRIFEFANDANER, BRECE-TRE-TH 3, EBERETRIHEEY
DEICHIET BHBEOEARBEB ZLBEL L, SRETRZAKMATARED
MO RENE2EET B, 24, RFECHEBE FVEBEATIHERS 20
ARENBETHD, CHLEH— LTRF TS kdic, BRERABENRLE LT
TEBACLEBITAT S, MFOAARICIHhREMRTORGEEHY, #E
W%Hm%ﬁbfﬁﬁ%%ﬁﬁmﬁﬁiééﬁ,%5mm%?wwéﬂkﬂﬁ«®k
it B0 HHMBIEEOHER VS, U8, BFCBLWTRANEZES
HEE L TR
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BE HMBeFrid, EEFEckBoeFrvERVE, BEEF OV TR
24—, @2ic, £/, #HEEFrvicoVWTRK2.3 IR LACED TH S,
2 SREFWN |
SREFMEZSWTE, Bb—RBAREASNIEFVEVIRAZESLT, TF
NG R =5 DBV IEHT BFEFRMAET - o EFNVE, ROZDDEFTNVEL
1<o
@ EEEFLV MTERABCERETIHBEROEMTICE, EBELIFGN
AEHIThELAY, BERICEIH0@EAERT 5 X ) KEREUET S, 4
BEOEHiAICIKESMIEhEREFRERBESICERINLTO S, EFVHE
24N 420CFY, BEEROERICERT /KE - BiEFHAMEBITRAGEEE
BOEHT IV VYAER)IDED S, CNoOMBRLROEEZE 43 —(1),
2HTRT o
® BHeFrl  HBEZSLROBEHKMZIH: ODET-EELT 5,
® EHeFv2  ABRcERTIHBEIRIVEEREIRENT.
3 HAMEEBEEZEE TV
AEHLETH VW RESPOEFVEEAR4 4 RRT BT Vvid, BEWMED
REROBAMBE FLCAMEh, BRME 7 v BAMED & T4 MR H
DR T ETHEST 3, TR OBEZEHEIHER 4.5 KRT,
4) BFieFN
LATTIR &3 eFVBEER 4.6 ICRT, BT, HEE OEE % KFEH R
REEEREOSE, BEXSFAMCEIBEERBO 2E22 7Ll T OBRITHEE
D1/ 2%5KDLFEEF VIEBBE LU, £, 1B FVvOER, MEB K UCRT
5DOZNFAOHRIC RBEERERUEL S KAHREZHEL T 5, = 7
WOBESRERBITRHRE 15H & L, B/NEED1L/4AMT LR LI THRE
Lize BEEROD » + v VT LRI ERBEUER I D ED R,
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5. B 1 K R

5.1 HBREE (HMENIEEEF)

23R Lz isAl, FEESHERANTZERELLBAKEDS
h 5RO ISR A, H 8o - FSHAKEZRAWTEEL, THEI X2 ZllE
OHBEREH LB LT, B51 (), 2R, B51-(a, b)TIRG4ZE
BLLTG2, Gl OBEBAERERLTNS, £/, B51 -2 (c~f)iT, G2,G63 %
BEHL LB T HEZEOBREORE LFEEZTLTV S, HIBEROBRAMER,
BNINABEEFO7 - ) 2L BRELERBOERETRLTCETS D, FigER
EHEOENFEETERD I, 2.3 otfge Fait, BRKRLAMEEROELT
BRUICRESNbDTH B, AR (2, b) TRENAHAECRHEEEZ, 11~12
Iﬂ&b%mﬁﬁﬁfuk%<ﬂmfwéo%?wmwﬁ%ﬁMM§®mﬁ.%Kﬁ
REOBE(G3/G4DHITIE, 45Hz, 10H: DBRDOHE) FHEMICEABEE —K
LTway, d~12Hz oFBEOERBAE L REELE T S,

ChSORIRSNABIEE = 7L OEE2E, HBBEOHBEES DELh, B
WMECRETIRARPERIOEBHER L LERTSEEAONS, W{2PDE
FALESRESNTOEN, TR-BCEATX3FERTV, AHEETIHED
= FAfbEeBRIZEYT, BRAMBIREORERIE, iRl e FvZ2ERL,
FHEOCHBEANREER O, 1B, 12Hz Y LOoEBcBY 28NECH D&
AERLT, RETIEAREHE%E 16Hz &L /o,

52 MERES
5.2.1 SRiE
(1) BEXEFn

L3EKTRLRBAEFVEROT, BAREOY S 2 L—va YRIE
Toto HIEEEQ-04 RUEQ-12 LB VT, BEMEK THEAS N BAMEE
AT AR EREE, {62 —(1), i, T/, MEEFHFL, Fb, F8ILH
WTELNIIEER R bovictd ETERERN 6.3 —(1)~H 5.3 —{BHCR
To

BAMEESH TIE, EQ-04, EQ-12: b IREMAOMITERBARMED b
BHTHEH, thEBTRHEOEMLFEE D, HICEQ-12 TR F8(GL.13.7
m) OEBEEBFE*LF2, SENCBEIBEBORAEAGIHERNTHS
DICHKLT, BITETRFI(GL.0.2m) THAMMZBRER > T 3, BY
OPTHTHBFEEBNEE 2bH TR —KLTED , SENLEHERIK
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BERRY M ARDOVTE, FEBREVEDAS £ - TV EEDI, B
RMEIBERFE - F¥&LHNEL, HORFEFEEL T, BHAlHIKA 51 5 0.55sec
ORBREEDKEBMNELTHD, 0.25~0.30sec ODHEIBRBEDD v + ~
FIREBHBERTHZ LERENS, BREOMBERIEER <2 PV TR, 0.25
sec (4 Hz YICHEIBASA S B, EQ-12 TREABICBEVLTHRAKOEEMNS
"B, EQ-04 TREABHMDPPTN, 03sec ORADHEEBEL T B, TD/H
R & BHBOMINIZ EQ-12 DI 5> BPPRVA, & bIC 0.55s5ecD BIFE S
ZEL T2, BRI > TENTNELIENTEST LN, BIFORRR
HABRTREL TOEBEECHEL, WEFNLOMEBERES S 240 ICRIRE
¥ Eal—Ya Y TETH S,

(2)  HuSE Yt o P

BAWBHERR (G4, BIREECCOBEREL5L 30 2METE 10,
23Rl E (G A2ELETELAEF VB Uz =FVEERL,
ZOIEERDf, BTy -2, 23 KRLAEZGEESEFE(Go) EL, %
DGooLeLiBatic LrBao2r -2 Lk, @Y — X ORHER
ZHEOEREFVEHELELT, M54 — (1), QUIcEAMEES %, B
5.6 —(1)~K 5.5 —(BICIEER =T PV ERT,

BAMEEST TR, BEENS O EREBEINEL, BiELAKEVE
BEEGREFSBLERIBEB LN, ARETREHEBELTWEY, BEWCHR
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B ANTEEO TR CIIHEAE cEL S FRAMEEEIREUCEETH
35, WEHRE, EE LB TLEOERPEEKS SNTY 5,

3 FNOERZIEEZ X PATRAE, BRI ES B
HoB i 3ESH LR, HBRAEIKEV Lo, 2V FHBEEFELD, @
ERMsd AR v F /B EWA ST 3, BELHROBHSNE O
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BLBRTE 5, |

B) EFAsS5 2 — itk B EEFEMR
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RHEONI, —F, BBErr 2 HAEOEERREERL LT FATHS
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EMEHERLAIEETE 5T LBBRES Wi,
522 HAMREEERE (RESP)
(1) BRIMEESM
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EENABAELEL TR 8 —(1), 2iRT, BIETIEG2(GL-32m), G3
(GL-18m), G4 (GL-1m#% Z W FhEBHMEH L LS 0RHER2H %
HRTRLTV B, AZRL S TR, G2, G3, G400 FhbhdFicBEMES
LLTHEETHS L¥iitced, HElMCEWENRE L5 BEMESIIM
BLL-TEBRB-TWB, £/, G3REZERENG2LGLOHERODHED
EEEZEVSHERGREOAKO, UL, ThALDONTFHEL-TH, BKR
MEEAFDO LAV ELBRBERRICRAESOTVELEEAL ) —7,
WREFRTHRMBESH LS5 LEANEESTRRCBAEE—FELTL
2o RORFTR, G2~G4 DI b TFhiRBRIFLBERILTE ZHHMEK
Lo TRB-TBVRETE W, ETOEHERNY ANEAFTRETR
DEERPERDIBIFTH-
(E)RESP&%E@LATTKGUTM,ﬁﬁ#~x%@¢mmiémaww
ERELTRLT S,
a(1~12) (HBESEHT, 1=EQ-01,2=EQ-02,- EQ-12
b(0~4) : BEMBE AL RT, 0=02,G3,G4DRFEE, 2=G2, 3=G3,
4=G4 ,
¢c(R, L) : BWFE4s% 4, R=RESP, L=LATT, RESP, LATTRA
OFHEEERE LN TRLTNSRD, ThEOTRAT 5o
REL, BEARZ PO KBRS L RBERCET AR, -4
LU, dicillAE%21T,
@) BRI b |
K59 —-(1)~K59—@3lc, RESPTEEsNA THOHMBEITK BIHER
7 b ERIET ABRAEERT, AR, EQ-04 & EQ-12 OMBICL 315
&0#%, F1,F5, FBDIEE%ARL, tHOMETREEFHORKXL[LLTE
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SEDOAEBI TS, HitREAE, G2 IRG3ELEESRI, BED
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BbG2-G3-G4BAFZAEZE LEVWREBEHEAKHEEL TV 3, ThiTEXTG
LAEMEMEE L LASAIRMBRL oY L TRFELBRAMS L -
HBELTwaEwidd, —F, G2,.G3,G4 2 TOBMELDED - HBES
ERBATAHEGOIRE-T, 2RMEE R TIINEY, BRAMEEAHROESE

FRRCEBENBFBON TR, AEEHOL HRECERS W HER D

HMEREHOETHERIRY TS E b, BRMBEEHLERCHEETS

CEDEBEREZRBRLTYL 5,

523 ®HFEHE(LATT)

510 RREFEMZ 2MEB(EQ-04, EQ-12) it T3 LATT OFKIEES
DFERZEFT LATTTRERERORAMA RESP iIcthL TR (FHME N
THD, HEBHTLPORESPERRE > EHEFHEL T35, HEHE
BiIcHT 22F0HEEIERESP L BTV S,

511 KB 2 LATTIREBIREARZ b2 ThH, RESPiRKBIHS
EELAROERMBEGE LN, LIEE L, LATTTRFEOHIN» S BAME 28
#GO0THABZZEEJTE ML,
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Y B REOBBRMEERTRT 5,
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LBHEFLERD ONLD - T2,

EER <7 b ATH, B CENORHERSEFETRONTY 5o FREREVE
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BENRETEH, RFOBRBIBASECRELTOIRELHIEL, WTFhoHE
REE LAWY Lalb-Ya Yy TETL 5,

REZMETANE, BBEREE SREBRESPE XL HAEEHB LT 50,
BT M ORI DPR- T 5o BT HEOHE RN 10H, BE2 TRLATTOREL
REE2C—HLTVLEY, SRBEETIRKE(HEBLTL S, IBERXR I b vERT
ARTREOHRLLATTOHRREL —KRL TV ALY, BEUEI L3 IREEEOE
EEMMBECERSS S & D SR L 7,

DEDOERMS, 3KRTEH%ERS RESP, SBERE. SREO/V—TL, 2KE
EBAHES LATT, BFEELTREESNAGECETOBV S 55, TOERIM
FHOTFE E BAEOERRETHE, THbhE, —BEEESHTVEI - FRE-T
BIEEA— OB TRASTMETHS T ERNEE ST,

) BEERE
EEECABSNIBFNFETHY, RERATSEBCATS L, KEFRKE
HEREREL LT, BSHRACHLTRAZEEEL 3MEEET5EE L TR
j, BEEZREOEFVEEEE6.4KEEL LTHRT, AT TR, 107w
LA 130mETEL, TiRIKHEBREBRELLeFrvE L,
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#2110 EB)HMERN BAMEOET 36° 15" 48"
140° 33’ 307
MEES 2= B OB BaR Al s OE B OE B (km) | M | B0 CEE) RS (km) | BAE (gal) |#H E
01 85707729 03:05:45 | 8B 37 3.9 | 141° 145 52 4.7 107.9 (119.5) 5.10
02 8507729 04:33:21 | {REEHE 37 18.5 | 140 41.% 90 5.5 116.6 (146.9) 17.78 iR o
03 85,700/00 20:09:26 | i 36" 22.3 | 140 58.7 41 3.7 39.6 ( 56.9) 5.65
04 85,10/04 21:25:51 | ZHELEREEER 35 52.1' { 140° 9.5 78 6.1 56.7 ( 96.1) 34.06 & i
05 8510713 02:21:54 | s 36° 40.2° | 141 19.1 44 5.0 81.7 ( 92.6) 13.95 R
06 8510717 22:06:21 | HEEHI 35° 52.1' | 139 52.5 67 4.5 75.6 (100.6) 6.88
07 8510726 15:14:40 | ISR 36° 107 | 140° 23.1 69 4.3 18.2 ¢ 71.3) 6.18
08 85,1119 (1:08:56 | ZHyuih 3¢ 387 | 140 59.5 51 4.2 57.5 ( 76.8) 7.18 2
09 8511722 13:17:00. | HIUEFAEFHED 36’ 01.9° | 139" 58.¢ 52 4.9 58.3 ( 77.9) 8.60 7
10 8512721 20:21:29 | ZIREILH 36° 30.4' | 140" 32.0 56 3.6 27.1 ( 62.2) 5.10
11 8601711 02:52:06 | KiyEHp 36" 41.9 | 141 13.6' 46 4.3 76.9 ( 89.5) 8. 27 [
12 86,0212 11:59:31 | k&b 36° 25.00 | 141° 05.0/ 44 6.1 50.1 ( 66.6) 51.32 £
13 86,02/12 12:47:10 | iRk 36" 23.3° | 145 02.2 44 4.1 45.1 ( 63.0) 6.55
14 86,702/14 10:25:45 } ZRESb 36° 23.77 | 141° 10.% 42 4.5 57.0 ¢ 70.7) 4.18
15 86°03/02 16:09:26 | EREM 3¢ 28.2 | 147 189 33 6.0 290.2 (281.3) 6.87
16 86,°04,,05 09:29:45 | BHERRE 36 29.0' | 140" 39.0 56 3.9 25.8 ( 61.7) 9.30
17 86,/05/05 22:27:24 | EEEM 36° 55.2° | 141° 31.4’ 78 4.9 113.0 (136.9) 11.48
18 86705715 02:11:49 | BEEHEMS 37 31.9° | 140 43.4' 83 4.9 141.5 (163.5) 10.63
19 86,/06,/24 11:53:00 | BiEEmm | 34 49.4° | 140" 43.2/ 73 6.5 160.7 (175.5) 15.53
20 86/07,/10 11:10:44 | WREILH 36° 12.9" | 140° 35.9’ 81 4.8 6.7 ( 81.3) 27.85
21 8611729 07:29:35 | HIREM 36° 23.5 | 141 10.8 42 5.8 57.6 ( 71.2) 64.88
22 87702706 21:23:44 | {EER# 3¢° 56.2° | 141° 56.1’ 30 6.4 144.0 (146.8) 16.52
23 87702706 22:16:15 | BB 36° 57.7 | 141 53.8 35 6.7 142.5 (146.4) 64.43
24 87702711 02:51:45 | BiEmEES 36° 09.0’ | 13¢° 50.9 61 4.6 65.1 ¢ 88.9) 21.40
25 87702713 19:01:37 | %REH 36° 37.1" | 141° 03.8’ 48 5.2 59.9 ( 76.72 29.37

O R oM E LI

Te00e6N—-—I1d81¥D
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#2.1-2 [HB] 426N BUNHEOHEST 36 15 48’
140° 33’ 30"
MR ES 3 B EagE | & B & OB | BEGm) | M| R CBEDESEGm) | BXME(gal) | i
26 87,0407 09:40:43 | {BEEE LM 37 18.07 | 141° 52.07 44 6.6 163.9 (169.3) 40.27
27 87,704,710 19:50:40 | SHpuELREIFER 36° 07.27 | 139" 52.5’ 60.9 4.9 63.5 ( 87.7) 25.53
28 8770630 18:17:07 | ZIRERESE | 367 11.0° | 140° 05.3’ 56.5 4.9 43.2 ( 71.0) 62.79
29 87,09/24 13:55:21 | BRISEEAM 36° 37.6 | 141° 18.7 42.5 5.8 78.7 ¢ 89.2) 26.59
30 87712717 11:08:17 | FEEdsmd |35 22.3° | 140° 20.8’ 57.9 6.7 99.1 (114.2) 47.46 %1
31 88701730 06:18:48 | HIREHEHH | 36 41.1° | 140° 49.9’ 61.5 4.9 53.1 ( 8L.2) 23.55 *1
32 88,0318 05:34:29 | BISTHHTR 35° 39.7° | 139° 38.8 96,1 6.0 105.9 (142.3) 20.68 *1
33 88709716 03:18:56 | FSHEFFEER 36° 12,0’ | 140° 04.0" 61.2 4.5 44.8 ( 715.7) 15.92 %1
34 88,09,726 17:23:19 | $hT-FHE 35° 32.5/ | 141° 10.9’ 35.7 5.8 97.9 (103.8) 7.79 *1
35 89,701,728 16:36: i 36" 28. * | 141° 40. ’ 51. 4.4 25. ( B7. ) 21.20 *2
v ° ' ° ’ € .
S ° ’ ° ’ ¢ L)
/S 7 ° ! ° ‘ C )
v ° ' ° ‘ ¢ .
v ¢ ’ ° ! C . )
v ° ’ ° ! «C .
v ¢ ’ ° ’ )
Y avd ¢ ’ ¢ ’ C L)
v ¢ ’ ° ' C .
Yl ° ’ ° ' C .
S S ° ’ ° ! «C .
v ° ’ ° ’ ¢ )
v ° ’ ° ’ C )
Va4 ° ’ ° ’ C )
v ° ! ° ’ .

(89702 /07T *1 :##ffE, *2 : REEEM)

100060 —-1Id9T1¥D

100-06 69V6AL ONd



z41 B ARMEE R IEBME — %

O O O O O O 0] FRIF TR E LAHEBO  (Bfi: gal)
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