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‘ — 1. WZ [ E E7}(Seismic Margin Assessment, SMA)

- Deterministic approach

— 2. B EEH X| Tl QtH/d "IH(Seismic Probabilistic Risk Assessment, SPRA)
- Probabilistic approach

Step 1. X| &l X{ S = 244 (Seismic Hazard Analysis)

Step 2. == W 7[7]|2] X| T F = H7t (Component Fragility Evaluation)

Step 3. Al Sl At AR 24 (Plant System and Accident-sequence analysis)

Step 4. Z1} &4 (Consequence Analysis)
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S K|T O £ HA HE U A7 W 4y
X| &l F ke &M Seismic Fragility Analysis (Approximate Second Moment Procedure)
e

EH= Fragility Parameters (Random Variable - Factor of Safety)

A = FAqqr (A: Actual ground motion acceleration capacity)

SSE: Safe shutdown Earthquake
Actual seismic capacity of element
F=

Actual response due to SSE

Actual seismic capacity of element Design response due to SSE
F= ; X
Design response due to SSE Actual response due to SSE

Capacity Factor (Fc) X

Structural Response Factor (Fgg)

For structures, = FqF, Fsp

J‘\‘

Strength Factor elastic Energy Absorption Factor

Structural Response Factor
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T+Z =9 X| %l F k& B Fragility Parameters (Random Variable - Factor of Safety)
A = FAqgqr (A: Actual ground motion acceleration capacity)

For structures, F = FgF, Fsp

_— N\

Strength Factor Inelastic Energy Absorption Factor Structural Response Factor
(Capacity variable) (Capacity variable) (Demand variable)
The ratio of ultimate strength Structures or equipments are capable Fop = FsaFemiFsFyFycFecFssy
to the stress calculated for Agge of absorbing substantial amounts of F., = Spectral shape

energy beyond vyield w/o loss-of-

] F~\,, = Ground motion incoherence
function. GMI

- : : — Fs = Damping
From Median(F,,) and logarithmic standard deviations(5,, 5,)

Fy = Modeling assumptions

1 An=0s879
Bz =025
Bu=035

« Fragility  curves
and HCLPF can be Fyc = Mode combination

0.8

06

generated.

05

Fec = Earthquake component combination

04

Fgs, = Soil-structure interaction

02
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0 02 r 04 086 0g o087 1 12 13114
HCLPF

CONDITIONAL PROBABILITY OF FAILURE

03 PEAK GROUND ACCELERATION (g)
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T+Z =9 X| %l F k& B Fragility Parameters (Random Variable - Factor of Safety)
A = FAqgqr (A: Actual ground motion acceleration capacity)

Forstructures,  F = FgF), Fgp

1
Fragility analysis
(Fragility curve / HCLPF)

Methodology —

| - Approximate second moment procedure
- Second moment procedure
- Monte Carlo simulation

— Variables
——  Structures
- Strength Structure failure mode
- Inelastic energy absorption ——— - Loss of function
- Structure response ——— - Ultimate strength RC Shear wall strength
- shear strength equation
- test data
Methodology
- Effective damping / Effective Frequency Method
- Effective Riddell-Newmark Method Earthquake characteristics
- Near-Fault Earthquake
- High Frequency Earthquake
- Short Strong motion duration




Strength Reduction Factor (R)
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METHOD II
Effective Riddell-Newmark

‘— METHOD I

Effective Frequency / Effective Damping
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METHOD I: Effective Frequency / Effective Damping Method

Spectral Acceleration

Spectral Deformation

S7to| B ZHd (secant stiffness) &

HIEHY TR S0 OfLfX] MM SUSH S710| M 248 RE B TEER KB

— CSM(Capacity Spectrum Method) 21} S
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METHOD I1: Effective Riddell-Newmark Method
(R-u-T relation)

Riddell-Newmark(1979) — 10 earthquake ground motions recorded on rock and alluvium sites.

Elghadamsi and Mohraz(1987) — considered the effect of soil conditions. This study concluded

that deamplification factors are not significantly influenced by soil conditions.

Nassar and Krawinkler(1991) — the epicentral distance, yield level, strain hardening and the type

of inelastic material behavior was examined. The study concluded that epicentral distance and

stiffness degradation have a negligible influence on strength reduction factors.

Miranda(1993) — ground motions were classified into three groups. (rock, alluvium, soft soil)
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METHOD II: Effective Riddell-Newmark Method o) E— ]
0 z
R
Riddell-Newmark(1979) -R , = f(w, T80 | |
Fy i .”
b :
0<T<0.0303s R, = 1 u U, U T u
1 1.625log[(pau—qa)~"%]
0.0303 <T < 01255 R, = (pay - qa)raIB_T]
0125<T<T, R, = (pap — qa)"e Ry
R T ( % 8.0 (@) RIDDELL & NEWMARK
T{<T<T = — (pvu — qv)™» !
1 1 : Tl 6.0 Equal maximum displ. principle
T, <T<T; Ry = (pvu —qu)' | = /
T 4.0] !J«=§
/ R, = — p=
T, <T<T, L Tpu 20 w=2
T N
T, <T <10.0s R# = » [,t_rd Equal energy absorption principle
d 0.0 ~—— : —
0.0 1.0 2.0 3.0

PERIOD [sec) 10
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METHOD I1: Effective Riddell-Newmark Method

Failure mode: Loss of function

EPRI Effective Riddell-Newmark(1994) - F, = f(u,T,8, strong motion dur., yield stiffness ratio)

0<T<0.0303s
0.0303 <T < 0.125s

0125 <T <TJ

<T<T,
<T<T,
<T<T,

<T<10.0s

/|

0R

)

A

F,

_Salf,B) . (3w
wa = ———— Il

pga
1 1.625log[(pau—qa)~"]

8T

Fus = (pap’ — qa)’e (b4 55 F9)

Ru==(pau-an¥[

T
Fua = (pvu’ — qv)T>
1

($E 5= g9)
Fuo = (pop’ — qv)">
R, = T,_ . E, = maX(FHZ,min(Fw,FM))
Topgt ™"
R =
U I—rd
Pakt Cp=06~1.0
7 ™ 11

Long strong motion duration Short strong motion duration
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METHOD II: Effective Riddell-Newmark Method (21X

o2 A X[ Tof o

7 &8 d2l 12’8 7P85= Metho

2016.9. 12 ZAFE X|Z - €M 9™ (27km) A2 X
2017.11.15 =8 X| T - ¥

HSM 7K 7bnz2 288

=8 x| =M
7254
(2017.11.15)

EEE)

2% 23
258
(2016.9.12)

D 2 A} *UALEI AR RRRIAS0IA YA 814 EE
=2 "\|= YAKS Rito] Y A 30 i, A0 5 blAES
AEHo= ofRia| fist YAA 436 52 7%

Tlo| S Frtofl Meotx| o

HH BX| 2H2| X|Z! (Near-Fault Earthquake) ‘&l 7

- Pulse type(velocity) ground motion
- High frequency earthquake (¥ 7-2HEtX|Eh

- Short strong motion duration (less than 6 sec)



Chi-Chi Earthquake ground motion data

KAERI TR-2745(2004)- 27{2| X| Zlof| CH$t

24.478 Chi-Chi Earthquake
=
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Velocity history of three earthquake records

vel(mm/s) Harmonic type ground motion ~ Chi-Chi(1999) - 101.24km

80
40
0
-40
-80

20

-20

150

50

-50

-150

Long strong motion duration (14.02 sec)
Low-frequency earthquake

Pulse type ground motion Gyeongju(2016) - 22km
Short strong motion duration (1.6 sec)
High-frequency earthquake

60
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Pohang(2017) — 8.1km
Pulse type ground motion
Short strong motion duration (1.6 sec)
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Method 11(Effective Riddell-Newmark Method) : 22| X|Zl ST ®80 ¢ H

Near-fault EQ (Gyeongju)

Far-fault EQ (Montenegro)

- vel(mm/s)

15

time (s)

Energy  1cycle LHOIN 2EE oLix] E4
ZEE/P._/———/—’_"__ E, (Input E)
- E,, (Hysteretic Energy)
> time

[ vel(mm/s)

Energy 02| cycle®f]l 2K LXE of|X| &3
10000 75% /H EI (Input E)
4000 MNVJJV\A .
m 5% W E, (Hysteretic Energy)

a0

\A~a~

Hysteresis curve
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R-p-T Relationship
Ground motion database (30)

Near-fault ground motions (15)

Far-fault ground motions (15)

No. Year Earthquake M Station Rjb(km) No. Year Earthquake M Station Rjb(km)
1 1989 Loma Prieta 6.93 Gilroy Array #1 2.8 1 1971 San Fernando 6.61 Cedar Springs 89.72
. 2 ...... 1971 ..... Sa n Femando ..... 661 .......... paco|ma D am ............. 0 ......... 2 ...... 1937 ..... Whlmer Na r rows ..... 5 99 ..... LAWondeﬂandAve ....... 234 .

. 3 ...... 1978 ......... Tabas ......... 735 .............. Tabas e 1 79 ....... 3 ...... 1939 ...... Loma pr,eta ...... 593 ........... P OmtBomta ............ 8 337 .

. 4 ...... 1992 ........ Lander s ........ 7 28 ............ Luceme .............. & ....... é ...... 1999 ........ Ch|Ch, ........ 762 ............. M ............. 10124 "

. 5 ...... 1999 ........ Kocae“ ........ 751 .............. Gebze ............... j ....... 5 ...... 1999 ....... c h,ch,OZ ........ 5 9 ............. m .............. M .

. § ...... 1999 ........ Kocae“ ........ 7 51 ............... | Zm,t ............... u ....... 5 ...... 1937 ..... wmtt,er Na r rows ..... 5 27 ..... LAwonderlandAve ....... 2 504 .

. 7 ...... 1939 ...... Loma Pneta ...... 693 ............ LOSGatOS ............. 3 22 ....... Z ...... 1999 e Hector Mme ..... 713 ...... LAanﬂthParkObs ...... 18592 "

. § ...... 2000 ........ TOtton ........ 5 51 ............ o KYH07 e LB ...... § ...... 2004 ........ l.\ii.i‘.z.a.t.a; ........ 5 53 ............ -|- CGH14 ............. 10037 "

. 9 ...... 2000 ........ TOtton ......... 661 ............ siMNH 10 ............. 1558 ...... 9 ...... 1979 ..... Montenegro ...... 5 9 ............. U Croat,a ............... 105 .....

. 10 ..... 2004 ...... parkf|e|d02 ........ 6 ....... P arkf|e|d - Turkey ﬂat ...... 466 ...... 1_ ..... 1979 e M Ontenegro ...... 69 e Tlt .o. rad ............... i .....

. 11 ..... 1975 ......... |:r, u“ .......... 5 3 ............ Tarcent .o. ............... 8 ........ 11 ..... 1979 e M ontenegro ...... 5 8 e T—g_,t ograd ............... 50 .....

. 12 ..... 1977 .......... : .r.i u“ .......... 5 4 ....... Somp|ago Centrale .......... 9 ........ 12 ..... 1990 ......... Gnva .......... 6 1 ...... Ver|acu|tura| Center ........ 51 .....

. E ..... 1979 e M ontenegro ...... @ ...... U |C, mHote| A|batr05 ........ _1 ....... 13 ..... 1993 ..... ; .e.a , c oastof .F;".a.t r.a ...... 5 2 e KypamSI a OTE b|dg ........ 27 .....

. 14 ..... 1979 e Montenegro ...... 5 1 ...... UlchHOtEI A|batros ......... 8 ........ 14 ..... 1995 e m ......... 6 5 ...... Ver,aCu|tura| Center ........ 60 .....

. 15 ..... 2015 ....... Gyeongju ........ 53 ............... DKJ ................. 22 ....... & ..... 1997 ....... Strofades ........ @ ........ K orom TOW n .h.a.l.l. e @ e
(552 = M: 23T K| T) (FFT: 10Hz 1)
2= 4% X A[Zt 62 O] 2] X[ T) (Duration{Arias Intensity 5%~75%} > 6sec) 16

HE AT e| MBI E 760m/s O &
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R-p-T Relationship

12 | Nassar and Krawinkler(1991)

K TEE D2{5IX| %2 A 2 A
10 1) Pulse type of ground motion
. : TR-103959, KEPIC T+&5HX| & &
R ¢ 2) Frequency component
: TR-103959, KEPIC T+&5HX| & &
a4
3) Strong motion duration
2
: TR-103959, C, factor
0 |
0 0.5 1 15 2 25 3 3.5 4
Period (sec) F,u =14+ CD(F’/J — 1)

Cp =0.6~1.0

17
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R-p-T Relationship

Near-Fault EQ < Far-Fault EQ

High Freq. EQ < Low Freq. EQ

- Inelastic Behavior
- Energy Dissipation

- Elastic Behavior
- Resonant Frequency

F F
L ) Fofrmmm
R=Fy/F, | S (resonant freq.)R,
(far faéjlt),u1 (near fault)u, (non'resonant freq.)R,
Fixed F-- # ——— T : Fixed F|--- f---f---- LR 1'
Ko i Ko i E
' — u ' : > U
Uy Up  Uma Um,2 Uy Ugs Ugp U
- St &8 B fAEE 7P (Fixed F) B A= 7P
- 22| X| %! 1cycle Energy demand 1 _JERE 19 =7|9F S AFSH X| Rl HHAIEIH
- Ductility demand (x) 1 Etd He| 1
(&Y ROl LSO & 2 ductility demand (u)) -H[MY 7 E0| YT FF I TES
- Z2 ductility demandof| CH3+0d ST AL 2ol sl e FHRM
N R TN S 4H A% R 57
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R-p-T Relationship

Far-fault
Near-fault

0 0.1 02 03 04 05 06 07 08 09

7| (sec)

HIEHd oluX] SxAH
O = N WM U N ®WO

-
o

01 02 03 04 05 06 0.7 08 09

F7| (seq)

Near-fault, High-Freq, Short duration EQ — ?

HIEHY olH X A%
©C = N W & U1 O N © ©

-
o

Short duration

0.1 02 03 04 05 06 0.7 08 09 1

F7| (seq)
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R-p-T Relationship

Near-fault EQ vs Far-fault EQ

Nassar and Krawinkler(1991) :
~=--~_ | epicentral-distance has negligible influence

Strong motion duration
Far-fault 4

R > EQ Frequency component
4
3
2 Strong motion duration
. Near-fault <
0 N SRS N S (R SN N N B EQ Frequency component

0 0.2 0.4 0.6 0.8 1 1.2 14 1.6 1.8 2
Period (sec)

1) 22| X|ZI2| R factor= H 2| X|ZI0f H|5| HEIH O 2 [FASIAHLY =7 52 B
2) =HeE| X|ZEI2 strong motion durationd| 2} dominant pulse 2] YE} H2
T X|FA|2Hof| et HIEHE o X] S A2 M2t A 2| X[ o Hlsl A
LIEH 40 2 of & ”
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A2 X|Zlo| ZHE! X| % A|ZH(Strong ground motion duration)2] &g
Near fault & Long dur. Near fault & Short dur.

GroundMotlon 97 GroundMotuon = 107

0.2 0.2
——?M,Ww»—u——

%WW

acc. (g)
acc. (g)

—0.2

o
oM

25 30 15 20 25 30
200 v — 7 < 100 —7v
) \ w 1\
= /\ \ £ i |t
£ o ~ J \V\/W'W-\/M—uv £ 0 ~.,1l! I{"Wt\/" N U I — g
% e i / o I
I} © '
> S o _7 > 1 ,
200 : = : . 100 — : : . : .
0 5 10 15 20 25 30 0 5 10 15 20 25 30

GroundMotlon - 19 GroundMotion = 176

-
o
-

C C
. 0 ’
g g &
.1 01 I L " L L
30 0 5 10 15 20 25 30
2000 == 20 N
0 .~ A @ !
E ' / \ e | Ik
E Of————p ‘\WJM/NW'M e £ o «——WJ 'W.W"\J'\WW'W/‘* -
- \ / = 1
[5] I
7 2000 A > 6 Lo i i ! |
0 5 10 15 20 25 30 0 5 10 15 20 25 30
GroundMotlon 7 GroundMotion = 116
1 T T 0.1 1 T T T
G G
o ~—-~W“ Wl\w\\‘hﬂrwwnwwww i
© (0]
-1 01 L L " L L
0 5 10 15 20 25 30 0 5 10 15 20 25 30
1000 = T T T 50 —7
7 / Ty 1,0\
E I"ﬁ E ] \
= O u./‘\f\/\,\‘f'/\ | }\,.‘ J \,\ﬁ / W s E ot \'PVNV“W’W\/MW
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Relationship

(Strong ground motion duration)2] &

Near-fault Earthquake
Short dur. ( < 6sec)

Long dur. ( > 6 sec)
F,=1+Cy(F',—1)

Cp = 0.6~ 1.0

Far-fault Earthquake
Short dur. ( < 6sec)

Period (sec)

0.5 1 15 2
Period (sec)

22
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R-p-T Relationship

AL = S
As4 Mo A
Near-fault EQ. Far-fault EQ.
10 10 LA\
. Low-Freq. E : N P

® r High-Freq. EQ. q.EQ o r High-Freq. EQ / Y R

8 r ~ N~ ,‘- ~ / _______ 8 B / ] : // /

[ (NI , R -R Se -~ -
7 7L ' A\ n=8
I
R 6 R6 | ATES Low-Freq. EQ
’ -
5 5 ,, ) ’—‘\~\\ P -
4 a oy NG -7 K=
77 T -"

3 37 Iv ~ l/

2 2 _,/ ,ﬁs /_. 7 /’ - - =TSl _B: -
1 1 #77

0 1 1 1 1 1 1 1 1 1 ] 0 1 1 1 1 1 1 1 1 1 ]

0 02 04 06 08 1 12 14 16 18 2 0 02 04 06 08 1 12 14 16 18 2
Period (sec) Period (sec)

OflM= DTS+ XTL RYUO| 2 B (BHE =22 ST SE)

C
of st 8 FE2 resonant cycleO] B2+ F7I5IER)

23
Near-fault # of cycle: 1~2 / Far-fault # of cycle: over 4~
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