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Current Status of Ground Motions Evaluation in Seismic Design Guide for
Nuclear Power Facilities
- Investigation on IAEA and US.NRC -

Masato Nakajima, Hiroshi Ito and Kazuta Hirata

Abstract

Recently, JAEA (International Atomic Energy Agency) and US.NRC (US. Nuclear Regulatory Commission) published
several standards and technical reports on seismic design and safety evaluation for nuclear power facilities. This report
summarizes the current status of the international guidelines on seismic design and safety evaluation for nuclear power
facilities in order to explore the future research topics. The main results obtained are as follows:

1 JAEA: (1)In the safety standard series, two levels are defined as seismic design levels, and design earthquake

ground motion is determined corresponding to each seismic design level.

(2)A new framework on seismic design which consists of conventional deterministic method and risk-based method is
discussed in the technical report although the framework is not adopted in the safety guidelines.

2 USA: (1)US.NRC discusses a performance-based seismic design framework which has been originally developed by the
private organization (American Society of Civil Engineers).

(2)Design earthquakes and earthquake ground motion are mainly evaluated and determined based on probabilistic seismic
hazard evaluations.

3 Future works: It should be emphasized that IAEA and US.NRC have investigated the implementation of risk-based concept
into seismic design. The implementation of risk-based concept into regulation and seismic design makes it possible to
consider various uncertainties and to improve accountability. Therefore, we need to develop the methods for evaluating
seismic risk of structures, and to correlate seismic margin and seismic risk quantitatively. Moreover, the probabilistic method
of earthquake ground motions, that is required in the risk-based design, should be applied to sites in Japan.

(Civil Engineering Research Laboratory Rep.No.N09001)

(CERZ214E 6 B 16 B 7&ZR)

zlﬂﬁliﬂ%% BT SES TEFEE
2 OMERTERBFRRT AR LIER BASE
SWERT AR BT LETEA

i ©CRIEPIL



'TO=

JRF kL, SEEEDOFH TLROEVWEEELZERINIHEEHDO—>T
HY, TORFPLEEMFEICEET 5K - BHEIE, BEFOHEMLHRICE S
TEE SN TE T, 2007 R EFEIFHEICL Y, M - MPRFHREFEE
RS MR MEM L2, EELRTEMEBICEI R, ThETomERS
WXV EEMEPFERTE 2 PR I N BN E TIE 2006 FEIZTHEREEE
FTHWET 417275, TAEA (International Atomic Energy Agency) <°[E DR F /15 #il
Z:B 4 US.NRC (US. Nuclear Regulatory Commission) 72 & T % iT4E, Y?%jﬁm“’“ D
MR ETCR SRR B LT LB - $R8H A AR LTV 3, ZTh b0
BHRETIIERA SN TRV ERMICKLEIZ 2 5 Z 2 FROENTb RN 20
BIRFATHELTBLZEBNLETH D,

=l i

JFT T ORI B 1 2 HURBNRHE D BLIRIC S\ C, A DO RFT 0K -
fREtZAEL T, %@@Jﬁ%#ﬁﬁ@'é EEBITESBROBELHET 2,

FHERE

HRE - HURENREAM, LARMEEY OMRERET, HAl0E 2 HIZET 54 20 RO -
R, &ﬁVf~%%%ﬁLtﬁ%,MT®:&ﬁ%%Wmﬁoto
1. IAEA \Z81F A HIK
(1) HE#HED TI1%, 2 >OME L~ (Seismic Level-1 & Seismic Level-2) 12 U7
HBBREDRHEINTEY, EOor0oMBEICBT2EWH D L~UL SL-2 DHE
L, EBEEEN 10700 107 LT WS, 7, FERHBIHME Y — NI
MW B 7 M EES < MEBEERLE EDIEM b USNRC DSt 2B E|I2T 4] C
ZTF b TnE, MAT, BARLFEKICHEES ZRLABRE 525 FmME 2> T
Wb, £DO®, BARTEENICHNLND Z LR HEET VICE S HE
BRI MFEORRE, 4t EREER CICKBTE ZARESEN D 5,
() FIFLAR— b 1%, A% ORF MR ORE 7 L— Lo & LTHEROEERNY
BREZXFEMBPSAEY ZRLETD ) AVEMEICESS EZFARMAESEE T L
—AEREBLTVS, LLERL, UXAJZEMEROEEBRERFEIZOWT
IERERER TV,

i ©CRIEPIL



2. KENZR T HBUR
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¥ 1) $§%$F : IAEA Standard Series
& 2) Hifif LK — b : IAEA Technical Report
7 3) HIEE PSA : HUERIC KT A HERRMNEZ TN (Probabilistic Safety Assessment)
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HOBRICTDONVTHENA LTV B, —fREYIC R
FFEBERHY A M, kBT —ovR, BT AY
AWER, 7 AV AEEEOX I CHBETHE X
T HIBANY — RO FER I W IC R T N
TWb, TNb OIS Tl PGA (HIBNER K=
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2-2 TECDOC1436 DHRTRELTWLWAREI 7L — L

FE) A 0.12g K & MBIEB BN IER IR,
ER 7 E/ME (Bl 21, PGA T0.1g DHIES)
BMHEEI N TV,

BAZIET 45 RDLovisa 75 FBXKT
Okiluoto 75 >/ F TIIHIB PSA ZRHEL TV 3
W, HIEB AN — PN ORER, FilmmE 10
IS S % PGAIL 0.1G & D/ L, BWED L
BLIhBL0RMREENoT, AVz—FT
@ Oskarsham2 75 > b & Forsmark 75 > b T
F, U4 FTPHRENLIHMBHBREIZ01G LD
BEMTNE oD, Ai—FNT— RARY
FIVTHE UIHUEENC T UT, R0 R
BHERMU T, iR & UTERE L EId RGN
IR Y XA VEMMICE DSy — A& D & KK
TLDEiEoT,

LR—F TRHBEESEMENT A MTHd
ZHRRBIUTEBAAELELTEUTOESICE L

BT3B,

o MATHET Z2HIE (Review Level Earth-
quake:RLE) i%, SL-2 JAEA E¥#1C & 2 fit
AL L) IKHELVHIBAREIN
%, TODRLE Zx5 & Uit i 4 831
K&, AANESR EB) tids75 Y
FDORENPEEING, L LENS, T
NEARFTEEZHEIZERICHTHED
MERZERTEDO TR,

o JEHE O B2 EFEA &, MBS A mod-
erate (P XN 2% PGA A 0.12~0.33G) D
YA PMCHUTHESNZEDTH S, %
Dicth, TOINEREFHEZ MEBEDE
MENY A MCERATSC L, JA M-
BRI ROBRD S Y TIEEWATREM
LHB, £oT, —RIICHEHIBRER 107
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fbLiMBRETMER VS e 2ER
TRETH B, %&d5, TEWETA O B
IKDVWTERALR—-FTRREATL
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2.3.2 TECDOC-1436 Risk informed regu-
lation of nuclear facilities: Overview

of the current status [7]
o 267 X—, 2005 FEFT

o HX (FOFRD

- 1. H¥E
— 2. BB 2EERETDODY R Y
D5

- 3 RAMOBREREY TH—F

- 4 TSV IOREEMEOBDOME

~ 5. "VAZEREFER LU REEE

4 2N
— 6. thEm

IAEA & US.NRC CRERFNHMEER) &
2001 FEIC Y A7 BRICESHHFICHET 2 E
BozBEL, UBHBABREZRITVS, &
LAR— PRI ZOERREBLUBAFIONTY
%o ALR— T, RFIMHERORHIIRANIC
DV, BITOBEIZERICLDDHLWEZ -
HHECOWTRRELTEY, F—TJ—FtL
TRHUTD3IDHET LN,

o Integrated (risk informed) approach (Fl& %Y
7T a—F)
o Deterministic approach (FEEHIT 7 11—

7)

e Risk based approach (U A 7 E#MZ{EM L
7 7a—F)

KLR—FPTEERLTVSEAI 7L —LEK2-
210, VAZERAEERLZEMO o A%
B 2-31CRT ALKR— TS RUTOERD
DB,

e URVIBHAEER LB F R DR
K DOWTRE Z A

— U RV IEHZER=IEERNITIE+TE
RGN T EORE

— BEREHNT Tu—F & U TIEPSA Gk
KL MM OFANHERE
NTWV3, HlobOEELLT
W PSA THEDN TV AIFLEEEE
(Core Damage Frequency:CDF) *® i
FIRBE L H 3 (Large Early Release
Frequency:LERF) HBMEM & 72 5,

o WITOEMAENS, URXVEREEHL
X oR2HNEHEEDOE VKT EAD
BOEEEBLTVAS,

ALUER—FTEZREIhTWS, BERNSEL
BN A ERZRESERERNY T —F 13,
WMEBOEMEERLEFLVEZIAL VA S,

3 REDO#HFA
3.1 MAEWRELEE-fFH

T AV HOHE, ENFHLVEZFIHEDS
HYE - B EART HMIC, Z2HRT ENER
LERMEBENEORRE - f5EtL LTHRA, &
BEN2BELRALGNS, KETIE, HET A
VA THREINEZDOERE -f5#t (ASCE/SEI
43-05 [11], US.NRC Regulatory Guide 1.208 [12])
KOWTHELERZUTICRET %,
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K23 URVEREZFRALIERFOTOER

CORHORBELT, HEREOEZ S 2E
Al e, REtHHMBE ZHERNFEI
EOZHM T H5RPETENS, LTICEDN
BzEEEBICHET 5,

3.2 ASCE Standard: ASCE/SEI 43-
05 [11]

o L R— b 44:Seismic Design Criteria for Struc-
tures, Systems, and Components in Nuclear
Facilities
o MEEREDEZ FDOEA
5 EPEDMMEERET V7 547 U7 (Seismic

o £81 X~ 2005 EFIT

o BR (FIFD Design Criteria: SDC) AR E I, #NE
- 1. % NOSDC BB HBERERILIKRT &
SRR Pr il & ENTWVW3B,
P— DR R Py DRE
3 HUEICRT B ER M o WETAHEE)

mEtFHEEE, REFHHE (Design Ba-
sis Barthquake: DBE) D%, &ETHIG
B AND F IV (Design Earthquake Response

— 4. &Y O 1A
HEHESEDE LBEYOFAR

I
ot

fiE

6. BN IS B IC BT B EREIH
7 RHCERT N EHIA

8 WIRBLIUBRE S AT L

9. MMEME

Spectrum: DRS) TEEEN 5, T DDRS
W, UTFOXD &S5 ICH G g OHEN
P—FRBAPEELNE—FENYT—F X
7 bV UHRSICREREHREDF 23R L% T
ETREND,

DRS = DF x UHRS (3-1)
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mried g . 1. BB ST DG & s i
MEHEHTIA)—B L | » -
1B Rk AE AR (FFEERE%PRUV=-ASCE 7% FIH)
(ANS 2.26)
\4
| 2. W RO & SR
HENY—FifRE
B RRY N LERTE Y
(ANS 2278 £102.28) 3. YA 1 0D Hh B G A BT
I A4
it BEEthF)—IZ 4 ETOIEBMEGEEEE (143)
SCT=, BREHEAES
DERTE
\ 4
I 5. it 1 5EAE
\ 4
6. lbE
it (5.)= 3 EBHEIGEDORT (4)
\ 4
7. RO IEHE
FUZRERIE & LB
Y

8. Wit EETA-ODBEULETIVERTE

A

9. MEREE

Y

10. E=FIZLHBE

2-4 ASCE/SEI 43-05 TOMERTFIE Xk [11] ITHHTATWE70-RZ/MR L)

% 3-1 BRI AT I — (SDC)3~5 I T BERE/IND A— 42 [13]

SDC
3 4 ]
DF 0.8 1.0 1.0
o 0.40 0.80 0.80
Target Performance Goal(Pr) 1x107* 4x1075% 1x107°
Probability Ratio(R,) 4 10 10
Hazard Exceedance Probability(Hp) Hp=R, x Prp | 4x107% 4x107% 1x107*
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& NEESA

-1 EMARDEHAE
£, DFRIHRFFEHTH D, UToORX
mHERDEND,

DF = Maximum{DF{,0.6(Agr)"}

(3-2)

FRFDODF BX T aldER3-1VITRTEDN
HEZ5NTWVS, E7 AgRU TN 5

HEINZETH S,
_ SApinp
Ap = SAm. (3-3)

COARRH31IKRT B, R
B BN — N &2 B, M
THHIAFEBHEHy L ZD1/10D
M SE Y 0.1Hp IS NS 2 IS B s
SAn,, SAgim, ZHWTHB T h, #HEN
Y—RiifR LoBHXEO MEE ) B#EL
TW3,

DRS W 5 R IR FE 2 FE L S 5 BRI i,
XA EHMBOE T (N =Fa—F B
TREEER) 1OEWER & DRMBI K 2 EE
A EFHT A BRI TN S,

3.3 U.S.NRC Regulatory Guide 1.208
[12]

o 53— (K24 H, H208H), 2007
FERT

o HJ (IR

- A KE

e A

— B. &am
- C MG &% 5IHE
« HE S, HUBRYIBEZ, MY B &K
CHIBE T 20 5 OFA
w U A - OHMENT — Rl EE/ZH
R
« MESRFRITHIEE N — R BT O FIE
* A - OB GRER T
* HREICE DWW, ¥4 FEFOH
RE (REA) FIE
—- D. 1
- & (A-F)

COMRKEHORYEEZ LN BHEBELTIC
ik S 5,

(1) EREREDEZ T

AR D #E8F ASCE/SEI430[11] TREI TV
%, HERENOEZ HBXLYT, NRC O Stan-
dard Review Plan (NUREG-0800) TR E Rilz R
FHHEBROHFBIV A LAV ETE, #EIC
HLUTHFNIMERICEENSHEL LTUTD
KO REERERLT VS,

o A NEHOHES JGHEANT ML) I
LT, HEEDWH I S NERWVERNK 1%
R

o V1 NEFDOHER CEAXRT ML) &
150%iIc K& L-shEBEC N LT, Mge
WG Tz TR WVER DK 10%E %
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3-2 US.NRC H2£ 7 % Performance-based
Ground Motion Response Spectrum

(2) B NY — FARAT

HBREFRCBISRNY T ZFa—F%Z,
IAEA LR—FTHEMINT T, CAV ZH
WTRETHEDERBINT VS, BB CAVE
BN — FEICB W TEAT 5 BICRER,
BRI E PGA 5 X Uk TR & CAV OB
#H &, EPRI(Electric Power Research Institute) <
FogEENTEY, UTOREK DB RE
S, CEFEHE v OBGREZRM TS T LAV ATRE
TH%,

v(Sa > z,CAV > CAV )

Nsource

Z Ni(M > M) /

J\{[mln
fm(r, ]\éf) (Sa > z|M,R)

Mmawi

X: {fmi(]\/[)

P(CAV > CAVyin|Sa > 2, M, r)}drdM (3-4)

P, MBIUrRiBEOMBRERTHE
5 rMEBOR T Fa— FEXCBIRERE,
Ni(M > Mpip) GBI T ZF 22— F Mpin A
L OMBOERER, frn(), fr)RIMBRTr
BT A HEREE MR R T,

TOft, BEOMBNY — NERZTTRE

<, Regulatory Guide 1.165[14] TIEIN TV 3
HENY— NESBOERICI D, HEBFHOR
i # (5Hz & 10Hz) B X CEAEH (1Hz &

25Hz) ICBWT, FAFTNENA T s » e
TEHERERZFRALTWAS
(3) BB FHHEEBH)

WETHHERHE LTRUTORMEELNS
GMRS(Ground Motion Response Spectrum) 7 2
ZLTWVAD, TR L7 ASCE/SEL 43-05
M) DOBZFERALIZEDTH %, £¢ GMRS
F—FNP— F X7 hVUHRS & &EHEHDF
ZROVTUTORNLEEINS,

GMRS = UHRS x DF (3-5)

DF = max{1.0,0.6(Agr)%®} (3-6)

LD Ag &, 32HITEHA LIz LB DK (3-3)
TEZBINBZERTH Y, WRMFICET BH
BNAY—NHRHZ2RMO MEZ] ZRLTWL
%o

B 3-2c, U.S.NRC AVEHffi L 7= GMRS #Flif& SR
BlaRY, FRAMEI0 A EERTANY—R
Lbe LT, SEICE T 3 ElEiRmER 104
L0 ICBIT A HBNY — FHBEOBERED
FTEULHERDF EH VT GMRS BIRE L
TW5, TOFMAITIE, WHRHAD GMRS i
TED—FENYF— R AT bV UHRS & 4Hz & D
EVARBESTIIZIERECEDR, Hz &0 HE
WHEBTRBEFRELEZTCLERLTWVS,

i EEER AT H DM - B ENCDWT, AR LY
AV HOHIEZER3-2ICRT. HROHETE N
MERFEERH CHREMBT ZHNICE R
TBC LIizole N, KETIEKEFR -FE L
KEEREBICHEEOTERICEDINTELNS,
REMED LA HBE O LR EBIRIC, KT
B SHET HHAENRA I TV S,
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U.S. Nuclear Regulatory Com-
mission: Regulatory Guide 1.165
U.S. Nuclear Regulatory Commis-
sion: Regulatory Guide 1.208

FRITF

2006 £

1997 £ 2007 £

Rt M

WOk S1 B KU S2 MELET 4
MK ERBEEE5 25 & TR
ENBHMBE RETHMEB) * ek
D81 & S2DEEFHEHEHRA

MW ek D B % (Regulatory Guide
1.160) - i fiz L HEHFE (OBE) - %42
{F1- #1158 (SSE) M Regl.165 Con-
trolling Earthquakes

Rl A E D

HEMEESs BT LICER
ZRELUTCHRET 2HET BR
ZRIER I HIE T B HUET)

site specific performance-based GMRS
(U0 FEFICEFRME N2 EREH
ART PV) o=k — F AR
7 MIVICREHRBDF 2R U5 C
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R R R E
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%o (2) BESEHIEE 2V TR BEE A
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HuEE N — PRI 2 R AR A I IS A
LTWw3,

AT 51
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W3,

1997 EDIRE, HEOEFIHER
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TlE 1990 E D S MET B IHD TV B D (f
RENICE T B as - HEAGRFE
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ERBENTOVAEY,

e IABA T 2BRMEDHEL NIVERELT

Rz TlkELHs,

o IAEA DB OLKR— h T, YR
EEMAICE D AATRMERFTOEZ K
ZRLTWS, fIRNEHRVWE DD, HIE
PSA T -7 AU H OHMNZRICED
%, JIAEA @ Safety Standard & L TERE X
nase, MAEE Fcag—av) iKidE
BNHBZENTHEING, Xz, URY

W5, INBAEOHMBEIHEIREERD
o, RIEFEFRINEHEH L TO0.1G
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