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Comparative Study on Evaluation of Inelastic Energy Absorption

Capacity for Seismic Fragility Analysis of Structures
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ABSTRACT

This paper introduces the technologies related to seismic resistance assessment of nuclear power plant
structures by seismic fragility analysis(SFA). The inelastic energy absorption factor is considered in SFA
to represent the effects due to the nonlinear behavior of structures and has a significant effect on the
seismic fragility that is a probability of failure of structures by earthquake. Several practical methods to
evaluate the inelastic energy absorption capacity of structures are investigated. The capacities determined
by those methods are compared with each other. And an improved method that uses the inelastic
demand capacity diagram is presented. Conclusively, some comments on each method for practical

application are made.

1. 4 &

AR, dAHLALE v RT dFE AL Y FEQ] A g AL @44 A
ol 7123t ErREI ok =3, ol FYH AFdAME Hu FAF AMHE UFES
237 93t dAGANN drHoz FEF RS A(conservatism)S E3HE Hol ApAolc)
a8y, 3 olFd AXNHE FREY A% Hrl(seismic performance evaluation)s= A A 9tE &
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U978 AFHez doar

A8 dHie &3 4F FRE L AHEY WA FHrte AZHFE=EA(seismic fragility
analysis: SFA) ¥+ CDFM(conservative deterministic failure margin) ¥g-& o] &3l g }[1]. o]
SFAet CDFMo A iy} FZE] vHdY ALz A3 WA Frie HagdAviAZTTTE
(inelastic energy absorption capacity)[2],[3]2.2 A2 Ft}. o]l¢t #BA3to], Gergeley[d]l= w2 Zion
44 FxE AH8¥ SFA 7Y & UAUS] HESFI, 7E2EY HGAATA 4% JF Yot
He 2o #Fo)n, d4Hoz N HaHdol ASS AHE v gt

o] ATE AAZA AW Eobo AFd HE3}n de ¥ /A HEdAdAEFFTH 2A
1&g M2 vlasta, o9 AW tietq =ostn Yo &, H I AFTEEY EobellA
F2 o] g31 Je THEHE Y Y(capacity spectrum method) E2 27HI TH FRHEAE
o] &3 Wylo A& slsAdd U AL AAE

2. @A IAETEH 371 By

SFA¢t CDFMdA = 7289 AT 4FE v 8AES IAA S (safety factor)e] ¥
B2 YeElR F, o5 F& FHozN AAd XY B4APY FARE Yoo ojd, 1)
€ 98 2972 HEFAVUAEFTHL FE2EY AFol BAUAE HolA S =
29 g7tA] 5T F Ude A2d9 F YA FFeHE v

A7 ALE o2 ZHA ¥ AFRAIFL, o)A AP Ed(bilinear stiffness system)E ZF
TFEALEEE S7/HIEANER o #A3H, o] TrHAAYe] HUYge 2 do gHANF
(secant frequency)E= A(1)Z2 A4rg@d.

fs=f."ﬂ#u)_ (1)

o71M, s: oA x Ao 1X48 P13 234 Y Fhe] 74 v (stiffness ratio)
£ ¥ 9 A & (displacement ductility)
£ £ 44 A EF S(secant frequency) B ¥4 - F 2 (elastic frequency)

4 1

of $ANYTFERALYY HUAY, 5, HBHAIAESAS, FE o8] g Hoz
BT & AT

5. = F.Salf., Be) 1))

(27f.)°

A71M, Salfe,B)E T/HEASEEHUERY JMEET, f,9% L5 S/HIBANLHAY 1/HIFF

st Srhzavlolt.
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of HigAUAFFATe Hrte FREC FFEPd =¥d oo A2k AN E(system
ductility)& T3t RoZ ARgS ¢ £ Jo. au, o] AFE vEAdquAFsEH A
WRlol B3 AT7EA Al2dAdd R AR g 29 Jied Ay §4, F
ol HAZF AAE6] o8 FAE AT std, T FELAGLHLY A2d AA®
T % 48414 6.89] HHA Yt Rez HrHHJG.

M YIS SHG2AEAR LY

Riddell-Newmark®¥ (R-N¥)o.2 EgEt o] @3 & gl Newmark B84 $g =g 7}
47 4*(deamplification factor), ¢,9 GF[5]& H]RANUAFZFASE FoJrt. o] wye Hgs)
H BAAAA2AER ] 7 ZFEFNER ANE A5 %S ol 88lY F.E 08 HoZ FH

=L

A7IM, pE FREY ALHAMEOL, porE TZLAY EAN SHAMEH Py ot
2 AAE = otk

%719 §E5EA WP =9 Hseismic probabilistic risk assessment)o)) A F2 AH8E RNYHE
AHEE7) B @ W oA R AR E HRSFHR dEF = QU &, o] Wye TREo] ¥
$4E9 19T F vetvde 249 Aty B Folel ge 548 mEsA ¥ v
obus}, vy ol H E(hysteresis)o] Y FYE WP g

() BRA=HEeYPY

Yt 2~ ¥ E 2 Y (spectral averaging method) R-NYHe| ¢kd& 7§43t7] $38o Kennedy[5] 5 o°]
A FHolrt. o] WYL FEREo] HuUPYo] TEHI Ao AP LHNo|Fo) NEHE B
el FaEe A= ZAA FAHE B 988 @ F A7 (average reduced stiffness)Th
¥ 7% 717 2] (average increased damping)® EE 3 5719] Ay Z AL ojg3r,

o] F7HAARY FEAEF, L FERAHY, s.& vAYELERo|Z JRAESS HFY
HE duiste Rz g7 o] Aadr

r={a-a+a(L)}-s 4a)

ﬂe—(;’%)z- (B+ By | @b)
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A=Cp- (1—%) < 0.8 (4c)
Bu=Cn: (l’ffi) (4c)

A71M, fob e A4 @2 nRAFSFS FHHolu, gyE WA o] (pinched
hysteretic damping)olth. £, Cr9t Cy2 &% JFF9 o5 ojFAHd ¢ JFE A3t
7] A% AF2ZA BAY Fxd wet d¥¥ez dHJdd.

o] Al AP L AUAI A=} FERY(6)S ol &3 US Hoez AXNY + U

. Sal£, B)

6m=ﬂ' 6y= (27092

)
nebA, H@2)F HAG)E TA A7, Mg AFEATE dE HO)e2 g8

r=sl ) (51 5) ®

o] WYL HFFe ojFGhift)yzt o] ¥ (hysteretic
damping)?] 93-& L= R-NYd H3y AHd W Fo, Fy, F
Yolat & 4 glth

(3) FAER-NY

FERNYL FBF Y-28 T 71279 Awes
o A&Aztel WE FFL VIE & AES RNYS )

HE Yol o THE olHYN2EE S va
HNsgoz WEBY F, o W SAYREIR $AF :
gugozyy uYdIANEFASE ARET o ¥ [FurtrCo®iy |
48 29 191 2el, % AEFIAL ARIE ASE 7
B F S AR Muse ARAY L IDE AR
4% MPAAUATEAFE 2H T o) FAo) a g
20 A+E oe 42 ogsd A,

Fp=Crl (g, +Dp' —q,]" (72)
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Fa=[(g,+¢' —q]" (7b)

SaliB .«
—u

Pea (7c)

Fu=

e, Fy Fo R Fut 22t $EZZ32, AEEZE7, 2ATR 48 AU FRAS
NI, aus a0 R 7 7E 2UEPS FEFIUL AT w2} BAHE A5l CpE T
SENFTRH SENLTRY FADFS(ouckle frequency)o] W} FHHE BAAFO|T E,
pE OJHYEYY FRE FYu|(postyield slope)l W FFS WYY FHAYEZA thg 4
oz F@d.

=05+ (u—l)é};@ﬂ 8a)
R=1+s(p—1) (8b)
(4) EPRIY

vl=el @8 AT AR Qe P JE2HEA YT FARNEY F sixlo|d}. o]
Age olg F 7hA WwHez 7& Ao FFe HGHAUAZFTAFE ALY g FHI
I Qo olW, R ARNYHLZ 44 =99 Wi T, HE2HEPHL AR ZdEHE 9

EdE SR HEIAE ZAE, old di@ v AFFATY AL S AXG Yot
gadrdo] distd FE dFe Adule 00 H=2Z, A s=0& didstd AT,
fE BRI, oJ& 9A A AP, g IAZTFATE g dojin

£,

(é)z{ Salf, B ] )

fs SA(fe, Be)

o] AN F U] FAFE HMEHANUAZIFATE AHEE AL FH3 JdE ALz
ol o], 5 7kx WyeR T3 A g F Ao)rt flov, Wy $49& slEy) FEoe
AA7F WEHY 982 A4 & Uk 21i8 2, EPRIYE FF2¥eEdYT vasty 34 7
Add wRolga &% 5 gioh

G g TsEY

:(o

ERNYE A8, ojue] WHEL MPHANAAE 5719 S22 WHE F, o
go9EYe] HEES ogstel FzE AWAYE d3sn A Y, Choprash
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Goel[8]°] %3l uiel o], Hl@Ad Al 2] ¥ ¥ (peak deformation)S VH2HEHE o] &3
F& AL, d3 e wEHME Fsas, FRE AgAEsHE dART d4 gy
7t & & gl ol tiEte nEL ¥ Aade] §F SAE MEEe WE HAR XET
878 E(demand diagram)$} 52 E(capacity diagram)E o] 43l wigtdAawle AQAR S 4A
&g 4 Y& YHE AN,

@3] EPRI X AoA o]§dt Qe HBAAUAFFFTHAT 2R LHE AG)AM e 2ol
TZEY HQAYE S BH2YEY ZA% A AUFJEE dAgEs & AHRE UE T F AU
th ole] tidly of AFoAe FREY HAAWUEE AF3Y] Astd vgdSHLHERY 8 F
% & T (demand-capacity diagram)& o]-& 3} wWHeh-g& R AEEY o).

Chopras} Goele] A-Follxe} Zo], v SHGAHEYA Fiete 728 HQAFe ¥5
74 =7k 2 Al 4= (yield strength reduction factor)& o]t t}& Aoz A @S]

2
bn=n 3 (7))~ Sal£ D (10)

y

A71M, R FEZEZLAFTIZ, pe A29Y AdET. T @Y SI2HEY s}
T HEESHAHEY Adduy, dYd = =9 "o FxES HUEFL H310)
€ ol §3td FEA d5F + Ao

ANHY=E 7E2E0 FId =28 H9 AReFFEE 73
Yol =g W A4z dsiA HFridoh wetA, H6)E o
o RAY3td, vgAAUAFFATE G5 Zo] EEEH.
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3. 8w {7}

olgeld molg 4ATZEY NSHAUANELEHL 2 YUY ARYE PEHD,
Mol AESE NEdaTrade 48 548 HAsy] A 2 BHEL ol g AN
A HagAIAEFASE NTART o) MnE Astd MAE BHAHEYL Newmark-Halld
swztalol U@ FARE% A E) Bl

AARNA, BAY AW/N2E Y%A ANY, RS dESNe oy 287 You, of AT
Me %4 7148 B $Ese v2E 98] Newmark-Hallel @agx 2o g R,e AN
2[8le ol &3tk

9, 4718 2 $HEY S9Bgd) 27HE A2de) FEPH g gyaAede e
th4- 2 2 (logarithmic interpolation)& o] §3to] A AT &, vz Fely T A pa@e 2
A TA Aol Y= BATMe 2WEANEEE GE Hoz AyEo
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B
In
S(f, B) = S(£,B) + [ S(£,8) — S(#, Bl)]‘l—) A71M, B<B<A (12)

(5)

AN, S(f B FaaA de 2HEY ZAFHIL, S(£4)H S(fE)E "lE F4E F 7
A%, AT B A 2HERIZHE ofr @

4. E°l 2 AL

of A7 Fa BA AFE AAFLHAY WIYS BAE fstd AEHE MNBHAUAE
59 42 A9 AMold @ F Utk oY LEAME olst BAW A7 AYHYTH FF
Q7YY thated Mg om, Fo W e ol 2oFY & Uk

o Y™ FxEY HG MMX]% T dE g A% V& F2 o) &HE WHPAME W

289 HANARY L Foe AA BHSHEHL olgdtez, dART MYFHLE FH&
Bt & Ao WA, Bn feHez FxE HEPANUAZFTHE G587 AHlA
T TEE HEN AYTHE FYSA dF3E Aol AYHojok g

o o] AFNME MFA ANEHE HBP_TEHYE 27033, ol HE JHsgdel] s A
Btk o] W 2vt A vgNd e dFE 5+ glenz v FeHez FxE
N EFTHE J7HE & J& Aoz 7]EH€\:}

o o] @FAXNE AR TEEY HARANYAEFTHY YIE f5tq 2793} Fo Yoy
AL HEste Tyd dstd Adxez -’-:7H6P-T’- qew], FF AA AA7E T A4
JAEHE Tt o] Y AP FAstnA et

o A7 o] &3t WHEL FE FZEY ¥YF AANEEY FAE ol &F Yoy @
T Ao, A & HAIA Y} FEEo FFE A9 BAE AHPHor 1Y F
Ae ANE By ige] 27En
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AN 2

A 4L o) 79 AP HA B 7€ AL @ FA FFZAYNEFHIA
AgrledT 2 &2 HAHA FA=EY
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