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1.1 AHRDOER

1.1.1 EARRFHRERICEITSHMERER
(1) BEDRFHREMRICEITHMEERER

ENORFH3ER (LLF, INPS) &9 ) B DMtk atiE, BuEL <
AT D AREMED & DI R OFENZ 4L Ebtﬁﬁﬁ @@ﬂfWBa&wo)
& BRI RS S MBS AW DAREN T iR o0 BB 3 FRIT IS U 7R3
ERERLUTCHONDEEZ AN TTOILD D, T, EANO NPS (ZBWT,
DBE # i3 2 HUBEE S @lHl ST D

DBE % i 9 2 HisE @%xftm%@iﬁ%ﬁllukﬁfé

Table 1-1 Examples of earthquakes in Japanese NPS exceeded their DBEs

: Maximum observed
NPS Earthquake Ma [r)]?:sd el E&'&gﬂggl acceleration at rector
9 base mat (Gal)
. The 2007 Noto Hanto 3.25.2007 264
Shika NPS Earthquake Mj=6.9 18 km (Unit 2)
Kashiwazaki-Kariwa The 2007 Niigata-ken 7.16.2007 16 km 680
NPS Chuetsu-Oki Earthquake Mj=6.8 (Unit 1)
The Suruga Bay 8.11.2009 426
Hamaoka NPS earthquake Mj=6.5 37km (Unit 5)
Fukushima Daiichi 550
NPS 178 km (Unit 2)
FU"”S*I‘\'IYFT,‘; Daini The 2011 off the Pacific = 3.11.2011 183 km U27't73
coast of Tohoku Mj = 8.4 ( 567 )
Onagawa NPS Earthquake Mw = 9.0 123 km (Unit 2)
Tokai Daini NPS 270 km 225

21 The values of magnitudes indicate the Japan Meteorological Agency’s Magnitude, M)j. In the 2011 off
the Pacific coast of Tohoku Earthquake, its moment magnitude is also described as Mw.

ZDHH, FE RS (4R, BUE, HOXENR—LT 14 v 7 AKASE
ffi) (LAF. TTEPCOJ &9 ) AP+ I3 EFT (LU, TKKNPS) &\

9.) THLN X7z 2007 A iR 1Y (LR, [the NCO Earthquake
&N, ) TIE, KT DBE OF) 2.5 fFOHEE BRI S vz (1 50F), Z o
BIZ L D% 4 FEERFRE~ORBIIMR S o T2, #i7-72 DBE DK E
ROMM IR R R EDOFEMEIZ LY 1,5, 6 KT BF D 477 M OFBE@IK 3
FREE LT (7T 2 Mid 2011 AF SR R E I HLEE O e B TR @ 4
LTWiewy), dbpeE kst S B a7 )3 BT CHLIN S 7z 2007 FREXR Y
B HIEE 1D A EE ik i i) [ 1 ) B EE T TR S A7 BRI o HiEE (2009
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) VI BLIGEESL T DBE & — O A MH THOT NI EEl o RE Th Y HifE
IZ L DR FEBERBRMASOPEOEE I -2, BEEE T ARE
B L L EBIT, RS, M-I ET 5 BFICOWTITFRETH - I
BENOEWRO 5T 2 £ 2 LERAE T, BBEEITHEOKN 145 » H%Th
7,

S 51T, 2011 AEHACH G EEMHIEE (LT, Tthe GEJES &9 ,) Tik, W
b IR SR 1 )38 EFT, TEPCO &S —JR /13 EF (LLF, T1F
NPS) &9 ,) KROMEESH R 3Er (LA, T2FNPS) &£ 5H,) bW
\Z A AR )3 BRSO R I EIT K L7223, 28l
SNh7-HESNT DBE & O THOT MBI L BRE TH - - 191916

NPS DfEXF D RERRBE L > THTOINL TS Z iz o Tar o
ARG G, B EEERR DR Wwﬁw*kw%%#T%ni[mE%
i o2 MEB AT LTH, FREZ L7 %ICHIES), MBSk O
aauﬁféﬁﬁ%ﬁo;&f\ﬁﬁ‘uk§<ﬁﬁ#éﬁ%4/77%ib
BIERT LN TEDLEERD,

UL F . the GEJE & the NCO Earthquake (22U T NPS (28T 2RI 2489 5,

(2) 2011 FFRALHA KT F it &

2011 4= 3 H 11 HIZ34 L7= the GEJE Tid, R CTEE 7. sty o KT
ORI CEE 6 sz iidk L, HALE ISR T )3 BT,
TEPCO 1F NPS 72 &5 TNC 2F NPS, K ONH AKE 1 )3 B S sis 5 R+ /)

BTG L=, #IZ IF NPS (2B W CiE, s hiEizh ch o721, 2. 3
v%ﬁﬂ%_ié%ﬂ®¢f%%%¢(éﬂﬁ%@éﬁﬂ)mmﬁbt%@®\
EHI T K D HE D DAZ IR OWENT R U TR LSRR L . BN EE D R B
W S Tz,

1F NPS 7 & = DHER DORRIEITHOWTIE, B & 22 HFZEim SCoiE &l L v &
W ORFEP I TON TR Y | RFH O FERNTEPEIC K 5 IEFHE ﬁ%%k@m
E— b 7EBRETHLLDLEEZ LN TS, FFICHIER A D HER I E
TOMIL, B8 FEELRRIEOREMETHERF SN TEBY | A7 7 ME5RERD
JE AR OFIEN EF AT & B2 b s WD) F 7 EL eIz L
TiX. TEPCO |38 &= iFEEh 565 < L4 BB E 22RO MR IS B AT %
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FHLTRY, TRTOLE EERBERRMEICIS O TRESVENHER S TWZH
REMEREWZ E ALY,

¥, HRENRBIR T /IR ENFGRAEZ BaERES [AR] GOtE
NERIR T R ENFHEZE S, 2012) (UUIF, [ESEGHERSEE LW
9.) FOIE, 1F NPS 1 S4F CHER SN IR RN O HKIZHOWT, 74k
BEERIER AEAR (ICR) OBEMENRK THD Z E2R/ET 5L I,
EH AT 4 — BN RBEOBAEEL IIHELZ RN E T2 RS D LIERH L.
ELRDIREEERDTNDN, TORDFTHHHIEER BT AHRFHI LY |
WMEOHKITREL Y — D Aa v o 72k b b0, 2. EHT 4 — B3
B OMBEIELITIIIC L A b D TH D L OB ENE LN TV D M,

1F NPS (23317 2 #1538 & B AR DR IUZ D W TIARGR S 3 HITIE 5,

(3) 2007 FEFBR iR

2007 /£ 7 H 16 A, FiBERTEEZERE T 5~ 7 =F 22— 6.8 OHUEN
TEPCO KK NPS Z#Hi~o7-, FEHTICEIT D BIHIFEEIX—E O B 2 R T
DBE Zifx T Y | 1 5IF D JR-FIFdE AR FICERE S V72 s EEEC i 680
Gal Z itk (EW Jilf)). Y4 DBE 273 Gal (EW J71h) D#J 2.5 5D MLEE ¢
Hote, TORNIEY, EEIEF TH o723, 4, 7 BF 2L NCEEF TH
S 2 BIEAHEIZ LY BEMEIL (RFFHEX 2 Z ) L7, TEPCO TliHh
BRI T DU — 7 Z v AR, SR AR D ONTBLIIFRS 2
7o MR IR & FEfin LRk ORI A MR T 25 & & bl HHEHEICLVEDL
TR 2B E 2 THi7c /e DBE 23K E L, ZAIUTHKD EMEMIL LHF 42 I L
T 7 NOBBEZ B Lz, 20 AR OWITICI W T, a8 FEERR
I IR X 2 BB ERITMER SN T, R FL4E Lo MEIZAE L
ST ZEEFHONTHL LEERZDLN, —HOKMEY 7 XA Df&HIZ IV TILH
BICEDHBEN A S, FFIT 3 S OFTNAEERR CTHAE LI K SKIZ DOV TIEAE
SR CENR LT, F2, R LFEOIIX I OB LRI O 2179
BERER LS,

KK NPS (Z31) % #i5E & 3BTk i ORI O W CIHEIAGR S 4 ISR 5,



112 RFHREFOWMERECEITEIRELESED REL

(1) EEHRESOHEIB

1978 -, UKD HZERICL Y REREFR T o mEx G5
IR (LT, TMERGEARS v H,) Z2HIE S CTLIEE (1981 412
REDJR - NEEB R XY —#kET) . NPS JEsklZ B BT X MEOFREIZ,
£ DO HFE DI ARDL, BHLE ) O VE BT DY K MR A A% 1 A2 B8 L 72
DBE 72 & NZFRHE N Z AW D Z ENED BT, T OF 2 1 2013 FI2H
TESNTZBAEDF T IIRETIZ X 2 H 72 e ifEECBW LRk TH D, =
O, WiEET VOB A% MRS L OMIE T2 BT 2 #riz 7o /B oo B & 7
F 2 MEIOREDEEAPTONTE N, #EIXARTHLETHLZ D
FHEEMEZHETH I L2 SBEICBL ZERMATHY ., 4% b DBE i 2 5 i
EENN NPS TBIHIESND Y A7 BB T LOMERD DL EE 2D, BUEOHIHIEE
I DBERT 7 v bDXy 77 ¢y FOXEISIE, &< £ T DBE IZXY Sl
BN AR T L7 Rl E EE D, DBE X HHENKAE LIZHGED
LRMOHROTTEt 2, WICHEEL TR PREE LB X5,

(2) WF-EREROHERE

NPS DO#§as - BLE R (LR, BR - B2 LT I8 Vv o,) @
MR et E, ERCOHHIFEHE | S X g S 523, Z ORI —MAERE A B
KEKIBEDOED D RAF I EFI RGN EE] (LU, TJEAC4601] &
WD) FITEDSNTND, MIBRISEMAT X DBE % AU - IR ZI R I B AT 1 &
X AR MVE—ZVRITENEH S5 (7272 L. WS O R4 O HiE IS &
FEMT IV Y RERR M AN A 1 S LD R - WEELM) D fie RIS NN FE A N T BRI iR
PrENEMTE D), HERISEMITIX, Z2EARETNVERLITILIERRET VA
FWTZ RN CTH 0 | 0> T, 5 OB RENISMARE & L TRV =
ENTELFPICR DAL, FFAMEITEMIRICK L T2 ae b o THES
j/LTU\ZD 1—12)O

FEFRIZ DBE Z K& <z 7= TEPCO KK NPS [ZB\W\W T, %4 FEE LR
OHEIZ X 2 EBIIMR I N hoTe, ZHIFBATOMERFEROET 51
DIRBRBIC L DERPRKRE W E 528, T DBE # 1 o MELHTET S
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BAICIE. TORBOEY P2 22RO o TEH L TR < SLEN
HHHLDEEZ D,

(3) THEEREH-EHLHRENE

1F NPS Ottt REPEIZRET 24 OGBS HEEICHS W TEEINT
Wb, ERLOBEY | ZiLE T DBE i x 5 HUEEN 2K NPS IZB W TR ST
BY., ZOREEZEEEDTEE LTE IR AND D, i 0ETH 5,
m%ﬁ@WE&J%E%%®&ﬁK%meﬂﬁ%®UX&J%%E#é:&
& U RGN 2, Wb B HIFE PSA 2D ANLD Z & N HRE Sz,
il 2 DA DEXFHZ DBE Z i 2 HIREEZ ZE T N E IOV TiEEEm S v T
720N,

A
- . . s
5 Actual limit of system failure
g o EEEEEEEEEE
o]
=%
: |
: Actual limit of component failure S
[ Y Y U P U
o Seismic
@ design of
5 compenent
=9 o : considering |
5 Margin in | design. -
5 Actual criteria § extension
= total | condition
g margin of
'(%'3 componen Allowable limit in d651gn

Design |
o
margin Respoﬁlse
by analysis
using DBE

Margin in
response :
77777777777777777777777777777 analysie”™ .

Semmc Debmn Extension Condition
Design C ondmon SDEC)

u“\\—\

DBE . o
Magnitude of seismic motion

Fig. 1-1 Safety margin in the current seismic design and design extension condition

Z ZT. IAEA @ Safety Guide TiX. ixit COMMELE X HIREAE ., REHLE
fRHE (Design Extension Condition) & EF L., TN Z ik DeXFHI BT 5 XK 9
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RE SN TS I, Z IR FHC BT A FedEi X A3, DBE & 2 5
EONVREE LTIRIE S T b [T Design Extension Condition & £ 2., Z &% &
LTCER G OEANMIETIIRW N EEZDNRD,
X 1-1 (ZBATOMBEREHAR DA T 2 EOB& &, #HIES 2 DBE 2B X T
REL R DGEORMOMBISEDHEMEZ R L TWDH, BUATOMEHFHIBW
T, DBE (T & 3 O HUER IS Bt 2 it (4 1-1 H > Response by analysis
using DBE)) L CHF&EZHE (X 1-1 1> Allowable limit in design) & o kb & %
fi 35 DT, HFRIEMEIT T D INTIEO SRR FHRE I Y 95 03, BT Offif
B FHRRICBW TIFFA R LT FEIC OV TH, ENERIELH LT
W5, 6o T, B ORIGERIT 72 UIIHEREHERF IR & EER OB O HUERIGE %
mﬁfék;mé@%%%ﬁbfm bDEEZBND (K 1-1 FEDHERHD),
DICEHDEARIERE LTOV AT LAEEBE L L ERMOLE, b E
ML TRTIE AT AEEROBEMRRA 2 S HI2m0n L-nZgl & BiF s
LD ARENED B D,
DBE # i 4 2 B A E LHA Th o THRFHEIC XV E B3
DISENFRIMEL B2 5 2 138, FFREEICH é?‘éﬁﬁé%?’@%h&i‘
[EXEHIRRE] (X 1-1 F7 o Design condition) OHEIPHNTH D EE 2 HILD, K
TIXZN XV RE 2 HEEN 2 M8E L2 kEE % Seismic Design Extension Condition
(LLF, TSDEC] &\ 9,) &EFR LI, T720L, FFELEELEZREOHEE
FRAL 720 LIS REAERF IR AU 3 2 I8 Z SDEC & L. mauo&mwmmuﬁ
2T, 2O SDEC (2B 2 LZeMOMElkE AR & LIzii ORI FEOHESE
RETHLDOTHD,
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1.2 FHEOEBK

AWFFEIL, BARBRG TH HMBEO A HEINMEZZRE L DBE i1 2 X 5 e
BEINRAET HIRMER SDEC L EFR L= & X, SDEC IZk1F 5 NPS D& 4 FiE
FLREAH O REMERF 2 M RIS T A MNER I FIEORmENICET 2 Z L2 H L
T2,

ARG I OB B 2 ] F 2. 2o OBERA e UIXHREEEE
PR 2 RELT 2 G & U OB BEEREZEE L, IGEBEERE —El
LITFIZMmx b2 F0EE 2 BN U CEREHIHW D8 - 2 B B R G HE O’
REITH, THITE Y, BFHIRREZ 28 L7 DBE 255 < MR EfEITIC
R GE &, AR CIEER T 5 SDEC B8 LI HakGt 2G5 2 & T,
W%aﬁ¢+®mfm EZ: RN
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1.3 AW EDER

%1 BT, ZNE TOMERRICESE, ERGH & REN#EICEDL L
A 5T L, SDEC ZiE % L7 ECMERFHAR O R E, 2 bl VoK
WHED B2 ek E LT,

2 BT, WEXRGTO®mEl, 2R b2 EMT27200FES LTHND
NEEMER ) ZEFRT DL BT, TRE AW i E R EHE L 1R R
T 5, E7o. BT EHERIE R EHE O H#EIFH I OV TRETT 5,

%5 3 FECIL the GEJE |Z#EK L7z 1F NPS (2331 % 52 O MR G & % i 24 YAk
FOf, =TRLX—FEOBENOHT L, 1IF NPS IZRIT HHIFE DB L B4
Do

% 47 TlE, [A L < the NCO Earthquake (Z#% 5K L 72 KK NPS (23517 % &% i D
MR ISE 2 S EBBVER OBLE BT L, 3H OS2 LITHEEEE T2
HhH2DEEZEZDNDICEPMER L NNV EBET D,

555 BT, INE MR L RE OB E v URE ek 2 R T TG E
(DIP : Damage Indicating Parameter) & L CRIH T 5 & &, T E TIRREINL T
HMDFERR & DIHRD b & | JSEBIEROAGINECHONWTERT S,

H6 ETIX, B I3E, FHAEOSHMRELEE R, MURTRBEEREZH L
ITT D E & BT, FEERORRM & U TRICHIE IS Dt sk Hiv 5 KK
NPS FrE B RFHEHLaE 2 FIC & 0 B&EF~D A5k, s HFRR R
ZEH L, FEEREIFEOBAMELZREET 5,
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2.1 [XLHIC

FE D NPS Of%fiiiL, MELES EOBEEEIZS LU THE S, B, C 7 7 &4
HINTWD, MES 7 7 Aidi (KO—#D B 7 7 Aikfiii) Tix DBE Z W
T B 2 R IS RAT I B S S MEERRE  i S v D, ZHIUCHIZ T, Mg 7 A
ZIE U2 f R 2 W CIRER M Thh T 5, il 2 S ERERET &
HRANERFT O T DFEVEAL TR+ 5 L D8RG SN D, 72, iR IM M
FHBHEOTHNELDGAETH-TH, TOENNI R LU E - Tl
WHEMER U 2B 2B T 28 TED DN TND T &b, B OFEE
DOREREMERFIR UK L TII R E BB EA L TV D,

ARETIE, ERLO 5 B, FHIRREHI AW B AL D BRI & 3 i O 85 (720
UKSREMERF 2 AR & L72FBE L, SDEC IZBT A MEXRG 2T 5. #Hi-
TR RERGHEZIRE T 5, B 2 BaEE OB I, ISEBEROMESE
WD & LBz, BFHIHWD Z 2R GITT D70, M OEA EH & R
RS 72 RDS 12T ER Lz, T72bh, MBI O O MBS 25
BYRMER L U CHERHEL ﬂnkﬁﬁbﬁﬂ SEIOD Y & T ORI OIS MR
ERELTICMA L L ORFHBNEEL ERT L FIES L,

if\%ﬁ@%ﬁﬁé@®ﬂﬁ%ﬁotb®fﬁﬁﬁé&MB®%m Y e
WAL, IR S RDS OEMITER L, S Off B — AR 2 RET D8
LSRN =T BT VERE L, HETL2HETZ AT & U TR
Wradihad 22 & T, RIEOtER, b b, AW & BRI IR U s
YAPESR & RDS 28 H 35,

WA, B OB LITHERIE R A BH IR T 5 7= OISR BMR L ED, 21
b LTI OBRFHIH O D FEE 2 ED H i EERGHEL1RET 5,
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22 RIROHEHEBLGEBER

INE TOMBEREEFORERNG , ZEMEOMEZ IR LT HMERE T,
[(Z0 JOHHEM LT D LMD TEELEZ LN TS, 22T, [
(T CITHMERE 282 TR A HEOMUOORE TH 5, NPS 128
T B Rl DFXEHEUET & D A SR TITHEBMEMNT b AlRE & L TV 523,
MEMIZAE C D0 2 FP R & i3 2 FF A0 71 EERHE  (Allowable Stress
design) (LLF, TASD]) &9 ) IZ K2 BUTORGHAER TIERRRIG ) &2 AL L
RS IIDERESNTWA Z D, fERE L TOTHBmD TS <
ZHITWD, ZHUT, MHERFTOEAR L UTHREHTZ EICHN TN D Z LI
HEET 5,

B MR FHE ORI\ TIE, 3R O MBMEZEE) 2 FLA D | Y] 72§
REZERT DI ENEETHD,

221 ME-ZERFEOERA

NPS DEfIL—MRAVZIENE, BIPE D E e @A R CRIE S 11, HERRHARSIC
ITRERBEHEREZMES LEZONDZ b, 206 OBEEGHMNICITHERE
DBV O IRAE 2 2 D BN B 5, NPS DaRfi AN HIFEIZ X > THERETEZL 3 5 B
(213, HUEBFH NN K D EHI BN D AT 70 & O—H OB G IEZ R X | 3 HiE
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Fig.2-2 Elastoplastic response analysis model
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Fig.2-3 (a) Example of seismic ground motion Fig.2-3 (b) Example of load-deflection hysteresis

24


https://www5.int.tepco.co.jp/sso1/dfw/corp3_domino_std/corp/honten/fukuhonbu/1018831fukotogo.nsf/42d0da6740bhttps:/sso.int.tepco.co.jp/sso/dfw/corp3_domino_std/corp/honten/fukuhonbu/1018831fukotogo.nsf/$defaultView?OpenView&Start=1&Count=30&Expand=2.1#2.1
https://www5.int.tepco.co.jp/sso1/dfw/corp3_domino_std/corp/honten/fukuhonbu/1018831fukotogo.nsf/42d0da6740bhttps:/sso.int.tepco.co.jp/sso/dfw/corp3_domino_std/corp/honten/fukuhonbu/1018831fukotogo.nsf/$defaultView?OpenView&Start=1&Count=30&Expand=2.1#2.1
https://www5.int.tepco.co.jp/sso1/dfw/corp3_domino_std/corp/honten/fukuhonbu/1018831fukotogo.nsf/42d0da6740bhttps:/sso.int.tepco.co.jp/sso/dfw/corp3_domino_std/corp/honten/fukuhonbu/1018831fukotogo.nsf/$defaultView?OpenView&Start=1&Count=30&Expand=2.1#2.1
https://www5.int.tepco.co.jp/sso1/dfw/corp3_domino_std/corp/honten/fukuhonbu/1018831fukotogo.nsf/42d0da6740bhttps:/sso.int.tepco.co.jp/sso/dfw/corp3_domino_std/corp/honten/fukuhonbu/1018831fukotogo.nsf/$defaultView?OpenView&Start=1&Count=30&Expand=2.1#2.1

%] 2-3(b)i& the NCO Earthquake (Z331F 5 KK NPS 1 545 O Ji -} &t 2 FE iR
OHEBRFEEE (X 2-3@) ZHERE 0.2 D/NA U =7F7 /L (W=100kg. [#
AIRENE=5Hz) ICAN LTBICEONDWME—EME AT U U A INEOHITH
X8

() HEBMRERARINLOEH
RV Sc & —E & L CEARBBEEZE (L SE A )V =7 T L E HNT
FROBEEZITo CTRRBIEREZ T vy N5 & IREBIERA7 bL (LIF,
[RDS] &\ 9,) BEFE6LND,

728, ERLO MR EMNTIZ B\ CIE, Mk O E S % 0.05, [EA JE
1% 0.033 7 ([EAREN%L : 30Hz) 7°5 0.05 7 (20Hz) | 0.05 775 0.1 7 (10Hz) .
0187225 05% (2Hz), 0576 57 (0.2Hz) DA% 4 4 X 440l T 80 %47 L
7=fEE LT,

BIATD NPS OFFRUERE R Tl MPEREELIS U THEEShZ. S 7 7 A,
B2 A, CZUZI7ADZENENDHRMMHIZOWVWT, Rt HERIIERE & LT 3.6 Ci,
1.8Ci, 12Ci DEIBRHEIND ¥V, Z ZTCild, EHEEE AW 11155k Co (il
AR 2 BB L CEREEE CED ONOIEED Al Dz EE L TR b
HIETHD, B, ENDO NPSIZEITD ColZiTT T 02 AN T WD,

80

—8e . 0.6

/\ —Sc:04
\ —Sc10.2

—
=

\\

Ductility factor
= (=1
(=] L=
.-'""/

WNatural Period (sec)

Fig.2-4 Example of ductility factor response spectrum (RDS)
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Engineering basis Process of setting of
design basis static
seismic coefficient

All components

Relationship of
damage mode and
ductility factor

Availability o
representative
evaluation by
ductility factor

*1

Target components ‘ Non-target components

Assumption of seismic

ground motion
Assumption of static
seismic coefficient Sc
Setting of allowable
limit as ductility Elasto-plastic time
factor historical analysis

(Representative bi-
linear model)

Decision of design basis
static seismic coefficient

Static seismic design
of target components

*1: A component, whose damage modes are not associated with the ductility
factor, should be non-target component. Examples of these damage
modes are ratchetln%; fatlgue contact of internal parts, short circuit of
electrical equipment, relay chattering, etc.

Fig. 2-5 Procedure of setting of design basis static seismic coefficient
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Table 2-1 Examples of the major models of components for seismic analysis and typical vulnerable parts

Type of components

Model for seismic design

Vulnerable part and the damage mode

Tanks

One-degree- of-freedom model

G;?TDq>@

Anchor bolts
(Shear fracture, plastic deformation)

Horizontal Pumps

One-degree- of-freedom model

B o7

Anchor bolts
(Shear fracture, plastic deformation)

One-degree- of-freedom model

Vertical Pumps !_i—-! Anchor bolts
P | (Shear fracture, plastic deformation)
(short body |fl> o Bearings
or strength) [] (Wearing)
I .—vvm—;—wn——lhw— FTTITI TS
2D multi-mass system model
Anchor bolts
Vertical Pumps (Shear fracture, plastic deformation)
(long body) Bearings
(Wearing)

Turbine driving pump

Anchor bolts
(Shear fracture, plastic deformation)

Motors

One-degree- of-freedom model

Anchor bolts
(Shear fracture, plastic deformation)

Chillers

One-degree- of-freedom model

Anchor bolts
(Shear fracture, plastic deformation)

Diesel Generators

One-degree- of-freedom model

Anchor bolts
(Shear fracture, plastic deformation)

Piping system

3D multi-mass system model

Support structure
(plastic deformation)
Piping

(Ratchetting fatigue)
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Table 2-2 Availability of the new seismic method for each type of component and damage mode

Components / Failurer mode

First passage
destruction

Low cycle fatigue

Others
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R R U % Magg AL (A 99 ERAL)
(S G A DIRET— FRRFFETE D
N PE 2 KB 5%
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AT, 2 OEEE— R

ND, ZERRET NV Th>Th, &l OHRE
DMEHE S, 20, MEEERALOMERETE |

61%5 L//C\ nXT
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ROfHE —

Fracture
Tank > (Anchor bolt)
o Heat Exchanger § Buckling B B
3 Horizontal pump 8 (structure)
& Tubine-driven pimp ® deformation
r_qgh motor (support leg)
@ Chiller Loss of dynamic function
§ Diesel generator z (Pump, Motor, etc.)
5 Piping system (constant | o> Fracture by relative
% pitch supporting) TE — — displacement
= Cable tray § (Cable tray, etc.)
Air ventilating duct @ Wearing of internals
(Turbine driven pump, etc.)
Support structure Bearing function loss
§ (incl. Snubber) (Vertical pump)
5 (Piping system) -
E % Fracture
o) Piping system (Anchor bolt)
§ Vertical pump Fracture Low cycle fatigue Fracture by relative
; Etc. % (Piping system) (Piping system) displacement
=4 2 (Piping system)
- 5 Loss of dynamic function
% (Vertical pump)
z Chattering
Components without 5 (Relay)
structural design = — —
(Relay, detector, etc.) g
@D
@)§E$%%?»
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Table 2-3 The earthquake characteristics and failure mode should be focused
The NCO Earthquake The GEJE

(i)

Ebbhomowenoa

|

Julhy i
)

Acceleration (Gal)
1

Acceleration

80200 220240260280 300320 340360 330
H [ Time (scc)
L

o El 0 g 4 [
Time (sec)

Waveform KK-1 Reactor Building Base mat 1F-6 Reactor Building Base mat
A pulsed wave was observed, which | Even though it was an earthquake with a long
was the cause of the first passage | duration, the need for consideration for low-cycle
fracture of components in the yard. fatigue is negligible. First passage fracture of low
seismic class component was not found.

o | First passage . . . . . . .
QEl passag High necessity of consideration Necessity of consideration
5 fracture

3 | Low-cycle L. .

S Negigible Negigible

& | fatigue failure 99 919

2334 FERBHUROEH
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Fig. 2-6 Setting of the allowable ductility factor
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Fig. 2-7 Sensitivity of secondary stiffness on the response ductility factor spectrum
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Fig. 2-8 Reduction of ductility factor under increasing Sc value
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Fig. 2-9 Reduction factor of ductility factor (Sc = 0.2 ~ 0.6, k2 = 0.05k1, 0.1k1)
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Fig. 2-10 Reduction factor ratio of ductility factor (Sc = 0.2 ~ 0.6, ko = 0.05ky, 0.1k;)

37



SHIT, X 2-9 ITBT DISEBHROERBERD A KD DH LM 2-10 DIEY &
72 %, ZIREIWEZ —WEIMED 0.05 512 L7=HE ORICHT 5, 0.1 52 Lz
BEDIKBEROHZ TR LTV,

4 2-9 & [} 2-10 £V Sc Z AN S V723556 OIS EBPER ORI RIL, N
P —KIEIPED 005 f5 & Lz & &, 015 Lizs & T, MRMuts2H34 5
ZENHALNE IR o T, O MBEBERIGIE, o “REMWEE O C L R OEE
Thb, o T, “KAWEEZ —REIMED 0.05 & LTHIEBILLIEZAA U =T %
TNERNDLEE, K2-10 XY 2 FREORSFHEE FiATe Z & T, o k|
HEERETEDHLEEZLND,

PLEX Y | ZREWEDOEIC X 2 SEBMERO M ) OfEL B E L T, Hikib
Lo ) =TTV ERWVDLERICIE, ZhaRsrtEe L TR BERORE
IZEETDHZLE L. ZORSMEL, REERT23FRELTLHZ LT, K
FIRICIRETDIHBIAE L2 ) =T =T LV ORAERTESRE TE D & DR
7=,

38



24 F&EO

ARETIL, 1 ®EICR LT SDEC, T72bH DBE # K& < Hildd 2 HE# %
ZATT2BED NPS DOMMERRFHAR Z LT D72, Fiic 7 i B e G HE 2 5L
LR L7, ZiE, DBE (2D MR E S 2 BATOMKRRITK LT,
DBE Z#ix o MiEZAE L, s OBEGRA 2 LITHRBHER R 4 v & 5
HiXetiE L35 2 &L CHHEMIC SDEC IZB I AIMMERAREZENT HI E2N6
STebDTh D,

Tl %2 DI§IE Z £ DR OMER) D AZHZ MO TORER ZF i+ 5720, &%
O E R EZRRT OB LI E AR FEE WA Z L 2R ET D L
E BT, T E AW REZIBEMEATIC X 0 | M 31T 5 = )L X — W % SOk
L7z, RS (MRS T CORRMORRERE) 7 Hii§ 5 FIEEZED A
770

I HIC, EERE L U COHEME & AR ORRIT, FrEE & [EA RIS
BLSLD Z EICHEH LT, BEEZ XT A —4 L L7 RDS Z1ERT % & DV)
O T ORI %E T L7,

FRLOB 2 FHE AT, B OBERA 72 UITHERBHERF IR A 2 RET 57F
BRMMREZERL, ZhEmeT 2FEE % RDS ICESXWRETHZ LT,
%tﬁ%%%Em#£®Aﬁk¢5$%%m@to

Bz e FRAE SRR GHEIL, HRIBYE NI X DR OMBIZHIST 25D TH
D AR A 7 VI TR AL iéwf“@m@ﬁ%%~kmomf@w$
%Kiéﬂﬁﬁ%%@%éﬁ Z N E TOMEHH ﬁwfﬁ%éhé%m%
JERRFHIHE U= ®iPH CE A e CTH 0 | F7o, BR-CHMB MR SIS 4218 L T,
ﬁ%ml%%k?é_&#%ﬁ?%éo

39



FENSERE References

2-1)The Japan Electric Association, The technical code for seismic design of nuclear power plants,
JEAC4601-2008, JEA (2008) (in Japanese).

2-2)U. S. Nuclear Regulatory Committee, Development of criteria for seismic review of selected nuclear
power plants (NUREG/CR-0098), (1978).

2-3)Matsuura, S., Nakamura, H., Ogiso, S., Ohtsubo, H., Studies on the seismic buckling design guideline
of FBR main vessels: 5th Report, Applicability of the numerical buckling analysis method,
Transactions of the JSME (A), 61(585), pp138-146, (1995) (in Japanese).

2-4)Hagiwara, Y., Yamamoto, K., Kawamoto, Y., Nakagawa, M., Akiyama, H., Studies on the seismic
buckling design guideline of FBR main vessels: 9th Report, Buckling evaluation under elastic-plastic
seismic response, Transactions of the JSME (A), 64(626), pp163-170, (1998) (in Japanese).

2-5)Ochiai, K., Nagasawa, K., Some considerations on the physical meaning of static seismic
coefficient for mechanical components, Mechanical engineering congress, Japan 2014, The Japan
Society of Mechanical Engineers, J1010204 (2014) (in Japanese).

2-6) International Atomic Energy Agency, Earthquake preparedness and response for nuclear power
plants, IAEA Safety Report Series N0.66 (2011).

2-7)The Japan Society of Mechanical Engineers ed., Seismic design and structural dynamics (1985),
pp.223-237, The Japan Society of Mechanical Engineers (in Japanese).

2-8)The Nuclear Power engineering Corporation (NUPEC), Report Vol.1, Ultimate Strength piping

Test Program (2004), The Nuclear Power Engineering Corporation (in Japanese).

40



41



EI3IE WA KEFDHBICETIEEE—RFARERD
HESEICEAT 52O T

42



3.1 [XLHIC

The GEJE (Z3531F 5 TEPCO 1F NPS Hift & = DR ORI OV TIX, ZihvE
T, BHERIC X 0 Z ORI TOIL TR Y | HRIC L 5 IEW AEREA &K e
— h U BN EGOFERTHLLDOEEZI LN TN D, FRCHIEREN
OEGEEOR E COMIL, 248 FEERFRM ORI S TRBY . X7 T A
BEREZOETFOHIENIER TN EEZE L bND, L Laenb, [EHe
HGHE RS E SVECBWT, MEBIC LV e EEELHE (FlxiX, EFH
#wAFR (IC)) ofEEMERLbNZZ L NEROERNTH D AN b5 &5
FLER N BN D720, REIZBW T, 1F NPS 07224 EEE R I %9 2 Hi
BAIZ K DB MBI BT A REIZEESEEBLET L L & bIT FEEHTIC
W CHEL S A7z R B O FREk & TS B PSR O BLEN B 3 HT L Wémﬁﬂmé
NI T RIS 5 the GEJE (2 L D58 % — b L Cig 3™ 5,

43



32 ERE—RFHREMIS.2BERUIBIFOMEICLIEEST

321 WREORFEREMEOHRSE
RERMB LT 2%, K48 REBELRBRM A2 5T NPS Ot 2332 )7
{£1%. the NCO Earthquake %52 1F 7= TEPCO KK NPS O EEN I )1 F 7= B 0 #H A
%232, [Earthquake preparedness and response for nuclear power plants] (IAEA,
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Seismic SCRAM signal

H MIN SEC MSEC PID ABBREVIATION STATUS

14 46 46 400 D564* SEISMIC TRIP C TRIP

14 46 46 410 D534 REACTOR SCRM A TRIP

14 46 58 420 D563 SEISMIC TRIP B TRIP

14 46 58 430 D535 REACTOR SCRM B TRIP
1446 A538 REM BYPS ON
1446 BS00 CONT ROD DRFT ALRM on

[ & 47 00 020 D562 SEISMIC TRIP A TRIF

14 47 00 030 D565 SEISMIC  TRIP D TRIP

1847 CO020 SUPFPRESSION LEVL -40.8< -20.0 M1

1447 A523 AFRM- DOWN SCAL TREL
1447 A539 WM ROD BLOK ON
[1447 AS53 ALL CR FULL IN O
1447 GOO2 GENERATR VOLT 18.56> 18.80 KV
1447 COOD CONT ROD SYST FLOW OVR FLW
1447 C©020 SUPPRESSION LEVL 16.0 M4 NORMAL
14 47 09 140 D520 REAC WIR LEVL A i i
1447 COO4 REACTOR WATR LEVL B816< 800 MM Control Rods Insertion
14 47 09 150 D521  REAC WIR LEVL B TOW
1447 EO004 SWCHGEAR BUS 1A 217> 7200V
14 47 10 910 D523 REAC WIR LEVL D LOW
1447 C020 SUPPRESSION LEVL 21.6> 20.0 MM
14 47 10 910 D522 REAC WIR LEVL C LOW
1447 AS549 LOW POWR ALREM POINT UNDER
14 47 20 620 DS22 REAC WIR LEVL C NORM
1447 D622 PCIS ISO IN TRIP ON
14 47 20 620 D523 REAC WIR LEVL. D NORM

Fig. 3-1 Records of Alarm Typer of Unit 1 of 1F NPS
(Postscript to records on the TEPCO home page)

< Reactor Water Level > < Reactor Pressure >
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bl \:;;}i; ‘ J““U" Control of that the l.} ‘ ]\“ }1 ! :
LY i 0w i 3 00 83 6 R H AR B ] T i ] water level tsunami hit | | 0 A
; LR -.I | {1111 (il Control of
Off-site power loss, gl (TR by IC | O e e o T s S e
i ; ; HEVHIDRESERINE m I el B h pressure by
Main steam isolation | i vesimnl gl I increase i LTTRGLAl dh Al C
valve closed SN TRER L IC L} : 4—“1 i
Lo AL 4t B B8 4 l4l![1] 60 Tkﬁﬂ | |ispa automatic pl’eS_Sure 1 I -
T % startup following IC Increase in e Decrease in
NN ARaT =S Readzas ~‘ shutdown pressure gttt 1& L= | pressure
! | | RUPNARIRUENARS ALARRON L & TN following WA following IC
s 1L ‘ ‘ P‘ﬂ'- ® | closure of the (i operation
il i i k= * | main steam il i e
Sl Lalig ACHIARRRERAR PSS - 'L_., isolation valve | | Wil
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B AL (P BB
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Fig. 3-2 Records of reactor pressure and water level in Unit 1 of 1F NPS

(Postscript to records on the TEPCO home page)
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3.2.3 MEBGEREN

3.2.3.1 HIEEIDRE

The GEJE IZi KEFE 7, 1F NPS O HI9~ 2 KAEHT, XNEERT CRERE 6 7 4 1
LTWW%, 1F NPS &S/ DR FIF @ RICER E S MR FH T, e KK IR
550 Gal, f KEnE IR 302 Gal (u\@“m?bzﬁiﬁ) ZRLER LT D28, KN
B I BAT O FENEH FREE) Ss & 50 2 | LA D FREE & 0T L. 2 BhF O NNE FE % ff

W% &, AL HEHES) Ss & FIREOHES 2 177~ 0 it (&
3-1 &),

Table 3-1 Peak acceleration recorded in each unit of 1F and 2F NPS in the GEJE

Observed records Estimated maximum acceleration
of maximum acceleration of Deign Basis Earthquake (Ss)
at Reactor Building Base Mat (Gal) (Gal)
NS EW uD NS EW uD
F%;gﬁggpa Unitl |460%3%2 4474 258 4877 489%2 412
NPS Unit2 | 348% 55052 302502 | 441 438 420
(1F NPS)
Unit3 | 322¢ 507 2314 449 441 429%2
Unit4 | 281% 319 200 447 445 422
Unit5 | 311 5484 25674 452 452 427
Unit6 | 298* 444 244 445 448 415
F“E;;ﬂ?“a Unit1l | 254 230302 | 305% 434 434% 51272
NPS Unit2 | 243 196 232 428 429 504
(2F NPS)
Unit3 | 277%% 216 208* 428 430 504
Unit4 | 210% 205 288 415 415 504

1 Seismometers stopped recording after 130 to 150 seconds of the earthquake.
$%2 Maximum values of observed records and design values by each direction in each NPS

HIEZ O A7 bLAERTH, BUIIELERD FEEHES) Ss I2E g S Tun
HZ L EHER LT, F72. IF NPS (£ 1967 4EIC 1 &L L., 19714 (1 5
JF) 2D 1979 4 (6 BUF) IS THER ZBHAA L7223, & B IF ORI
Lo, BRFOBHIGLE: (2t ba, 47 ME) FE2N—R b LokEH
EENE, RIEORFHIRE R E 525 01~0.2 O T, BATOILUEH

EE) Ss g L CRERISEMEE ZEE L TV, £ I35 Bl O HE %)
LTREREHME LS TW=bD 0T LT (K3-32H),
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Fig. 3-3 Floor Response Spectrum of observed record at 1F NPS NPS (Reactor building base mat)
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D YELE TS 23 Uiz & LT b R RE~ DR EIT e, DLEXD
B ORI AR DIRK T o 72 &0 ) ATREM A2 B ET 2 B0 E S -,
(1) =P A it ER B

The GEJE (£E) OBLRIFEEKIZ XD
(2) HWEGEZEHE

(L) DOHEE OEFLET — % Z BT T /VIC AT U, BRI SR 2 fl 512
DNWTIEANRY MLE—ZVRNT, BFIRED R (FNBEY 2 5te) . i1
ARSI 2 S O W IR PR Lk S 72 2 IROCIERE T L O REZ T
2L 0 FEh L7z,
(3) RIGEARRIRIL

IRINVE AT M Vik, AT IAIZ210%3E0E L7z & 0 % Huvniz,
(4) BREEH

R A OO E T JEACA601 D 2008 iR (H REEX 2, 2008) 392 FE5 X
RS R OR > 7 7 7 S OREE E 13K 7 1), TE M & 12 0.05,
BB 12 DU TIEER 3-2 ITAFATAE R 2 R R TR LTI BEAKCR R ER LR ICOW
T. THFN 0.02, 0.03 %7,

Table 3-2  Example results of seismic response analysis for safety related components of 1F NPS

Evaluation Unit 1 Unit 2 Unit 3
Components Point Item Calculation Evaluation Calculation Evaluation Calculation Evaluation
value criteria value criteria value criteria
Foundation | Primary Stress
RPV Volt (MPa) 93 222 29 222 50 222
Core Support Shroud Primary Stress
Structure Support (MPa) 103 196 122 300 100 300
Drywell Primary Stress
PCV Body (MPa) 98 411 87 278 158 278
Main Steam . Primary Stress
Line System Piping (MPa) 269 374 208 360 151 378
Residual
Removal . Primary Stress
P 22 414 7 1! 2
System iping (MPa) 8 8 315 69 363
(Shut Down
Cooling System \olt of Primary Stress
for Unit 1) Pump (MPa) 8 121 4 185 42 185
Fuel Relative
Control Rod Displacement 26.4 40 33.2 40 24.1 40
Assembly (mm)
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Piping
Model

Evaluation
criteria
(MPa)

Calculation
value
(MPa)

Margin

IC-PD-1

106 414 3.90

IC-PD-2

106 414 3.90

IC-R-1

94 414 4.40

IC-R-2

85 414 4.87

IC-R-3

105 310 2.95

IC-R-4

86 310 3.60

IC-R-5

75 351 4.68

IC-R-6

82 351 4.28 iy

Model (IC-R-3)

“ 1s0a
Model (IC-R-6)

Model (IC-R-4)

Fig. 3-4 Result of seismic response analysis of Isolation Condenser system piping (unit 1)

Reactor Building Turbine Building
4t/ ¥ 5 ;
3rd | 3 2nd
i - Floor
Floor ; !
RCIC Pump Flammablity Control System FPCPump | C " o
No equipment abnormalityin Although some sigus of corrosion | No equipment abnormality in SETurbise . ADRER
terms of external appearance is found in both units, thereare | oy g of external appearance There are some cracks on the  No equipment abnormality in
S n': :g:ngzgﬁ;zmzh‘?;sc em ! (& ] front standard foundation bolt terms of external appearance
Serms ol exjerna’ appearan !
2nd/ L
Ist st
Floor Floor
MSIV HCU o RCW Heat Exchanger Instrument Compressor TCW Pump
No equipment abnormality in terms of external yin terms of external appearance No equipment abnormality in terms of external appearance
st
Base-
ment
Floor
. CoreSpray P"nlm)i < Piping around
i\o equi ";?'“ ﬂ:}m“' ity in RHR Pump CRD Pum Moisture Separator Moisture Separator
Emssime s ek
; No equipment abnormality in terms of external ) A pipe that branches off from the
ls;xegnnest;:altl‘:kl:g‘i ox ;i:ne s arlga Rt i vador sefaa ey terms of external appearance supportcameloose 1 ojoeure separator drain pipe
Base-
PCV ment
Floor
e . D/G
MSIV Pedestal RPV Skirt No equi ity in
No equipment abnormality in terms of external appearance terms of external appearance
~ : 480V P/C M/D-RFP
Stahilizer PCVY Stabilizer (RPV) PLR Riser Piping P/C6B-1was i No equi b ity in
No equipment abnormality in terms of external appearance because of inundation terms of external appearance

Fig. 3-5 Result of plant walk down at unit 5
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3.2.4 BLSFE O

15, 2 5 KO3 BIFIZHONTIE, B O MEBISE M 2 Wil 9 5 E WO Hin
BN THLZ D 2 5RO 3B & FRINE L 5 SRl sF & LT
& LA D FEA b & Fhia L 7=,

3.2.4.1 BEXRR

5 I DONWT, MHEL A EEERFM AN T DR FIFREO e 5T, it

EERIEESFHORKNY 7 AOBRMBANEENDZ —EVERICONTH T 4+ —
7B N KL Dk OSMEL B LR & i L 7=,

SROFER, JRTIFERBANCTIREIEORKE BbR DK E 0 BSfEERShiz
HLOD, AKIHE 7 7 A D% 2 & O HUE ORI X D3RI R E AN &7
HOMMWE ol Fi2, X—EUVEBNOIKIEZ 7 ARIEIZHOWTH, AMEIC
L AN TE =B L E 190 BHIZHOVWT, HIE DB 1 2 3 | B | 148
Mol b OFEREST- (X 3-5 K0 3-3 M), BEZMELI-OX, MiEB
7 7 AD/NARELE O (1 EFT) ORTH Y ARMES 7 AR OV TH,
HEL EORERRMEZBE LTS O EFHl Lz, KRERIZOWTIIRETHIRT
"y

Table 3-3  Result of visual inspection at walk down (unit 5)

Area and Reactor Building Turbine Building
Seismic class S B C S B C
Inspection for Number of components inspected 41 40 38 32 102 88
components Components with abnormality due to the earthquake 0 0 0 0 0 0
Inspection for Area inspected All accessible area | All accessible area
piping and
valve Components with abnormality due to the earthquake 0 0 0 0 1 0

3.2.4.2 HEI(ZKkSHEEERT D 2 4
7% 3-3 1R L7z 5 B OREA SRS RICB W CHRIBS R S - 1 EaTi.
H—bE R L e —Z— L — ANIZRE I ILZME B 7 7 A0k B
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L oEE (B8 DEE 25A) DY 7y MBI COREBW FR TH -7, K
THIZ 33U N CHE BT OB 3508 AT EED SR K & 0T 4~ %,

(1) BHRTAE

UEL DLy 5y BERR O J& B 1T HUERRF O FE VIS HEWE T L 72 RIBA S EGEL L C
WS, BT L7 R UGS (BOE O 25A) 1%, 1By BEds ke (Bl D
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Fig.3-6 Photo of Moisture Separator after the earthquake
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(a) Fig.6 arrow A (b) Fig. 6 arrow B
Fig. 3-7 Photo of supporting structure of Moisture Separator after the earthquake

(2) WEAE

WEHRIIER D 9 B, B IS S TW 2Bk L, AR RO —T X %
MBI R 2 i L7z,

W O Z L5 &, FFALl X5 a I c Rl AR I TH Y . — S, B
O T XBLE S K 45°, PEAEACE NN 45°fR LTl b . Ak
HAEIEATICR > TWDH I L 2R LTz (K3-8 &),

Fig. 3-8 Observation of fracture cross-section

Flo. BH MO DR Z R THD & ET RIS OV TR AR 23
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Fig. 3-9 Photo of the north and south side cross-section
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Maximum principal stress . L.
Maximum principal stress

s
W '\

inside out

Fig. 3-10 Photo of the east side cross-section Fig. 3-11 Photo of the west side cross-section
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Acceleration (m/s?)

Acceleration (m/s?)
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Fig. 3-12 Location of earthquake motion recorders
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(b) Reactor building base mat (P3 in Fig. 12)

Fig. 3-13 Resultant horizontal acceleration time-histories
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Table 3-4 Observed peak acceleration and static design seismic coefficient at typical locations

Observed Max.
Accelerometers ,(AGC;:Ie)Ieration Resulant Horizontal Static Seismic Coefficient
Max. Acceleration
Location Point NS EW uD (Gal) lgl;r;ggliézclj ClassS | ClassB | ClassC
1 R/B Roof P1 962 661 353 965 0.985 1.008 0.504 0.336
2 R/B 6™ Floor P2 575 487 334 612 0.624 0.864 0.432 0.288
3 R/B 2" Floor P8 358 390 209 418 0.427 0.634 0.317 0.211
4 R/B Base Mat P3 290 431 163 459 0.468 0.576 0.288 0.192
5 T-G Pedestal P9 728 790 262 791 0.807*¢ 0.662% 0.331 0.221
6 T/B Base Mat P6 299 505 211 521 0.532 0.576 0.288 0.192
7 | Ground Surface | GN1 570 699 239 726 0.741** 0.576** 0.288 0.192

1 Resultant horizontal maximum acceleration exceeds static seismic coefficient at T-G pedestal and ground
surface.
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0.01 10

Natural Period (sec)

Fig. 3-14 Response absolute acceleration spectra (Damping ratio: 0.05)
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(b) Reactor building base mat (P3)

Fig. 3-15 Load-Deflection diagram calculated (Example)
(Natural period: 0.2 sec., Damping ratio: 0.05)
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Ductility factor
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Fig. 3-16 Ductility simulated at the earthquake observation points (Damping ratio: 0.05)
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Fig. 3-17 Energy response time-history at reactor building 6™ floor
(Natural period: 0.2 sec, Damping ratio: 0.05, Mass: 100 kg)
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Fig. 3-18 Plastic Strain Energy Spectra (Damping ratio: 0.05)
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Fig. 3-19 Equivalent number of load cycles based on the equivalent energy method
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Table 3-5 Relations between equivalent number and ductility factor

Maximum equivalent Maximum
I number of load ductility Strain
Sﬁllzrsglc Location (Fig. 3-19) at the natural Range™!
Corresponding period (%)
natural period (Fig. 3-16)
R/B 6th Floor 3.9 0.38 1.9 0.76
S T-G Pedestal 2.6 0.33 2.3 0.92
Ground Surface 4.1 0.23-0.24 3.8 1.52
R/B 6th Floor 7.0 0.36 2.8 1.12
B T-G Pedestal 5.4 0.29-0.31 7.2 2.88
Ground Surface 8.0 0.23 8.2 3.28
R/B 6th Floor 8.8 0.33 9.2 3.68
C T-G Pedestal 5.6 0.21 23.5 9.40
Ground Surface 9.5 0.20 20.1 8.04

1 Material with 0.2% yield strain assumed.
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Fig. 3-20 Fatigue curve for carbon steel shown in the NUREG/CR-6909, Rev.1 (pp. 41)
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Table 3-6  Result of fatigue evaluation using ductility factor

Max. Allowable number of load
o Strain equivalent
Seismic Location Range™! nﬂmber of _ ) Nc Ne-
class (%) load Fatigue curve in Manson- Manson-
(Fig. 3-19) the NUREG*? | Coffin Law | Coffin Law
(1) * (2) *
R/B 6th Floor 0.76 3.9 Approx. oK 233 | OK | 73 OK
S T-G Pedestal 0.92 2.6 10° 169 | OK | 53 | OK
Ground Surface 1.52 4.1 Approx. oK 73 | OK | 23 | OK
R/B 6th Floor 1.12 7.0 200 122 | OK | 38 | OK
B T-G Pedestal 2.88 5.4 26 | OK 8 OK
Ground Surface 3.28 8.0 a few dozen | OK 20 OK 6 NG
R/B 6th Floor 3.68 8.8 17 | OK 5 NG
C T-G Pedestal 9.40 5.6 4 NG 1 NG
Ground Surface 8.04 9.5 ) ) 5 NG 1 NG

%1 Material with 0.2% yield strain assumed.
2 Equivalent numbers read off NUREG/CR-6909, Rev. 1, Effect of LWR Coolant Environments on the
Fatigue Life of Reactor Materials, ML14087A068
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Fig 4-1 Epicenter of the NCO Earthquake and location of KK NPS
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Table 4-1 Observed maximum acceleration at the base mat of reactor buildings

Sh

Unit NS (Gal) EW (Gal) UD (Gal)
Observation Design Observation Design Observation Design*
1 311 274 680 273 408 (235)
2 304 167 606 167 282 (235)
3 308 192 384 193 311 (235)
4 310 193 492 194 337 (235)
5 277 249 442 254 205 (235)
6 271 263 322 263 488 (235)
7 267 263 356 263 355 (235)
* Static coefficient is used as UD design value.
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Fig. 4-3 Time historical ground motion at each reactor building base mat
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[Unit1] [Unit 7]

Observation record

Response by EL CENTRO (450 Gal standardization) .

------- Response by TAFT (450 Gal standardization) —— Observation record

—-— Response by GOLDEN GATE (450 Gal standardization) —— Response using the reference seismic motion S2
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Fig. 4-4 Comparison of observed records and design basis (EW direction) for the base mat of reactor
buildings (unit 1/7)
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Table 4-2  Summary of inspection result after the NCO Earthquake at Unit 1 and Unit 7

Unitl | Unit7 Note
Total number of inspected components 2001 1362
Components with abnormality 268 71

Limited to non-safety related components
due to the NCO Earthquake *1 68 29 | such as transformer anchor bolt damage,
turbine blade wear marks, etc.

Influence to components integrity*1 36 9

No damage to safety related components

Safety related components *1 0 0

*1  Unit 1 data does not include 86 components’ abnormalities due to internal flooding caused by rupture of
the fire protection piping.
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Fig. 4-5 Overview of the NCO Earthquake damage state at Arahama Area in KK NPS (unit 1 — 4)
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Table 4-3 Typical load-deflection hysteresis calculated
(Mass: 100 kg, Elastic Natural Frequency: 5 Hz, Input Wave: Resultant NS and EW)

Limit Static
Seismic Unit 1 Reactor Building base mat Unit 7 Reactor Building base mat
Coefficient
Load Load
(NI (NI
A
Sc: 0.2 4)14334)9(34]5 #5001 006 01 -008-0/06-0 41{ 0.02 0.04 0.06
) Deflection (m) E,U Deflection (m)
i
/% E}
SC:O,4 0.1 -008-0 6% -1-0'%,0.20 4 0.06 011 -0)08-0,06-0.04-0,02 002 0.4 0.p6
%= .
{
SC:O,6 0.1 -008-0)06-0.04-0 002 0.p4 006 01 -008-0/06-004-0)02 0p2 0p4 006

#4-313. Sc % 02, 04, 06 & L7=AA V=7 EF L (BMEIRO AR
5Hz) 1% L. 1 B4 N 7 B T4 e R R b GBI S 7= 2 A ) &
UCHAT L7 — AT b 25 U & R 0w LT\ 5, 5 421 THITH 7= X 9 12,
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1 5 Tl RINEEE A 680 Gal (NS, EW A% T 685 Gal) D/ 3/L A 23 Bl &
NTEY, 2OV A28 0 ERIEEN 0.2 D% Tk 10 om IV e KAHRHEAL
FHAELTND, £, HFIUREZ KE T2 EINEEMITIR T T HMHm & 7225,
—J7. T ST, BARINEEE ) 356 Gal (NS, EW A% T 396 Gal) To 57,
FNVAEDFET L BFE LV /NE L FHREE 06 12725 LRVE (BiME) fREED
REh 725,

EREO L ICHE N S e KA BN & BRRENL O b OREVBIER) & A IR
IO T T ry ML, & 4427779 RDS 147, 1 5O 1At = He
IR BT ERE S VT FRIURREE DS 0.2 TREh S ALz ik iE, BEAIRENE )Y 10 Hz Tl
70 FREEDISEVBMEE L 72 B 05, FREIEN 0.6 TIX 5 BELI FIZE TR T L,
Fo. T BFICOWTIE., FEEZ 04 E L5 & IREMMERITEH T
HREEICE TR T 5 Z LR TE 7,

FEEOHED & TOBRGEFH & ISEBERL IR 52 LT, HEDORR
TR DINEBMERE RO 5 Z LN TE, e b LB LA
SAEN R EFTHOMEE 2SI T Z ENAHEL 725,

Table 4-4  Ductility factor response spectrum

Unit 1 Reactor Building base mat Unit 7 Reactor Building base mat
80 80
70 ——S8c.: 0.6 0 —8c 106
.0 /\ —Sc:04 @ —Sc:04
E \ —Se: 0.2 E R —Se 02
= 50 \ = 50
3 10 ; 40
30 \ 30
20 - \ 20
10 M __,‘_h\ 10
——-—T_,\/-\,.,\wﬂ"‘ N m_k
0 T T 1 0 T T 1
0.01 0.1 1 10 0.01 0.1 1 10
Natural Period (sec) Natural Period (sec)

84



432 HEBHEFAV-RERGEOST
4.3.2.1 HFNFRFHHEERICEITLEFERED S
ATTEIZ R L7z RDS (T & 2 #HVE R & WG & OBtR a7 5720, 22
TiX KK NPS DRI DZEEdR & AilsK k OHlK & o 7 O FERER L ~ DRG]
IZEBET 2 (X4-6 28), HEE2Z T -AEOREAY— RO 1 5FFTNE
JEZR, 1 5RO 3 SR ERE 4, 2 BF R O3 SR FEEERTH D,
T BiEEZ T2 o 7 135RERIY — R No.l K ONNo.2 flik % 7 K
il — KD No.3 Ailak¥ 7 ThD, ZNHOERMITXTCMEC 7 7 ATH
D

No.3 Filtered Damaged anchor bolt of

Water Tank No.4 Filtered Water Tank
No.4 Filtered

Water Tank

Unit 3 Main Damaged anchor bolt of
Transformer Unit 3 Main Transformer

Fig. 4-6  Anchor bolts fracturing of Filtered Water Tank and transformer
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Table 4-5 Observed peak acceleration and static design seismic coefficient at typical locations

Observed Max.
Accelerometers acceleration Design basis static seismic
(Gal) Resultant horizontal coefficient
Max. acceleration
Location Point NS EW ubD (Gal) Normalized Class S | ClassB | Class C
by 980 Gal
Unitlyard *1 1G-1 890 890 715 926 0.9449 0.576 0.324 0.216
Unit5 yard 5G-1 964 1223 539 1248 1.2735 0.576 0.324 0.216
S OX S & L3 g, 1 SP OB NSRS, RRERAE, 3 B0 E
EIELRTE BN, KEEMY— RO No.3 Ak ¥ > 7 & Liza3, F#iZ No.3 Aifik

K Llal kG CHBE 35 No.d A
HLODOEEEZENTED, iD= H

B A o T DONTITEERBESR L R MO =
S ORI ZITBIM LT (& 4-6 2HR),

Table 4-6  Specification of damaged transformers and water tanks

Anchor bolts Minimum
estimated
critical
N shear Natural -
Components No. of Wa?h)t acceleration period Dfua(z:ttlcl)lrty
Material | Size bolts 9 (Limit static (sec)
fracturing seismic
coefficient
Sc)
Unit 1 Exciter Trans. SS400 | M24 41/ 4 37700 0.52 0.2
1G-1 | Unit 1 House Trans. SS400 | M36 414 76000 0.59 0.2
Unit 3 Main Trans. SS400 | M42 16 / 16 770000 0.32 0.2 22
No.4 Filtered Water Tank S45C M42 2/ 12 | 1044000 0.26 0.16 30
5G-1
No.3 Filtered Water Tank™? | S45C | M42 0/ 12 | 1044000 0.26 0.16 30

*1  Weight of the tanks include water mass inside.
*2  Bolts of No.3 Filtered Water Tank deformed plastically without fracturing (reference data to No.4 tank)

xHE LG

BT 24T D 2 LT
Nk

R A D FEER L N OB
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Fig. 4-7 Ductility factor spectrum for Filtered Water Tank (Sc = 0.26, 5G-1)

4.3.2.2 fHBNFRFHREFROEENRED 72T

ZITIE L BIFE T B ORTARERICERE S i IS oW TR &
LT AHN, FA22HEIRLCEY | MEZL e B E BRI HUEINE f
KXo EIIHRINTEB LT, o, R FFERICE WO TUHEmE 27 7 X D%

%fEl &bf*ﬁ{% TR éﬂ(b\fcil/\

87



15 & T SRR TIFREICIE, X 4-8 123973 0 L _E & o 2 >
DRICHIER 2 57%E L TR Y . the NCO Earthquake DELHIFLERA S ST\ D &
EMD ., HEIRICERE S o2 4 33wk fiiEE L Cali 21T - 7=, #EhooF
EITATEIZ R LI HE S AR TH D | Faxlii OIEFEAR /L MIFE R L TSEBME
FrBEH L,

Unit 1 Unit 7 I
TMS.L TM.S.L

+36.0m N +49.7Tm . B
[=3Lém MMMMMNj S S S
| T18.0mn o S 31 Tm

| J 1-R1 I_I
‘| +23.5m | 3FL 3

7] 123m 1

T[T
N

\\ §§ T o e Elj[
“““ Base mat %g% —jr‘ | | | B\ase 111_:
1—32.5m ]_R2 — 8.2m f . 2

Fig. 4-8 Location of seismometer in unit 1 and 7 reactor building
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Table 4-7 Estimated ductility factors of components located in reactor buildings in the NCO Earthquake

Minimum estimated Required E(jsljlcr;rm@d
Unit Seismic Category shear(;rci::ieclaelration stzztsi?geti):rsr:isc factor of Component with min. acceleration
class (Limit static seismic | coefficient component (Location)
coefficient Sc) (Reference) V\.”.th min.
critical acc.

S Active 4.3 0.9 0.35 | SGTS Exhaust Fan (2FL)

Static 7.0 0.9 Approx. 0 | HPIW Surge Tank (2FL)
1 B Active 25.4 0.4 Approx. 0 | CUW F/D Pre-coat Pump (2FL)

Static 15 0.3 0.55 | HCW Collector Tank (base mat)

C Active 7.0 0.3 Approx. 0 | Ventilation Machine Area Blower (2FL)
Static 1.3 0.2 0.65" | SD Collector Tank (base mat)

S Active 10.6 0.8 Approx. 0 | SLC Pump (3FL)
Static 2.4 0.8 0.25 | SLC Tank (3FL)

7 B Active 20.3 0.3 Approx. 0 | CUW Pump (base mat)

Static 1.6 0.3 0.35"2 | CUW Heat Exchanger (base mat)

C Active 7.1 0.3 Approx. 0 | R/B Purge Fan (3FL)
Static 4.4 0.3 Approx. 0 | HWH Back up Heat Exchanger (3FL)

*1 See (a) in Fig. 4-9
*2  See (b) in Fig. 4-9
16 038
14 0 ﬂ

] Ductility factor of

SD Collector Tank
12 0.6

(Maximum of 0.05s Ductlity factor
0 ~0.1s) y = 05 of CUW Heat
B Ex (0.33)
08 04 Jj ﬁU Uv v
06 fFm=r=== b [\ I : 03
ALY Uljkf 3

Duetility factor

Dugtility factor

!
i |
04 : i 02 "
1 |
S : : Natural peniod of &\ || Natural period of CUW
02 | 11 SD Collector Tank | 7\ ””” 01 | [HeatEx (0:0715) i
VLA 00550, !
0.0 4 I ¢ 01 0.0 / 1
0.01 0.1 1 10 0.01 0.1 1 10
Natural Period (sec) Natural Period (sec)
(a) Unit 1 R/B base mat (Sc = 1.3, 1R-2) (b) Unit 7 R/B base mat (Sc = 1.6, 7R-2)

Fig. 4-9 Ductility factor spectrum
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Fig. 4-10 Dynamic shear loading test of anchor bolts at E-Defense
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Table 4-8  Summary of the test bodies and result of E-Defense shaking table test

Minimum estimated
Anchor bolt Weidht critical
Test body No. ** Size (tO?]) shear acceleration Test result Note
(Material) (Limit seismic
coefficient)
11-1-2 (2) 29 0.70 | No damage | 2 test bodies in this category
11-1-1 (2)
11-1-3 (2) M8 L
. . 8 test bodies in this categor

11-1-5 (2) (SS400) 4.9 0.41 | No damage gory
11-1-6 (2)
11-1-4 (2) 8.1 0.25 Damage | 2 test bodies in this category

ZORBRIRIZONWTHE 2 BETRLIEASL Y =T ETVEZHOCHITAE TLIHE
BEOFIEIC LY RDS 28 H Lz (K 4-11 B8), RV b ov AR LR
SR 0.25 & 0.41 D 2 KO HHR CRTICEBIEROM TRAELTNDH Z &I
720 Eio, REBRIAROBME T O A IREEIIA 8.8Hz (FEAEH £ 0.11 )
EFHIENTWD Z D, AR b OV AWBEDRR & 72 5 R\t R
X, F3005H 70 ETORICHFET L2 L2 LT L,
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Fig. 4-11 Ductility factor Spectrum of test case at E-Defense

91



4.4 F&&H

2007 12584 L 7= the NCO Earthquake (Z#% 5K L 7= KK NPS [ZBH L Cid, #iEE
% OFEM 72 TR AL & Mg Eﬁmﬁ% CTEL OEERMAEZE, MELS
HERRMICOWTIHEICE AT OGN EEHONITLH L L

Z., FMEHEE) A K & R BN LT, B0 O#EEIL I EA DK E
7T ADFEMEIZAROND Z EEALNE L, BERNOHMEIZ OV TIE, #EIER
ERITH o712 & DN R E57,

AT, Frik b HRlh R O BLHIFL SR & 3l O E R 2 B 2 L IS B
L FEEEOHMEIZ L H%AE 0BG DORR A ot LTz,

SRRV R 2 W T HUEB) O 0T OFE R, HUBEBI ORI & L TR 721 X
BRI TEBYD , TUDISEBERICRE S REL, BA&HEOBEEZ RV
T AHEMEN KRE WD AL LT,

HERICEVEBANATHE L F v 7 KOVEEROFHMETIX, BEEZAT DI0E
VAMERIZ 0 FRETH D & DR 217 (5 4.3.2.1 1H),, F 7=, the NCO Earthquake
AENE R T E-T 4 7 = U AORER T, IR MR 30~70 THEENE LT
ZEEBONC L (B543235), I, MRXIPRF 5 ERT 1 5FE & 7
BIF DR IFEBNORIFIC OV TIE, HIED L & TOISEMMERII T < M
ThORIEDPEEIZE SRS TR EZ B T T2, 16> T, A CIRE LT#H
ﬁ%%%&ﬂﬁ@%%ﬁﬂﬁuL%b RET B REZBITCHESN D E
UL EICRIESSE TH > Thidiiftik e R & < RET LIRS, KFRE
@@ma;@A@m NPS 5% fi Ot B &~ 5 FIA R Z 157,

92



FENSERE References

4-1) International Atomic Energy Agency, Earthquake preparedness and response for nuclear power
plants, IAEA Safety Report Series No0.66 (2011), available from <http://www-

pub.iaea.org/MTCD/ publications/PDF/Pub1473_web.pdf >, (accessed on 11 August, 2016).

4-2) Tokyo Electric Power Company Holdings, Inc., Inspection and evaluation report on component

integrity of KK NPS Unit 7 after the NCO Earthquake (2008) (in Japanese), available from
<http://www.tepco.co.jp/cc/press/betu08_j/images/080919d.pdf >, (accessed on 11 August,
2016).

4-3) Tokyo Electric Power Company Holdings, Inc. Inspection and evaluation report on component
integrity of KK NPS Unit 1 after the NCO Earthquake (Rev. 1) (2010) (in Japanese), available
from

<http://www.tepco.co.jp/cc/press/10031901-j.html>, (accessed on 11 August, 2016).

4-4) Nagasawa, K., Orita, S., Ohshima, N., Tohyama, N., Nakanishi, K., Orito, Y., Vibration test for
integrity of equipment foundations affected by dynamic load, Journal of Japan Society of Civil
Engineers, Ser. Al (Structural Engineering & Earthquake Engineering (SE/EE)), Vol. 65, No. 1
(2009), PP 354-367 (in Japanese), available from < https://www.jstage.jst.go.jp/ article/jscejseee
/65/1/65_1 354/ article >, (accessed on 11 August, 2016).

93


https://www.jstage.jst.go.jp/

94



95



B5E REFMEREILTOBEEEECETIER

96



5.1 [XL&HIC

AT E TOOH OREFRIZ, NPS 3% O HIEEIZ X 2 plimimnkisE 2 S & Lz &
X IREIAVER DG OBEE I LIEREEE R ORI, T 70 b G fEE)

(LLF, TDIP) &9 ,) &L TIHEHTE 2L RLTND,

HIFESh 2 52 72880 O DIP O & L Cix, [EUTOEER (LI, [IMA E
ERE] Lvo,) . MIREORIHE (LUF, TPGV] &vv9,) ., HikE O KN
HEE (LT, TPGA] L9 ,) KTUCK[ED Electric Power Research Institute (LT,

[EPRI) &V 9,) 2323 5 Cumulative Absolute Velocity (LA T, TCAV] &\
Do) FINDHDHN, REICEBWTIL, EBRICBIN S BB K SE, Znb
FRAE L INE B ER O R 21T 9

97



5.2 WRLETHIBGEHEIER

F & U THROBENBIE, HEThO R S IR OHIEYE F & F5 O C
BETKRAETHIZEN—RAITHY, 20 FEE ()] 121X, IMA EBERZ X
L& LT, WEALD UEERE (UIT. IMMIEERE] &vo,), MSK EEE
BE. EMS EBERS 2 EAEBRICES ST, Zabnd b, IMA EE
PBEIE 1996 47> b HUERBIHIFLER INEHERLER) 2 b L ITEHR SN D MRS
STHEBOMRS (MBEHEORE X) LBEEMHTLTNHS, ﬂ%r“@mﬁ'
E(LAF, Thval &V 9H,) 1, Bl S - HisREiReek 3 sy OKFE) 2 plidy
ETFE) 1Y) moitEESRD a »HQ)RNTHEEEND Y, ZoRHIEEIC
0 IMA BEREDRD AL, BIZIE iva 23 6.5 LLETHIVUTERE 7 OHIE & E
oD,

Iiya = 2loga+0.94 Q)

DX a (BLF, TAmal EWVH,) 1d, IEEERGERC 3 Mo JH st 2 A
D7 4N —wBE L THIEEBO BRI E 22 5 & LB, 3 FmInEES
FiAE R E OB RS FHEDS 0.3 B L 72 A fE & LTl v | 0NN B D kit iF
IS B RCRE L7z, HUEHE 6T 2 A2 KM EE OS2 49 5 E (AL
Gal) L&z 6hb,

Fo. KEICBWTITHER A ERZR ICHEREORE L HET 20K Lo
NG T A Y I AT (LR, FUSGSJ&u\o ) IX. MMI EEERE & PGV,
PGA Z BAfRfHT Tl v HMUBHEENRAEL 5 2 KE 72 MMIEER (VI <IX)
[ZDOWTIE PGV 205 MMI EBERE OB EMZ (XN THEH L TW\Wb %2, Z Z T,
Imv XL IEA VT ) BETH D,

Iy = 3.47 log (PGV) + 2.35 (2)

FERO2FEOEEREILZ. WTINHPEEE Ava. PGV OX N E SN TED .,
HEHRENRAT HEERO S WEEE CEMEN T2 2 &b, KRR
D X D 72MEMERE NS DI T A L L TIEY v, 72, thoiyet

98



BEORERGIZT D7D, BB ERFFT 5 2 ENREE LW, KETIX
Lva. Imm 21800 . Ama XL OYPGV Zxf5: & L TRFTE1T 9,

F7-. KED NPS Tk, HEICHEE L 7-%OREHTO LM, #EiRICB LT,
MEWEOHSNOHEBHNAELRLOTHLINENEHET HHEEL LT,
EPRI 2322 L7z CAV ZH£:H LT 5 53, CAV [N B REZI R o ff e il & Hh 75
BOMGRFMEZBEL THED LZH O T, TRAXF—|CZEE L72HEE L ST
%o i xtge L 3 D55 1%, Pl L SR %EEZ%O)?E*@&%Z bid
54 N3 FE I I D et il & Mk R CHUMIIC R 0372 &, HUBHEE I I3 BIfR
DRV NS IINHE SRR SN ANENEA R T 5 Z L IZEE L, IEE R
0.025G ## x5 Z &L D72 1 DA ONTIIFES /R HERS Z 212 &
S TEDRZEMNEZ K > TEY | ZNZFRIT, £ CAV (LLF, [S-CAV] &) ,)
&9,

FE D NPS (281 2 HEE OBIHITIT PGA BNKRX < Fbid Z ENRZ N,
PGA 1, %9 L b MBI EORRE & I3BRA 72 <, MEEOMS 2RI FEIE L
LCILEg v e Snba, IE fﬁ%%wtﬁﬂﬁﬁﬂ EHZIZHD D &
WOBE I A, I L E & e OMMAERE (B & U TG
Hbinsg Z &b, RGN E OBMRZ Bz L%D?“b\ EWVIFIEDH D,

FREAEEE 2 T, REIZBIT DISEBIESR L O g/ iic

O Ama (REITHIEEE liwa DRIF)

@ PGV (LEA/VH Y R Iuv B E OER)

@ PGA

@ S-CAV
EEE LT,

99



5.3 BEFHEERO LS

53.1 SWFE

ARETIIH 2 HTERL, H3E, 4 HITBWTEEORENNIRIT O
T DT W= IRE SR &R CRETOXIR E L2, Awma. PGV, PGA,
S-CAV % EFRDOHEB) 4 x5 & U TGN 2, ISEEMEROF I, 52 &
s L2 FEIZHN Y i 5,

5.3.2 REHERMEED

T Tk, R OEE & MBSO RO BIR & WlEim A OB b A
L7 FEERIZEBI S R 2 xf 5 & L CTRET 2D 5, Ir i & 1%
Wb B NFEHIFENEZ R L, 7 L— FEARMOMEIZ T, fﬁﬁ>&<
F BB CHUBMEICHE O aEEMEA S D, THIHE I~ S =F 2 — Rk
WH/NS W LD EBIIRITNCTh 203, EIRTEE CIXERHREHES 2 &
DI EN DR TICE I ORE 2L ONREHE I WD, THiiE S LT,
[E N D HIEERLER D & I DI 238 R U BAME IS 2 RT3 5,

B L 72 HiZEEN T, NIED 23ABH L T2 58 E1ME (K-NET, KiK-net) ®F
— ZZONWT FREDOSME TR Lz BRI . 3 KA s 8 K& 7
A7 60 B E LT,

O FrEkBHARREZ] © 1996 4ELIME 2016 4= 4 H £ T

@ FARIEE (3 FInE R AINEEEE) : 500 Gal 2> 5000 Gal

@ FEIEEEE : 0 km 225 30 km

B S - RN X, — RIS AREENOIEE X7 AR —T o %
HEN TR | BEBMIR O INE & WA A T 2121, IdERY Mvas
FRLTZANETHMERD D, — ., BMOMERTORA B, ETHmIC
FEIMEESEA L T D Z &b BN S BB O H A EE &5
Z. T2 CIIE~ DB E D B B2 J51A (NS, EW J51H) IEEA
FSAE D e KNMEFEEFEAE T A Ay & B0 Y L 7= e IR i A2 R L L 1 B
NOHEBATE LTS (F2ETND 43 LEFEER,

100



7.000

C — W0l — W02
L —— W03 W04
L — W05 —— W06
6.000 — W07 —— W08
r — W09 —W10
: — Wil —WI2
L — W13 — W14
5.000 —— W15 W16
= - — W17 — WIS
& r — W19 —W20
- r — W2l — W2
S 4.000 —W23 —W24
2 L W25 W26
2 - W27 W28
2 r — W29 W30
= 3,000 — W3l —W32
2 L — W33 — W34
5 - — W35 —W36
2 - —— W37 —— W38
2 000 W39 W40
: L — W4l — W42
L — W43 —— W44
- —— W45 —— W46
r —— W4T —— W48
1.000 W49 W50
L W51 W52
L —— W53 W34
- — W55 ——W36
0 — W57 Ws8
0.01 10 —wss —Wweo
Natural Period (sec)
Fig.5-1 Absolute acceleration response spectrum (Damping ratio: 0.05)
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Fig.5-2 Absolute velocity response spectrum (Damping ratio: 0.05)
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Table 5-1 Ductility factor vs. DIPs (Typical)

(a) Asma - Correlation coefficient: 0.89

(b) PGA - Correlation coefficient: 0.34
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Table 5-1 Ductility factor vs. DIPs (Typical) — Continued

(a) Aama - Correlation coefficient: 0.72 (b) PGA - Correlation coefficient: 0.90
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Table 5-2

Correlation coefficient between Ductility factor and earthquake hazard indices

(@) Aiva (b) PGA
Natural frequency | 2 Hz 5Hz 10Hz | 20Hz Natural frequency | 2 Hz 5Hz 10Hz | 20Hz
Sc 0.2 0.85 0.89 0.90 0.71 Sc 0.2 0.24 0.34 0.56 0.82
Yield 0.4 0.86 0.88 0.87 0.73 Yield 0.4 0.31 0.44 0.67 0.87
base shear 0.6 0.87 0.84 0.79 0.72 base shear 0.6 0.32 0.62 0.77 0.90
coefficient | 0.8 | 0.87 0.75 0.57 0.64 coefficient | 0.8 | 0.35 0.71 0.90 0.91
1 0.85 0.60 0.40 0.44 1 0.35 0.73 0.90 0.94
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1 0.85 0.46 0.30 0.37 1 0.42 0.52 0.46 0.44

Correlation

coefficient | |
T

i o
|

Correlation
coefficient - ‘
117 !
| L1

081+ 08 1+

0.6 ; -

0.4 1‘ g 0.4 7‘

0.2 # / 0.2 4“ l
0 L8 0

Amald, ITMEE OB Z2F B 27056 PGV IZEI-FrtEZ2 R L TRV | HlgAfk
RERFH ORIV ZAR DR LW Y (RS BRE <, F T =L R L BFREN
%) ORPEIC N TE DIERE L B b D, ZOREMTFIENS | HINERE &
I RKHE O P2 R 2 "9 & B2 b, PGA, PGV 1T LT X A7 Sc
& A IREN A ORI @ L 7 F5 R &Rl L7z, F7o, HURETH D REITITEE
B ERRDPEE SN TODLR, £ < OPERGNIRER & OBIFR TR

105



SNTHEY, [ETEER L EEICERMATOND A ld, ENEDOHHTIC
b LIRS B2 5,
S-CAV (%, #A U TIRZ MR & OFHBMEDMERN S, Zauid, S-CAV 23553 o>
FBETHDLI-DEEZ B, - T, S-CAV MBI E /2 & o MERHRET
X A IRIECH D &bt 7,

(3) PGV /PGA/Aiva DFEES

FREOE Y | IR T DB MER L OBRTIX. Awmald PGV 2TV
Rtz R 3% HUERENRIE ) b EHEIZEI A S5 Aa & PGA, PGV DOFBI % 3K
D5 EX B3 KO E-4DEY THDH, 2T, K531F, F2FEIIRT1IHH
JERNA Y =T BT IOVEIRNTT 572 DI MO 1 Rtk L THK S Lz
EaRAWTEY, X5-41%, £HEFO NS, EW, UD ® 3 FAIIZOWTARK L
HLOEHNTWD, Ik, JETFHIEEIX 3 HFmoIEEZ G/ L TR S
NTEY, M54 13K[ETRHEE GIEHocE 25 Ama) & 3TMEGRK LT
PGA B L O'PGV OB AZ R L TV 5,

5-4 KK 5-4 [ZBW T, PGV & A 134D TRWHHB 27”4 & D1 %2
72, — 5. PGA & Aa OBIFRIZ. BIRFEARD S K&  FhET HHEBEE R H D |
BT 5-3 K1 J571A) Tik, W02, W03 LT W05, X 5-4 (3 J7 a4 k)
TITEIZWOL ZNZ 72 4 BT, 2O MHEMEZIETSETWD

WO1:2008 45 F - Bk ketizE  —BAvEBLANIE (R RIMEEE : 3866 Gal(UD))
W02 :2008 4 F - E N REIE  SRBGEELIRIEY (R RINEE : 2449 Gal(EW))
W03 : 2004 FEs IRt EE - AETBLANE Y (R KIEEE @ 1716 Gal(NS))

WO5: 2011 APl B IR B L 7 O R s AR B E (B RODNas B - 1530 Gal(EW))

3 HhE IR 7Y 4022 Gal & 9 fiRed TR & 7o e KR & Fiék L 72 WOl
[ EFHRERONESE L TR, A1 HBASN (1X5-3@) THOZL OUTH
HIFE & AR OMM 2T DOIXSARE LT, 3HFMEKEDOATTH, Ama. PGV
2OV T O & R Bf 2R LTV D, Z A, Ik 2Ry L7

TIE, IEE O EREVE R 7y O F G DME T 55 Z LIS Z, Ama TiEANA I > b

106



T 4 NE =L o TIMEERIED 10 Hz LLEDORSE2BREL TWDHTEE X
HAVD, TAVHIE, M EE I TE OO S HREIEU 53 I IR i O HEAG IR A3 & 720
ETDHE (KA. 2014 4) SO KL CTW\b, K-> T, 10Hz L Lo EEEK
B abRETHZ LICL 5T, PGA B AmaX° PGV & FIERIC, HUEERF O 2 7=
TOIZHAE2DIP & LTHIFFCTE 2 2HonIc L,

PGA (Gal)

3.000

2.500

2,000

*

1,500

4

't

1,000

s00

A
o Lt LT
?

0 100 200 300 400 300 600 700 800

Anya (Gal)
(a) PGA vs. Ayua(Correlation coefficient: 0.53)

PGV (kine)

200
180
160
140
120
100

20
60
40
20

0

b+
>

A

"
0 TR

0

100 200 300 400 300 600 700 800

Anya (Gal)
(b) PGV vs. Ajma(Correlation coefficient: 0.93)

Fig.5-3 Correlation among DIPs
(One directional horizontal resultant input earthquake motions)

PGA (Gal)

4.500
4.000
3.500
3.000
2,500
2.000
1,500
1,000
500

0

+

+ L —
*

e
A

** |

+
2% T

0 100 200 300 400 500 600 700 800
Apga (Gal)
(a) PGA vs. Ayva(Correlation coefficient: 0.51)

* 0

PGV (kine)

200
180
160
140
120
100

g0
60
40
20

0

* *

X 4

.’.

0

100 200 300 400 500 o600 700 800
Anya (Gal)
(b) PGV vs. Ayma(Correlation coefficient: 0.93)

Fig.5-4 Correlation among DIPs
(Three directional input earthquake motions)

107



(4) RiFDOMERETEERELI-DIP DEE
MEW1 TEELOBEMEVED LD 2 L, ASD 28T DM ERAF T
HWELY L ESFHSN TS, Awald, PGA N7 L HHREBIZITEN S 72
w&wokm%@w PN, R OREME G 3R IadE 2 T IR EE O WAL &2 T D fRiE
ThHdHZEND, Bl O MERRE L OBBRNER S5,
B2ECTRLIZRDS £Sc 22— & LTUNEEMRE Ty LIZHLDOTH
DN, SEMMERE —EL LT, ZANERESNDICSNERScE T oy b5
&L —EIMERISEANRT MABELND, EET), VR 6. [FEE 659
TN TR 5 58 ) ORBREMEN fodk SNt i 3B ©, BITEIC R 7R 20 %
RLTEEEEZRS 43E (W12, W08, W32, W57) (2D T, —EBEMERINE
A7 MVERM L (K55 2/, &ML, ISEBESR (KHFo DF) %, 2,
5. 10, 15, 30, 50 ® 6 BPE & L. BshiIct5 &+ 2 OFEAIREE (Hz) |
CH I BB SR 2 T D DIZHEER Sc & LTV D, KITIFERR L TR
P SEMEERN 1 (DF=1) 1 EBMEREEZ /R L, AT ML OIS Mg O N
HEIEEART MU —BT 5, IREBHERENKRE R DI, A7 MLE
RDNEBHIR DV & R TGRS DERF D300 D
ﬁmJ%Aﬁ%%ﬁéﬂéﬁ@ﬁf%@Ml’%éié’m%&#?éﬁA

213, RNCBRO— S8R CTRT LI, ISEBEHERII2EETHY | IRIFHFIC
ﬁwm%%mbfﬁ%:iﬁgﬁw—dimmﬁg A S AU D E M) TR MR
PICH D L OICKRETT 5% BT LOVERE 6 58 CIINZ MR 15 2
E%@Vﬂwiﬁtﬂéﬂ\fﬁ@ﬁ?kk%’ﬁ££@%ﬁﬁ%<&@\ﬁ
BEORREMNEED Z LI D, BET ROERE 6 L, X725 AmalEz

FRE f“é: U CHMERFAN TR T2 ENAREEZ DD, FR LD HIED
BEFIZOWTIE, Ama IV B RERFVEELZRET H2LENDH D & OFER
= Y

S, B D HEBRREFHIOINLE, 27 EIC k> T, JdRRMOMEE— K
(ZXIIGT 54 DIP OFFR AR L TIT< 2 e nBifF SN 5,

108



Demand seismic coefficient

Demand seismic coefficient

15

14 3

13 iu"\v ML —DF2
12 {0 J( . PGA=1.13 s
L1 e bl o el e e -

TR i
0s ||

os LI | il —DF30
07 L i __—AmMa=0.66— Drso
05 i

il

03 L

0.2 él

0.1

0.0 T T T T T T T T

12 14 16 18 20
Natural Frequeny (Hz)

(a) Wave No. W12 (JMA Seismic Intensity: 7)

T
' 1l
|

1.2
1.1
1.0

0.9 J
0.8
0.7
0.6
0.5
0.4
0.3

0.2 -‘}
0.1 j]r
0.0 - : : T T T T T ; ; i

0 2 4 6 8 10 12 14 16 18 20

Natural Frequeny (Hz)

(c) Wave No. W32 (JMA Seismic Intensity: 6L)

22

|
2.0 |
1.8

—DF2
——DF35
—DF10

1.6

14

1.2

1.0

0.8
0.6

Demand seismic coefficient

0.4

0.2

0.0 T T T T T T T T T 1
0 2 4 6 8 10 12 14 16 18 20

Natural Frequeny (Hz)

(b) Wave No. W08 (JMA Seismic Intensity: 6U)

12

1.1 ﬁ
= I —DF2
g 10 A —DFS5
= 09
S e
2 o ) ~/\_ PGA=0.68  DFis
=ikl il == TN —DF30
5 06 J ——DF50
7] /‘_—/kﬂ—x_\j—__
< 05 [, ger
g 04 i i
g, Al t

o2 JLf L/ Awir=0.13

o M A B

0.0 T /-‘.ll- T T T T T T T 1

0 2 4 6 § 10 12 14 16 18 20

Natural Frequeny (Hz)
(d) Wave No. W57 (JMA Seismic Intensity: 5U)

Fig. 5-5 PGA & A;ua compared in constant ductility response spectra (typical)
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6.1 [XLHIC

FKEIZI T D NPS O 1X, DBE 72 b QNI MR AR Eh 2 v - RIS
BIRATIC X DB & HAOHE ﬁ%ﬁﬁAb@fm%&ﬁ%ﬁ5_kﬂﬁm
ENTWD D, BUTORAE DM R FHARITHEY ORSFHEZ B L TEY
B, 94 F|R L2 Y the NCO Earthquake, the GEJE 72 &', %%CN%TW
BRL7- K& 72 -EEENZ R L Ch, TEPCO KK NPS 72 5 TNZ 1F J2OF 2F NPS 1235
WTIE, B FEERRMOMBEIC L 2HBER2 0 ISR N BN o722 b
e MEER DO EIC ST LT LT,

— 5 C, IHETIIDBE DREEDH Y |

O [T L ICRFELRE L CORET 2 HES) ORFHIWEE T V48
ATBHZ L
@ [BRZFEETRET DHED] ORGFHIBWTAE TG INTEN
PEHR N HE 2 A RIS BT A 2 &
PHUE S, BREG TH OHEO RN S 2 HORGHEE TEET L2 &
DEEMENEE > TND

B2 W CTERULIHT B EERFNEICOWT, 8 3 BIZEHIT 5 the GEJE T
7 1FNPS (28 1) 2 5% D 4347 2, 2 4 FIZ 1) % The NCO Earthquake T? KK
NPS (281 B i O 434 3Cid, FHPMREIR O MRS E & IR A kR & LT
BT 5Z & T, MEB) ORI &R OB OBRE R TE 5 Z LRI 4L, 7
FE R GHEN AL D A & 157,

AREETIE, FEEED NPS DR & L C TEPCO KK NPS %5 & B K 55 e 2 6 AL Jfi
EEHNC &V | Bz e FE R R E R G HE O SR~ O I OV TTREET D,
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6.2 HEUMRDORTE

2 FICBOTHICRE L SBEREHE (M 61508 ICES% | B
DBAWFN 31 5 RAMHOBE DS M A KBS, 5§ 2 T,
TR HE O PR IIC o\ Cit e, AT, 3 5, 55 4 T
Bit R A E 2, FPRBERORA £ 1T 5,

Engineering basis Process of setting of
design basis static

seismic coefficient

All components

Relationship of
damage mode and
ductility factor

Availability o
representative
evaluation by
ductility factor,

*1

| Non-target components

Target components

Assumption of seismic
ground motion

Assumption of static
seismic coefficient Sc
Setting of allowable

limit as ductility Elasto-plastic time

factor historical analysis

(Representative bi-
linear model)

Allowable limit
of ductility factor

Decision of design basis
static seismic coefficient

Static seismic design
of target components

*1: A component, whose damage modes are not associated with the ductility
factor, should be non-target component. Examples of these damage
modes are ratcheting fatigue, contact of internal parts, short circuit of
electrical equipment, relay chattering, etc.

Fig. 6-1 Procedure of setting of design basis static seismic coefficient
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6.2.1 MBICKAHRIFHEDOEE

R R 21T O RO AEEIL NPS Z L ICED D Z & TR OAEMEN
Boid, AFEICEBNTH, IR LT, 52 EOFEICLIVF 67z RDS
POFFRBYER AT T 2RI HFNEE L —HRICEDL2O0BREHIEEZ D,

B2 BRIy EBRICHELZIT - NPS 2B 2 mANEE s TV
D2 L, IFREMERORF (T BT, BEARBRE o TND, L ORK
B2 ARt s DB E U CRFPR MR A ERT H 2 L1k, HEEZRER L TY)
DTRAEL DL DT, INE TP SN T I o 7o, 3 EMLOF 4 (T,
the NCO Earthquake % %21} 7= KK NPS. the GEJE %321} 7= 1F NPS O 4% 2>
WT, ZHRENOHIE DRGSR S & | R BEIEROBLS D &g E RN 2 5K
L7z, F72. % 4 F|C the NCO Earthquake % #%J& L 7= NIED E-Defense i&Bk D
fEA B T LTz,

ZZTlE, EEICHZ T, the NCO Earthquake (23511 % KK NPS D& i iZ-ou»
T, I DITHNTHFEZ I TR BMER L LA R 2 (R 6-220), 72k,
ARFHCB W TN EBHERNE N - T2 L E SN DIKME 2 7 2 DOf%E % &
DN T VB LRl 21T - 72,

(1) RMEHROEENED LB

KKNPS O%fii > 5 b, kBTN L, 7avy LISl o Mg IS Re itk 23 51
L. 2R 2NZE R Ui O M THREOFEOMHEN R I,

1. 2, 3G OFEER, TTNEESS. MEERZESRIZOWT, AARIZ5F
FTIRER%ETH D, EEEROISEBIESRT 22~25 ($BEIL 2, 3 Z4H) . At
NZEEZROISEBERIT 4 FBEIX L, 3 5WF) (7272 L., 3 BIFATNAEERR I
BRI ZENTIT K 0 F&E LT K DB CHIERTEIC K D HEE ~ DB IR |
b FEIR AR AR DISEBMERIT 5 (BEIX 1, 3 5)F) Thoz, 2T, Th
5 A ORI W I BLHIELER S DL BN Y — ROMUEE A, E o
ZRIZ KD B THEEE LV /NS IR RS LG DL TR iy o 72 FTREMEDS
b5, HERMNEETHIUE, BHINDIREEERLHEYRE ol r]
RPN E <. RRROISEBMERIISZZNRBUETH 5,

5 54— RO AMKSY 7 (No3, 4 AilAKHZ 7)) 12O THHAENFE—
THYH., o, BiEL TREINTWVWD, No4b AR 7 OFEEER LV N3
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LDk LT, No.3 AIKZ o ZIZITEN 72 < SREZMERF LT-, 20 b

DE T DISEBRMEFRITI0 ThoTe — @,

(2) HEEHRFL-RED T

WITHBGE D T2y > TeBF IS DWW TRE MR 2T 5, AR & %K
MPERZ R Lo, 15 B S ORBERIERIT 25 (BE5H)) ., 7 55 %
KEdr (OZBBME=RIT14), KO 6 S pTNA RS (OB BMESRIT 12), No.3 5
RS 7 OREEMEERIT 30) Tholo, AL AR, HEFORETELW
BFLE P GEOLN TV RWEBZOND bDIEISEEE L — @,

Table 6-2 Estimated ductility factors of components under the NCO Earthquake

Minimum estimated
h criticlal tion ductlg:lsiim}ztcetgr of ?)?Toi%e
shear accelera
Area (Limit static seismic compo):]ent with Component of
coeffi(cée)nt Sc) min. critical acc. function
K-1 0.51 5" | Unit 1 Exciter Trans. " v/
0.59 4™ | Unit 1 House Trans. ™ v
0.29 25" | Unit 1 Main Trans. "
K-2 0.52 5" | Unit 2 Exciter Trans.
0.57 4™ | Unit 2 House Trans.
0.32 221 | Unit 2 Main Trans. v
K-3 0.52 5" | Unit 3 Exciter Trans. v/
0.57 4™ | Unit 3 House Trans. " v
0.32 22" | Unit 3 Main Trans. v
K-6 0.49 12 | Unit 6 House Trans. "
K-7 0.42 14 | Unit 7 Main Trans. "
Unit5 0.26 30 | No.3 Filtered Water Tank "
yard 0.26 30 | No.4 Filtered Water Tank ™ v
Service water building 24.82 Approx. 0™ | Filtered Water Transfer Pump
18.23 Approx. 0" | Unit 1 Pure Water Transfer Pump
18.36 Approx. 0™ | Unit 2 Pure Water Transfer Pump
17.38 Approx. 0"* | Unit 3 Pure Water Transfer Pump
18.89 Approx. 0™ | Unit 4 Pure Water Transfer Pump
8.27 0.18" | Diesel Drive FP Pump (Engine)
11.82 Approx. 0" | Diesel Drive FP Pump (Pump)
12.27 Approx. 0™ | Motor Drive Fire Protection Pump
22.01 Approx. 0" | Pressure control FP Pump
13.00 Approx. 0™ | FP System Fuel Tank
1.94 1.1 | Treated Water Tank
1.69 1.3™ | Concentrated Water Tank
1.46 15" | Sulfuric Acid Storage Tank
0.65 7.0 | Warm Water Tank
1.23 2.0" | Condensation Agent Storage Tank
1.87 1.2 | Intermediate Tank
Supply 12.82 Approx. 0 | Filtered Water Transfer Pump
water building 20.04 Approx. 0 | Unit 5 Pure Water Transfer
27.48 Approx. 0 | Unit 6 Pure Water Transfer Pump
25.42 Approx. 0 | Unit 7 Pure Water Transfer Pump
6.81 0.29 | Transformer FP Pump
10.94 Approx. 0 | Diesel Drive FP Pump
20.86 Approx. 0 | Motor Drive FP Pump
59.51 Approx. 0 | Pressure control FP Pump
43.44 Approx. 0 | FP System Fuel Tank

*1: These values are reference values because accelerometer records may not be accurate.

*2: The ductility factors of the components in the blue columns are the data on which the allowable ductility factor would be 10.

*3: Since the ductility factors of the components in the yellow columns are assumed to be considerably large in practice, they are not
used as a basis for setting the allowable ductility factor.
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6.3 EEDRFHERE~DHEAY
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kT B EE RO BTV D,

TR R R S S S S ALt % D Hit R ) ﬁ#éﬁ%@%%wéi&&bf NG
TIRETHHEERAT L L 2BE L. Yakhiisx 2 FCFrA M= 2 5 5
BT DR E AT EE OE HERE A2 LU IZEE T,

6.3.1 ANHESIDERE

X 6-1 12T I8 Y FFABEMERICE SR AMMNEE 2 RET HERIC, AN
HEEBORENMLETH D,

DBE % F\ 7 MRS EMRATIC K 2 B2 ERRFHI B W CIE, AR EEITER
BLera MR I E 2 BREORSFHR O TH D, REFHEERFHIIBWT
X, RIEOBE R UBRBIER ARSI 5 Z E A MRERRE L L, BRIFOHY DE
MEFRTDLOT, ANERDMBEIHOVWTHHYICKEWEDOEBET D
ZEMMETHD, ZHIZED HARBG TH 5 MR DO I 5 M ER
FFOZERMEZ M ESELZENTEL LD EE XD,

Z T, BUUTORYESDCIX, DBE X M8 = & IZER AR E L CORET HHl

By RO TR /J?M%mﬁﬁ%ma“éim;a@u D_ODBENLRETDH L &
ENTWD, RIRBICBIT A ANHBEERIZONTEH, INHEEARE LTANL
LRt %,

6.3.11 BT LICRRERELTRE S SR

o T LRI A REE L CORE T D HEREN, Bolc RE R ELEZ D L
THINIHBIZARHE»SEBELCDBE #RETHZ &L SND, Lizhio
T, BEROFEEITHODANHEENCOWTHHH T LICEAD LD TH D,
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Table 6-3 Design Basis Earthquake for KK NPS (Ominato Side Area)

. Maximum acceleration (Gal)
DBE Earthquakes fi
arthquakes for review NS | EW Ub

Ss-1 1050 *1 650

F-B
Ss-2 848 | 1209 466
Ss-3 | Katakai (in the Nagaoka | envelope 600 * 400

Heiya  Seien  Fault
Ss-4 1.5 X stress dro

System) p 428 826 332
Ss-5 35° inclination 426 664 346

- X

Ss6 | 1o Nagaoka Heiya 1.5 X stress drop 434 864 361
Ss-7 Seien Fault System 35° inclination 389 780 349
Ss-8 2004 Hokakido Rumoi Sicho Nanbu 650 330

*1 Ss-1 and Ss-3 are derived with attenuation model.

KK NPS ® DBE @ 5 6 il Z & ITRIRAZFE L CORET 2 RS 1%, &
|Z the NCO Earthquake OEJR & 72 > 7= F-B Wilg . &5 FE b & N2
OOEHE) e EEEE L, TNENOWREIC LTSI T &, WEERAEOE
TREFE N T A — & Z B I D SRSFIVICEHRE L T, REL TV D (K 6-
3 ® Ss-1~Ss-7 &),

KRIETEERTHATTHEECHOWTIE, DBE Z44IC EEIAZ L LT,
B OB DBE OMEHEE A 2 5 LI EEh 2 ET 5, T 2Tk, % 6-3
IZ7R L72 DBE @ 5 b NIEHE D K& Uy Ss-1 KTV Ss-2 D 2 5 st & L.,
ZBH % Ss-1* TN Ss-2x L Lz (X 6-3 /),

708, Ss-1* MR Ss-2* [ FfRMFBERE CERINDIIETHY . AKX THIUZL,
TS & O T R E BRI e AL R 0 R BT O A S A D TR A AT
IRXTHDHN, T ZTIE, HEMIZ Ss-1* KN Ss-2*&2 D F F AV TGt a
ﬁof:o ﬁﬁﬁ&%i‘%ﬁf‘@i&z T, T O B OMAESCERIC L D MR A ST

o . BEIEE, HOAFN TEE EICHREISND DT, &Iz, Rk
MR E CTOHTE %ﬁ@ﬁ#@@:mﬁni DFEY IR E N, fE o T, A TOREHTHE
Fix, #EEITERZ AV TRFTT 2 b0 LT, RTFRERE 5 2 5,
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Fig. 6-3 (b) Seismic ground motion of Ss-2*
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Fig. 6-4 Seismic response spectrum based on observed near field earthquake ground motion
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Fig. 6-5 (a) Ductility factor response spectrum (Ss-1*)
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AR AL

K-NET MO KiK-net 5 —# X— 25381 L 7= 60 K

Wave K-NET/KiK-net - . Estimated Ep.icentral Maximal acceleration (Gal)
number Registered ID QLN i JMA. distance NS-EW-UD NS-EW
Intensity (km) NS EW uD i .
composition | composition
W0l | IWTH250806140843 |Ichinoseki-nishi 6.3 3 1143 1433 3866 4022 1434
W 02 | AKTH040806140843 [Higashi Naruse 6.4 22 1319 2449 1094 2600 2482
W 03 NI1G0210410231756 |Tokamachi 6.2 21 1716 850 564 1750 1747
W 04 | KMMH161604142126 |Mashiki 6.4 11 760 925 1399 1580 925
W 05 GIF0071102270219 |Takane 5.8 13 381 1530 247 1539 1538
W 06 NI1G0190410231756 |Ojiya 6.7 7 1147 1308 820 1501 1500
W 07 | IWTH260806140843 |Ichinoseki-higashi 6.0 12 888 1056 927 1372 1171
W08 | KMMH161604160125 |Mashiki 6.4 2 653 1157 873 1362 1314
W09 | TCGHO071302251623 |Kuriyama-nishi 6.0 4 1224 835 737 1300 1297
W 10 | IWTHO020807240026 |Tamayama 5.8 24 1019 684 594 1186 1027
W 11 | HKDO0200412141456 [Minatochou 5.9 9 536 1127 368 1177 1176
W 12 | TTRH020010061330 |Hino 6.6 7 927 753 776 1142 1109
W 13 | IWTH270305261824 |Rikuzentakata 5.4 28 888 556 637 1098 910
W 14 IBRH131103191856 |Takahagi 6.0 1 1026 526 733 1084 1037
W 15 | WKYH011107051918 |Hirokawa 4.9 2 754 1064 386 1084 1083
W 16 SZ00111103152231 |Fujinomiya 6.3 15 501 982 501 1076 1013
W 17 | IWTH250806142342 |lchinoseki-nishi 4.8 3 345 939 378 1004 944
W 18 NI1G0210410231834 |Tokamachi 6.1 26 816 811 220 990 969
W 19 | KGS0059705131438 [Miyanojo 5.9 16 902 901 288 977 977
W20 | MYG0020305261824 |Utatsu 5.4 17 593 858 339 949 926
W21 1SK0060703250942 | Togi 5.9 7 717 849 462 945 934
W 22 NI1G0280410231756 |Nagaokashisho 6.1 15 870 706 436 921 912
W 23 | KGS0029703261731 [lzumi 5.2 12 727 542 246 903 902
W 24 1SK0050703250942 | Anamizu 6.3 19 473 782 556 903 896
W25 | KMMO0081604160125 |Uto 6.2 18 882 652 771 882 882
W 26 | MYGHO030305261824 |Karakuwa 5.0 13 809 651 460 872 819
W 27 | MIEH100704151219 [Geino 4.9 4 850 374 227 863 862
W28 | SMNH010010061330 |Hakata 5.7 8 720 607 631 849 844
W 29 1BR0191104121407 |Kita lbaraki 5.5 19 696 502 329 847 791
W30 | KMMO0061604160125 [Kumamoto 6.0 2 827 616 534 843 843
W31 | NIGH010410231756 [Nagaoka 6.1 15 818 655 375 841 840
W 32 | KMM0091604160125 |Yabe 5.7 22 777 640 187 831 830
W 33 | NIGH010410231803 [Nagaoka 5.8 12 742 502 384 827 797
W 34 IBRH131203100225 |Takahagi 5.0 9 691 304 409 826 718
W 35 | IWTH250806162314 |Ichinoseki-nishi 5.2 2 688 547 670 824 727
W 36 NI1G0190410231834 |Ojiya 6.0 12 795 637 355 821 818
W 37 NIG0180707161013 |Kashiwazaki 6.3 21 667 514 369 813 812
W 38 NI1G0231103120359 |Tsunan 5.4 6 536 704 316 804 771
W 39 | TTR0070010061330 [Kofu 5.8 13 725 573 404 803 803
W40 | KMMH031604160125 |Kikuchi 6.1 22 787 228 403 801 789
W41 | IWTH250806140920 |lchinoseki-nishi 4.8 22 782 210 461 785 784
W 42 | KMMO0111604160125 [Tomochi 5.6 21 598 602 255 778 778
W 43 MIE0040704151219 |Kameyama 5.3 8 716 356 323 771 764
W44 | KGS0029705131438 |lzumi 5.3 16 728 443 189 756 753
W45 | NIGH110410231834 |Kawanishi 5.6 22 741 534 300 754 754
W 46 1BR0191104111716 |Kita lbaraki 5.8 7 659 624 419 746 706
W 47 | TKY0081407281705 |Okada 4.8 5 704 269 449 744 724
W48 | IWTHO030807240026 |lwaizumi 4.9 8 475 549 575 736 640
W 49 | TTR0090010061330 [Nichinan 5.4 13 629 595 289 729 721
W50 | TCGHO071212171848 [Kuriyama-nishi 4.9 2 631 338 520 727 635
W51 | MYG0059608131113 |Naruko 4.8 5 324 708 292 722 720
W 52 NI1G0200410231834 |Koide 5.6 9 527 524 329 719 718
W 53 | KMMH161604142207 |Mashiki 5.6 2 465 560 518 710 668
W 54 SZ00020912180845 |ltou 5.6 2 313 639 229 703 693
W 55 IBRH131104140735 |Takahagi 5.2 2 536 658 353 684 683
W56 | KMMO0051604160125 |Otsu 5.7 11 526 482 397 669 575
W 57 | KMM0091604142126 |Yabe 5.3 17 569 547 94 669 669
W 58 NI1G0200410231756 |Koide 5.5 11 521 407 312 640 639
W59 | WKYH011107051934 |Hirokawa 4.1 3 429 595 262 634 617
W60 | AZ00029703032309 |Itou 5.6 6 306 587 231 631 618
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ABWR
ASD
BWR
CAV
DBE
DEC
DIP
EPRI
The GEJE
HPCI
IAEA
IC
JEAC4601
JMA
KK NPS
MMI
MSIV
The NCO Earthquake
NIED
NPS
PGA
PGV
PSA
RCIC
RDS
RPS
SDEC
TEPCO
USGS
1F NPS
2F NPS

i B R b s K R I - JR
PP IR EHE  (Allowable Stress Design)
Wi /KA - JP
cumulative absolute velocity
JH UE i FE )
X RHLTRIRTE
Damage Indicating Parameter
Electric Power Research Institute
2011 £E AL HUT APE T LR
S ERE N
[ BRI - T8 RS
FHEH KR
H AR = 7 )38 SR AT R A A AT R
KT (the Japan Meteorological Agency)
Fele X1 2P - 5 'R
AV V) BEERE (the Modified Mercalli Intensity)
F R R
2007 AF3TIE IR e i R
[E SZAFFEBE TETE NG SRR B i ZE A
Ji - ) R EE T
peak ground acceleration
peak ground velocity
T =R A 22 R
JiR - B e s v 0%

B YRMEER 2 X7 kL (response ductility factor spectrum)

SRR PR R

M A= A & LR K R

WILEN R =T ¢ 7 ARt

7 AU HUEFHAE (U. S. Geological Survey)
& 55— )38 T

& 556 - )38 BT
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