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The uncertainties in both the SSC and the GMC should be carefully
considered in PSHA. This study investgates and analyzes the two local
database associated with the SSC and the GMC. The effects of
de-clustering on the probability models in PSHA are key points on
analyzing the local earthquake catalog. According to the results of K-S
test, the de-clustering is obviously helpful in accepting the assumption
of stationary Poisson process on the mainshock time series. On the
basis of chi-square test, the truncated normal distribution is more
reasonable than the uniform distribution in describing the distribution of
focal depth. Through the error analysis of K functions the epicenters
of mainshocks only is distributed uniformly in seismic zones. The
unbiasedness of GMPE on PSHA is the key point on analyzing the local
strong-motion data. As a result, the adjusted 114 underestimates the
PSA at all periods, and then will underestimate the results of PSHA.
The adjusted 114 underestimates the standard deviation of GMPE at all
periods except 7.5-sec period, and then will underestimate the hazard at
large PSA, but will overestimate the hazard at small PSA.

Seismic margin assessment (SMA) and seismic probabilistic risk
assessment (SPRA) are the two NPP seismic assessment methods
recommended by the US Nuclear Regulatory Commission (USNRC) in
the document NUREG-1407. In the SPRA method, seismic fragility
analysis (FA) for critical NPP components or systems has to be
conducted first in order to obtain complete seismic fragility curves for

these components. On the other hand, in the SMA method, the HCLPF

(high confidence and low probability failure) capacity of a component is

computed deterministically according to the CDFM (Conservative
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Deterministic Failure Margin) method, and the component is said to
have sufficient seismic margin as long as the computed HCLPF capacity
exceeds the seismic demand of the review level earthquake (RLE).
Since the CDFM calculation is the core of the SMA, the methodology
and key formulas of the CDFM are first reviewed in this report. Then,
the seismic assessment of the shear-walls given in the technical report of
EPRI NP-6041-SLR1 and TPC NPP-1 are used as the examples to
explain the methodology of the CDFM. Finally, the computed HCLPF
capacities of the shear-walls are compared with the HCLPF value
predicted by the FA analysis using the values suggested in EPRI Report
3002000709 for the uncertainty parameters.

In the present study, the three-dimensional Navier-Stokes equation
for turbulent flows (or Reynolds equations with k-e turbulence model) is
applied to study the Tsunami propagation induced by large-scale
avalanches under seawater and the corresponding threat to the first and
second nuclear power plants in Taiwan, with the focus of the
appropriateness of +6m of the tsunami water level in the design criterion.
The avalanches are considered continuous materials with large
deformation, specifically they are considered shear-thickening and
anti-thixotropic rheological fluids. Two configurations of the onset of
avalanches under seawater are proposed: (a) the avalanche material is
placed on an inclined surface under seawater, (b) part of an inclined
surface is removed, whose volume is filled by the avalanche material.
The local and global wave propagations for these two configurations
have been conducted.

In this research, a two-dimensional shallow water equations model
and a three-dimensional coupling model were used to simulate the

tsunami induced by the rupture of the trench. The tsunami scenario is
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designed by which can cause the runup height up to the design value
plus 6 meters for the Maanshan nuclear power plant in Taiwan. The
inundation area and hydrodynamic loads on the tsunami wall which will
be installed shortly are calculated. To generate a larger earthquake
magnitude in the simulation, the slip increases with other parameters
remain the same. The effect of the friction coefficient on the calculation
of the anti-tsunami wall was studied under the same earthquake. The
results of the force analysis show that the coefficient of friction has a
significant effect on the tsunami waves in the nearshore region. The
coefficient of friction not only affects the magnitude of the tsunami
wave force but also the occurrence time of the maximum force.

This study reviewed the related literatures particularly specified in
ASCE 7-16 and FEMA P646 regarding the loads and the combinations
that should be properly considered when designing tsunami walls. Great
East Japan Earthquake investigation reports were also studied and
compared; specifically focusing on the design guideline of tsunami wall.

The conclusions are as follows: (1) The stress-deformation
behavior of avalanche material in real circumstances can more
appropriately by accounted for if the material is considered a rheological
fluid. (2) The process of real avalanche under seawater can more
appropriately be taken into account in the numerical simulations, if the
avalanche material is placed on the cavity of an inclined surface under
seawater. (3) In the context of energy equivalence and for the first and
second nuclear power plants, the wave heights and speeds of the
tsunamis induced by larger-scale underwater avalanches are
significantly larger than those obtained by considering avalanches as
rigid bodies. (4) Increasing the volumes of avalanches tends to enhance

the wave heights and speeds of the tsunami waves. (5) Based on the
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present study, the wave heights and speeds of the tsunami waves
induced by underwater avalanches are comparable with those resulted
from underwater earthquakes. (6) The inundation area can be used as
an indicatorto identify a scenario that satisfies a specified requirement.
(7) The effect of sampling rate on the computed hydrodynamic loads
should be considered. In this study, the sampling rate should be greater
than or equal to 0.5 Hz. (8) The runup height equal to 18.53 m is
observed in the scenario (Mw = 8.59), and the energy released by the
earthquake is 3.7 times bigger than scenario-T02. (9) The scenario for
Manila trench in this study is conservative since the scenario provided
by the existing literature leads tosmaller runup heights and inundation.
(10) The analysis of the friction coefficient for the shallow water
equation module in FLOW-3D shows that the coefficient not only
changes the hydrodynamic loads on the onshore seawall but also results
in a different process. (11) Based on the analysis of the time series
tsunami wave force acting on the onshore seawall, the force computed
by a three-dimensional Navier-Stokes equations model is smaller than
the load calculated by a two-dimensional shallow water equations model
with the code FEMA P646 (2012). (12) Tsunami forces of ASCE7-16
and FEMA P646 can not ensure which specifications is more
conservative, it has to go through the entire calculations. (13) Structure
design procedure of ASCE 7-16 dose not consist of checking resistance
of sliding force, overturning force and bearing capacity; therefore, the
tsunami wall design procedure still recommends using the procedure
from “Regulatory Technology on Seismic Safety for NPP over Design
Earthquake (2016).” (14) Foundation designs and protections of ASCE
7-16 has followed “F# i 3k D iz K44 K 74 ~(2013)” about

preventing tsunami scour and erosion; however, the former has less
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detailed than the letter.

Once the OBE of an operating NPP is exceeded under earthquakes,
it is necessary to have a reasonable and comprehensive evaluation plan
to restart the operation. This project looks into the restart experiences of
Japanese and American NPPs survived from 2007 and 2011 beyond
SSE earthquakes, and compares their guidelines for restarting procedure.
Furthermore, the earthquake report of the nuclear power plant under
small or moderate earthquakes in Taiwan is evaluated, with an aim to
assess the adequacy of lumped mass models. Relevant literatures are
also collected for improving the accuracy of the computational model.
The various assumptions for the numerical parameters are also evaluated
in order to meet the requirement of accuracy when the model is
employed to predict the behavior of power plant under future seismic

events.

Key words: PSHA, Earthquake Catalog, Strong-Motion Data, GMPE,
Statistical Test, Seismic Margin Assessment, Conservative Deterministic
Failure Margin, Seismic Capacity, Fragility Curve, Seismic Fragility,
Tsunami Numerical Model, Rheological Material, Three-Dimensional
Navier-Stokes Equations for Turbulent Flows, Coupling Model,
Navier-Stokes Equations Model, Inundation Depth, Tsunami Forces,
NAPS (North Anna Power Station), KKNPP (Kashiwazaki-Kariwa
Nuclear Power Plant), OBE (Operating Basis Earthquake), SSE (Safe
Shutdown Earthquake), CAV (Cumulative Absolute Velocity),
Analytical Model, Soil-Structure Interaction, Restart
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E[N(A)] =jA/1(x)dx (1-6)
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= Cox #22 — fd > @ Cox EARFLFF 7 » PR A fEN

RS R R R T
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(4) ## % iE #2(Cluster Process) (Dixon, 2002; Yau & Loh,
2012)
HRE AL AL S BB i 47 (Agrassive Process) 0 F 49§ ?
N VIR Pf-ﬁ?%‘f'—‘ﬁ#fgﬂl ez &> 3 o ok 1-16 977 i
BB AR R TEAT 0 A RN A A A H AL B8
C,={c,C,...} » 271k p % 7 * FH Ml (parent) » £ 4 W] 1 AR
A BEC AP o RIS R AR L TRV IR E AT
BEFEEDR e L ERFEADEF o U A AR
CSR#F » #r3d K¢ ~ * CSR et
g ¥ B oeni]F 5 Neyman-Scott i 4% 0 % ARR & & 2

4y
Ei
Rl
>\.
bt
1
Ju
=3
97

" HRAFIERWI LG AN BAE L p s
3 " 2EHREZLFELE BB ECHTE G o BB EN, R
‘B iEARA T o U A EC LY o ol A RBEAEE > A
- B REIBEL G RPEETAE S K ST
—t2/407

Kt =rt? =8 (1-7)
y,

FP o p LA ERE S B EMOLE R B
S+ EHWE A 2 Foniedt > B 1-24 5 &35 Neyman-Scott i 42 47
D g% o 0(1-7)m K Sifics % CSR ehgt’ » 84 2 4 #
R HRERIPEAERE pfvo’ 7 M - 58(1-7)° - &
p—>oo > TR FEMAE L TS > Neyman-Scott i 42 f- CSR (7 K &
BARle o LM PEFHEHMI P AT REREK ke ¥ - 3 G o
F ol WIHEMAL G BT HEHYEA Y2 T e a b o

—

mFELBEES AL &d K&#E > CSR shxt?
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(5) A #x +% i #2(Hard-Core/Soft-Core Process) (Dixon, 2002)

A fc 178 42 5 = ¥ R 3 1% * iF 47 (Pairwise Interaction

Process)ei— #& > I * B2 8L FF crjp $H 18 % A) = BLIEAR o F R
I LR AET I TRNAT

f@)aﬁﬁumﬂrhmmil (1-8)

i
PP oo as - Wl RAREWORAE DY U AT BT T
BRXIIEY T oc A FPEE o Y AT EBEEEF R 50T
* o

APt ihai- ERErzp 2 ¢44 i
B PRI L BORABEEE AN T Th(x)=65- T &
FF o H P AR FETE G

o(X,X )= x> (1-9)
o s

FP X fox B E Y A By

Xi_XJHﬂ'Jm> B iz § enpE
Mo B R ST L

", Hxi —xjH >r

f(x)= (1-10)

0, Hxi—xszr
BB AR i B - ERTZ PN A2 T E T Eeh

W T RPBFRIRWE 0 X RH L Strauss #FAE

gl 25 IS DA A7 N

C(X,X )= =] (1-11)
A PR
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$b > Strauss i A2 K &0 #ic 5

yrt?, O<t<r
K(t)= 5 5 (1-11)
" —(—-y)yzr-, t>r

=0 IPEATHZHPER ? o AHPERS K
PR T R EEA ek € R CSR k Fasr > A & K
#cid it CSR M enfim » 3 & % 4o@) 1-25 #77F o
PR ORE AT RS g 119 BT 123
B2l B2 26 R 53R TR 126 477 0B RS o
TR & Z ISl LRSS B HY 5 121 £ 5 A4R
W Bl R T.65% o A S g%ﬁb%,/af%ﬁmﬁigggf% K &
B dr o T8 19 AP EIRE % e BRI
SoRBEE 95%  RBIRFARET OV UFRFREER L
HmE o P ARMFRAEY S REAR A RENOREL FREE
FHEBEAG O F LT RBEFREY AL B L R ABKRSCSR
P RBORE G AT AR FL —‘ﬁ;thr 921 4R
PR RS ERANP RSB E R R B SR
ﬁ%ﬁ%%%ﬁﬁﬁﬁi%%i%%%ﬁ@K&&ﬁiﬂ°
Bl 1-27 % 921 B A gwmis s 5 & > 7 1995/01/01 %

«:rv,

2004/12/31 (fAEF (6L &) > 9F RHS 2P PN K RA
GH e BY 2 A HE (L5 1205 &5 1215 B » 4 4 23.5
BI245RK)F 8BALAf4l BAESES - B 1-28 5 921 &
B RS £ 10 & > T 1990/01/01 3 2009/12/31 ( f§ £ 13
B) » 973 RIS U AE B TE o BP ahx A
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FHAFBI PFEFES IV FEORLZERFT K ks
170 BF L %% 0 %528 1-29 fe@] 1-30 - g hw {8+ & /&
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AL fri RARE m?ﬁf’* ;e ﬁ_i@‘ff‘%%‘?g A A0 Tk
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BT RPN ERRORAL S G A R
BBBiTr & (1995 & 7% 3 2015 6% ) - B 1-31 & &i7

L EMGRP S MR R RS BR BT &L 321

SRPCS A R B 3B 2665 ARG 554 H
B OBSITHeik 1 32 2R (1 AT 84) 4 A#LRAT BSI3
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3141 B EPHFTHRENE B
id yr mo dy hr mi N lon_c lat_c dep_c ML_c long_wu lat_wu dep_wu ML_wu Mw flag
1 1900 5 15 12 10 0 120.5 21.5 0 6.6 6.7 0
202738 1999 9 20 17 47 15.85 120.8155 23.8525 8 7.3 120.8117 23.85533 6.96 7.3 7.65 0
202739 1999 9 20 17 49 40.07 120.8298 23.97717 19.74 6.07 120.8025  23.961 7.67 6.07 6.04 202738
202740 1999 9 20 17 51 35.38 121.0398 24.0925 6.16 5.97 121.0363 24.12533 10.81 597 5.86 202738
649523 2015 6 30 23 8 12.52 120.6782 23.62867 8.55 1.56  120.659 23.60483 7.92 1.34 1.27 0
3012 # R BRSO bl
i () w4 R R M, >4 M, >5 M, >6
et 3 649523 14393 2426 264
PR (100%) (100%) (100%) (100%)
T 127179 1903 147 14
PR (19.6%) (13.2%) (6.1%) (5.3%)
4Ty T 1378 1378 282 45
PR (021%) (9.6%) (11.6%) (17.0%)
213 AR H L RZ M %I
iR 22729 22729 451555 451555 451555 451555
2 22835 22925 451582 451637 451641 451701
| (1978/12/24) | (1978/12/24) | (2009/08/17) | (2009/08/18) | (2009/08/18) | (2009/08/19)
37 | CREC435) | (REC4.50) | (REE5.69) | (RHE4.26) | (RHC5.08) | (LA 4.26)
22738
22739
22744
22769 451601
R 22796 ;gggg 451670 jgig?i 451659 451593
22882 451671
22945
22969
23056
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214 28 ERRF M TR

62

iR HR P ¥ S 79 E PR
255428 2000/05/17 5.44 #1921 & 249964(2000/02/14)
213 - 4 249419(2000/2/7) 4
202738
255636 2000/05/18 531 751 %4 B2 3 chm iEs
(1999/09/20) B 249964 2. 0 i i
AR R 2t TR AR R
(RHT.65) 257096 2000/06/10 6.45
WA 921 R
258435 2000/06/19 5.28 L RS R 5 5 e e
451581 2009/08/17 6.16
451582 2009/08/17 5.69 3R 451555 eheig AR o A
451555
ERREEYE X 5 2L
(2009/08/17) 451641 2009/08/18 5.08
AR EF AR = RIES
(R.$-6.69) ,
451692 2009/08/18 5.10 MAH TS bR R e
451767 2009/08/20 5.20
015 BB (7 UK &2 021 A RRIREER G S 222 p)
WiE30% 2 1530% A 60% 2560 % A i90% 21590 %
PR 50 49 58 57 60 59
N -4 4 3 12 11 14 13
21-6 PPt T 5 (3 IRHE- 2021 L RRRIEHELES 2T 2 N)
s 30 = A8 60 = A 1890 = A i 180 =
FHRRE P £ 3 £ 2 £ 2 £
»RBRE | 3 49 11 57 13 59 21 67
B4 4 03265 02873 0.1411 03055 0.1177 03537 0.0696 0.3993
A& 07852 0.1943 04101 0.1801 03772 0.1771 0.2968 0.1662



2&2 1-7 ’}E’?#ﬁﬁ;%% (7. K?\!‘&E%’ﬁ: 5 %%é 60 E4 )

SAE=4 BAE=5 BH=6
FHRRT 3 3 £ 3 £
»REBRE 112 10 48 2 9
B 434 | 03308 03974 | 01824 05214 | 04921  0.6359
wAE 01285 00626 04301  0.1963 09617  0.4533

2018 N A R RARAHS B RHE K155 E )

BE | 4PER | 2R SR | @R H%)
BSO01 8 8 0 0
BS02 103 95 8 7.8
BS03 288 253 35 12.2
BS04 52 51 1 1.9
BSO05 203 196 7 34
BS06 152 145 7 4.6
BS07 48 46 2 4.2
BS08 78 75 3 3.8
BS09 64 64 0 0
BS10 21 21 0 0
BS11 17 15 2 11.8
BS12 46 38 8 17.4
BS13 72 60 12 16.7
BS14 2 2 0 0
BS15 15 15 0 0
BS16 8 8 0 0
BS17 65 33 32 49.2
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% 1-9 }‘Ej& BS17 3425 2 g & B ;F’QQ:% gt
80 & p ¢ TR ,}@Kﬁéﬁéf’;‘
FRRFR G
53 21
022 &
4 ",4rt BRIFR 5
49 17

0 =2 e &

% 1-10 2% BS17 th4 fajin

BRER W

AR RRIFER A O R | A
A g ISENAR
B 3% SSENAR
C 3 ¥R A
D 3 1% £ PR

3522
3522
3522

26/24 =~ 2

Zo 1-11 Hem A et 2 g 2350

2 RiE FEER R
A (km) | N, g, n —e, (n‘;eﬂ n e n-e (ni;eJ
0~5 8 7.57 0.43 0.02 5 3.00 2.00 1.33
5~10 13 7.57 543 3.89 2 3.00 1.00 0.33
10~15 | 15 7.57 7.43 7.29 7 3.00 4.00 5.33
15~20 | 8 7.57 0.43 0.02 2 3.00 1.00 0.33
20~35 9 2271 13.71 8.28 5 9.00 4.00 1.78
Bie 19.51 9.11
el B 11.08 11.08

64



% 1-12 Bm B ent & ¥ w20

BRiE TR R
A (km) | N, g, n —e (n—e) n e n-e (m-e)
e e

0~5 4 7.57 3.57 1.68 I 3.00 2.00 1.33
5~10 13 7.57 5.43 3.89 2 3.00 1.00 0.33
10~15 | 15 7.57 7.43 7.29 7 3.00 4.00 5.33
15~20 8 7.57 0.43 0.02 2 3.00 1.00 0.33
20~35 9 2271 13.71 8.28 5 9.00 4.00 1.78
@fe 21.17 9.11

EL=Y TR 11.08 11.08

F 1-13 ;jim C e+ > i 2380

- S EARR R AR

=R

A (km) | n, e, n —e, (0 —&) n e n-eg (n-e)

e e

0~5 4 4.39 0.39 0.04 1 1.16 0.16 0.02
5~10 13 1141 1.59 0.22 2 335 1.35 0.55
10~15 | 15 15.80 0.80 0.04 7 527 1.73 0.56
15~20 8 11.70 3.70 1.17 2 451 2.51 1.40
20~35 9 5.70 3.30 1.91 5 2.0 2.30 1.96
#e 3.37 4.49

el B 7.81 7.81
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3 1-14 K m D e+ 3 #2355

BRI TERR BRI ;}E% R
B (km) | n, e n —e (™ ;e‘)z B(km)| n e n-—e (0 ;e‘)z
0~5 4 4.46 0.46 0.05 0~5 1 1.22 0.22 0.04
5~10 13 11.58 1.42 0.18 5~10 2 353 1.53 0.66
10~15 | 15 16.04 1.04 0.07 10~15 | 7 5.55 1.45 0.38
15~20 | 8 11.87 3.87 1.26 15~20 | 2 4.75 2.75 1.59
20~26 | 9 5.06 3.94 3.08 20~24 | 5 1.95 3.05 4.78
e 4.63 7.46
et 7.81 7.81
Z 1-15 4R+ 3 R g s
g ¢ EAR AR
2L RAE | FEEE WRAE
A 19.51 11.08 9.11 11.08
B 21.17 11.08 9.11 11.08
C 3.37 7.81 4.49 7.81
D 4.63 7.81 7.46 7.81
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% 1-16 ¥ L E R EA

o + R + &
W2 ¥ B 842 (Independent Cluster Process) 7 2 7 9
¢ & ¥ R iEAZ (Poisson Cluster Process) N WA yk!
4 & HE F 4% (Cox Cluster Process) 7 2 N - W]
N & -¢ + #FiFF2 (Neyman-Scott Process) - WA - WA
Matern # % i 4% (Matern Cluster Process) ESIE R PSER: IR WA
2 I ¢ Thomas i 4% (Modified Thomas Process) =3 & N SE-25-3 A

# 1-17 921 A2 ¥ % 7 o FFE b RS
P B B R ERY-§ 'S L% 3
Sl
49 8 41
1995/01/01~2004/12/31
- L
54 12 42
1990/01/01~2009/12/31
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o v T AR OB o BRIP4 2.1 8 M, &R 2

i BlACB] 2-1 577 o BLERE 2-1 0 &2 s 114 274 % chig s 5 7

“I’}&

gt > A e B FRE VR LM A 72 1 7.6 (ITEE
Yoy BT AL o
GMPE 114 2 38 5
In(PSA) = o, + a,M +a,(8.5—- M)’ — (B, + 5,M)In(R
+&In(Vgy) + 7R, +@F
;% PSA L S%IERVCH B BIRS K adgEdE R T M

wp 710) 0-1)

RAEARIC Ry & Sra BESTE BN 6 cndcmpRs o 1 km G H
Vip st 27 30mp2T35T 4 g > Ymisec 2 =3F 3R
s dlIp T 0 F=1i 2 587k 4] (7 2%k ~ @A %A e
TaER ) F =04 lﬁﬁ&&#(alﬁﬁﬁﬁLwﬁ)
AN A R A A S AR AR T S
8B lico JIF AL pd FREFFTHEALINIFF> 7 { &
Bds 14 cho, ~ fAcfie 3 B el R EATHHAAS B o
d 3 At pd Hage s TR Rk 2 5 RiTs (Near Field
Large Magnitude, NFLM):f5g 3= & 33 > 4o @] 2-1 #7o1 » @ 114
AR R A Glika ¥ RO RATR O IR foh B B 3
¥R L ACS,E PRI ok REE o AP Rds 114
NGA-West2 Flatfile ¥ti& 3 B afcniz -8 % o
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ha- EREGHFHIRELITT A EBEROTE AT
= 1n yrecord y (2-2)
X¢ oy LadRplE 0 4o PGA s PGV ~ PGD ~ fr PSA £ >

o

Yy 5 GMPE i iz & o o #75 B2t e 7E@ D ER > ¥ 1Y

P EH T el A o

7 T SR e

S

R (2-3)

R=

S|

i=1

¢ TR IR n AR Rk S SR Bk
7Rl L G E AT

(2-4)

% o n i GMPE #74k * ch o b B o
Yo% & A plk e ik GMPE #1i8 Bl enif 2 5 3 fe iRl
Lo e LB ARKG ME > TR DR e SR

/

AL SRR A o RS R AL 0 e SR

RS ln yrecord ln y (2_5)
Gln y

XP 56, 5 GMPE sk £ B35 E o £

ke
&
~
-
&
i
=
1
1‘&-‘-

ol e IR %_} 2B ﬁﬂ%ﬂﬁxéﬁy P H AR S ER A E 0 AT

AT

R ln yrecord y (2_6)
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— >R, -

Yo TR F I LR n R PR

Voo S g A L e T

6RS=\/ L YRy (2-8)

n_np i=1

¢ 5 n i GMPE frfl 528 £ 5 $dicenid i #c -

d 8 Q2-T) A 1S A BT 3o8cF st GMPE & 34
BB N aaBE s 2Ry =0 > % GMPE Tp T A
FRu>0 "% GMPE TR @i #%MEH RET R o &
Ru<0 %% GMPEFi B » ¥ B R B AT A

d N (2-8)erfh it & Bt £ 7 03t GMPE e £
X B a8 Mz 'f.GR =1> *%& GMPE £ #& % eniz 3t & O'my%
oo % Gg >1> % GMPE e £ chiz 3+ 86, S ¥ R
TR BMiGRS PSAE T R @ B k] PSA gk
TR FO, <l *%& GMPE ek X2 6, hF - #F G~
PSAchp 2 R » @ MEE ) PSAhET R - ¥ B A2 RAFUE
Fohl K EAZARES it % > T PSA & PGA ot chig % > &
Gp<l> #BREBETR A S >IF SMBERETR

- & &3 it GMPE # % Taiwan Ground Motion Model
(TGMM) » 4 2-2 7| 4134 £ 15 114 9 PGA 4 0.01 3 #p PSA 2 3%
> GhEfrFm > AP hal~a2 kg fef A uEt A4 pd
Funk T HREELEIATR 114 Glka ~a,~E~yfreosig e

sig s frsig r & B EFE & PIEF o - plrbaR B L R
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NS fv E & 5 Z g B dk -~ PlabfeE 2B LR A h
TGMM FAL T AP FE P o FE A3 pd Fps TR k
D114 hikfice k¥p ¥ = = 1 1 € Zh(Working Meeting #3) e
FEMJREFEEEL () F-oFEaOp BT <15
(2) M, 235°3) R, <250 km - (4) Vg, 2450 m/sec °

Ry FEEE S ER AL Bl R f TR R gl
SRS T14 B A " A4 0 B % BTN A 230 2 AETS 114
iy BB N (TGMM)Frig * 14 47 cndicdy B B N 2.1t diu™ 7))
WA 2305 *‘F"f T LR o AT iy B B ) AT RS
114 clchh B fice & 23 6h6, & Bahil * A 15 6 1F 1 & chilicd
TR EREEL A AFS 14 DJIRELF S
# 22 ensig evsig sfesigr = BT A fofl B MLl
77 7030 4 23> F 6 (TGMM)» # 2 = 2 1 7.5 £i 8 PSA
2% 5 5o (TGMM) % -] %+ 6, »

B GEEET sy UAQ)TEAE S L FE
RS 114 e * Mo H AR e (TR 1 ot @ RJEPE S 58 (2-5)
o538 (2-6) » #1216 (TGMM) 5 2. o #-dcdp & W] % » 34 (2-7)fr 50

(2-8)> #7187 se fE 13 A T O R frih i W A AR £ 6, 7

P £ 230 LB 230 Tar (1) 4 ik PSAiﬁqrrﬁwfa
N0 REBDFELBINL BE > BHMEr BT RATESE (2
TS 4 W PSA 2 v LAk PSA 2 6 im0t 1 i 4
AR N4 HRE L i - & 6 (TOGMM) A & > # 7 d 4 2-3
O (TGMM) | %t G, 18 & > FIN A BB T RA1TFF > BM G R

~PSAhE TR > B H#] PSAGE IR -
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) Mw Rrup Vs30
Database £ ;3

Bl A Bl BAE BB At

114 (All) 2342 450 790 0210 175.000 450.000 1525.850
[14 (Taiwan) 674 5.90 6.30 6.200 174.300 451.370 1525.850
GMC Database 37371  3.50 7.65 0.054 541.830 121.449 1538.028

%22 BES 114 235 alicfo T

Period al a2 k g f sig_e sig_s sig_r Prd N S E Mh

0 2.500233 0.501421 -0.4187 -0.00283 0.20074 0.41761 0.318747 0.471069 0 8525 47 103 6.75

0.01 2.505583 0.500453 -0.41862 -0.00283 0.200813 0.417553 0.318759 0.470838 0.01 8525 47 103 6.75
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2 23 AFLE N g is AR BT s Ry E R B 1L

Period N Oq A _ . _
(scc) (TGMM) (TGMM) § 7 R o %
000 8525 070562 8352  0.75535 0.09440 1.07047 0.18959
001 8525 070544 8352  0.75548 0.09453 1.07093 0.18996
002 8525 070671 8352  0.75719 0.09733 1.07143 0.19488
003 8525 072407 8352  0.77372 0.09841 1.06858 0.18770
0.04 8525 074602 8352  0.80115 0.10019 1.07390 0.18002
005 8525 076691 8352  0.83063 0.10234 1.08309 0.17400
008 8525 079685 8352  0.87473 0.09664 1.09773 0.15219
0.10 8525 079637 8352  0.88148 0.09283 1.10687 0.14637
0.2 8525 078305 8352  0.86780 0.09536 1.10824 0.15553
0.15 8525 075705 8352  0.84028 0.09861 1.10993 0.17206
0.17 8524 074604 8352 081684 0.09376 1.09490 0.16846
020 8524 072980 8352  0.79000 0.08371 1.08250 0.15717
025 8522 071197 8350  0.77068 0.08829 1.08246 0.17418
030 8520 071286 8344  0.77847 0.09939 1.09203 0.19558
040 8516 072463 8338  0.77809 0.09577 1.07378 0.18239
0.50 8504 073457 8328  0.78276 0.09950 1.06561 0.18441
075 8487 075234 8280  0.80067 0.09434 1.06424 0.16668
1.00 8457 076231 8233  0.83585 0.10375 1.09648 0.17854
150 8379 076656 8050 085703 0.12351 1.11802 0.21020
200 8161 077348 7686 087955 0.11624 1.13713  0.19429
300 7204 077242 6266 083173  0.08139 1.07679 0.13641
400 6307 076569 5202 078712 0.08895 1.02798 0.15172
500 5537 074574 4421 076134  0.09157 1.02093 0.16467
750 4014 072846 3001  0.71860 0.13639 0.98646 025702
10.00 3035 066495 2205 071382 0.11068 1.07350 0.25031
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O @] ] o O DDOOD (L8O
@
7
=
= e
g 6
s
2
=
an
A L
=
=
E s
S
=
4 e 14 - All (2342) e &
® [14 - Taiwan (674) s
| GMC Database (37371) OOTRD
3
0.01 0.1 1 10 100
Closest distance to rupture, R,,, (km)

2R, 2 i B (B G eds gl 3 4 £ 40)
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= ~PSHA #* ¥ B 422 AR A 17
Waae R AT RATDA R %R P Cormnell (1968)
% Kiureghian = Ang (1977) > %2 #= 2 4 (4op RRAIe=X
B )~ BA R ek AEEgfe v F ) frd Kt r sy (4
PAEHE ) EEER A RIS s o KA PSHA 3t ¥

A R T EEEREEE £ Tl 13 SRR

=5

Bz o Fpt S EHF AN s B EZEY £ & o & Kiureghian {r
Ang (197~ # » L4 pa B Bhr et &84 3 R
GMPE in7 fEfh » %0 5300 5 €4 A S bt & o o fb ke

WK EFAE  F - AR BRI RIS R D
S ROHAMLEFIL o PaEhiTE AEF A - B RS T2
Py Rk iR

TPIFFETR T EE T E TR S LS Nk o

|2 > T GMPE ih7 sE el > Fo 3 R

LT 4 2P 7 SSHAC-3 PSHA ch@ 5% 1B 3-1 v &
#237% Haz45 #4 7 PSHA -3 jnfe > ot A 45 i A2 Bl 822X I Fr o
e kpa 2bqg ;% Hazd5 engljis £ p > 7 IR 7@ 88 -
hoie Z T A FT o AR BT A7 N Hazd5 a8 5 infe- R0 8 3F &
EHFARFTI TR -
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SSC model, i t GMC model

activity rate: N(Mmin) Ground motion level
Geometry Periods
Site Information
Loop over Z values GMPE

Marginal hazard for jth
scenario

Add marginal h::LaTrSSCt: the total hazard Define j* scenario for the

v(Sa(T)>2z)= > > Rate(M;,A,W,,..) i* fault

=l =l Loop over Magnitudes, M;

Given the median and
sigma of the GM P(Sa>z|My,r,...) Loop over rupture areas, A;

Compute P(Sa>Z|M,r)

In(2) ~In(Sa(M;, ;. Vs, )

S(Mij’rii’vsmaz): G(M rv )
12T Compute L=A/W(scaling law)
Given the rupture dimension(L,W)
Compute Sa(M;,r;) of Compute all of the distance metrics
ground motion from
the GMPE

B 3-1 422 HazdS 34 {73 R 3 4473 2 iR A2 )

96



T ~ F%it 7§ B SPRA m’ux*ﬁf]’)ﬁ)iﬂl
() PRRZF RRGFTRHA

1 PR R s Bb =6

(1) PR RBGTR 2 A2

200132 11 ppaLAFEIAGE ¥R 50 7 BR
I R R e R BalgE A RS F - TR
Beg ehP BB w0 Flot oh 3R 2T # P a T OR(NPP,
Nuclear Power Plant) 2% > 4 82882 3| { 5 b i1 o 4544 —
o A1 PRARE R G AT T G SRR
R R R AT B SR 0 DV R PR e MR X
s 53 Rl e AT S 0 het T T KR K2 B e o R F D
R E R RO R RS AT LA TR R R
% o

HF PR EE2L 4 WAL - R FTE RS-

T > izfde E 4 (SSE, Safe Shutdown Earthquake)® % H i i

Wt ikdp o B AR AT PR E LAY R -
TARAS B (margin) o FAm o B R DIIRZ 5 R R A S P IR AT
B B ENEE P H LR R AT RRRIE PB4 0 2 A
W RATRZEFERTEZM A O ATEE DN 0 F T g
ZIp AT ISSE » B4 RI BT RE FTAARR RO
Roo b e 2322 %3 PR T RHEDT Renmd
RGN  E R T R R R LT B S35

PR et BT S A (75 SR TR 2L A - B

>4

w0 & Bltiae g 14 B € (USNRC)* 1991 # 3 # Supplement 4 to
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Generic Letter No. 88-20 (USNRC, 1991a) & £ £ 5 7 B 77
R *t ® 2 % 4L | (IPEEE, Individual Plant Examination of
External Events) » F pF# ) NUREG-1407 ~ ¢ (USNRC, 1991b)
v % IPEEE i* # /A2 2 58 4p 45 - 322 23027 {72 IPEEE &
RAMEIER D2 o ARSI E (SMA, Seismic Margin
Assessment) & # ¥ ;% 2 Z h % 3= % ;2 (SPRA, Seismic
Probabilistic Risk Assessment) o 14 T 3R pt = fd 2 2 2 4F 2 4
223
(2) o RAABTEZ(SMA)Z #Fit

SMA kg T4 A 47 > /% (deterministic analysis method) »
TR OIFEEPRRT CRZABRET K AN 2 ife g4
(Safe Shutdown Earthquake, SSE) > & #5388 ) 3 o fie 33 2_ % ke f#

o2 PREFARE BE > PP L PR ARE L

bo

i (B FAARR RS (Bl RE R4 o
BT A A & 2R - BT e A S S RS
HEE o PG A R RApIES TR T ou AR
# % | (HCLPF, High Confidence Low Probability Failure) % & -
4% & g gk > HCLPF 3 & & & % 95% 1 F 5w R & NPP & H
T ERFAS 5] 3 SUPF L R4 o RAT S W L iR
& (PGA, Peak Ground Acceleration) st NPP fk & = 3% #p T 2_ 2%
fvig R o d e SMA * 2 ¢ > HCLPF % € &M= cha_

¥ ;- (conservative deterministic) > ;& R » & - % ST
£ 7 tive det tic)™ 2 £F #w SMA 2. %% %L H
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- E® 5 @ o Budnitz % 4 (USNRC, 1985) ~ Prassinos % 4
(USNRC, 1986)£2 Reed % * (EPRI, 1991a) ¥ % #% 1134 i7 SMA 2
¥ i jphd }]% I e q4k* USNRC (Unite States Nuclear
Regulatory Commission)#? £ & 7 4 # 7 #7(EPRI, Electric Power
Research Institute) 2. F 38 2 ¢ (EPRI 1991a) -
() BF P Rh %:F(SPRA)Z L
TRAL RAFR S ¥ R RIUIERIE T 1RE A A

#

W

Flt g SMA it ¥ = hH - HCLPF fd R A& & > #r i 2
ML B NPP 4 # iy cheE T30k e > ra izt g i
= NPP i &+ BRI ‘& RAZ MaE 22 R4 - igk SMA #f
EgE i*ﬂWﬂﬁimﬂ%ﬂ’*?$“*ﬁRA%4UYé$°
SPRA /g >+ 4% & ;% & 47 > j* (probabilistic analysis method) -
SPRA B ¥ Fip % - i B3lR2Z T @2 X2 M & T
394z A%4F & | (annual frequency of unacceptable performance)+c
EIRem Tl TR 2R g de e s 88 5 (CDF,
Core Damage Frequency)¥? & #f ~ & ;8 /&#7 5 (LERF, Large Early
Release Frequency)® ¥ # o 3% 5 L % i {7 NPP #-ht 2
& % & % 17(SHA, Seismic Hazard Analysis) NPP & 4 i &2 & 5
2_mt B R %A +7(FA, Fragility Analysis) (EPRI 1994, 2002, 2009) >
BEFRLUZ ’ﬁ A4 5 enE 2 (event tree)? Ffi f(fault tree)
THREFFENPPERFAAZAZES ML 285 s i 8
End P RETRAWMFRAEFEFRFL TEZHEZ LY
o & LIS ARAE F jod 30 SPRA s 5> 22 B4 &7 NPP

LERET R BEF BEET DRGSR AT



HE S 7mg #3038 R W ERAARAR o

44+ SPRA 3y 7 /i 4% > EPRI »% 2013 & 12 Zion = j* 5 2
ik I - >IR3 EPRI Report 3002000709 (EPRI, 2013) i®
= 3117 SPRA 2. 3551 » Bl 4-1 7 3%4F & # SPRA 2 /i A222 3% - 3%
MARE RS BRI R AT RS E T e B AT B
(task) : (1)¥ & & T & 4 #7(seismic hazard analysis) ~ (2) 4 # @ &
B 4 #7 (seismic fragility analysis) ~ (3) % #& & 7] % s 47
(accident sequence and system analysis) ~ (4) &k ¢ b *& 3= %
(consequence (risk) evaluation) o

2. TR SMA =425

-4 7 R SMA e =% 42 F > EPRI*Y 1991 &3 417 - i
= B enjisR 2. EPRI NP-6041-SLR1 (EPRI 1991a)i® 5= SMA 2.
ipal o Hid¥r SMA 4p i ?Iﬁﬁ NPP %z 3R & % & BR3% LT3R
2R R 2R T o BPEMR L SRR F w BB ITR
il E LT < A 7 Br(task) (1) TG AR R4
(Selection of seismic margin earthquake level)~ (2) e = 7 B 3= 1% /|
8 (Selection of seismic margin assessment team)~ (3) @ 2.1 & % &
(Preparatory work prior to walkdown )~ (4)if 7| % > 155 4p M K &
¥ 4 * (Systems and elements selection walkdown)~ (5) i & AR5 3

% (Seismic capability walkdown) ~ (6)i& {7 @ & 445 3% % (Seismic
margin assessment work) ~ (7)3% % 7 4 c £ (Documentation) e
SMA “1— 24287 4 %%Ma’uf?ﬁéﬂiﬁ%%ﬁﬁgo
1) £ 2®HG A% B4 (Selection of Seismic Margin
Earthquake Level)
it mARAE R A FT(SMA)E A 2 S T - B < PR RE 2

100



By B4 (SSE)s o 3 4 eid 7 (PGA) 7 5 3% ik oF + ot
PRV H G AR E R 4 (RLE, Review Level
Earthquake) » 3 FF* §iL 5 7 2445 & 4 (SME, Seismic Margin
Earthquake) - 345 EPRI (1991a)= }I}?L » ¥ 3 SMA G2 B A K
B2 B L H R L 84% A 42 4% # & (Non-exceedance
probability, NEP) o 2=z L # 3 2 4 RLE 1% 2 /f 4 g |24 ©
el pbix % 2 23 > d 2P RLE & 4 a4 ) g%i%"i'lﬁff
RABRFTFRE R > T A thd A BT F (Bl
USNRC)% [ #47 » EPRI (1991a)% = 23K 1 = fi:7 29 T R
RLE £ o2 e %
FofEELRERET - KT REE Led B PGA (]
4o 1 0.3g) 1T5 i BARRR TG 2 AW B E R S A R
PGA B HF L1 AR > T3k F 4% A AgAR 5 F s+ %
Bo o 4 B A BlcoE 27 2 4% USNRC(1978) » 4o 4-1
oo T IFNBIIRIFE > ERET - X A
B HiFm AREIT > LR Gd gt 2R e & F R
225 B T B & J& 3 (uniform hazard response spectrum) °
- AEH RLIEZ » 2 8.5d T RIS MK AT § 2
PREH T BT R ML ER- B RS E T IOggARs S (H
BT L e R r&ﬁﬂ;ﬁp) ¥ R{EE B TR F R (Uniform
Hazard Spectrum) @ £ #-F 2. PGA 3 ml R4 TEH A
B TV FIRECH F R F 2 SMAZ TG is o 71

BB ehHCLPF 3 2 60323 £ 6 PGA RS 8 43 &

¥
FIE#H 2 dh(E et & &% PGA) 8- 3 F JE 4500 & B 2 AZ4%
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3% HCLPF "R B3+ 2 2 & T I242 4548 5 o

G R blde B R R AR PR, BT
BIIH BB NPP Hahz IFenfEE s o 0 R R FF
FEFad RER DD LB 4-3 A A% 202 = 278 3l e
TR ¥ F RO ZRITERY 2 R R AN VAR
587 6.8 FF » JrhtiEH R L 25 22 o
FwfaiE T RLE F 0> 2 A 5T RMFLEL M
£ F#F o EPRI (1991a)22 3% 7 4 * NUREG/CR-0098 =~ i

v

(USNRC, 1978)2 ¢ & 45 & Jus (£ 5 3502 F o » 305 34 F I
H2 T AL S EE BT RF R o BE R R
2. PGA AFLIF s A%y R4 (RLE)» TR 23T * F Ki#2

T ERET ALEE RS R R

FRAH b T R RAL T 8 AT

Ve ko TELGFRARL RS | 2HFEL &P o

a2 8T RF e a8a)84% A AT AR F e & (i

it BARAR IR AR PGA> Mt w fd 3 2 XL B ANE BT RE

i ) e e 4 T BA% A AZARYS F e & Tfiew 1 d S 2 gk

o T BARAR R AN PGA RSB T REL B FIEBM YL E
2 ¢ o =i A PGA ] § Bt R

hi % > E IR A B @@a?ﬁgﬁé

LA ) B SRR R BTSRRI PR TR

e
A

\W\A*

T
==
(e
Jui
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it Rde 3 BRI NINL o SRR TR PR AR O
Ao 1345 EPRI e 3k 0 B2 % R T Az 30 B 4 W3 % b
R RGN PGA VOB 4iE 25 03g 0 MR B

AFER R KA TSP AR > & R AFERNT R B BT R

ﬁﬁﬁ°@ﬂé;%%ax%@4mﬁ@ RS 2P AR
HipiEEAE 4 Y 2 RLE 23 A ¥ H#* S e fA3 2 (o874
2 #,2013) o

(2) &= af B -) 2 (Selection of Assessment Team)

SMA @t Z 3% -] 2(SRT, Seismic Review Team)#= B — 4&

O

U RRARTEAR S A1 EAEF RIS o TR
FEARHTRE ¥ ARG R G R R
;ﬁ@ﬁﬁﬁ%ﬁéﬁﬁﬁﬁ%%°ﬁﬁlﬁﬁ*iggﬁi

™

P rRBPIAET o FFA BN 2RSS
Pide T RS R Ty i (Bl bings) > Tadk i b 72

R e e PE o B R R FERLHE S % - SU(frontline) fr A 3%
(support) i SLif Ty HE i o il g BB E S iR A R

HAG B oo FRIAREFER D - X 2 RPI MRS EF
Bejipe o ww s é«i@wﬁ% R - - ey o
£ & B EPRI (1991a) # & z @ & 3™ &% & ¥ 2% R (Seismic
Capacity Screening Guidelines) » #% @ & % £ X5 ik & 4
ﬁ°M%?ilﬁﬁﬁ%%%i@ﬁéﬁmﬁﬁﬁ?ﬁﬁér
it AR 3T s (SMA work) > H HCLPF % & &

'—\-\

o
[pat
&
..)
\.
i

BRI %f{&i’,&ffug}:%‘s“’Mi%“ﬁlﬁg;F?
b

PREFRIAEZIA B CPBRET R REE
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3) MR A %EH (Preparatory Work Prior to Walkdown)
d 35 NPP 2 12 &%k SeBedl 3 AF e > ¥ 3 2berg chfp it &
Gy R ek R %#E’ﬂt“ﬁff%i“ﬁiﬂfﬁgﬂiﬁ“f
(screen-out) ¥ & ¥ F 5 X AF &AM AEZ P o b pF G E
(screen-in) » X 4F 2 B4 HE i & k0 300 2 H T A RO
(failure modes) o »* @t B i & B 4o > i B35 1% -] 2 (SRT)#-4 ¥
BRI BRI R R S RAR
ok >=is3E p > I F R 0TS L BB B (SPLD, success
path logic diagram) » 5| &2 % > 24838 P 3 B oh k3L 2 55
H oo 2R3 RITE 3 AR TE- '
R B RRAS BB R E AL P
A FI SR B o 4 Mt B2 kR T 44 EPRI
(191a)% = £ & sr Be R 3 R 1ARfF S e B at i 4
(walkdown) 7 B 2. i sLe 4 i ehe )I% Tl e Z T RPE 258
Fr 73 4 3 (FSAR, final safety analysis report) ~ 3% # 4 3L p
TOALHEF EFTTZTRE S I BT LR
X veApAp & 2 (CDFM)3H ¥ 4 2 HCLPF 3 2 EpFig * o
(4) F3% 2 %4849 B K & & H 2 (Systems and Elements
Selection Walkdown)
B FANP BRSBTS MK R R
H o EPRI (1991a)% = F . = # §& /2 B4ERF(SPLD - 4§ 4-4)
ez - BABESE - BEARS §8 4 RLER BpF > &
PRE 2 B e e R NPP oy BAF S is b 0 iy 72 pFo &
BT AFE TR P e T EIEE 2 L F

RN
fet 441 (Reactivity Control) ~ & Jis%g 4 47 % 5o/ 4 3= 41| (Reactor
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Coolant System Pressure Control) ~ & &Y% /4 47 % kLK £ 241
(Reactor Coolant System Inventory Control) ~ 4% 45 “,f (Residual
Heat Removal) & » " iE# % > 248 2 #5275 o 4@ 4-4 #7571 > =
PRICBIERE s 7o RICER A PRIEAEEE TN
Bt o SMA GRARY 4 3 i * E i (event tree) 4 pA(fault
tree) kIp it & 2 B AP T > drBl 45898 460 F A @
WAL g it o BRFFR D ERBE 2RP S H RG22 I
EF N E A X 2 RASTR 2 ARM kB o 2 BRI
Y o

ER

(5) it BARAE I B 38 (Seismic Capability Walkdown)
TRAABIAY 2 EBEA T - H I B dims A
ki) A NG R I S R T fRD
S ARFF AT R A R kBT o ¥ P’mﬁlwygﬁwﬁ
R E X AR T («&r?éﬂ TH KRG F)EFRE U
AR AR AT EFIZRREMGH EY A4 5 2 BEFA
(seismic spatial systems interaction, SI)c 3+ & < 3 B2 8 (% i F]ie
RELEA ISy AL E XA TR AR FERKRPY
GRAFLSHROEETEILET P RECAFS " walk
by  ° FHEEECAEL LR MR AR FRCAGE
PAeriiize o 3R AR i AT > WA RN 4 G R R
j*%%uﬁﬁ’w%ia%ﬁﬂlg~%%*1$%\iﬁ
PEZ R AP PR LI REE TR ARY
PR A TR R R R R BRI RRA

3

|~

T é e o B PFT 23 EPRI (1991a)® % - & & 2-
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zm%ziﬁw&Aﬁmﬁﬁﬁﬁéﬁw’%%#ﬁ%?%+
v e B kR FHE Y AR FE g
BoBRBHEHNETHFEY AR EERRET - Haw R
BB RETE cWERIE O ERART IR E 2 BEE
% & & 1E 77 % i H (SEWS, screening and evaluation sheet) » 3%
H 2§~ ¥ %P EPRI (1991a)%t4 F #771 -
(6) it B ARALI A 83 (Seismic Capability Walkdown)
WA a R AR RS T RTER ] B (SRT) T ¥ &E At
B3 B33 en ‘f;fi’f; 132 7 SMA 7 BARAS B 3T o @it B ARAS
RAER P E - BT A HER RS FREF RS LR B
Mo FP R A BHN AT FHEEN 22 AATH L
RLE Tz 3 24 28> FF &%k & L% B304 ppp
TAREZRE T A 2 i F &¥(in structure response
spectra) & 2 115 F Jo3# ¥ A5 3 B (scaling) £ # 3K 34 F ¥ @
BRI FHA R A § A W F R ERT £
% EPRI(1991a)% » & -
AR TERAARFRHALEFERD 245
GARKEFAEFEFE o M NPP BHERC Lot B3
Eo TR RS LS R S (T KK B

EERET SRR E

\
N
~

-

A
e
N\
®)
o
o)
72}
o
-
<
o
=
<
o
o
(¢}
—
=
=
W
=,
(@)
py|
=3
=
lon]
(¢}
=
=
ag
=
@)
o
z
—
Y
=
Yo
e
e
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HCLPF 2. % £ & > 3% %

= 7N

BEE 27 2 ERY R A
K5y it BARAl B 2 i 9k o #73) HCLPF %

o

=i

R R e kO g
4% 5 ™ (High Confidence Low Probability Failure) * 2_ it &

3%
By

4G FEEENY 2 PGA £ o

Y

B!

HpmR
R E AR S ] 5% R4
5 % “tim2 CDFM 3% %)

%A 95% 10 b 2
- EPRI (1991a) #
R %&“‘F*'C‘f#’f# ER N e S
(7) =% F# % & (Documentation)

Bois o SMA 3% TR R B RS 5 11T P

LedrE T vt BARAE A 172 2 F BRHBE FXY T H

o2 ki@ RIE o

ChE S E B 72

1z

N TSR X1
P BT - E R N f i R e

Einfed PR o 57 @ KB SMA =R AL

SR Y X A T

Ve Vs += At 2, o 1
e e H B R R TR g

B P P N2 S i A 4B

WAl R FIE AR T L RS 0 ek T R

X~ 7 Z¥g 4= (relay chatter) ~ =

b g LR A o A
RAIFEE Ap

B Bl AR T A AR i R A
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FFEH TR AR eRP R 2 A4 2 Y
BEHEFEFIFR Y RPRELIRF AN Z

Lﬁ,#fp\ /]gjb"i]%?mpk«‘i/\—\,TKl-J»L*# % B
PR EFAAI RETRERAEREFE Fap 2

S TR KR o % R B AR 6 T RS

A
'8

4

'\
(o

g4 %2 HCLPF % £ & » & st B4R A 7 &
A - N ¥ R AR L EC R R S L

3. T B SPRA &2 SMA 2_ £ 3
%ﬁf%ﬁ? 3 2 H S 5 0 SMA BT RE A 45 2

(deterministic analysis method) » 2 & 2 2 &

5

@ 3435 NPP
LMW R REERT bR FE o @ SPRA
% & 3N 4 47 2 % (probabilistic analysis method) » %72 % 1 48
S5k (7 NPP b B 3 R A 47 (SHA)S M4t 2 af B A&
&35 (FA) » £ 0248 5 58 50 E 2 f(event tree)#? &l fit(fault tree)
A E NPP 4 24 B % »fE2 [ T iodgdaF o | o 1 it
DR fﬁ_l* i REATTE FERE BT L
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h

B B4 AR B 0 SMA A AR Y 2 AN B4
(RLE) > Hp B4 7 fF R##) 7 &+ %G % v}}%i PEN

S VYRS R

S

SR 7 R e 0 B
T R F ¥ o F B SPRA 7

g

BIORHER R T RAITEIZ S
R RE R R R T TR R AT R R o

EF e 4 nd| T B4ES ¢ o SPRA & * % AT A P
R ks BenBEmE > F RS A R R 2 B
Rz B S 3-8 NPP B R T &b ‘&8 5 F BLSMA
FZATFRFAFZE2ERPLAAREIL > TSR
2. HCLPF B 4 ¥ » - HiEA2T % W E2 P F2 348 o

tff BT ¢ & (walkdown) ™ & 0 129 EPRI(2013)2_ 22 3% »

i {7 SPRA =G w0 » 35 A B 7% F i2{7 NPP @ 21 & (seismic
plant walkdown)Z & £ ! (screen-in) % = 3 2 B gEH 2 % o

TOfRH ¥ R endf 305N (failure modes) o Flut 0 & F ena fEp

7Pt e 45 1 2 B3R & i H (SEL, seismic equipment list) ~ &
EMAER 2 e B AR ET R E
SRPA &2 SMA X 3E* pfe 03 N2 Faf R A » R SFR

o zxd M ¥ I

Pedpip B Sk (CDFM)T B L fp e gr hsamt R4 o B g 4p i 004
Z HCLPF A 23 £ B4 M F IR ¥ * 2] g 7‘# g
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(2) 7 LR S L LB R S
1.CDFM 2z £ = p {&
ARG PR A TR R RS o

=
REOR R A FEEE 0 GE 0 R TR ) w2
% ARG R R R R S

i 12 CDFM G it 7 af B3®f » 113 5 . e0 HCLPF % £ i -
EPRI (1991a)¥ # &7 12 T #A]> & & 3+ 5 = X% & CDFM hif

:‘}/}Z"’Z—T—EE ’E])J'E'—'/z'lzg) 4}37}]?';13;\"’?7:‘&%1\:3}%

A V]
AE N

(w

R

® < TiRipiti R4 F RITEY hF RS L 84% K ATAR
7 (non-exceedance probability, NEP)z_ & o

® R ENFEMEHEY O8% Az AR I o § P L BURC

79 3 35 Bk 3 (brittle failure mode) @ 4o’% F sk 3 (weld

failure) 22 7 3¢ ¥= (relay chatter) - F| & ;2 % Jjg T| 258 140
o0 R RTERERE D 99% 2 AZAR F o

O i itiBid AT LF2 B F G 5% o A E S

#]+ (Inelastic energy absorption factor ) F, e7:E TR % & 84%

S TSN SRS £ LSS EEE

e

WA 4 o AR RE R 2B R4 ITE R

B o

O LEFRAPEFELEHR TG
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%g%ﬁﬁﬁgﬁsﬁlﬁ PRFTRE <HEFE 4. 1)
2. ¥ % R SMA 325 42 5
74 HCLPF 3 2 B2 H % » 24 FELMF L&

4 s
2=
oo Rl

i
s~
~
A
+
(\ O]

T

-
},

N

-
‘-—\-g. \
c .
>

\+A¢
1}_‘\
=3
(w

-%)
=

Ae
=
=ty
]

Load Combination(§* £ ‘= &)

% CDFM = 2¢ » g2 fd s ke 22 A &
(dead load) ~ #§* £ (live load) ~ 3= fm A4 R4 » Hipd ¥ Br 5
1o F Ju¥ *t B <P R FE 88 (containment) & % it T 2 & & %% o
",%"J%V/,ﬁ FeP e RFER T ER T B L PG S
i 4 (accident pressure, PB,)» bl4c 4 fr-kin % F g2(LOCA) - 1

%2 ﬁ@‘ ® &7 244 EPRI(1991a)% = & o

Material Strength(+4 4L 52 & )

d S F ERET 0 § MR R R REATER Y 25
R o w R FE - CDFM 2 i 45 &3 nif= (o 57 BB 4l
RB T AL (test data) > H 53 B & JF % X 95% 2 AZ AR T o Gidr >
Bk 50 RERRI 2ZFURER 0BT 100 FR D FURE
oo MRS TR X PR R 95 T 5B R_95% AT AR F
Z PR o F R RPEHRELAMFERADLIFEY O] E
204 i ki o EPRI 57 4 3305 2 W4 515 ¢ (American
Institute of Steel Construction, AISC)*7# &2 LFL;% RS T
BV OUET o

HAA SRR B RE S ERBAET MR AR
Fo & 0 b4 Grade 60 2 4% 55 H 45 B 5 60 ksio & F 4k 55 %
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RogR2BHRFH > BTORE AN RHgRADE A2 T &
F % B % #c(coefficient of variation, COV)-] >+ 0.08(% L 5% B/
EAL3 B =1.15> B] COV=0.08) R|Z BiE (75 B B T o F 7
AR PURG B REBRTR  TER 28 AL 60 % 52 R
4 3 B EPRI(1991a)% $ #% &2 133 f18 CDFM 8 4 2

~’

PR R (fpn, ) 13953 BenCOV EEREL L 5 2 358 2

;\4 _Qrv"f
¥ COV<0.10 :

fopmy =1.287%C¢9 f 5 =0.95F
f

(4.2)

coey = 1.16719¢ 12’f 0 =090f

PN BERRRIFARRRE S HEY AT 028 228 L G
0.14» ;R 3 FUR % A ¢ E(median) 5 T HFURB B 1.2 2
60 % 2 % £ % 0.127 R 43 FR % A ¢ (& (median) & T 3HUR
R 1] o

3 COV=0.14 :

foooy =126 5CF 2090
CDFM 28 (4 3)
£l =117 5COF 0857

HoY 28 2 8 X % 0.17;60 % 2. 8L % 0.160F* 11 F 2
8218 2. CDFM RS FUR S B TV % B 95% g Asis & o
MAI G2 R EgFSEFROf-LK - BraRET S 55

I%\h?:—r r“!’ﬁﬁ m.r_f_/)é‘ N’J:‘I' 2 ﬁ @’Iﬁ;/vb/}{i q,]]-;g. \ﬂ)ﬂgll‘%‘ﬁz
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FAPE L HBRET N AT o BIE S N E TR o
Static Capacity (334 % €)

HE#EFS FEFEONMGERAT AT ERRRL F
¢ (American Concrete Institute, ACI) ~ % B4 %5 ¢ (AISC)&
# M #1425 € (American Society of Mechanical Engineers,
ASME)z = - 3 £ %67 » #4 F 23 H 307 Sdkce 79
CDFM +#13#L 38 B (95% g A% 4% %) » EPRI(1991a) 33 5 g3+ 8
e KRy v 34 CDFM 2 ™ ) 0 - ppi
SF BRI K 98% g AR, o F A B R 2PN AR @
HERD K TRRRP S SRR R o
o T EAEHEET 2 BRH5S o @ EPRI (1991a) 23k 0 # 4
FRLE RS~ 5 b g LB E Y BT A

AR R F R L R g

Inelastic Energy Absorption(Z-38 42" it F]+, F,)

- BAHEEAT YRR %E’ﬁﬁékﬁﬁ
#asntd s Euz SME(R RLE) 24 222 70)% ki 2

4 2 0t g o EPRI (1991a) 3 o 4 1 % 25 MR P F, 7 5
125 FREEpRE, 7B 1o 2bsliid i 2 5T 73 7 11 5
EPRI (1991a) % + & -
iR {7 @ B ARAS B 4 17 (Seismic Margin)

1% @ it CDFM Rz B 45 a2 %
Wi IR era R E AT B BT HE
i RARABR AT R PR E(RA) ST

3. fI* k25

|k
N

)
Ny
b
1y
)2

77
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i P2 R (b4 ""’I‘]&T#li7 R - E R R NT St
¥); @8 ﬁ’*ﬁ/&'\ HEHERRPFLET (M &R
FAABHHELRA - BIDE 2T Ao gt e T AP
PP RN B BRRBRELSFEL S AT - &Y o L
WP BB TR E T RABRE LS FTL D E o

1295 EPRI (1991a) ¥ = % #rit »CDFM = i § % % 4 40 2.
SH |3 B TS (FS),

C-D
(FS)e = P
D, + AC;
HP C i{4p= it CDFM #R|#13+ 52 #1253 € ; Dy 5 RLE
Eh T2 it R4 F R Dy e 2B R4 ATEIR2Z A PUE
(4o T E£) 5 AC, 5 FIR ¥ R4 (dei d R4 )TIIRZFE

TR AT FHE RS 2 RS RLEZ AR o d 112

Bk B AT v AR EEA S (FS), A1 R AR
3 2

2 RLE# B4 F £ 2t e G- HEP (FS) 2 id >
FRA. DN X EFTHE LT F T

C —(FS)e(AC,) = (FS)e(D;) + Dys (4.5)
B AR NCOROREAY. EES SV S S RS T S ¥ R
4$ﬁoﬂ6$%¢wﬁ%?ﬁﬁ“4% T ge s HE I
RLE # T RD, G TS (FS) 3+ (8 £ 4c b 2 B
Pl A PED A BRI R AR AMREE
HEE it hiemBF £ Cid § 2R FS)E(AC) 0 @ *
AC; 7 RLE &% T 414 ji2 [p o 3 R 4 4T F1F - g 54

—_—

(FS)g#rri2cx o i g, v +58¢ g 220 Z4 dphf2 55 p F
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(FS)e A BEF]F » B P enf 3t 5878 8 (4. 5)58 2. A K F]+ (FS), °
FHEEF L T T R~ 522 2R E T F

+ (inelastic energy absorption) F, » @ ¥ (& L34 24 B F] 3 4o T

(FS), =(FS):F, (4. 6)
g b VR R RS RS (FS) 607 - h RE
2. HCLPF % & &4 ;N

HCLPF % £ ie= (FS), (RLE) 4.7
4. f1* FH F M2 7 R4 R & 47 (Seismic Margin

Capacities Based on Seismic Testing)

h - SR RRPRTE IR IR RAR
EOR B H0 R B P E AN R S (e
TIRAEE) D - R EMBARF ST Y P AR
BRI ¥ HTRBBRFTAMEFT CDFM 23 582447 « 238 > &
SRR RS TR ﬂ%&ﬁﬁiaﬁﬁﬂﬁ&ﬁiz
ENRRFIEALT S (7 Ml EERRFEZFE

% EPRI (1991a)2 *t4k O 22 *ék P) > § #2 by T2 %

K39t 3% A R 3 ¥ ¥R K 2 # 5 2 (functionality) ©

o
A ¥
[l
A

EN ARy B A SPINT WA EOR 2 i
7 CDFM 2_3+ 3 &2 4% 3 & o

BT A RBERE FRTOEE 0 1yt T F I CDFM
RS kR (TRS, , test response spectrum) » ¢ & 3% Z 7% &_99%
L EUEICE VEPERIAREE Y C RS S IS
% % #he b (multi-axis excitation) > 5 53K % & P BEIE & > M PE
¥ - CDFM % F il s X RIKECEEHEEF)ZFE - ¥
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- > 5o % A B B9 RLE % CDFM 2 7 +F J&3# (required
response spectrum, RRS.) > TRS. fv RRS. 7% # * 40 Fp enfE R Wb

(EPRI 2 2% 2% ~ 5%) o % » 7 2+ 5 2 fF F] 5 4o

(FS), = lowest TRSc (4. 8)
C
HL &G bdple 20 5T TR, 22 RRS, A F 4o id & 4075

e
BER/ZR BFEEEFLIAETSF o
# %7 1% #(Clipping factor, C.)z 3+ & :

PR F B>t %= > EPRI (1991a) 4 Q 23k 3 K F
R Z 4 k- B % 8(clipping factor, C.) > # %7k #ce? & R 3¥
2 #F % (bandwidth)F B - 2 A 7 )% 0 TAEE W B B k) 2k
i or R N s

Afys
f

c

Hoo oo Ay &oor 4 B EACE B 4o id RS (B 80%2 48 5 T

B= (4.9)

B dogs 3! 3572 D4R KR orm s fa F RS Bt R

M o F 0 B AR(COT T T i

C. =0.55 B<0.2
C.=04+0.75B 02<B<0.8 4. 10)
C.=1.0 B>0.8

¥R RS BH(RRS )L BT iABO- T 0 VARG RE LR B
K Cofs¥ 1183 CDFM 3 K 2§ 47 ¥ (RRS, )% B 4o

Peak RRS. =C,. Peak RRS

B 4-7 &2 4-8 v o F AT 2 FAR(RRS ) F ¥t B 15 2 3% o
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H(RRS,)E ¥ # 35(4.8);8 2. A BFEF|F (FS) )3+ 5 ¢ o
7 P % e~ % #e(Effective cabinet amplification factor), AF,
FRFRZKE REWITLE o QA RAAER TR
BT R (e B o8 2§ £F Rk o ft b HRT
fo P o a0 g B R 0 R AR F LI SRR K R AR
7 RF BH(RRS,) T A N R B T B 2 F RF

(RRS,)

Peak RRS. = AF. Peak RRS, (4. 12)
He o AR 43 seiifics F]3 0 Hi g Edod 4-3 957 o
CDFM 5% & Jiu 3 (TRS, )
FHETRE CFRRFTAETRELARFT L P
Sy~ 2 F R (TRS)™ Ad A B2 & F]F 2 8 > RFH L
99%Az A% 4% % 2. CDFM #5% F i (TRS,) » H ;V4rT

F
TRS, =(2*)(TRS) 4. 13)

K

HY » F % 3E%F BF#ITHE FSF (TRS knockdown factor) »
EPRI(1991)F #& 223k E > 4r% 44 F R &2 7 41 H g o
%]+ (multi-axis to single-axis correction factor) » 2 & &% 5 % %k %
AR SFEKRFL S HET S fhe odk(multi-axis excitation) >
-G RF RH AT RE M gdR o Z 7 - Ko FN G BB
Fus F1+ #3285 F A KL Hdhe o d 20 5 i@k ri@ 2K §
F & RH dhiisk o iE zk& » 7 EPRI (1991a)* 4% Q 2£3:& Fys ¥
12

(£) " CDFM * E 4 HCLPF #t B3 £ B2 B* % &
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1 EPRI %44 & 4= 6] — ¥ 4 3%

?*%ﬁﬁ%ﬁ=

BR-PaRhdEemgeid HmiNd 34 45970
W 2Zd 4 gL (h,)120 & ® (feets) ~ % (1,)55 & = (feets) ~ & &
(t,)24 & rf(inchs) » 3 # KT > v e B #6 54552 > HAEES 9
Bl LE S e R B AP RLEAR S REES 128 o
AT AR R R

4 552 "% Rag & 5 60 ksi (Grade 60) » T 4 Jg2 €5 5 % 3
BEFEE R A2 28 X R PR R & B 5 5000
psi > Rt 28 X TIBFURB AR 5 5670 psi TiF v H R G
(coefficient of variation, COV)-|- ** 0.1 - 295 EPRI (1991a) % = &
(2-2)3 7 18 fp, =126 CCWT_ —095F_ > ¥ 12 £18 CDFM &
3 FUR MR F 5390 psi -
s g4 FRD:

AFEEF 2 F T %% USNRC (1978)2 ¢ @& 24 F fi
5% > # PGA=0.3g (RLE)> A j&®# & ¥ B3 B2 CDFM ¥ 4 % &
Z RK(Vys ) 5 4900 Kips ~ 4 %8 & 2%(Vy ) = 5500 Kips ; 4448 ¢ 3
B2 CDFM I % % € (N )5 8500 Kips » #5428 ( Ny, ) 5
10900 kips - #s#48 ¢ ' g R 2 =3 & R4 $* £(Nys) = 3200 kips
A58 B3R (N ) 5 4100 kips -
FETARTARAFLC

129 EPRI (1991a)'ék L 223 258 L4 (32258 %R %

ACI-318-89) » F 4 #h2 H s+ 5 £ 7 4% T N3 §
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(4. 14)

v, =6.8,/f, 2.

gégﬁ%q%%)ip%r}iy LL,—E,'-;TW 152501:[_0458’t "”‘;I%i

Br s f Rt RSB R - M|~ CDFM R 52 #UR %
B (foopem ) Ny = 304 %iﬁ\_ﬁf ;4 551 p =0.00307 o -2 I &

N L AR LR N ) S P

: . 8500 kips(1000 Ibs / kip)
V, = 6.8,/5390 psi —2.8,/5390 psi (0.458 - 0.5) +
; P psi( ) 4(120ft)(12in/ ft)(24in/ ft) (4. 15)

+0.00307(60000 psi) = 753 psi
1245 EPRI (1991a)'dér L 2 23 SN L5 § 4 452 T4 %A 7

R R e R G R e

C=V,=vd-t, :LIOSI_
1000 Ibs / kip

;i ’dai"‘:F’“‘* )2(06|) ‘E‘«Jﬁ‘/ﬁ“ (AC)x)'LE —-‘,;

B 40%z2 -8 b B A (L B3 23T 100% > @ H @ F 3 g

(0.6)(120 ft)(24in)(12in/ ft) =15600kips (4. 16)

40%) » 3 H 4T

_ (0.4)(Nys) _ 0.4(3200kips)(1000 Ibs / kip)

=9psi
@) | 4120f(12in/ fding (4.17)
ac, = MVuc = IPS 1 s00kips = 200kips (4.18)
V, 753 psi

A R F)+ (FS) & HCLPF %
SRR S AR ST R

C-D 15600kips -0
- ANS = P (4. 19)

4900Kips + 200Kips
At e pug s R4 IR A PER (D =0) o 2T

H 2o B S b MU 05N (ductile failure mode) > i = 2 2LsE
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i B F1F VB G R, =125 0 FlQEE S A F TS G

(FS), =(FS).F,=(3.06)1.25)=3.82 » & ¥ " ¥ 3+ B % T 4 2

HCLPF % & E4c

HCLPF =(FS), RLE =3.82(0.39) =1.15¢g (4. 20)
TR EE T2 A
AR VEE TS EEE TR AP LSS ERE T
#- ;% (shear-friction failure, concrete web compression, flexural
capacity) > i{E # R F < IR o bldeo B R T 4 BRI
BB BT B e d 07 =541psi 0 4 BEET 4 R
HAERt 2 v, =753psi A 0T 0 & FE REIT 4 BB
P
2. EPRI 3% # # 61— #4118 1%
(1) K& E3WH P2 R
RS
A ¢ i) 5 EPRI (1991a)% 4 Q 2 63K 4 & © *? ERRAY -
17414 % (diesel control panel cabinet) » J* #%+% B3k & 3 &
ek g oo R F BT 54 USNRC (1978)2. # & #
F R B R AR B (RLE)S 0.3g - $%70 35 A 3%
TA T MR REERS VIR KT el
G2 A F AW 5 19148 22 Hz A 584 g L 5K # 7t R

WL ERE S P IRFIEZE MY L E e 2%

”’fj'}'f:?g‘«( El Iﬁ? mt—‘-% , i? IFL I};&a}—%lj\ 4 % ﬂ} Fﬁ?éﬁé’-"%?ﬁ ‘;%
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1 o AE A kR - = > T E
VWER, P
(Westinghouse ARD 440)% #3475 B % a5+ > %o £ 24

®- % 30 &> EBEERIIE AN 30 B o on GBI &
FTASE /4 mrd il R H o d BT BRI N BT BT K6
B2ZHMF 5 13Hze X > 8- B AR Ko kP SRR

R P2 Rk B %P 2 ¢ 7T BeH X ks
oo r ¥ M E% A ¥ & ¥ 2 HCLPF % #

LT BeH T EG o

I
=
i
4l
=
N |

g £ 8 sk (RRS,) :

T ORFE B E* USNRC (1978)i2 k2. ¢ B4 F R %
i¥ 8P (zero period acceleration, ZPA)$H g 2. #4eik & B 5 0.3g> &
EiEAe R RE S 0.74g0 @ W F RF B DM R R E
CDFM 7 5 Je3¥(RRS.)# 7 & i3 &t o F £ F Jopshdr * 2 fe ot
L 2o i

Lk F &# (TRS,) -

PRI BT T3 TR > R A6 9 2 S 1R
Fd SRR FERF BH(TRS)E $dhigd ? L B8N d F &
AL 3% FERSKE AP B 4F 1 (no anomalies) e
ZF ¥ (TRS)* 1.8 Hz & 20Hz BF 53 F T 5 % i o 4
BiE s 28z ZEHI(ZPA)TH B2 FH 4w R E S 1.2g0

F1# (4. 13);8 7 ¥ CDFM 2 5% &~ 53 (TRS,) > & %54 F
TR E PR TR 2335k F BHESd S BB L FF AU
B A u) G R E TR TS R S I B i1 WS R,
Mo RS B TR P o #mEF I 345 258303

FEFS(FS), » A b R e R B L) 5 FHREL
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Wi B E(ZPA) » X B E B R A S B g N R

>

7 & 4F 7 i (function during) 22 3k % 3t B {8 B 4F A
(function after) o p* & fE /w2 2 £ ¥ R REP2Z BG4+ %
4-4) > TP TR AT @5 A B HCLPF 3 £ & -
3+ & HCLPF @t 2 % £ & (function during)

TR LRAE A RFAFRFEM M BIPER
#i5 [function during ; A FE K B REK > N EFIRE%RF
P FFER 12 (234 44) P RPF g T

I (4.13)58F F(TRS, )*+ & & 82 ZPA 2 3 4vid B E4cT
3% damped Peak TRS_ = (%)(2.89) =2.33¢g (4.21)

ZPATRS, = (é)(l.zg) =1.0g (4.22)
FeF T 0 08 ZPA 2 g e ik B TH B A FlS (FS),
Peak TRS,  2.339

Peak RRS, 0. 749

ZPATRS, 1 0
(Fs)u = J
ZPARRS, 0 39

e b2 N B H Ol B FEAE TS (FS), =3.15 o £ B
BTG R AR B4 (RLE) > TP 02 08 0 b 1 4

W REAFAFE# g ® T 2 HCLPF 3 & 40T

(FS),, = =3.15 (4.23)

=333 (4.24)

HCLPF =(FS), =(3.15)(0.30)g =0.95¢ (4.25)
3+ & HCLPF @t 2 % £ & (function after) :
’EFL‘P\&%'#;&’&H )L}-l;; E\.&%ﬁi4ﬂbr}’§/l;ﬁ7"}

3PS I A PR A % 4 D LA Rl
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Wi i function after | ° BKIZK K B TIRE 2 RHK SR
& P B4R 1% (no anormalies)’ Rl d % 4-4 ¥ & F ¥ B~ 5 1.00 F] »

(TRS )q'&d‘ ' 81 ZPA 2 Wi REET ;J'—F'—r 4o F
3% damped Peak TRS, = (%)(2.89) =2.89 (4. 26)

ZPATRS, = (i)(ug) ~1.2g (4.27)

SN 27 ZPA 2 e BATHEZ B E TS (FS), VA1 (4. 8)F &
a3

Peak TRS. _ 2.8¢

FS), = _3.78

)0 = peak RS, 0.7 (4-28)

sy, _ZPATRS. 129, o . 29)
ZPARRS, 039

%%.‘3' KM AR R BEE ZPA AP E ER A BA TS o L
A P B & T N TS (FS), =378 o Mt B FS R
Tip A 24 (RLE) 7 10 8 80 g[3480 28 4 18

GEFAH PP EGEE T2 HCLPF 5 £ ® 5 1.13g 4o #f

7T

HCLPF = (FS), =3.78(0.30)g =1.13g 4. 30)

3+ % HCLPF #t 2 % # @ (function during) ® ¢ 7 %7 & :

TN

d AR AZ HET oo AMEUI TR BERE RHL A
THMTE FRTRTF T E2R A 0 EPRI(1991a)2 &+ %
% EPRI (1991b)2. T2k &% i@ * &9 F R | (generic equipment
ruggedness spectrum, GERS) > 3% 385 &+ B3k 2. & ¥ ¥4 B E 5
10g > d *> GERS 3 % b jdrm § FF B35 H dho ik 0 &
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L4 GERS A2 Edhe > FyugPs 120 ¥ > 5 5 %7
R m %t h 44 FORP-G 150 Bts3- 8 CDFM 2 3% F ik
HEE AT
F.. 1.2
TRS, =(Z5)(TRS) =(-—)(102) =8.0¢ (4. 31)
F, 1.5
¥- 3G »d i GERSZ JER W L 5% Fpt 2 KK
W JE RN TR 5% H ZPA i 03gc x4 R E G
0.64g > T BX AN 8 30 et 2 =8 > 51~ - 5 x4y
Pk GB(AF ) ¥ %% £ 43 130 K K S 2k Gk
% 450 2 CDFM 3 $F M3 (RRS, )™ 41 # (4. 12)5% K8 4c

5% Peak RRS, = (AF.)(RRS,) = (4.5)(0.649)=2.88g  (4.32)
Bofs o d PHFTH AFRB SRR AP AFA AL T

§ 7 MR B2 T2 HCFPL 3 £ @ v 3+ 5 407

Peak TRS. 8.0g

=278 (4.33)
Peak RRS, 2 889

(FS)| =

HCLPF = (FS), =(2.78)(0.30)g = 0.83¢g (4. 34)
(2) K& % 23T F
Ao F2RGET - R bt E EOEE 2R TR
AEp 2 RLE ¥ 2.5 0.18g» b #e4k * USNRC(1978)2 @ i& 2
BRI - AL IR R -2 B g
oA RREFH 5 T2Hz o F FF ¥ B(RRSO)H * 15 F b
WEFEG R BB 49T B xR R R
RS ZEP A AREEY -
LR g fF R
d O F RF (R A ) S RARP o s p Y (4. 9)

124



_\)J. g K ﬁ:%\fg"v B I—El'_ ; 0.19 » Y )\(4 10)'\‘ ]Et,i' §~L§"Tff‘gtcc é‘-
0.55 > ;‘gc} B 4-9 ¥ FFE R 3%2 F RE BF L EFHSeER S
3.0g > B Bk FAERETT (FRRS, 2 B4

3% Damped Peak RRS, = (0.55)(3.0g) = 1.65¢g (4. 35)
AR RBREFRFHED - P EFPR O FRERZE RED
pF i dF H o i M (function during) 22 3 28 4 {8 a4F H & 4
(function after) » ¥ 4 %] %3 (4. 21)7% 22(4. 26)3% » ¥ 1@ TRS, 4 &
% 233g8280g-
3+ ¥ HCLPF @t & % € & (function during) :

RN I AaFEE ML TR, & 233g: 2 & 713 (FS),
A ) K F e
Peak TRS. 2.33g
(FS)Ip: €= =
Peak RRS,  1.659
d AP T g R R B ETS (FS) =141 - &
NEF]F R G A Z 4 (RLE) 0.18g > v F /8 gt &3 37
T T B 4 pradE ¢ i 2 T 2 HCLPF 3 £ &40

(4.36)

HCLPF =(FS), (RLE) =(1.41)(0.189) =0.25g (4.37)
3+ ¥ HCLPF @t £ % £ & (function after) :

fé% VEI#-':F’ id; % “J}’é_FﬁIégb’TRSC; 280g,‘314‘2%ﬁ1‘
F1+ (F), =

Peak TRS. 2.8

FS), = ==0
Peak RRS. 1.65¢

d A B A e BB & RS (FS), =170 o

(4.38)
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ARF)F i A 2 4 (RLE) 0.18g > v 17 K@ gt s
PRt R A s mdFE #5272 HCLPF 3 & 5 4c

-

HCLPF =(FS), (RLE) =(1.70)(0.18g) (4. 39)
3+ 8 HCLPF @t & % £ @ (function during) ® & 7 %37 % !
EHH2IRIERS S HT R J BT By S
B30 EedL B 0 F Al - Foni s (AR T £ 4
430 PRyt W B2k GERG 450F - 3G o d i
GERS z_FER v 5 5% F]pt 2 Rk iz fER S ZTHY 5%
Hop g dieid BB S 225207 L3 B B RICE RF i (RRSy)
T A (4. 12)58 &7 B @7t dfiec_=0.55 4o
5% Peak RRS, =(0.55)(2.25g)=1.24g (4. 40)
B¥ R F %A aiAR=45(L@.12)7%) » Bk 4T
5% Peak RRS,. =(4.5)(1.24g) =5.58¢ 4. 41)
£ 1% TR, 22 RRS.3+ & 3 )5 (FS) 3 B % 40

Peak TRS, 8.0

(FS),, = _——
Peak RRS. 5.58¢

#o o TRS P~ p % it GERS T o Fl A 2 b 04 g & 4 3 4o id

=1.43 (4.42)

Big o & S B (FS), =143 o Bt 5 s a5 27
MRS LTS ST BEE T2 HCLPF 3 £ & > 40—

HCLPF =(FS), (RLE) =(1.43)(0.189) (4. 43)
AEFE G2 2GR NFENL 48 FRHIFEZ LB VRT £
%\' 4-5 o
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3. F2it - Bt * SMA e ol—71 4

% o = i — B3R & 3 (2013) 0 af RARAR IR ¢ 3 M4 5%

%R 5 (combination structure)i& 7 HCLPF % & &3+ % - 3%
32 2 RLEK 35 0.5g° % 4-6 5 » & B R > ¢} H(reactor arca
external wall)¥? +% B #L R 5 ¢} 4 (radwaste area external wall) ¥t &
2 EPP A *ﬁ??ﬁ’??ﬂ%%éﬁﬁ—ﬁﬁﬁiiﬁﬁ
3F 4 (final safety analysis report, FSAR)( & & > 1996) > %3k 2 2 #
IR TRKV AR 4 45% 5% CSSE TR RHEE R
S RASAFTER c AP E - SR AT BET R B AR R
THFEERFTAFERAZ 24067 DIREHFZRS
%% 1t g (interaction ratio) » * £ K F 4 B2 4y FF 2L

B mW(FR/IBFR) AT

|R=h (4. 44)
Co
He » THTW £ 4 5% FSAR “ffg 2 4 33 22 4(Dx)
*ﬁﬁ*ﬂ@ﬂmo*L’dﬁﬁiéazﬂRémﬁMﬂﬂ
FEF)F (FS) 2 F|#c > TFIR=1/(FS) ° ta 5 A2 » % 4-6 ¢
dAEER IR Bl ZFRFREFTER - FEWMARALEZ %
R LTV RAEBMERHERY LB RN BERS
b 4o H B gz i EL+56.83° 1 67.83° % (% 4-6 k) -
X B R ERS T A et g A2 BELH110°E 137.57 % #F 2
IR=1.0 2% > e &d 2R 2P TR HE T4 2 L7 w24
- RUAS® 24 4748 2 (FSAR)“Fit 5 14 -
SR - REEAE Y (57 0 2013) 0 * 2B HCLPF %

3 AR
T2 274
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__ )
HCLPF = SR (RLE) (4. 45)

AP Sg# S A uh & SSEZ RLE ¥ B4 177 T i % A AR
B R H R RE AR E RS L AAES G
Bt E BT 5B B2 S =0750 (1 kot 5%)
Sre =0.95g (Fe & vt 7%) » 4e Bl 4-10 #5% o
5T 4R4 2 2582 EPRI(1991a) 2 58 2 B 14

bt S RAR2 2 2585 g EPRI(1991a)#7i2 k2 HCLPF

BEofEidlk o LR RAAR ST E & LEP

HOLPF —(2= )(ﬁ)(RLE) . 16)

RLE SE

A7 IR A4 SSE iy 2% #(Dg)Fz IR & ; I
TP IRy A 4% RLE Tae 23 F(Dge)Fz IR & » 7 T

D D
IRSSE:% © IR = éLE

¥ P> 33 EPRI(1991a)% = § 2 54(4-2)2. R > 2 ¥ B4 1%
P PR R R Y T

(4.47)

S8, pe
Pi,jRLE :Pi,jSSE(SaJ’ ) (4.43)
jSSE
Hd R e |JSSEF*’E%-' % jficis RLE &2 SSE & 24 & 2.

PRFE Sae¥ S~ W s % jBik RLE & SSE ¥ & 4 2 3¥
i RE o] PRZMG AT R e RS T RF AE

Sdcid BE R Gl %o F T e
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Dae _ Spie
DSSE SSSE
BF R ATTAIH (4.46)58 & (4. 49)58 2 2 IRy 27 IR 2 B 1%

(4. 49)

4 7F
e =5 = (25 055) = (25 IR ) .50
C SSSE C SSE
(4. 50)38 & » (4. 46)7 ¥
1
HCLPF =(——)(RLE) 4. 51)
II:\)RLE
d WIREZ L& (FR/ZE) EAKETFF (Fs) I 5 5] Hch &
Y F ;\
D 1
IR _ ZRLE _
RLE C (FS) (4.52)

¥4, 52)58 % ~ (4. 51)5% > ¥ @& EPRI (1991a)4p b ch
HCLPF 3+ & ;% » 4077

1
HCLPF = (RLE) =(FS)(RLE) (4. 53)
RLE
B P E R Eh, ST 2P (4. 45) N2k B ﬂ@.i@éfﬁ_)&é
2 HCLPF 2% £ @ » 2 2 XA %2 EPRI (1991a) 5 (% £

TR NP P AETTHRZ AT > THBELS & EGR
'k}_ £ fﬁ-f“})g" A3t IR B q-\?. 5&]‘4’ /}J i F|+ F °
PEREFR

1995 ACI318-89 » T 4 454 4 3+ B w % T o34 ¢

v, =68f, 2.

MR R R f. =4000 psi ’ i 55 F 'J‘WLE: m f, =40ksi ’ Ei
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BEANBXRLE  PAmsah=11ft, LEal =141t > 4

;_’é LU pse 156 00036 ] Ijq S I’ 1'1' 2, ;7\‘—\?1 /fg
(36)(12)
v, = 6.84/4000 - 2.8/4000 (—— 0.5)+0.0036 x 40000 = 649 psi (4.55)

4 EPRI (1991a) %t 4% L ¥ & » Fv,>7/f (V,=649psi >
7Jf =443psi) > FTIFEFEF Z H R T 4 BB 5 (shear
friction failure mode) °
IR B2 &
d 3 b d ACT 2V o 8 2.9 4 % §(649 psi) = »t % 4-6
P2 F L A R E@19psi)c e IREF A AR £ F o

d 3P 4 gk 2 BU BN S o B 3R B 5N (ductile failure

x\”ﬁ

l’l’lOdC) rit?j}% EF H /ﬂ A oAe ? 0 Tt 2t 55—]“} it /}JEE _rﬂ';'?

EHSF —125 0

1. D 1 402
IR, =(—)(=2)= =0.50
m (F,,)(CAC.) ey (4. 56)

e 5 IR zZTEMAELBEE2Z IRE -
*E T4 42 HCLPF 2 £ &

B IR BB 4-10 #7h F2 S =0759(re R v 5%)
22 Sqe =095g (2 2 vt T%) 18 » TSP e WL SR s T

42 HCLPF % £ &

SSSE _ﬂ =
m(RLE) = 0.950(05) (0.59)=0.79¢ 4.57)

HCLPF=
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(Z) P> T84 sckhip B 2 (CDFM) 2 @t & B 2 45 (FA)
2V RE RS B RERMH A
1.CDFM £ FA 2% 3 ' &

EEREP AL ER TN AR AE A T(SMA) S T §
Pire R BT TR PTRMRE 237 F2 22 0 11 &+ R
A B Trdp & a0 Ruie % 2 8482 HCLPF & &% £ © fyd v = %
B34 sebpip & 2 2 (CDFM) > 355 4 B3 B & E D it &
sz % £ (capacity) 0 B TEH AT ARE 2 H RF R
(demand) > #-% /7 &7 7 - A F F 3 (FS)» £ #3 & F]+ (FS)
PR ARR R AT S

HCLPF 7 2 % £=(FS) RLE (4. 58)
e AR RN EFF (FS)sEts » T 5 == SMA & # 5|

HCLPF F & & o ZRa {5t R e ™ ¥ ki Siagfe > ¥ » R IR

LAt Fr gy SMA  H NETSE - wER
oo fram it UG B NPP &€ &% 7 5 eng T30k ' > T &
EH GRS NPP A &0 BB ' KRz Mt o 24
IR A TR S % R 7 SRPA i {73% 1% o
72 FA 3+ % HCLPF % € #2 2 5% ¢

A e SRPA 242547 » 2 A F AR RETRA
(PSHA)Z 4 it & B 4 $7(FA) » £ # PSHA & FA 4c 184

RIS EFIE R B ATAR ST c B > B R AT RILT 5

AS

DR L BAEHE R R R R

A=A e® (P g@ QA (4. 59)

A A B EER RS @ g, RASEE RS
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FEETMGHEY s FaRE L [ fEARMREFETR I L

Mo G A GEEL QLB wR P LB od

AT A EREY R ol 4110 Y A RAET R
BQT S P i) HCLPFat B 7 £ 30 5079

AR REZQ=95% 2 BURIBF L P=5sy r4rpt TF R Ui

HCLPF a2 £ = A, -& /4 (4. 60)
bRt a B AT %600 (Blde ) - i
S RTBETLBIRIEE S FVHEY TEMRR Y

Mo MSEMSE TR AL S - i S HEREL 5 4o

Be=(B+57)" (4.61)
> fo #E 5 AF & (composite) $#F Hc iR L o pt B > (4. 59)5% 2
RSN T e
A=A e® (Pl (4. 62)
Ho o B M & TR F - P 2 FEMRAY AT
d ¢ EALE - HEREL LS SR o d PiENT
FP=5%"Q=95%FF > ¥z ¥ & i@ B PGA (™ HCLPF
FR)TERA S RA Y R R =1% 474 2. PGA i -
7o FRPE HCLPF 3 £ - 3 47 #aUR i S 53K 5

Prean=1% > I % » (4.62);\ ¢ ¥ 18 :
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HCLPF#tZ % £=A -6 7% (4. 63)
2. 4 SMA F T 30m B R & &

(4. 63) Nz A B AW Mz SHA, 2 T A TR R
%5 B (SMA)A 45 ¢ 2. HCLPF % € 4c i dpfo Bz 40T o 5 &>
PSSR T R R B ST R L R L g o FRAEE
BBl it f?—' S S AT *T#P\ il
FB031 052 F 2% 5 id ity & 30842 fH

x\“i

R Plp P~ 04 3 06 27 FHFT > giEdkiE* 04
MIES T2 a e kT g2 B F AT d SMA TR
22 HCLPF 5 £1% > Tv 1% (4. 63)5% F Bt s £27 =
B Ay oodept o d B R A EREL p ¥R
B &er N TR TR R @ el 4-11 7 e
d 2 W AT o
3. CDFM £ FA 2 # &) §

ﬁ%ﬁ— iigﬁf;ﬂ]? 4> EPRI # 6] ¢ 2. 3 4 4455 CDFM =
8 m 2 HCLPF#EZ 2 £ E 5 0792 ~ % 2 @ 2 CDFM

LB b~ R %A % (Combination structure)2. HCLPF st

P

\

Yo

Fea
ERE@L 079gc ¥ - % & »2Z 4 77 4% EPRI (2013)$ /#74F

Pt

od LR NP

\m

20 2 uaks H o EgAm B B, 2

- R E RS AR FEERS T A
8, %% EPRI(2013)%4%H ¥ 2 % H-1> 4 SSC 4 F o B~
e (reactor building) > 7 & W 3|7 b £ ¢ profE R R & ¥
EHBEL - F AR A R R ) (460)5 T A
Bk BB R R AT (FA)* T2 HCLPF 25 £ &> %%
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R Ack 4-7 915 o £ ¢ 2. 1983 BWR Mark 11 SRPA ¥ 2010
BWR Mark I SPRA % % ¥ % {%i & Fi5d SPRA {84782 @ &
BRF4L o RS %’F-T—lp.» SSC# 2 F BB > ei?P T ap
FERP A BEN AP TR RS ST 2 L R
NUREG/CR-4832 & -4550 4 %] 2 LaSalle BWR Mark II plant ¥2
Peach Bottom BWR Mark I plant & A% it T F &R T
#45 2010 EPRI Surry SPRA 5 EPRI ¥ Surry plant (PWR)+ it &
RE 7 SPRA {8 @3l af R R AL > ok v k5 B BP0 R R
A RER A ITIEATE 223K 1E o 4 i » NUREG/CR-4832 &
4550 i v R G EP SRR BE < L AR 5 T4 B
¥ ; @ 2010 EPRI Surry SPRA P| & #Fw] P gLk fiE5% 0 &
NUREG/CR-4832 & 4550 2. 3+ 5 % SR F 4 2 2 2% & i
13T e ¥ A1 > NUREG/CR-4334 5 8 4 & R~ 41 5 e 7
Fit 7 SPRA it 2t R AT T HEEEE R F Ak
(USNRC)it {7 it B A4S A 17 (SMA) i€ * > o pF7n 3k i F BBk iC
Famt R B RE LV O 0 o B BUR(flexure) ~ F 4
B3 (shear) ~ 4 & #L3k(soil failure) & > 3% 2 )I?c? ZREFRITRR
o AT ERT AR RY BEERRLEFEGE > B %
BLR TP e A % 47T 5 f6 - 75 EPRI (2013)2 3% (& >
%o ERE AT g2 ALK
#-3% 4 [structural failure | > %7 % ¥ & & 2 AR~ G AL

IR EE R o d N RET RSB %{é%kﬁﬂi&%ﬁ

BT g GRETE LS

o R A RFa R RERT SPRA mRER AT EE 0@ 5

RELE Y TERME BT AR L B 7
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PR EF TAR o
EPRI(1991a) &2 5% 2 @ F 4 f3- 5 b2 v e

d % EPRI (1991a) & 5 R 2 @ et M gt 0 A K ¥ it *
CDFM = 241 iz % 4 44+ HCLPF % £ &> ¥ 3 E {2 chy EpF
T ACHT 4 B9 4 5 R 20 3% g ¥ Ao g 1 o 4ok 4-7
oo SR AP %% e RLE 5 05g > 2238 43 & 5] 5
(FS), =(FS)cF, 5 1.58 » HCLPF % € & 5 0.79g; @ EPRI(1991a)
i * chRLE % 0.3g> 24584 F %13 (Fs), % 3.83 > HCLPF % &
B s 1.15g° F4r7 f&= -‘ﬁaf#@)i ) ¥ b R H 2Ll o FE TS
(Fs), » FIE R A2 7 4488 R4 F K2 Bk o EPRI § 5|2
(FS), =3.83 » AR N5 38 B> @ o & o & FIRLE 37 ek
B RARBARE 158 % o

£4 @ 5T H6]2 HCLPF 3 £ ik 50 2 4 faip
TR KR (DTS e R SRR AR ¢
P SRR B2 R EY R S A A Y s f/=400(psi &
f,=40ksi ; @ EPRI % 6] 5 f/=539(psi ¢ f, =60ksi » 7 {5 $H

2132 15 % <% ks B4R 715 7

BORABAEP TR FSAR B L6 9 LG HR -
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F g EPRI (1991a)% )¢ » ¥ 4 3 RLE ¥ &4 2 Rix A
USNRC (1978)#7i£ k2 ? B & F ¥ K7 > & i
“&ﬁﬁi%%*F@%ﬁ%j%mﬁﬁm%wﬁ@o;Aﬁ
B]% 7 EPRI (1991a)% &| ¢ RLE Pl T TR R0 N
PRRARAR R A R

&2 12 EPRI (1991a)%i4 Q ¥ & ik ehfl ] » kP 4o e 12

P HAE BRI J|¥ R% F

(Fs), ¥ HCLPF 2 & E ¥ it flh* o

CDFM * & % #% 2. HCLPF

V3

B kA RRF 2B RFEZAFEFFE) - 2 22 g%
CDFM :+ % 2. HCLPF % £ % % 21 d FA- 52 %% iv- L %>
# ¥ d > EPRI (2013)*44% H # & cHFA " B & S8z k@@ >
#72 5 & 72 EPRI(1991a)4p $F e 2o 3K & 47 &)  Flpt » & A 22y
EPRI (1994)% + % @ 2 3% & FA 3-8 §# 5|2 < EPRI (1991a)

2.3 % CDFM 35 d& b8 (710 0 i85 B 6 630 2 K i 45
BRI DR 2 R%RF BHE R RF RFET AR
o > 27 F o Fb g # s Z - EPRI(1991a)7 i@
* 2. 28 EPRI(1994) % 3 ¥ g > BT B 1 2 s 53 (bl4e
BHFEFIR) F2EBFIF LG HEY BEEREL SRR

PRI Y e e 518 T e RKE 2%

&7‘
ﬂt
m
O
.
)—U
"11
w\m
=k
ba!

F LRSS EEN L 480 FRA iﬁ “{% 2 HCLPF % £ @
?iaﬁﬁ,?ﬁ&ﬂéﬁ%%@*im&ﬁW@?w%’R
ﬂ'\lz FA ‘L‘TTEE? 52.\:&—» ét:i'rio

Fobo 2489 LR Z R R ARER R 4B 5 1K

FEETEF A8 F) -+ RY L FF L AFF N TR A
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o

L RST R ALTIRLE)E b REEF R (DR F
Hir pF 2. HCLPF 7 2. %
LHE R MRS 2 B EL A Q¥ R LT

FRaFH LV e ik T
~k

HERRENBAPEL AR R

LN

=4

nction during ; ¥ " function

after, » B EF AR RF L F P RAFHEF B LB Y

Qﬁéﬁ%E%*%%%;@?fjﬁﬁgﬁﬁi%?og&
K & quenat B 4 ot 0 vt W 2 HCLPF 3 £ @

¥

%iﬁﬁomui%aé’?%%{@%&% ERHRL G
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% 4-1 7 et iz F O+ % 8(USNRC 1978)

fE R 84.1% & Az A% & 50% H Ag A% % (P 1)
v (%) A \Y% D A \Y% D
0.5 5.10 3.84 3.04 3.68 2.59 2.01
1 4.38 3.38 2.73 3.21 2.31 1.82
2 3.66 2.92 2.42 2.74 2.03 1.63
3 3.24 2.64 2.24 2.46 1.86 1.52
5 2.71 2.30 2.01 2.12 1.65 1.39
7 2.36 2.08 1.85 1.89 1.51 1.29
10 1.99 1.84 1.69 1.64 1.37 1.20
20 1.26 1.37 1.38 1.17 1.08 1.01
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% 42 CDFM = % % £ 2 %3 5K

TTEes

(Load Combination)

BARRF R

(Ground Response Spectrum)
A

(Structural Model)

FE R b

(Damping)

2B 4122 B(SSD
(Soil-Structure-Interaction)
A F ik

(In-Structure (Floor) Spectra
Generation)

R 8 A

(Material Strength)

s g -\

I J 5% E >
&’;{; ?—;B-r:r

Ik

(Static Capacity Equation)

LR A T
+, F, (Inelastic Energy

Absorption)

MERE S AP E L Ee RLE # R4 %
i AR P S E‘ﬂ sk A Tk e
At g o PRI ELPET RS AR
FHEF LB E2 R 7 %4 EPRINP-6041-SL

44 >
o

A |
Bl ch"ﬁ }’%F% E T Fﬁy b i”’ﬁﬁiéﬁﬁ%pllp‘}b

Fr- 2 MR R E 4% A AT S o |
BHFEUR I FIRSEEDERL 2 &

K

FER L7 3E {#i’i‘r’}’%;‘a‘ﬁlﬁ'_ﬁl FL%:‘,’_—E#_
'? £ (median damping) - 245 EPRI NP-6041-SL -
FOM OB o oR 2 F T O R
NUREG/CRO098; @ # [ efoff i [ R vt ¥ 12 T4
EPRI NP-6041-SL(1991)% = % ~ % = & % -

.C}o

B2 *FE

ol
&
\“Xr

F A W”ﬁﬁF"ﬁi&ﬁF@ﬁo
T4 RSP DR R AR -

FF R T g R

2. drR G RETE T 95%gARs I o

L H* Rk DN oy £(AC
AISC) -

2. FRERETADET AR PIE R 84%
AAR Y I o

1. s 2t u}i M ﬁiigz s =\ mﬂf#‘ it H g e /F‘ R

95% Az AX 8 5 o
2. i P& EPRI (1991a) 3 » 2455 [ pURF, 7
1.25 » 3 R R F, B~ 1 o
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% 43 4 sxfdiFon 4 a2z 23 @ (EPRI 1991a)

A AR (5% ko)
BEyrdle o
3.6

(Motor control center)

B ORE 2K A
7.2
(Switchgear (Flexible panels))

iR EER e &
Control Room Electrical Benchboards 4.5

and panels

% 4-4 RBF 4R T3 2 23K @ (EPRI 1991a)

TR KR A F
#* GERS(# 7 %7 %) 1.5
EPRI (1991Db) i
#* GERS(7# 7 %7 %) 1.2
(Component Specific Qualification Test)
KA >e 29 Aol
1.2
Function During
AT 2afFrald
EPRI (1991a) )
TR PE LA A 1.0
Function After (No Anomalies)
X T Al
1.1~1.6

EET A0 N L

Function After (Anomalies)
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2OAS R RS EY FR R L8
SR
e S £ 2 e
TEE o it
S
R ZRIFS N
K 4 e 7 T Fe=12
(function during )
W B A
P T o m+ F =10
(function after )
B RY RaBs ] 7 %3 E GERS
& E .
(function during ) ¥ T et L A AR)
PR REFH
Wi o E A3 Fe=12
(function during )
W 2 adFra
i . z i 7+ K =10
(function after )
R ZRIFS N #* %7 ® GERS
H 7 A 3
(function during ) T et G AR)

%046 F ERSEPAERS B IR E(ST 2P 2013)
Reactor Area External Wall Radwaste Area External Wall
Wall Shear Design IR Wall Shear Design IR
Elevations Capacity Shear Elevations Capacity  Shear
(psi) (psi) (psi) (psi)
-0.83 t0 39.83 350 323 0.92 -0.83 10 39.83 357 322 0.90
39.83 to 56.83 319 257 0.81 39.83 t0 56.83 319 257 0.81
56.83 t0 67.83 419 402 0.96 56.83 t0 73.83 425 402 0.95
67.83 to0 95.00 481 440 0.91 73.83 10 95.00 497 443 0.89
95.00to 110.0 497 359 0.72
110.0to 137.5 360 359 1.00
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% 4-7 12 CDFM 2 FA 3+ HCLPF & 2 3 % v (3 4 48)

= 2§ 5\ 4 »2epdp B (CDFM)
3 HCLPF &
AL KR o s
2 ‘* RLE (FS)E F/J "E P
EPRI 3+ & # i
— 4 0.3g 3.06 1.25 1.15g Diagonal shear failure
XL _
adi W v ow HCLPF = (FS).F,(RLE)
4 0.5¢g 1.26 1.25 0.79 ¢
i} & & 4 17 (FA)
g 4 Am ,6’ ﬂ HCLPF &
o kR 3L
BN (CEOBY "
Reactor and control
buildings. Lower capacity
failure modes were
Ml 912(3?;]13,;VRI}{)A 1.05g 0.34 0.28 037¢g assessed also but judges
ar not to lead to collapse of
the structure pse of the
structure
NUREG-4550 PBAPS
N reas® 160g 016 027 0.78g Reactor bldg.
B Shear wall
Safeguards bldg.
82010 glf:RRi 1.51g 0.23 0.22 072 ¢g Service/Contorl building
urry Screened at > 1g HCLPF
2010 BWR
Mark I SPRA 1.30g 0.14 0.33 0.60 g Reactor Bldg
NUREGICRAS 180 031 026 0.70¢ Reactor Bldg(shear)
Recommended
Range of
Representative 1.50g  0.30 0.35 0.51g Structural failure
Fragility
(EPRI 2013)
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% 4-8 11 CDFM 2 FA 2+ % HCLPF &2 & % b # (3 8 32418 1%)

23¢ 5 | myaiena it B R A T

®TE (CDFM) (FA)

Ty 3

RV TR
s £ 095 ¢ 094 ¢
(function during )

W Rfs mdF
PR z 1.13 g 1.20 g
(function after )

) RV TR )
.l 7 083 ¢g 092 ¢
(function during )

BAY BEFM N
e 3 025¢g 023 ¢
(function during )

ERE I B =
(function after )

PR T i
. 2 0.26¢g 027¢g
(function during )

%
(1)CDFM # * EPRI NP-6041SL (1991)2. = i

(2)FA # * EPRI TR-103959 (1994)2_ = %
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1 I
| BARBENPGA et)) ||
| -
'—_1- ——————— NEIEZ SRIE - F ¥ P (4) 2 % B 2 #7.
- r— Y T I
1 +Weather Data P. I
| *Atmospherie % ! |
! = o S '
! WHEB Event T . Evaf‘,',atéﬁ" :
vent lrees . ' t
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1 1
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! i)/ L (2OMA it 3 FE 37
1 g eRRBER PG etq) ||
1 1

@ 4-1 SPRA 2z — 44 47 i 42 B](EPRI, 2013)

(RLE)

()R P R AT S |

J

h

r

~
* mf & % F KA (Seismic
Capacity Walkdown)

n

A

y

(CDFM)

((6)47 7t 42 in 3746

(2) %8 g 7 3P AE /) 48(SRT)

!

() ER &
3

(4) & 7 2 24 48 B =X fa
]
(5)7 AR B B8

4

1

1
’————————J———————.‘

”~

r

(7) 7% pTAE

ET

B 4-2 SMA /i 4% [
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" A4 NEP I
s i
gz '

1! 2 3 & 5678910 : 3 4 5 67897% 2 3 4 5678910
FREQUENCY  (HERTZ)
Figure 2-2. Example Site Specific Spectrun for 5.8 < M < 6.8 Earthquake.
Bl 4-3 % e o B 2 3% F ¥ (EPRI 1991a)
D
SEISMIC c LONG-TERM
MARGIN SAFE
EARTHQUAKE E SHUTDOWN
- A H B -
F

(a) SUCCESS PATH LOGIC DIAGRAM.

Bl 4-4 = 7 i B IE B(EPRI 1991a)
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SMVE A B c D E
v / v y v
»- L 2 L - T
—
FAILURE SUCCESS T
(b) EVENT TREE.

Rl 4-5 ¥ © &t event tree & &|(EPRI 1991a)

—IR 3

® ©

Q = "OR* GATE (V)

Q = "AND" GATE (A\)

PARALLEL
PATHS
FAIL

UPPER
MINIMAL CUTSETS: PARALLEL
Y PATH FAILS
B
CAF _
DTAEAT

®

DANDE
FAIL

(¢) FAULT TREE.

Bl 4-6 <Mt fault tree # 5|(EPRI 1991a)
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>

Spectral Acceleration, Sa

A
-H-/ «— Afp.8

80% Sapeak

Yy

Sapeak

>

fo
Frequency, f

B 4-6 5 fu3# B w2 f i (EPRI 1994)

Acceleration (g's)

I Pt | .
1 ! L1 1 i

i 10
Frequency (Hz)

——— 3% Cabinet Damping ——— 5% Cabinet Damping

Bl 4-7 F4#g & J&:¥ (EPRI 1991a)
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SPECTRAL ACCELERATION {g)

3.0 T T T I T 1 T 1 1
5% Dampling
2.4 4
a
=4 *
g La b Clipped RAS,
2
]
Ht
o
E 1.2 L .
0
0.6 [
0 i 1 L i i I | I I i 1
1 2 3 4 B 6 8 10 20 30 40 50
Frequency (liz)

B 4-8 EHFF &% (EPRI1991a)

b e ) i Wi
__'_H'JI:]:HHie sy i ] :
11
- 1 T i
n L
! ]
Spectral Acceleration (g) :Z i Tt L
Frequency for Damping Values T |l LT
He 2% % % a1 " : i it
: + f == 1 ARG
- e B m R e
- Li + _+‘— i
e 1D 021 o 016 TR fi i T 'l};"é
T 045 041 034 Hpmit i E=ain alilhi e
4 0.72 0.54 040 LA ] ! ettt
52 1.46 RE 091 [ H i R4 1 a1 [ kA AL
e 1,60 260 Lo [HIEHE I i i
95 0.98 092 0.8 i i i 1 it i T
- 134 0.54 0.52 o.5¢ [T F-“ i . i i
1.0 200 v 032 050 asy , S e
T 3w 0.8 038 038 | i1t e ami il
i S S
S IOSSTTONNL i A
ot o nsil bl ud Nt I ot | e s . - [
SETaAEERs: (il SanadEp ki yat i ; tl
2. u . 17 BEER i 11t 4 1 it T11 |=':
T i I I s sy
i - : HECHT Ky
i i 2% i i
ittt H
1.0 - 5 i : i
T T R[ITHT 1 1
I 1 1 9
i : i EEmzzmmeip i 1
, i : T i

10 S0
FREQUENCY (HZ)

B 49 KT % e HiFF R
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1.20
1.00 RS0 {g) \'
i e RLE 755 ()
] mm—— RLE 10% (g)
- == == 55E 5% (g) \
0.80 / ‘\
. 7 7
] ’ '
| )/ \
J ” \
0.40 | 7

0.20

Acceleration (g)
o
g
—
\
~
-
h]
|
|
|
|

0.00

0.1 1 10 100
Fregquency (Hz)

B 4-10SSE #2 7 fp e A v RLE 2 £ (5% 2 ¢ 2013)

1 T T lﬁl‘gg i& ﬁ
——Q=0.95
0.9  |==—0.50
— Q=0.05
0.8F |= = Mean
%0.7 -
x 95%1%
Foel v
o
%05+
N
xgm -
0.3
02
0.1F
0 . .
0 0.2 0.4 0.6 0.8 1 1.2 1.4

PGA, g

Bl 4-11 7 F 2 kB af B R & 808 T 10mf B A & 5L
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T3 R BCRA 17 FIR RS
-~ %%

AR ORHTR AL N 2 RS 2 h vl G T AL A
FEzZBER R AT R Y Z Ak E N (FLOW-3D) i 4 2
BEZ -2 > BRLHEA I WESERER LATERFFER
TOMMEIETARVRFH T UT e F PR L
PR 2 M RAM o S A ATIEAR o g #I D
BT R GE L T G A o AT MK R R A KT i 48
LiE® 5 UE D PLilde@ AR AR E AR R o

BB P IE S = M % Navier-Stokes & #2538 ef= 4o 08 2 0 FofF A -

R
F_‘~

PP R A d BRI P P R Rz e
e o PP ETRABRERT DA BAZ > REAPFTERAFEF#F
Fl*asd el £2 AT o R HBRH (H 44y
WA BA) o F T ES A BRI A6 2 H R A
EEELRP AL GE

SEFRRKRE BAamhBERE > AT E %Y COMCOT
(COrnell Multigrid COupled Tsunami model);% v #c (5 5" ficke 4 /& 4]
bR R 2 A BRI E 0 © 02 Bl ® 5 (FLOW-3D)2* &
Fom B % HATH S A je e c COMCOT &.d 2 WE2 fi ~ H 4 &
BB ARS R 2 S KR T B S 1 COMCOT 27 5 1
gﬁvﬂk"wgﬁniﬁ REZFPNHE Y o g#%HE 1960 &
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ch%r 4] 74 vl (Liu et al., 1995) & §_2004 & chs I + 7% v (Wang and Liu,
2007) s g R R 2 mh B TR 0 AR R RERE
A S ,;w g B ARl - FLOW-3D 4- 2% B
AE 30 E e E RS FHH A ARB R T
SR MEGRAE Y 0 ¢ F ARG F < gt k5] (44 Chen and Hsiao,
2016) °

FRLAMSTFe ZARKE R~ L# B LR BB A
ol o RREATA A 2 LT RPN L o F AR RERITITAE kY
AFNEZFAFRAF VA I B L A T HE R R en
P R R FIF RRETR G R FHROLAAERA A TP F A RE
Bicdm A4 Bjavdps » ardis e PR felpavdi 27

P FRPRRAEFBESTE S EE s dop MG E E 22 £ A
PR T R - Lo 3 E R F i ga s BT RUR A
TAFRRERER SRR B TR T4 B B AlA
RE B 2 TFFRET L PTRC AT EZE AP 2 - fij*%:g
Fhn T o AT LT A UERR AP HE R AR AN
ASCET-16 ~ FEMA P646 & {7 % ki f 200t i B4 b 4 vt o

& gk o

_ "
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S LN LEL T VNI LS 3=
SRS SRR R T PN =
~

1y

SREE AL H N T WMEHIF ARl a TR R o &
%LE%@P\ C e B ITIEAR 0 A KL AR R %Eiﬁ“%%%ﬁ#ﬁl"”ﬁ 3
PR T R F R n2h A A o RAE R 2 R
ARSI L I EF S U E o R d pLslde cnid s vh A 4

APERE A GEREZ] o Byt B 715 = &% ir Navier-Stokes = 42

N hn i o RfR Ao B 1§ B M BT -
B R E Rz g BiEes o TS AR R T v L
BORERFOABRAEFFFET %o%d& SHEKE K T
F AR AEE R AESO S R DHESRN, T LR A RSN

g
(- ) zZapdH;ss
prmE - BEEYR > IFRF]SBARIDEE S e g o

I EEH R FT L LT 7 B % (Dietrich, Kalle, Krauss and
Siedler, (2004), Satoh (2004), Cullen (2006), Karato (2008),
Mei (1983), Lamb (1985)) :

L& & & o

2. A AL

3. & KL LR

4

5. B AT R FE o
p Bl’pi&f‘“]’ ﬂii"l‘rﬁ‘ba_, E/&K.J_C%F' /4‘:1@’_'.-3‘:'/‘/‘*]%?‘%
SIlgF o MR R W R 2 A% 0 P W 712 Okada (1985)(FEMA
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P646(2008)) & 2. > 2 F A E K @ % 20 Fl R¥TA 4R ER
Zom oK A T B E o NSRRI R R 2. BIFBEIT AR
FEFEFBERB R o MRS R S AR A AR5
WHUBEFEHERLE e P o REF L P Re Bl A
W03 #E(NOAA OAR PMEL-137, (2007), Imamura F,

Ahmet Cevdet Yalciner and Ozyurt (2006), COMCOT User Manual.
(2007), Nielsen, Roberts, Gray, McPherson & Hitchman (2005),
Gonzalez, LeVeque, Chamberlain, Hirai, Varkovitzky & George
(2011))

SERLP T AR 0 AR RS RIIF 2 A B
Ao ARFZPmAER FUATHEREEw e WA
A AR ES o 3 AL @‘J > Sl TE R A
TR > AT A AR AR ET c MRBOFHELFLBBE
& % 5 (Dutykh, Poncet & Dias(2011)) » /& &3]3 R5I# 2 5%
B s 7 o e R L HI g2 e I, ¥ BFd A
Bs R R EEETEABE SR FRAR TR RT ) RS
AR L RS2 Javh BRI e B CE B4R 2 sk
BT o

fas Al 3 BRI 2 vl o 3 RFANITAR F o F
B FIIT A RAF FR2 A R A, P R 2 - MMM RS BT
EE Al b RIRAT Bkl A B B AL o 2t > AR LM A T R
%%%Lﬁ@’ﬁ%ﬁiﬁﬁ@ﬁ@’ﬁééﬁﬁﬁéﬁﬂﬁ@ﬁ
2 AILS 0 S g T AT AR AL H

IREHIF s Bk

X

s ‘:dﬁﬁ"’ 45l R o Frev § 218 ek

e
BEARE LKA > AP E R RE S B

153



Navier-Stokes 2% o frfit A BEf2 > P i 2 TG T ALS KL
g 4 «?&f"}ﬁ"ﬁ% gl 24 ‘:qﬁﬁii’#— AR R e f o
1. 3uid = fg 50

48T ARk kA iJﬁ@¢nai%$%
RERFREA IR TR AR ER

\m
\F\ﬂ %

e 5 A

R
(conservation of mass)¥ 2 & & = |z (conservation of linear momentum)

R A B o ....-;p }%/4 ’J\'?*L”H‘f" EN @ 'fﬁ"‘ %F' - «\!:'IVJ' (3 gﬁfﬁ

ke

Nl
’ R

(incompressible Newtonian fluids with constant viscosity) * 7 7 &2

& <5V @14 5 Navier-Stoke 2% o /& vl 23T A a8 EpF o 7
WAL R AR BEEOEE . HER TR F R A (turbulent
ﬂOW) fgy‘%}\ ?- e )‘L]"L t«ﬁ* A r E r’} ’ ;', ,ﬂ }mj— "'T 7 i’%‘ﬁ (ﬁeld

quantity)i& (7 L35> A fR L TIHEAER o A HET §HT 0
Al (Reynolds-filter process)iJ® }* B 4% o 5 T 2L 3592 Bl a2 i 2

T iaE ;?f&i oI i A #pﬁ‘*% BB

% o,
alr; U ars; 1arP N 82U, a (ﬁj

- = ——- 1 — — - TR TS

it 1 d‘:lcjl p Ox; D‘:E_% Oz ; 7 (2-2)

BHP QD5 FE =42 (2-2) 54 5 :\H £ = 5 (Navier-Stokes

PR TR ERLPFREEHFTHETIEE D P a1 R AL

ETINS

£ 513w 2%+ (body force)» & *P 2B+ »p 2B E > v

#+ 4k (kinematic viscosity) o F 7@ ;8T A 4 gL 4 F skl

k=1

Sl AR R 1 L LR s 3

o (A% 2 NS 238 > S FHERA ) B A @ dhkee izt 4oy
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FHEF o
2. ARBAAKEFEBR T

BB AR AOTIT R 2 BIERF o A R R PHIINAEEP
E2 2R 200 2% 2 HeEe )0 g B A R AL A (FHEE

— BB Z B Ao W 2-1 A7 o Bl KL S 3 R 51 2

AL RS AT AR P RS S EARIRE S 2 A
By A d 1 B0 AR eags RE 4 < Rl #ps o 915
2 A - R E P R R o Sy RIS X b
—REP RGBS NER LT R LR 2
FPUFEHEE AT AR EP AR AL SRR R R B
T ptvh s T EDARIEEP - 2 PSR E SRS TR
L pE A (R 2-2) &3 R4 2 B 3pd g oo o
3. %ﬁﬁgfﬁ%%ﬁ%§$£$ ERRT

LA E R s R 2-2 T iER R A A e s e
Rdo it o i AL B A e (ARME) R - Bk PiC RTRR

@Luiww\ B AR o R A 1T KL B 5 2 Ja vk A
Ik PR R R R R P R P R AR R B RR
My iRt B R 2 EF R AR 2-3 1 o G Z AR
Bl i bt AR EHEAR Y f2 L BER R I w5
Pt o P E A RBFFIP oz L BEE (RP- R R R
CRTEA A B G RN R ) b I B A HETR 0 AR B I
FTenetee Bl o @R UHRABeEF2 4 B
AT B 23T LT E R AENRAs L BREw L Ad ER
LER AR BT M AERE S AR ISR ELE KT TR
BIE R RA TSP E o M BB B >
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B R EASL  PGER ABRERL R R ES R
4, Adpmvmgl 2 4

ABARFFIAR TR EE L FILEEE o §A A RE
LM AR AR THAL GG RS AR AR R A
R A 2 AR B e AR B AISd R KL B T AT
Bouli 851422 j4 v o

P TR RS R L I 2 R 0 g s R TR G RS
B eh- fa(Aranson & Tsimring (2009), Péschel & Brilliantov (2013)) -
%H&ﬁ@é%ﬁﬁ%@%ﬁ%@@’%ww%ﬁ@imm@oéwﬁﬁ%
TRAES > SR 3 8% VA LA %8 | R asip it
A > B R B F RS A ) da o P A fER T I ¢
TRt EHMAE RS B 5 - F AR T VARG - AR
HIERCR Y SRR BB ESF T - BpFo
TR 3 0Er 3 FERE HERA FHT €7 2
FE 2R R R RT IR G > 2T R %
(Rao & Nott (2008), Fang & Wu (2014), Fang (2016))

Boan o JER B end fAI e AR TG Y Lo AR > e
Bl 2-4 #7r7 o § HRPEWEEFRE B ARRTL  BEH
A e FRL R HSERE R AR R

w

AHCEE o F FriE o I P AT A 0 T UM W L R 2
Losl B A 0 5 4E 3 A K L% B+ 5 (Pudasaini & Hutter (2007)) » i%
B R PRI R T R > AR A K eh T I 3
FEAARLAFAF A E I EREIF2 50 S FE AR
CEEER RS o SRR SV ARY T L ILF AR e bk B
By o FoERA R L HSIg2 a8 3 T Ak vt B B kR
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7 1 A
{ F+iTR 5

AR TR AR

I\

5. WEEFTHLILE
Bt b M & 3 R4S 515 2 T g '?i’f R
%
rﬁ!

Sz R R A 2 RE A B 2 Ay T AR B DR g
BT e AR BB R R (é&%)%*ﬁﬁ%@?ﬁﬁiﬁ

B P TR G200 2 AL FH (W 2-1) £ 8 -
B RE BRI B R o 50 M L TR R EHT
bR Z R NA, s e B R B RREREER N - B

B % & ﬁ‘ﬁi °

6. A KL EFEBIRER T
SR EARLMA D M hh B AR R R

Nz g ot o 0 AR LM R LA D R kR

Bi- 7 A S SRR dof] 2-5 ST o BRI E A

kY

~

S b BRE AL R Tk AR LR

(7
Bl
|

'
=
i
(E{a
b
e
=
K
fput
RS

LA 121,785 A & 25.195 */iT, @
TIENCEE S G XS WURE | F Rl SN §
TR R e A KT s (T > B M TR
SRR R T FAEREI - B R FRABRIARE O HE
SRR 0 X s R Y F e T a0 B AR 0 1
e rhk A6 O 2 S o HERA TR g E e }é] D
E3 R o LV R L ﬁﬂr?& 2R L B oo gt b A s gk
PEE-H e 2 FRAIF AR - AL 2EFEw > V- ﬁ_;;#gv‘;rt
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% > 4@ 2-5 P71 o

157



(=) HEHHRES

PR AR T ZARFR D> E z 2 @A Re RS
Xy = oo

B 2-6 5 Atus A% A4 2 REMIMPE M1 HARLT A
HA RSB RINGAE RS EE B R o B AR BAIF 2

%wﬂga FHB RO ASRE A G XL B T RS
H 72

AR A SR PR T R ) A > B = A F i Navier-Stokes 32
BASLT o g - - R R G 0 d AR Y sk
B0 de W] 2-7 Aron o Bk BEARY 0 L E Wi B B M R %
GRAE'S =-RNRNE B S RSN § S Y Y
Boo Frul AP R L RIR O AT P REEET

BRI Y D Ry - gAH Rt > LB

BN BTH P IR > » ek hil § Tk

ﬁ,Tﬂﬁ‘g‘“FET@%té; = ﬁj‘é’"/ﬁs/gpfﬁ/ﬁ\r@ oiljé*ﬁ")@’ig’f’l,ﬁ
o §RTIME AR AR e Bl Bk B AR F S o R 5
g BB R LTI - Rt s P BUE S R R F R

ﬁﬂ"{}"]‘%j‘ﬁii t/g_}‘/” : FP.li”J-% 7]23'\ ’ _G‘]LLL;J—_,%éj‘L#%“ gﬁi

WHRIR R g 2 > Bt A el ap B R o s
R LW (L o BRI R K AR A 0 T
LEER o RSB F SR R
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FERAS CAFEEF DRI L AAERES - BERE

A - BREEEAF 100 4 F A ot AT e e
Hie- BEOTORE G AR PR R B RER
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ARIERFEEFRFT L EF > TR - BT il 7 BB
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BE RN LAT N FREEINPE - EPRC REABRTA
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B R A AR EREY F A NEFFRT S A RrE
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(b)

Bl 2-1 F%ac - B Pt = Res? AT s KB ARl A T G ]
(a) # AE A 5 (b) %5 W
(FR kiR @ FHIEEFT 200 2 2 4F R 5 AE A F])
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(2)

(b)

o

Bl 2-2 AAFEMER Fiac — Bl o - B B RGEH

(a) AT Poal - BB MEEH ; (b) Akl
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RS A LR DA B

[ F 2R e IR immeerw Il & 32 RitERR

3000 |
2000

1000-§

1000+

Be b 2 Rk 2 3% B A2 503 (Pudasaini, Hutter, 2007)
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(a)

(b)

Bl 2-5 A AHSHALZT AU 0N M ¥ I A Bk Kk 4w
(a) /3 KH & #\4‘2“,45 ;(b) A KHE G #zx,éft
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=0 t=10
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gE3fEss

E=a =
= =20 = =30

Bl 2-6 Atpupia R B84 2 2 RHMpE, 2 WA bR LN
BRVFERE 7R
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Time Frame: 0.00000
free surface elevation

5.000
3.333
1.667
0.000
-1.667
-3.333
-5.000

t=240

Time Frame: 240.00797
free surface elevation

5.000
3333
1.667
0.000
-1.667
-3.333
-5.000

165



t=480

Time Frame: 480.12073
free surface elevation

5.000
3.333
1.667
0.000
-1.667
-3.333
-5.000

t=720

Time Frame: 720.26001
free surface elevation

5.000
3333
1.667
0.000
-1.667
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RAFRGPT EAHABEER T ER - EPRERT S A
PR 528 ASCE7-16 ~ FEMA P646 7 %L 3 1b fi > ¥ 37 ¢F 53 13 i S
fABR T e ~ P AMEL - AR S R R ARRA R
F] A rh g RGP BRI AR
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2. #-kKR/# % 4 (Hydrodynamic Loads/Drag Force )
1
Fdx = Eps ItsquchB(huz) (4'3)

Ps @ B K EORRZ R R

l, /264 £ & F]F > 4 Rigx =125 2w Rt i@
e R AR {#H S 1.0 (Fdrk 4-1)

C, 1 #» i (3 42)

1.5
G S AP ot ol 19 C, Zﬂ“®f+/mﬁaa

197



0.5~1.0 2. &
Ryt Bl e 2 415 f
Aa @ S5 3 20ine 2 3h6 ff
Aeam * Bt L2 4005w 2 B0 G
hy @ 44 T3
B Ry L ine Ll LBTA

B
ar)
i
‘\k:g:‘
(w
e
éﬂ-
\:q+

3. EAHE 4 (Debris Impact Loads)

F O A IERAE 0914m e T L BEAABGE S 8
PEAAREEA 2 T HH L AR IR T 4 L A Ao BN
AT LAHESRAF A Db AL BRI SF TS o
(1) @i Einmiertd4 L84

LR R RA T AR bt

F =1470C, | [KN] (4-4)

¥
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*a R E R R 4 & 7 I (Electric Power Research
Institute > @ A EPRI) 2015 & i chdk jiv 3% £ “Guidelines for
Nuclear Plant Response to an Earthquake” > ¥ : T % ¢ i3+ B4
BR8P A HARZE A G 4 B € (Japan Nuclear
Technology Institute » JANTI)z. " & {8 3% # & 2 H43® % E0] Gl
% G2 , (Post-Earthquake Equipment Integrity Assessment

Guideline [Pre-Earthquake Plan and Post-Earthquake Inspections
and Assessments] ° < ¥ ¥ % JANTI-SANE-G1 %

Post-Earthquake Equipment Integrity Assessment Guideline
[Inspection Method: Pipes, Foundation Bolts] - <= & % 50

JANTI-SANE-G2) > 4 4t R RFEw cnE f LB 75
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p d\m%#n ol #Piﬁsutﬁ FRYARLE o

It AgARE B ene & 0 2 W@ * OBE (Operating Basis
Earthquake) £2 SSE (Safe Shutdown Earthquake) #» & * &
o2 CAV PPHEE 0.16 g-sec > B & 5% > ™ 2% OBE &
SSE A_F % 4 -

B#JANH%#WM%?Sd&Svﬁﬁﬁﬁ*waﬂ¢’ﬂ
®Sd i RSEFH AT LR 2P R ke
RF LS A 0 Ss F AN EIEET O LFERL 2PN
SR St A 4 LR A R T HF RN o Ss
- A Sde PRSI A LIEFE R Ss o R - IR

Gl -2 Sde poAe R R E B2 RBEBIF R AR S

e EL 1:/]: »* & % *% elastically dynamic design earthquake ground
motion (EDGM) -

e EL 2: 4 >*(EDGM) X design basis earthquake ground motion
Ss (DBGM)

EL3:Z RAZAX Ss> T 1k BAFSF P ik > dmA 5 a~brco
(a) Wik |20 0.1 fPF4giBE 3+ A °

(b) W&ﬁﬂ**%H~05%EH£ Witk Roe

(c) Wi <3 0.5 QBRI+ &

Bk o Sd ¥k & § % OBE»Ss %9 % i »* SSE-Sd/Ss
$HH R AWF N G B chi B OBE/SSEH 2 § & 35

2 & low-frequency (<2Hz) and high-frequency (>10Hz) #f
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C  FPHPTRALFB R W% PR R

& R4 2 ® T 4§ B (Electric Power Research
Institute » & #i- EPRI) 2015 # R e iR £ “Guidelines  for
Nuclear Plant Response to an Earthquake” > T : T % ¢ b+ B4
‘R > B p A- HAAEZE A RF 4 R € (Japan Nuclear
Technology Institute » JANTI)2z. " & {53k & & > 435 Ep] Gl
5% G2 | (Post-Earthquake Equipment Integrity Assessment

Guideline [Pre-Earthquake Plan and Post-Earthquake Inspections
and Assessments] > < ¥ ¥ % JANTI-SANE-G1 %

Post-Earthquake Equipment Integrity Assessment Guideline
[Inspection Method: Pipes, Foundation Bolts] > < i % 5L

JANTI-SANE-G2) - #-¥ip k2 (78 S ~ RiPIFEKRZ L 8

PR

(—) %P NPP B (79 % 52 1t

% W EPRI 2w e’ 4 T ey BB R $ w38 £ (EPRL
2015)7 P FHPET R IF RRPLTREEFORE ~ BRI
s E 1T L > & 6 1B 78 X &(Action Levels) » @ * 6 B {7
SR ERP TR AT SR B X35 5 BT E & (Damage
Levels, DL)# 3 i & 2 % %(Earthquake Levels, EL) U'L’r’f#qt S EE35
bt RATREETHBDEFE 5 & JANTI 2
SR EREIMTREDN Gl 2 G2, 7 R AR 9 BEEE R
(Action Cases) » I BRI TR & F# RY X D54 B R

T % % (Earthquake Damage Levels, EDL)¥ 3 3 2% & & &%
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(Earthquake Motion Levels, EML)”ﬁﬁg\ R e S A R
TREE T EDERE B o
1. EPRI z 4f & ¥ % (Damage Levels)¥? JANTI 2+ R4 T & %
(Earthquake Damage Level)
EPRI 2 4§ % £ % (DL)~ 5 S A TRk > d KD LT
% B %%.% DLO~DL1~DL2 ~DL3 ~DL4 » H % K404 2-1
rif > JANTI 23 R4F 2 3 % (EDL) P4 5 4 #84p F /2% >
d iEACD B E 2B %% % Level I ~ Level II ~ Level 111 ~ Level
IV H 2 Kdok 2-2 #73F o
v ie ¥ IR EPRI 245 2 & % (DL)~ & 5 0-4 &> T 12
5K EAFE T REFTL B A5 5 SR SSCs ~ 17
% # SR SSCs » 5 FHeh1 £ 4] non-SR SSCs ~ ¥ § fr % >
i# ¥ 4p B e non-SR SSCs ~ non-SR SSCs ; @ JANTI 2 2 4F
TE%(EDL) #&i IV T3 @K w A% 3 ke
o A B R A D S 23 (B~ Bl -
3(?%@.@ AR RE) SBRCHFTRA (AT L 2
KW)~ B H o JANTI $* R F AL mT 87 4R
JANTI-SANE-G1 2 Table 4-5> @ EPRI 3% # 2 » #f# & #F

g2 & -

2. EPRI z_¥ 2 % % (Earthquake Levels)2? JANTI 2z ¥ Z % B
% % (Earthquake Motion Level)

EPRI 2z # B % %(EL) % & BB % % B 2T B I ende B

B EF A R R A% 2 OBE (Operating Basis

Earthquake)fr=% 2 i% %3 & SSE(Safety Shutdown Earthquake)
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R Tk A o 3 fER B % mod AT B & B Y5 ELIL -
EL2-EL3» # % % 4c% 2-3 #rif »JANTI 2 # 2% B % %(EML)
Bl iR B s T RCTERID e R5 R Ry RS(ph K3
FRT o R E R A DM B R A AW R
2 fe 9T A N R RS (AR RPHE BT

ELF 2APM PR 7 RF i g A)) i ik
Ao 3fEE RE s T BE kB % i Level |~ Level
2~Level 3> ¥ a3 R ¥ % Level 3 £ {8454 BRI N id > o
A (a) EiEH )2 0.1 f/FLHU@ KR~ (b) Wik 4
0.1~0.5 #) PF 42 18 K AIE(C) WIEHp <3 0.5 FipFALE
W B H R FE AR 24 S o

3. EPRI z {7 # % % (Action Levels)¥? JANTI z {7 & ¥ i¢
(Action Cases)

EPRI #7122 heni2 4815 (78 (51945482 £ % DLArk 2 %

B EL> i — 9% & Btk B ~BEfe A~ 1506 B 78 & % (ALs) >

WikPE A 2-5¢ T B DL REREL TR L A A mE

# % BaEt 4 AJ2 o EPRI 37 4 (2015)7 6 1 {7 # % % (ALs)

SESCRLE L S W

Action Level 1

[1] 3k EPRI4R 2 (2015)2 % 5.1 &1 (7 B & H Bl fridske
[2] &4k EPRI4R 2 (2015)2 % 5.2 & i (7 5 B e Bl frik sk
[3] €£3#3= k2 £ % DL

[4] #¥ R¥% EL A SSE- ¥ sl d £ 5 DLA
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i DL1 > P4 4 2-2-5 7 7 ALS & AL6 > i 7 B ehE A7
i RBF A 2 agdp ok B A j{j-i— oo AT RS R
fo7

[5] b % e }&J‘ %> SSE» E 41 T mj';‘%‘;:l;,p b4 Eél;pﬁ.;‘l'é °

Action Level 2

[1] 1345 EPRIF 2 (2015)2 % 5.1 &> & 17 B & R foidsk -
[2] €47/ T £5DL> ¥ DL %% > 134547 DL &

EL > B4 2-5 :2(74p B ch AL ©

Action Level 3

[1] 1295 EPRI3F £ (2015)2 % 5.1 &8 (7 B L PlfoiiBk o

[2] %t SR SSCs # non-SR SSCs #1i% fr 45 3 » & {7 4% i o949

A~ R _‘ﬂ'ff%‘: ¥l (root cause/extent of condition)z= 1 °

[3] # 3 Ae{ 4% iz @ 4F 3k 5 SR SSCs £ non-SR SSC -

[4] £#:TH4p T £% DL & DL 2% » R¥piren DL &2
¥R & 2-5i&74p Rk 0 AL > dopt oo 3R R T ARAR

AN E g g o

Action Level 4

[1]1 494 EPRI 4R (2015)2 % 5.1 & i 7 B & $e B foitsk
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[2] % SR SSCs #* non-SR SSCs eix v 4f 3 » & 7 & jg e
A~ R _‘ﬂ'ff%‘: ¥l (root cause/extent of condition)z= 1 ©

[3] #lz 1 % :xd 24 (Corrective Action Plan) -

[4] 3@ e { & = @353 < SR SSCs & non-SR SSC -

[5] 124 EPRI 484 (2015)2 % 5.5 & & {7 § 2%
(surveillance tests) ©

[6] 4 B & & B 4 i (reactor vessel) 2 & & H p R4eitid o
[7] 4oF & - {7 B RE R FEA8 806 Rl -

[8] #3747 %% DL> 4% DL :c% > §|* 70 DL &
EL: ¥ %4 2-5 274 eh AL £ AL #2227
R T AR 5 = fade R o

[9] 4% kAT A R 'ﬂ‘ft‘# [l (root cause/extent of
condition):® i AR B % 5|2 B B EHDT & L
(Corrective Action Plan) k= s 8 iz 2z » @ B F| &k p > 97
Rl E e R4 RQERRFE RY 0 R EE RN LR

5 E W it RaE R etk &
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o

Action Level 5

[1] 4245 EPRI4R 4 (2015)2 % 5.1 & it 7 B & fe B foitsk o
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[2] ¥+ SR SSCs 2 non-SR SSCs #ix fr 45 3 » & {7 4% i 49
A Jp F]{r § [F] (root cause/extent of condition):® iz -

[3] 3@ fe { 4% i= i@ 4p 3k 77 SR SSCs & non-SR SSC > H 7
BME2ETEF £RM o

[4] 2 93 EPRI #F £ (2015) 2 % 5.5 & & 7 i Pl #F %
(surveillance tests) °

[5] 4% s RO A A0 RBREF LR FEF (M4 ¢ 314
B RS B R LR) B E RER
H (reactor vessel) 2 & & 2 p FRfeitfd o

[6] 19yt R A frplid ) £ATTHF T E 5 DL F £ AT

S %55 DL3 & (g ® 5o 1T R T ARAR

I

REEREFF O LFTANR[T] 0 FEATTER AT
% 4+ DL3 > & 49 % Action Level 6 (AL6)ch {7 # %
B

[7] &7 EHFER o

[8] £ A7+ % T uihs & %2 T & (seismic hazard) » ® 3% 1%
TRNE 2 AN ERITR i BT R o

[9] #l%mt Remfe fomm s
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[10] % €374k ie e Be 3 R & 4 3 R G BEF P o
P 4 b AT R4 (Seismic Margin Assessment)

ot RE 2R R (Seismic PSA)L § & ¢

L
& \

BB

Action Level 6

[1] 1245 EPRI 3R 4 (2015)2 % 5.1 & 38 (7 B & R B foid ok o

[2] #+ SR SSCs £ non-SR SSCs eix e 45 3% » & {7 5% i 79
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[3] 832 fc 3 i= 7 3F # ¢ SR SSCs & non-SR SSC- & ¥+
Bk 2EITE G EE M o

[4] 1245 EPRI 3% £ (2015)2 % 5.5 & i& {7 1§ #| 3# 5%
(surveillance tests) °

[5] + B F i BR4 #(reactor vessel) 2 ¥ & H p 8fo bl

[6] it 7 BERE RO AE I8 0B 5 R

[7] &iFEPFR -
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[9] )& dtme™fo frksdst
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=

‘—\\1-
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[11] M HBEEHET S5 R RTRARS %

[12] 4] 2if BiP e frsk st 4 o
[13] 5 €A7A= RAET RN L BT ARG B F 4

253 Jo. L A7t B A4S % (Seismic Margin Assessment)
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# 2-1 EPRI 2 4f & % % % (Damage Levels)

A

DLO | SR SCCs 1 %2 &7 3 B 218 it4p B e9 non- SRSCCsa:}ET °
@I+ i3 = non-SR SCCs cnff T » * T R it m P &g 2
TR AR EAN AL ﬁ4<ﬁ3°

DL1 | SR SCCs ¥ =% 11 ¥ 4] non-SR SSCs £ 4F & ;| T ¥ >
£4p B enon-SRSCCs 3 4F T o

DL2 | SRSCCs &4 3 E’g’}]mi %3 non-SR SSC 7 4F T + % M=
>3iF iv4p M hnon-SR SSCs 3 4 2 o

DL3 | % non-SRSSCs 7 4f % ; &7 % F SR SSCs 7 & iic s b
2adfd o k2 BREAS R .

DL4 | SR SCCs 12 2 non-SRSCCs & 3 4 3

# 2-2 JANTI 2_ 3 &35 T & % % (Earthquake Damage Levels)

5L Tk

Levell |23 2 c3~28H XX G HE «Pf%ﬂ"g%‘f o

Level I )“L’F“”—?/w\t»?* Sz BECHFRAAAMEGT » 1
i‘fﬁlb: Q\'#Fi o

Level ?)L%ﬂ.g/w\wﬁ_L SEHFFT LBECHEXA Ggd =~
0 o

Level |3 EHFA2FT S22 % A2 eE B -
vV
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#. 2-3 EPRI z_ ¥ & % % % (Earthquake Levels)

RS

EL1 [RlEo g% &R = OBE
OBE < Rl gk =

SSE

EL3 |SSE < plE e R A

EL2

F. 2-4 JANTI 2_ 3+ £ % B % % % (Earthquake Motion Levels)

i~ 5L L

Level 1 |BlE ch R AR =S5,

Level 2 [S;< BIE i Bk = S,

Ss < RIE e RRAE

IR BB PN L s S asb 1 E

C
Level 3 | (a) k8 |5t 0.1 #)PFAQBR I H R
(b) WiFH 430 0.1~0.5 F)PFAZiB R -+

J=
(c) WiEHp &3 0.5 F/PFATE R H B
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#. 2-5 EPRI z_ {7 # % % (Action Levels)+&"L 4

Action Level Matrix

DL 0: No damage to safety-related (SR) SSCs
or non-5R SSCs important to safe plant
operation. Damage limited to non-SR, Damage
Indicators that have no significant impact on
plant operation, and typically found in
residences, office buildings, efc.

Notes:

1. These combinations of DL and EL are highly unlikely; if they should occur, it suggests more significant

No Actions

Recommended

DL 1: No damage fo SR S5Cs; no damage to
rugged industrial type non-SR 55Cs. Damage
to non-SR S5Cs not important to safe plant
operation.

DL 2: No damage fo SR $5Cs; damage to
rugged industrial type non-SR S5Cs. Damage
to non-SR SSCs important to safe plant
operation.

DL 3: Damage fo many non-5R 55Cs;
Slight/isolated damage to less rugged SR
55Cs that does not affect equipment
functionality

DL 4: Damage to SR and non-SR S5Cs

Action level 1

Action level 2

Note 1

Note 1

problems than are addressed in the scope of this report.
2. In addition to the cases covered in this table, attention should be given to earthquake scenarios involving high-
frequency and low-frequency exceedances of SSE design specira. See Section 4.3, above.

Action Level 1 Action Level 1
Action Level 1 Action Level 1
Action level 2 Action Level 5
Action level 3 Action Level 5
Action level 4 Action Level 6

% 2-6 JANTI 2_ 7 # ¥ i* (Action Cases)E'L %

Earthquake motion level
1 2 3
Observed Sd<Observed <(Qbserved earthquake motion
earthquake earthquake “ “
motion <S8d motion<Ss 33 3b 3e

[aAa] aFewep ayenbieg

I
No significant damage for
any equipment

Significant damage to B &
C class equipment not
required for operation (no
significant damage to other
equipment)

Action case 1

Action case 5

Action case 0

Action case 2

Action case 6a

Action case 6b

Action case 6¢

s
Significant damage to B &
C class equipment required
for operation (no sigmificant
damage to S-class
equipment)

Action case 3

Action case 7a

Action case Tb

Action case 7c

v
Significant damage to
S-class equipment

Action case 4

Action case 8

*1: If natural period exceeds Ss on the hard side of 0.1 seconds
*2: If natural period exceeds Ss on the soft side of 0.5 seconds
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%27 % B R H B S RE

3% (JANTI 2012, Table D-1)
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Felt earthquake

(Stage A (Appendix I))
| Earthguake observation OP*’“”]_;‘: i;:%l]l:dmm
record cellection/analysis (as per SafeE:\' Resulations)
] v ¥
Earthquake motion level Earthquake damage level
i (3 levels) (4 levels)
@ u (Cperation is according to
i separate procadre)

; Pre-Earthquake Planning (Chapter 5) i
; *Procedures for indi'uidl%al po'n?r;r stations
i *Pre-selection of S5Cs for mspection !
; *Implementation of baseline inspection |
; *Selsmic mnstrumentation ete. !

[Action case: (]

Festart/continue
operation
*However, Safety
Fegulations are”

(Stage B (Appendix D) _D’._._._._._....._._._._._.‘
| *Buildins ln;;mr:p;;m Focused inspection I
« | *Floor response spacinum
I ¥ ¥ I
. ‘ Earthquake motion ‘ | Earthquake damage o
| le\l'el le'vel [Action cases: 1,2, 3. 3, 6a. 7a] I
. ¥ .
| Action cases !:>I
w (8 levels) I .
[Action cases: 4, 6b, 6c. Tb, Tc, 8] :
(Stage C (Appendix ITT)) 3 |
o e e e e e e e e e ——— :
M Integrity analysis assessment Expanded mspection .
I {Obzerved earthquake motion) [Addirional inspaction as neaded) |
TAction caws: 4, &b, fc, Th. 7c. 8] [Action cxias: 4, &, fc. Th. Te §] l .
. T [Action cases: 4, 6b, 6, 7b, 7c] . ]
I v — -
. Orverall assoszma: of squipmant intugrity Restart .
I [Action casas: 4. 8k, &2, Th, T, §] I::> *Repair‘uperads parformed F> l
. ‘before’afier restart as neaded -
I S — Diemags cose amiysis I !
v | xpinmspection cethuiks moticn) (Chservod sathaquake motica) :
I [Action cases: 66, To] [Actiom caser: 4] | I

el

= — v

*Repairupgrade performed
befora/after rastart az neadad

N e
S

g ine

236

Sefsmic safery analysis if
needed
(Margm inspection carthquake

[Action cases: a, Ta]

Seismic safety assessment: all
equipment
(Margin inspection earthquake

maton)
[Action £ases: 68, §c. 7, Tc]

2 BI(JANTL 2012-2)



B 2-2 FFEC A 2 5542 B (JANTI, 2012-2)
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Maintain safe reactor shutdown )

+ |

Initial focused inspection of damage Earthquake observation record
indicator visuz] inspection) assessment

Is the earthquake YES

wgc level I ory
Y NO

Initial focused inspection

(Basic inspection, additional inspection)

Determine earthquake damage level [ Determine earthquake motion level ]

Select action case

YES / Is expanded NO
inspection/i i P

wa]ysis necessary?

Action cases

Action cases : . .
Action cases Action cases Action cases
Ta

7b,70.8 1.2.5 3 6a
3
Function verification test Function verification test Function verification test
To Stage C

Restart ]

v
1 — I I
H Repairof ! | Repairof | Repairof | i Repair of H
! non-operation ¥ ! ' | non-operation | non-operation
i i ! ' ! i H L equipment !

S S S

B 2-3 FF £ B 2 5 42 B(JANTI, 2012-2)
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/

- “-.\
T e seismic safery . N0
= "
T before restan? Action case Action case Action case Action case Action case
o ey
et
YES S ~ 4 v 6b fc Tc
Action case l ‘ ‘ femmbc sy s ‘
8 [t cutermmcsaor lstoral dmvelopment major equipment
h 2
A4
Function verification Funection verification Functicon verification Function venfication Function verification
test test test test test
) i S S———
Restan Restan ) Restan 3 |/ Restan \| { Restant >
J / - /o
. T S S S
No-operation Non-operation ) Non-operation | Nowoperation equipment I -operation equipment)
: equipment repair | : cquipmentrepair || cquipmentrepair : : H repair 1
T ¢ :-___ ..____‘-___-

r
To Stage D Setsmic safety Seismic safety Seismic safety Seismic safiety
assessment assessment assessment assessment

Bl 2-4 Iy B C 2 A2 BI(JANTIL 2012-2)
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From Stage C

Repair/upgrade required safety equipment

Seismic input for seismic safety assessment
*Set the review level earthquake

!

Items subject to assessment
*Buildings/structures
*Machinery/pipe systems
*Events accompanying an earthquake

!

Building/structure assessment ——

'

Building/structure assessment policy |

-

Building/structure seismic response
analysis

Building/structure assessment standard ]

Machinery/pipe system

| Selection of items subject to assessment |

'

Machinery/pipe system assessment policy

Seismic load assessment

’ Active analysis model I

I Flaor response spectrum |

| Decay constant |

Iﬁ

Combining operation status and
earthquake

| Structural integrity assessment

| | Active function maintenance assessment |

Structural integrity assessment standard |

Active function maintenance assessment |

I

!

Stage D restart

Overall station finction test |

B 2-5 F#& D 2

240

A2 B (JANTI, 2012-2)




/
I
|
I
|
|
|
|
|
|
|
|
|
|
I
|
|
I

Long-Term
Evaluations

v

Calculate or Obtain
Measured Floor
Response Spectra

Exceed

SSE Floor

Response
v

Yes

¥

Evaluate Selected

Y

Equipment Qualified
by Methods Other
Than Analysis

Meet
Conditions
1L,2,0r3

Acceptable

Equipment and
Structures

Acceptable

—Yes:

Y

Equipment Qualified
by Analysis

Exceed
Stress Limits
for Emergency

Yes

Exceed
Stress Limits
for Faulted

Acceptability Based on:

* Visual Inspections

* Operability Tests

* Nondestructive Evaluations

- » Conditions:
* TRS exceeds floor response spectra based on actual

earthquake record.

Acceptability Based on:
e Visual Inspections

Operability Tests

Damaged Areas

* Functionality Evaluations

L]
* Nondestructive Evaluations
* Repair or Replacement of

Acceptable

A 4

Acceptability Based on:
s Visual Inspections
¢ Functionality Evaluations
* Operability Tests

* GERS divided by 1.3 exceeds floor response spectra based

on actual earthquake record.

* Qualified on basis of seismic experience data

B 2-6 £ #y

241

TR ER R 2 AR




Building/structure sei
response analysis assessment

‘ [

I S—

Calculate shear stress

—

Calculate shear strain

of each floor of each floor
‘ Set seismic response analysis model }—
| - .
7 Isthe design - L s
Seismic response analysis using foundation layout amount T No N Isit uruie.r_ T
observation records or observation records sufficient enough 025x 30 77

to baar load?

of open foundation/bedrock

e Observation response T ~_ Mo Assessmentthrough
compatibility // detailed investigation
Yes

Overall inLeprily

2 (JANTI, 2012-2)

| assessmenl
5 s -7 QS
Bl 2-7 & A fedfz 2P TR
Seismic response analysis l
E3
I M‘\ﬁ--q_
yes Is huilding .

| T coupling nesged?
Building coupling systzm seismic response analysis

iLarge machinery)

(Realistic ass=ssment conditions)

Seismic force calculation (Acceleration,
shear farce, moment, axial force)

| ™
L "

¥
Ruilding seismic response analysis
{Realistic assessment conditions)

Floor response spectrum calculation
(lateral fhorizontal)

*No cxpansion

*Use observation records for floors
installed with seismometers

./ -H-H_"‘-\-\_
_——"Naturzi periods of

all equipment are

Simple assessment (response
power method assessment)

~ Tl the calelated valus below

befow design 54

—
yan

to design
fysis method)

{Spectrum model ana

-------- the assessment standard valug? ___—

Detailed assessment
(Realistic assessment, e.g. operation status,

mechanical characteristics, stress calculation method)

i is the caiculated vaiue beiow

the azzeszment standard value?

Compariscn of the calculated value and the h Muﬂ-"""""-—--...r—-“""“-“-"“M”-"
asscssment standard value of realistic damage
|
[ Overall integrity }.‘
Bl 2-8 2% # 2 i > 431 i A2 (JANTI, 2012-2)
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2 PR REPB R AT R B
() A

2017 # = * Grant ~ Tang ~ Hardy'erassawaraiéﬁ § X
Earthquake Spectra@ "% #f 713 % - & 7 B2011# L p A~ < &
HRALETDE P AT (T2 A5 5 - AR E
FoCABAFIRTROVTRREAEL TH R T HT £
#i(Damage Indicating Parameters > f§ FDIP) ; $+ A & +% T B A
iR R G A hE R 2 )]%(Grant etal., 2017) > = ® F R e A&
PAPCTRCTRURI B A T2 RS 477 F8DIP > 240
PRERED AHPRREES R BROFEE > Ra b &

Piee| edf i o T IR % BT 4R
Pk R iEaavalt ¥ 2 T RG » 2k
Fehk Bh R oo
Tk ¥ fk(Grant et al, 2017)™ &% - X HE 1 5 2 W
d

,ga

e P AR RGE SR

ok

USNRC#: * % % # ZAF % 477 4 #DIP2 4
% #CAVsrp (Standardized Cumulative Absolute Velocity) i &
B 2 g Btk d (EPRI, 1988 & EPRI, 1991) » £ WEPRIH
TR-100082%" 7 3% 2 (EPRI, 1991)#% 112 0.16g-si i * &k 2| %_
P % BB AT CAVP T > T CAVerp=0.16g-s > @ USNRC
7 %4 RG1.166 (USNRC, 1997)# * CAVgsrp=0.16g-s ¥ F &3
4G PR R s e R o

- B ﬂ)*’c(Grant etal., 2017) 7" #& T|EPRIe#= 3 45 2 3
WP A BRERIRE SEFF R R 2 g T
CAVSTD i ¥ + **USNRC#=HCAVSTDF #E10% ~20% » @ &

243



BT R b 4538 (F(EPRIL, 2009) - 35 B S % R PP
* % < > @ Campbell - Bozorgnia ® = & 'ﬁ (2012) 4F %] 4+ 4
CAVSTDF* #i8 = eI % & (738 - Hh T 3 > 75 (7 b
CAVSTDF 18 7 12 i B $% 8 chid 2 o

# B Ting Chow ~ Yuan Chich WufrYun Chau Gau% %
(2009) 1212006 # 15 5 b R4 E B L PR R BB E b Ak
USNRCep # iz 2 > 77305 0.16 g-seiCAV F® i 1§ 3T %
= 0 #3p 110.2g RG1.60F & # enCAViE 5 5 0.6~0.7g-s °
*F & ¥4 ¥ Grant E FHhich }]?%(Grant et al., 2017)

TEELREINLSEFBE OIS ERP -

(=) & p &% Ze & NPP 2 # 5(Grant et al., 2017)

2 % (Grant et al., 2017)7% ff ¥ /4 £2011& L p & < # R
He BRSO TREORT S BT RT
TR(FELIO) 485 - HRBR(FILIF) 45 % = PR M
(R T 2F) ~ L% % - T R(R B 1 T2) > 4o BI2-3-1%77 >
B Rhpr et tw 2gddn s gFdd s mdidafk ok
3-1%777 -

2011 & A p &+~ B¥e B3R fhbead Bk o> &R P
* F % B(IMA)4a % 5 5-Upper ~ 6-Upper > IAEA & e MMI
BB AVIRVIL v PR R et 5+ ok Bd
T & > Ap B ASCCsiv 2R ¥ M iR4FE 17 0 B DA R 2 30~40
AAB 1S Al Tk o & TP R(O)P B R AR
AGhH ¥ - P RAF)S T £ 2 MSCCs e BH 28175
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j\‘ﬁ%au ) lﬁ '!1\7"_,}: ‘Lm‘% 1\3» ]'E ’ Z‘ﬁ% 5 - ,}»%%}")L(zF),fra\/g
¥ PR BT Plehp £ Bd 3 AARBR B > 91F T 2
10 B ePSCCs's A % 3| B4R -

() =& NPP **4& p &+ ZpF2 DIP F#(Grant et al,
2017)

Grant% # % (2017)% £2011# & p * A B2 4 B# 2
o B R ARG CABE ¥ - AR E ¥~ LR F o )p K
1413 BRTeseabe g REPFTR > £3-2 e B R
AT R R R }*J%(Grant et al., 2017)#7 4 7 e 2
Rk TEe A FAED > Grant® £ 5 Q017)F R L p
PRABERFHETRE G Z B F- SRR
A2FF(HLE 5 - PR BR2CO2x RRERIALT
PGA=1.1g); % - “# A BERETLEGRL ¥ - P2 R2GlF B
RERFINT v F e FREF 5708F)); $= & p A2 T
4 ek Z (40 0 2007# ¢ AxP b B HKKNPP e, 540 1t die
AP A+ E2IRAFMNFEI0H2) T i THE P 3
(spectral content) °

Grant % & % (2017)#-} &7 & f $ ek £ 40if R

HLo w R N E S%IER s BF PR GE 2 E ARG -
FHpER AR ~ 1% 54 DIPs iz DIPs ¢ 45 : CAVgrp ~ § 7%

% 2. RMS 4c:# B ~ ZPA ~ Arias % B ~ IMA - 2}3{(}
¥ 3-2 % 3% CAVerp ~ RMS 4vid & ~ ZPA ~ Arias 3 & » $1#

FEA G H hr BT A R CHEE D § - B
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BALOETE > B 32571 :

(1) & 58 DIPs d F J& i+ # % = (RB basemat) 3| & &g it
= (RB operating deck) & 7 *+ I % ©

(2) F &g HE it 5 (RB operating deck)s1 & 38 DIP 3 $& =~ %
Bo 0 B R TS R F AR R

(3) & 78 DIPs & ¥ T #Fit y(borehole) |3+ £ & 7§ § xR
Foo Bor 2 R E R iAo o

BHE "R ROF BpE A RB & 4 (54
Vs=1000-1500 m/s) > H 4= A +2 7 Rk g 5 RB %
Zag g b (P4 A Vs <500 m/s) 0 Flg o d3E-B S
e I 7 B F 3 g i F g A A (RB basemat)

fF 1k & 2.2 3 T 4F3t (borehole) e DIPs

(z) 2P NPP » R p & B3R T8 R I 2 3% (Grant et al.,
2017)

LoAp&xs gavp &pd Bk T2 HH%

1245 JAPC (2011) ~ TEPCO (2011) ~ Tohoku-EPCO (2011)
PHE P APR R F TP D B BRI F RS
ARB) A Rk T s 4vig R UERA2 > HE -5 gal
(cm/s?) o

2011 # 4 p A% EFE - w BT RITEED R R
ERWA A B LR E S PR RCNF R AR Sk
T A 4eid B 225 gal o] 2t H B8 % 4eiE A FTE 250 gal
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P’ﬁfﬁ‘lﬁf‘q’fq\ﬁf@%ﬁw ’Fﬂ-)é]“r Il endeE BB
TACEH p B R T UE 0 B 33 B Ml B R R &
FRRERA? Tl t cnfl b 2% it R EH ST

% FUSNRC A {7 chp 5 i 50 L1 & £ ik & CAVrp P
B8 ATie kg d B A R enF ik 1k A 2 (USNRC,
1997) -

CAVgrp P HEE 5 0.16 g-s° B & B RT3 T = B> w
4‘3@&[&—%9’”-‘?‘ v Z_ - E%gj'-;g-'; ﬂ%ﬁjCAVSTD2016 g-S > gl"é;’flj
CAVgrp P 1B ©

FR#%BPI1IEIHK 2 O0BEF BT iHkiE iz
Y IR B e S%IER F O RHETE A

» BT e R E(dc% OBE F s * 03K

)~

o B RIEET 13 9SSE)S 0.2g P BH K FE S A
2Hz~10Hz -

o Horgb Rkt F R B @ (4% OBE £ sl * k3t o
T RI$E* 1/3 0 SSE )2 #E 7% & & 6in/s (15.24 cm/s) > 14+ B~

ﬁ*ﬁ’%ﬁ$&LM~Mho

il S CAVSTD =l ’}’i,’ffﬁ_’ff'ﬂ X@;‘B*ﬁ#‘ w &@I/ FARLE EJ
OBE A2 ff-#oii et » 2 Pt g & b o

Campbell §= Bozorgnia (2011).% & USNRC =7 CAVgsrp F* 1
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EfrF et 3 AR TLARN CAVpp B # L &H AT

« %% R_USNRC 1 OBE 4 & %' CAVpp B %3+ = B = % 2
¢ &L 1 CAVgpp (B o

» % * % & USNRC -7 OBE Az #-2.%_> CAVpp B %3+ 0 -

FEALTE LOBERERPF > &% o e
B 02g &24pz¥:E B 6in/s (15.24 cm/s)ia 7 | 2 & & -

Grant % % % (2017)3 7 # 2 USNRC £ i i# 4 2
FEP AT AT RERND A R CAVpp ERF 0 W R
% 3-2 ¢ e & p d 3 (free-field at grade)e & F#L » T4 * %
Sl B 02g * K OBE & Bt S5 T 2

@%ﬁ?f@iﬁﬂﬁ%”ﬁéﬂiﬁ%%@éﬂ vATE 02g 3 0 S B(
Hz ~ 10 Hz) » & #175 % ¥ (free-field at grade) .t 4% 5oL

JE 18 chd & CAVigrp & (T CAVpp ()7 % + % 0.16 g-s 0 H e o
BRP AAE BB R APRRGES - B - 2 R
) Bk b & p o B (free-field at grade) Tk &ehF kL o1
3-8 2 e CAVpp 582 USNRC IR {7 CAVgrp PP B et i 0 4o
% 33977 > £ 33 hE B FRAoT ¢

CE P AP RGES - AL - A LB D E RER
AP A+3EAE %P d B (freefield at grade) #7187 TR &
d1 e CAVpp &% PP B4 11 USNRC 35 CAVgrp P HEE
0.16 g-s 4 % o

« 2% AP AR B CAVpp 77 421E 0.77 g-s 5517 CAVgrp
® > & 5 EPRI A 1979 & £ R4 ' Imperial Valley ¥ 2 #7
2 Mig & El Centro v 4 2 % Bl i #1738 31 eh CAVgrp
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& (EPRI, 1991) -

- 27 D CAVpp e l:&l* 03 4 i USNRC 73R {7 CAVgrp i
B34 &3] 52 &8 §_EPRI TR-100082 3% £ (EPRI,
1991)#7 i 2+ = 43 10 1

Grant ¥ % % (2017)#F 3414 F el % » 4 3 USNRC I {7
CAVgrp P HEE B iR~ 3 B £ 1 $£% % 4 MMI ¥ 2% B
A VIL B8 {8 B 2386 8 RI19r37 20 MMI & e VII
B H T AERF AL TR @ SR G- B
25 B @ (EPRI, 1988) » @ USGS #t% & en ! 243k
1 eguE "‘#F] ol R L N g P }&‘7“"?&% oo 2 - T F
Bd LARFFRE I L MMI B Bo B A B B F - st
Ak > aipbZ AN BRI THAMRE WP TRER > 7
B MMI A fscth VI B i % 3545 3 Rt 820 & chi st (R o

() %% (Grantetal., 2017)

1 A2 hrd ¥ RFREPRIZ > 7 - BoBreEia
PR RER®* o CAVgrp P HEE(T 0.16 g-s) > @ o
USNRC 12 ¢t %= e CAVgrp P 522 OBE & itk 5 &
TP TASSC ey REH > 372 - B FRBRPOPT
Ry 015 4% 3 B

2. 52011 EL P ALAHE > XTI RTREEZ KT R LA
d 3 CAVgrp B % 7.9 g-s ~83 g-s> 4l % - T BB
2.k T e £ pd B CAVgrp B 5 5.0g-s~122¢g-s 455 % =
PERTEE2Z kT £ 8 d 8 CAVgrp 5 3.9 gs ~ 7.1
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g-s  RAS - PR RTEE2Z KT £ pd B CAVgrp B 5
54g-s~56g-s; o ApAArREhe BT RF B
& (RB basemat) & & #7 & I| g « -k T CAVgyp 1B 5 4.7
g-s> Bt E CAVgrp i@ 5 41 g-s> Xa o izw B 7 R
X 2ApRE SSC % AR T BAlRendp T o

3. % 3-3 % % ¥ 7 USNRC IR {7 e CAVsrp F* H (8 (7 0.16 g-s)
FRENETAZE 10 R SRR N HE RS
PR3 ®BMETCAVsrp P HEEm # €31~ iZie § 4
PR Y M Mg BB R eniER T RV L A FIART
PEREED AEREPRTRITESOHT Y A LR DB
BE 2 5iEE§ 9= o USNRC &1 CAVerp P 7 i

IR L EEE T

BB A PR RS ST AR R

% -
BRI T RY BF BRI RDF D LT o

5. #*F Ting Chow ~ Yuan Chich Wu {r Yun Chau Gau ¥ ¥ &
(2009)12 2006 2% 5 B4 S Bl TR S 6]
AL USNRC ehp = i 802 7738 5 0.16 g-s eh CAV P {EiE
W@WET T #F—, 41 0.2g RG1.60 » g CAV & .5 %
0.6~0.7g-s °

6. R A KEF Fehp RFR 7L 444 CAV P %

LRFLFEN RN LR DR ER GG A

250



¥

N

231 2011 R p A4 ¥ BEEr AP T RS2 R

B

(IAEA, 2011

Unit Before earthquake After earthquake After tsunami
1F1 Operating Automatic scram' Loss of cooling
1F2 Operating Automatic scram Loss of cooling
1F3 Operating Automatic scram Loss of cooling
1F4 Outage Cold shutdown’ Loss of SFP cooling®
1F5 Outage Cold shutdown Cold shutdown
1F6 QOutage Cold shutdown Cold shutdown
2F1 Operating Automatic scram Cold shutdown
2F2 Operating Automatic scram Cold shutdown
2F3 Operating Automatic scram Cold shutdown
2F4 Operating Automatic scram Cold shutdown
0l Operating Automatic scram Cold shutdown
02 Reactor Start Automatic scram Cold shutdown
03 Operating Automatic scram Cold shutdown
T2 Operating Automatic scram Cold shutdown

"“Scram™ is used to designate the shutdown of the nuclear reactor fission process by insertion of control rods.

? Loss of cooling function for reactor fuels.

" A reactor coolant system at atmospheric pressure and at a temperature below 200°F following a reactor cooldown.
* Loss of cooling function 1o external heat exchangers for the spent fuel pool (SFP).

* 3-2 D’:Ii’}*;ﬁfislwﬁ.;z kT iER A B ?ﬁ"‘ﬂtﬂ
(Grant et al., 2017)

Location category IF NPP 2F NPP O NPP T2 NPP
Free-field at grade 42 6 2 2
Borehole (RB basemat level) - 5 2 2
Other depths in borehole 18 7 4 4
RB basemat 16 12 10 10
RB mid-height 2 10 6 2
RB operating deck = - 10 2
Other locations in RB 2 4 6 2
Turbine Building 4 24 0 0
Total 92 72 40 24
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%3-3

A% T R % pod 3 (free-field at grade) s 45718 2. CAVpp
@ (H i*: g-s) (Grant et al., 2017)

Lognormal

Raw data distribution Conservatism factor
Plant Count Min. Max. Median o Median/0.16 Median/0.77
IF 21 5.09 12.15 791 1.11 49 10
2F 3 4.20 7.09 5.36 1.12 34 7
(0] 1 8.33 8.33 8.33 52 11
T2 1 5.58 5.58 5.58 - 35 7
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w
Nuclear Power Plants in Service

ml Boiling water reactor (BWR)

sl BWR affected by the earthquake
@l Pressurized water reactor (PWR)
@ Other reactor types

Higashidori
Unit 1

1
1
1
1
I
]
.

EPICENTER

I
Fukukhima Daiichi
[ ] Units 1108

1
Fpkushima Daini

Kashiwazaki Kariwa

Unts 1107 ‘\'

Units 1 iod
Honshu
ection of Fault
Bl3-1 2011E A P A4 $ 22 BB BT BT RT3 E
(Yokota et al., 2011)
o Borehole at o Free-field ¢ RB basemat # RB mid-height ¢ RB operating
RB basemat level at grade deck
12 15
% R .
508 : : | & i {
b H 3! I S KT ST ST 0
04 1 © o o
-]
0 O.‘ B.L

0
1FNPP  2FNPP  ONPP TZNPP 1FNPP  2FNPP ONPP T2NPP

5 0.2

E:_ ?0.15 , ‘{ ]

%2__ § E—— < 04 {} “aH ’f b8

£, __OL___ . _;‘}___ i 200508 of ot o
? 1F NPP 2:::’? O NPP T;:PP . 1F NPP  2F NFP ONPP T2NPP

B32 » AR bl avk T et B AR 4TE 2 & 48 DIPs
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(Grant et al., 2017)

1F NPP T2 NPP
189
Unit Unit 2
2F NPP O NPP
1 % é M
Unit Unit 1

BI13-3 2 AR RITERSEDRERE S ER EEPH RN AT
B BB 2%k 2 E 2 v i (Grant et al., 2017)
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T~ PBRBRAERE2ERBYLSHEFR

(__.

2.

) i Rt B% 2 E RG] A BTG

TR ] kAL

Pz BT 1981 BB AT R RPN & Er RER A T
32005 & { AT BE VBB AR 2 7 AR R R
(0SG-XE-101~108) % — 833 & % (0SG-XE-109) » B 4-1
AP RP RREE AR A 41 S FC R RER

Reh B RER CRZERE  FEXE/AYI R F

PZ R ERR2ZE RTR A AR KT R

BB RAZE - RE PR RV E
FARM FERER c HPY ¢ v BERERE 532 RAF
(L1)~ % 2 %f§% (L2)- OBE #4¢'2 (L3) % SSE &
FUE (L4) e 5 REFEALEF RRAAFHRE > » AR
Bise sk m ¥ 8% 4eid B 4248 OBE & SSE "1& » T it
TERRTAFETRRBWEE ~PFEE Pl Rt
B EELRL R AN o £ B KL - OBE Ir
SSEfEEFUAE 53 w8 A FdmF # Bk T %5k T

Pé # 4-1°OBE 4R R332 5 4eid & "UiE 3R ¢ 454248 DBRS

\\\?{:

=i

( Design Basis Response Spectra) & & » = - fAdg 4% % &
» sl AALE

i rke]

@F%ﬁ%iﬁﬁiiﬁﬁ’&&ﬂ?%ﬁﬁiiﬂﬁ
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AL RIS F S BRIk B 2 2 A AT 2
B A R B 2 X 2 o SASLRIE T
H4e e %ﬁ%l ' & & (Output) Tl BFAI7ETR o 1
W H ko En] R BRLE A Bl R A ‘pfﬁﬂ
BB 50 0 T & RS o f{iﬁi%] 21 F & (Output) %
Yo R~ g% (Input) & RIHCsS H 5B > AR5 - RIHCS
S 8@ N~ &2 PSD st 3 (Power Spectrum ) # 77 ;% i
MG R e R L BT TR ELY I
F 2 b RS O RE AR R B R R PR
ARX #-5% egz PF it 3% (Changing Spectrum ) = 2 i& (735 »
P RFOR SRR MEERE A RIFF T
s f g o iR Yhw g ] T 3 2 (Recursive Least

Square ) fic & % # i (Constant Trace ) $HT7 8 {7 Ze 78 &7 44 2 o

bR R

(1). 5% iR 5 oz ahu] 4 49
AAFLEPQLEG6Y 25P %2 88 £ 9 21 p AR
W R AT e SRR R P > B e Rk
RS RBAAE 420 F A S Biesiz bk B
B2 5 A A B L0 E 43 2 B 440 v 1 4-3 2 B
4-4 2 5 AE o FEARS P R TG g DA
Byt ¥ d g d B2 W RTRAGAKEST T
o

L

Bt Bk XEL02(%0 & 4% BR AR CHA)Z »+ B AL

RS R0 mgig—l B s o@m A W EE XE103 (CHB) »
XE105 (CH.D) > XE106 (CH.E) # |2 L & & B 5 %
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N

&
5

T
o

A. BEPF i ¥ (ARX 5% ) 2 w2 41
;ij‘q* ARX’}E—‘\A7 B;’?EE;EFH"—%IZ“E /4]\,},? %]45"}’

Bl 4-6~% 5 84 & 6% 25p %2 88&F 97 21 pi Bomas
B R — R BT ] o SO L] 4-5 2] 4-6
v TR e XEI03 &2 XE105 #risw| 124 A7 & A
B Bk dremiFE 4 3.5Hz A plEk XE106 & daiF 4
5%&i?o&”’§W$¢ﬁﬁ%k%%ﬁﬁ%$wﬂ
BT EARGRT -T2 BRI D IRFELES X
RPBEAFET

KB A SRR BT TR 0 T TR
ERENCI U VAR O 2 R R L
oo PR X R B EOATEE D kS RRAEE H R
W2 PESEM e T ORI L PIBAES X B BT R

x5 E

FHEARF B E 0 IRV RS

B. ifir fhd | T Ege & F 2 B A
A - ] §2 048 % 0 AT HEY ALER

(Linear Filter ) 348 (7  fia ~ BhdEm o T3 B B % o 1Y

G bl T e s B F AT o Bl 47 2R 48
ARG 84 E 6P 250 % 88 E 98 21 p B R K B
IR N F A — R g 2 Br R B o 1R 4-7 &2 B
4-8 ¢ 5 p|EL XE103 &2 XEI105 2. 3 B4 F 4= %7 bt B
v 3ok 3.5Hz 0 @ plgk XE106 $2% 55Hz =+ ¢ @

BOARIEE RS R R BTEN I REE R AR T o
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WORCE B B gR P A D 2 R el MR g
BoRRA FanRuBRApy # 6 ot Vi 25
- AU GRS AR A AR R SO B R 2 B3 o T
VIR LRI B R R b BT R 2 JRAT AR § AT o
BN S DA I
AELST P RUFTR B2 BER AR R
AT A OEBOSET Y 28 P Bl REiFEN)
Beh o 5T B R 2 RS AR 4 3K TR XE102
AR A XEYZ BERIBSENF o LA R
BER 2o gk S0l o ATHIK 2 0S-216 ks Bl E7 XEI26
AR~ gEEe o B RIS g g IR B XE103 22 )
BE XE105 %-k T = o thi #5459 4 3~4Hze #5 @ R & XE106
ok T e df G SHz et B R B ksp o H Ao

FOUF IR L PIEEART 2 e enia gy 5 3.5Hz o

A BEPE i (ARX 550 ) 2 w449

A2 F & rplEk XE102 (CH. A) £l 4 w3t
Ba kBB~ @ & B0t gk XE103(CH. B), XE105( CH.
1DLXEMmu}1E)iawag,&ﬁjﬁmoﬂﬁuu%w$XEu6
(CH. N1) # inaJWiﬁﬂmﬁ%’Tth%
XE127 (CH.N2) , XE129 (CH.N4) ,XE131 (CH.N6) ,
XE132 (CH. N7) £l L& w55 ks d o v
ARX W2 gapFin 2 2 » 27449 95& 7% 28 p 4
ZORP REs e T UBRETDIRIEE XE1I03 & XE105 1kl
2 3 BAFFI0MIF 4 3.5Hz =+ 0 @ plg XE106 5 A3
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i+ 5.5Hz = + - 2 3vip|gk XE127, XE129, XE131, XE132
”[‘." ° f;“\:}{ éF' ‘f# 2N S

B R BT O R

-

Sk A2 3 B @i b 3.4Hz

HIRE R B R S TR - T RR

TR

= R SR T IR b o

B. ihinfhf ] %5 e g f Hept 2 A4S

Feded > plgk XE102 (CH. A) £ B2 L = 5
RS o @ R 8 XEL03 (CH. B) , XE105 (CH.
IJLXEumu}LE)iaw@é,&ﬁ,7moﬂﬁuu%wéXEu6
(CH. N1) 2Rz L w3 5 % «uﬁs«p » 14 p| B
XE127 (CH.N2) , XE129 (CH.N4) ,XE131 (CH.N6) ,
XE132 (CH.N7) ZRl2 L& 5L 5 ksl o dp 2
rrigae g TS R R A R BT AT 0 BT EE] 95
£ 7028 PP R RS Er o KUF BT e )
PR — A — Rt B R Y o TR XE103
22 XE105 #rasw) dizo 4 & 4F % (First Mode ) 35/a4F A
3.5Hz =+ » @ |8 XE106 + 4% 4 55Hz = & o 3%

B2k XE127, XE129, XE131, XE132 #73k%] 41 2. 3 & 4 &

ol

BB 34Hz = oo v RPN 2 B g e o U2 T

I ARBLA R 0 IS %m;g& |t s dpd @ s o p
o ¥ g R G - MU RS o A RS R S
BIFE R 2 B3k o 7 X0 TRW Bolh S 2 B ER A G O UE T
L] LRI BE2 JRAT BT R WL AR E BT o

i

AfFLPRE 2 ARX Ve s 2 > iy
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skt RIS 2 B ek MLAREE S R I TR
YR ) T R & W B LTI (T R R o BRPE A
WAook B A fEor S R eraknlz A BIRAEAD F BT 0 Rl

2.3 & 45 % (First Mode ) 23
& 3.5Hz =+ » = plgk XE106 » &fF
IR I

XE103 #2 XE105 #t e 4

# 55Hz =+ -
HLELE TR AT
B RS P BR BE 2 4R 0 ro i R 1] AR

B o ed FOREY T EATE R

5% o plEk
XE127, XE129, XE131, XE132 #f25w] 12 1 &4 5 ‘ad 4
34Hz 24 o 2R » AR 3 Faud ks § 4%
- &M o

Pro Rk BRI AT Z B - B Rt B
Bl 3 % o Pl g g RIesiR (T k Bghna v X

s IR R ARt o £ 43 P 03Tk % CH.

B(XE103) - D(XE105)% E(XE106)2b2 i E3RAF L% 5

SR TR 84 67 25 P p
T R2 A RIRAES

4
AN

F& z'\ ‘:J qT]' 4 /l ﬁﬁ/?

2% 88 # 97 21 p v % SLIaE 1E -

/. N 2,
RzZB25%5 o

+tz®2¥ 2% (CHLB-D-E) o gpFa
Ao ¥ B AR L2 kT e 1 BRAFE P T RORT %
i&%ﬁ@ﬁ’%@}ﬂ%%ﬁéwéﬁaﬁﬁﬁ°&“’

%44 L pis Rt R B Rk

PR R 2

TR » MEE R
PR SR

ah T4-4 XE103 & XE105 #3cw) 412 4 & 47 &
(First Mode ) 7 3.3~3.5Hz :

=+ > BlE XE127 ~ XE129 ~
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XE131 ~ XE132 #raha]diz 3 BHF 5 a4 34Hz » & F i
i Fliefg etz kT e ¥ - BOiL A #E 335Hz - Rt H
W 2 XE106 P59 & 55Hz =+ » %% %> 496Hz 2 %
B3 o 538 8 N B % 8 Rk R sl fop R4
F2 o BT R RE LRSI E L Rk e

3
(=) = Rt i

2ERBYLSFTEFTR

AY

1. 5 k%

PiZ B p 1991 &A= e p &l Ve BT Rk
B B R R%ELE TR B AL A 45 2 ] 4-10 0 j£_2003
TAEA EFL R R RIS B AT R
B3 ehteig B2 Ch: A~B~F 2 E & u:i8# 3 3t (£
4-6 % B 4-11); k%2 N l4eid R3E e 75 BE A E - B
W2 B - B TR > T ARE - RHR #
UHEAFE R RE oA o R R E R

2 Adlepd (- BEBRERKR)
PZRPM 2 BEPR A ABM A REPEEE
ZoP B 3/ B k- LR RS AR E N A
B T BT T AR BRT PR esro -
EhR e RERRAZE - RE P T R IFEGPM T
w R SR&ME (LD %R
%f§% (L2) OBE #4p'1& (L3) 2 SSE &#4p'1& (L4) -
B ORDEARZEN RERAFEEF RERITF s 0 g
Bk 4eik B BAZiE OBE & SSE*RiE » § R T E kA TALSE
R RBERA CRFE PR bR 2FR R 2K

AN

2= S W

261



iz By Roakw] ko st 2010 & B o T R ELRIE
s RRAQHE AP (Trigger) % % (FELEFFRH
Bieho A R H RN 002g Ay - FRRER BT
Fe REn fhs et o fRFEPZRET 2F RE
Rl ASET BE MG A R EERCE RIS G ATE s
RFAE S5 TR amu sl
= Eded BAE RRBIEY > 2 (SG-YT-045~048)
HATH E - B e e gy ¥ g B R HA > A
WK BT =4 48 B (SG-YT-045 - 047) % 326 B
(SG-YT-046 f= 048 ) s ip 3 A2 fhRE v o ¥ = E g | E
7RG R RER AR XESRIIEMEM 7 B ARKF
= o R ® (SG-YT-002~018 003 ) 2 5iid i 1 JP-025 1% -
’I}“‘ bo Boubwm| ko ALETE R ko Mii h bz e RGP o o [F]

4-12 %570 o 2% 2 FARSY L 4-T ¢
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3 ’:

4.

4L ,‘\J& EJJ

J "L“zEI

—

* P
4 ARX #-37% enge ¥ i 3% (Changing Spectrum ) = j# & {7
W o oiE 2 PRI Ko B g o TR i Ao ] T
= ;2 (Recursive Least Square ) fiz & ¥ # " ( Constant Trace )
HITER T REL VP

LS %?‘ _'.7 ’J»‘%l A,\‘%l—'r

Aok BRI AT e bR T R B2 R o 4

Ak

-n\
mj

Piz B3 Raw] ki = B RRBIE G MRS
PR SR B 412> B H 2 kT e R F s B
253 35Hz 4% 553/ 9.0Hz 3 = B &g @0 3R :E
P~2010 # 11 * 12 p % 2011 # 8 # 31 p & =t * e &
RHREFRB AT B d 0 T RORILH N 2 F
BRE D FNRREFFED D FFRGUIIT
AR R AT A 2 BRI T e ARGk
oo LR B R F s R TR REE K 2 BRI S
Toa BB P T ARBEAGE S AP R R 0 T
Fi8 L plsbenig e Sfic > W OB T 2010 & 11 2 12 p &
Botiplzbigdt St 3.0 Hz '3 2 7.0 Hz § £ ke @ >
32011 # 8% 31 p ¥ ZR A 3.0 Hz'i7% 8.0 Hz 7 %
fengEe ¥eb 7031 90HzHAE I P ik 54752 ¥ s d 3%
BPREEEAE LAt TROT BT iE 1.5 gal AT

oo
l

(D B ¥ A B (ARX *3_;(\) 2 B A 47
o OARX 5 2 pEpF i o 2 A 0 B 4-13 2
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Bl 4-14 A %)% 2010 & 11 9 12 p % 2011 # 8 7 31 p #
Rorahu] PR M R G2 BB R R R 0 F A
DAEER2 B AT E ARG R T SRR § 5
FPEma G ot o LRIBAS R R RS
B IREE B ARG AT o T 2 0 B A K SR

£
Bk BV AT R o FIEK é,;’f#,, FLEPFE R G 3R
4

Ik

PSR WK A VB ER o QT O R A
ﬁﬁﬁ%ﬁ’ﬁﬁﬁwoﬁ%%%%ﬂﬁﬁﬁiﬁ%ﬁi
HBIEp bz RRgR > 7 BRI L RIEAS X7 RAT
fﬁﬂﬁ%ﬁﬁ#ﬂ#ﬁ&ﬁ@g,g30Hwﬁﬁa70;90
Hz 7 %% & o Bl 1 2 plek K & 1.3Hz "iT5 % & > 7 i
A Pl R TR o ¥ b Ahu[ e R R R R
<o A1 X TR R P FA2T 5%
Pk R R L B IC T G L A S B ARy

F IR RlEb e R g <3 10 gal v A PR e F R

se v i 1.5 gal b AR

énb)

A-ERCE NN LI IR -

(2) i o] T2 R A & ¥ B2 B A 4T

Bl 4-15 % B 4-16 ~ % 5 2010 = 11 * 12 p 2 2011
£ 81 31 P BArE I PER I R 2 AREL R R

Bl o LB 4-15 2 B 4-16 & = % B B B G AOTEN IR
BBEZTR Y 2 FER SR T g SRR
KRR R #2%% a2 LRgAEd 7
s RoATEsu] I REE B AR F AT o b ¥ B 2 BR PR
R rE RS G 0 FRA K R kA
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o “E ,g ﬁ‘ Aienfe oL {;,.J%’; r%ﬁg_j;a)g » 7T B

ORI )T e ] )k SR 2 e R

FIS

%
oo fA A B B R AR rE L]k duehd BARAEE H IR R
W2 RERR T UBRARDERIBADS X B RATRR G
FRAFF AR R ARR 0P &0 2 3.0Hz 'fi7 %2 8.0 Hz *fiT 7

Bo Rl 2 Pl KRR 7 6 22 % @5 B8 i
AEF 2. 2.0Hz MfiT§ % & 5 @ p 3 anl g oty

% F B SNl BT o 32 A K ALIE R L A B SRy s ek
¥ ¥ 8

fL % o

R o Hed = BORPIEATENE] GNRAR ~ JE R L BT
oo AwFat A 4-8 824 49 ¢ 5 T BT R A e
BOARAE K 5 A 2-4-10 0 W RV UF IR 0 2010 & 11 7 12
Py Rorake] 4 4 3.0 Hz ~ 7.0 Hz 3T cdm 48 237 B e 48
L = b ehp SR4E % 3.03 2 7.04Hz chde4g > @ 2011 # 8
131 p @ RArEialdt A 3.0 Hz+8.0 Hz " 3T e Bl 43T
Blre g chp 245 % 3.03 2 7.92Hz chiRig o

d A AR R e LR IR B - BB
FFE B2 5 SLdRAE o L v PR B0 1% 2 R B W] kAL

R R RATF AR - R LR A T R
BORATRRIIRAT G AR AR D & 0 B 3.0HzHiT 2 7.0
3 90Hz 7 E o@ud2 3 RIRAFLE = R regg 2 ‘-f*t&
pOERAR S R R T e KR R B AR F AR HE £ o

WA R A R A T d A SR R E P g
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B B e v 1.5 gal A @ KRR A
%3k o

(2) Pz RFAERSHES A E T RSB THL R

I FreRE TR E 2 A
(1)-17 = B R re i
Pz R RIS AET A 5 S B R R p on
TR A o RN 5 - & 7 375 F 200.5 R 2
AR B 7 - F 132 2 73R 2 FH (5
B 425 )& 35 68.5 R 2 F17 B TR B H(5 R 425 R T
25 )0
FULAP 3506 SR g 24 P Bfee L RRK & 4£F
& B(RPV) ~ 77 A 2 B (Steam Generator) ~ * J&Yg 4 47K
& (Coolant Pump) ~ 34 & #, (Pressurizer) 2 & ;% % # (Polar
Crane) - [F]Fe§8 p %Kf@éﬁﬂ‘] &7 i#ﬂ&}?}:ﬁg s pdE e g
7115 ~ 138 ~ 148 ~ 160 Z |78 E 7 3 B
R RN e Rt sN R U R L N SR e i
StehiE T TP SRR A F o
(2).# 7153
eIl E v o 5 = B aie s o bR
oo R R (TR Y BIRE) R R
( Westinghouse NSSS Model ) - % % it ;f#ﬁ-’i“] 5] 5 58]
4-17 2 B 4-19 - & SAP2000 S~ 47H3] » B dk & s

t

i Xe(@pes) Ye@Epe L) Zo(EEiw) #7-
£ 10072 ® p & & (D.O.F.) ~ 2051 & & g-(Joint)f= 2276
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4¢3 fé;‘vtﬁﬁ_# (Shell, Frame) » ,.‘%ﬁ_/} S, A=V S A
(Eigenvalue analysis) » & 3 evav 10 i -8k (Mode)#g 5 » I
3 EAF £ 3R i FE R CMD(Composite Modal Damping
Ratio){s w2 4-11> £ o & 3= iy » A5 LR FER L
RATR RS 4 TP i~ FSAR # 2 rpFecig BB
ISR
2. B AR A 1
(1).4 +52_ 8 B FP
Bod AT 2B RREBETOR 0 ¢ 35 1976 & X 3T
*2 SSE & 3k RRMhiE RE AT # R LY 1976
EEIATH 2 B AR R D hpt s B ir il ke
FSAR v' #» MEP AT H SR FE - %G+ REsr
R o 7 AR PTE > B R RERRITEET R
7
A.SSE & & 1 2 4cid B
AR LR AR R R - SRRERE A
FSAR #1 %_& % 2 i % % 4c ik B (Safety Shutdown

Earthquake > SSE) » #74 1 & &2 3 % 43 B JFPF > ¥ %
UiEF B B > ied & 4o B (SSE - PGA 0.4g)
ga:@ & AL % 1 2 (Operating Basis Earthquake » OBE - PGA
0.2g)° Bl 4-20 5 & 412 & M % & 4eiE B (HD)~ Bl 4-21
B2 F e A B(H2) B 422 50 R EE

h—u

I

B 4 eit B (V1)

B. ¥Rk - ELEME
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AFEOSE 122 26t ANEBED L2 vz L oo

I

A R RN BES L A kB 7] 0 T o A
BL- Lo b RRERY THRER B2 o3 MiEh

PR ENERGEIN A o g r i R AeiE R R AR 100 )
ey B RATIed e B o B AR 100 R (AP R &R TR
ZLE 3 el RRPFZ Box Svid BRAcR] 4-23 1B 4-25 41

7T °

(2).85 4 fir B A 4

A. FSAR JEp% 4 45
}:ﬁﬂé‘%ﬁ }’@jn\\?_,l]ftif:r}_f]}"l r";,(,}{l X"é’ . 7}\'1 Y"év R

L Zw)* k3w A4 2 F R F 2 SRSS(Square Root
of Sum of Squares)¥>= $3 = Vi {7 fpse - 4 OBE ¥ &
T 5 SAP2000 $F| ¢ BB AL G 2% 0 PR
Revb 5 4% > 3%4F 4 @ % SAP2000 3 E LA K O 0 4o
Bl 4-26 & B] 4-30 2 A B4R FE = Bt s] b sz Bt A
F-B~I"Ke}t 2 1k F BHBY > &3 1% 2% 3% >
2 4% [ERVE EE s st o T3 E &40p 1987 £
Pt i d Y ¢ 7 FSARME F 2 g% - HAp
F 7 PGA B2 vt fiided 4-12 -
B. FLp BRMEAIT S &L iR

RipEf e RREFI2 FRiod RiEF AT 2
WA F o B 4-31 3B 4330 H 4w = Rl
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Gz B ANFNBo b2 kR BEEBY 0 f 4 1%
2% 3% > 2 4% TR W E BB A o TS E 4R
1987 £64 S473- 5 F ¢ > ¢ 7 FSAR H A & ¥z %
% o ji% ¥ 27 FSAR F i3 PGA v #1354 4-13 0 &
%K 5% PGA ik *Y FSAR: f kR S H 4 i &
o 414 5 BRI A 45 TR S E 5 RIBEF 3 PGA
(A G A
() BTl B @dn TR R

Bl 4-26 3 B 4-30 T 3 2 FSAR F 3 » #2241 =
A R A F R E o d B2 in
SAP2000 #-%] FSAR frpF A 4758 % » 7 i & 32 4%
B EFHET R4 S48 4 7 FSAR F ¥ Ap v 0
o MRl ea R R AV B d R &2 iy
AR BRI 2 FRw| TR Y o H kw2 4F 50 3t FSAR A

AT K ek B o BB B R Brrano
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AP RFRRRTHE (R § o 2012)

g oM 4v i 3t X F ki) [ OBE SSE I
(£ #14#F) | 0SG-XR-146 ® R RERE | KRE |
R X $hs CH-1 H: 001G NA NA NA
(easgey | COXEOL Iy oo | Hi00i6 | NaA NA | NA
5 ) (20 e cH3 | V001G | Na NA | NA
F 4t B X $h+ CH-4 H:0.012G | H:024G | H:0.48G | %
A R O0SG-XE-102 1y 4 CH-s H:0012G | H:024G | H:0.48G | +
EL(-)40'0” (+26) Z $hs CH-6 V:001G |V:020G|V:039G| %
At E X g CH-7 H:0.02G NA NA 3
FHE OSCZEE')I% Y #h+ CH-8 H : 0.02G NA NA 7
EL()10672 1/4” Z #hw CH-9 V 1 0.015G NA NA 7
, 2
it # iRl 244 | 0SG-XE-104 . ﬁm 1o NA NA NA !
BL (430" 26) Y ﬁ@? CH-11 NA NA NA i
Z $h CH-12 NA NA NA 7
F ' ik 0SG-XE-105 | X #h+% CH-13 NA H:0.26G | H:0.50G 7
EL(-)9'4” (£2G) Y #he CH-14 NA H:0.26G | H:0.50G | 7
Z $h+ CH-15 NA V:0.16G | V:033G | %
R 0SG-XE-106 | X #hw CH-16 NA NA NA 3
B (£2G) Y $h+ CH-17 NA NA NA 7
EL(+) 76'3” Z $h CH-18 NA NA NA 7
ApdE 0SG-XE-107 | X $h+ CH-19 NA NA NA 3
EL(+)30'0” (*2G) Y $h# CH-20 NA NA NA i
Z #h+ CH-21 NA NA NA k;
WS RE 0SG-XE-108 | X #hw CH-22 NA H:021G | H: 042G | ¥
EL(-)40'0” (*2G) Y #h+e CH-23 NA H:021G | H: 042G | %
Z $h+ CH-24 NA V:0.22G | V:040G | +
cHER 0SG-XE-109 | X gh# CH-25 | H:0.0015G | NA NA 7
A , (LOW Y g CH-26 | H:0.0015G | NA NA ¥
EL(-)400 RANGE)
(£025G) | Z ¥ CH-27 | H:0.0015G NA NA 4]
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A2 P R RS RRTARA g 112 2012)

»RR a1 B A2

0SG-XE-102 /CH. A Containment Base EL.-40°

0SG-XE-103 /CH. B | Containment Spring Line | EL.106"-2.25"

0SG-XE-104 / CH. C HPCS Line(zt) EL.17°-5"

0SG-XE-105/ CH. D | Reactor Pedestal structure EL.-9'-4"

0SG-XE-106/CH. E Auxiliary Building EL.76°-3"
0SG-XE-107 /CH. F Main Control Room EL.-30"
0SG-XE-108 / CH. G Auxiliary Building EL.-40’
0SG-XE-109/CH. H Containment Base EL.-40°
0SG-XE-101/CH. 1 pod 3

ot Bk p IEOC-21 < 2 18 ¢ # =1 Drywell structure outside 260° EL 3'-0"

S

% 4-3 CH.B (XE103)~ CH. D(XE105)% CH. E(XE106)2}:2_ 3 & &
B 3RAE (R i € Pio 2012)

B2 ERTPE CH.B | CH.D | CH.E Note

B FF e 2¥ 2 3.52 3.28 5.51

84/6/25 s
¥ B2 3.50 3.29 5.56
B P 32 3.52 3.38 5.50

88/9/21 Bk
¥ B2 3.51 3.27 5.47
B R e 2¥ 2 3.51 3.43 5.61

95/7/28 ATk B
¥ B2 3.53 3.45 5.62
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L4 s RO B SRR RSB R S
(R @ ¢ $i= 2012)
SUMMARY OF SIGNIFICANT FREQUENCIES
FOR SEISMIC CATEGORY I STRUCTURES
Frequencies Reactor (c) Control
(cps) Building Building
Fygp (8) 3.35 6.01
Fuo 498 15.76
FH3 5.14 27.12
Fya 6.68 32.07
FHS 7.95 35.96
Fyp ®) 6.92 10.34
Firo 15.60 28.62
Fv3 22.85 47.60
Reactor Fuel
Frequencies Auxiliary Storage Radwaste
(cps) o Building Building Building
Fi 4.96 4.46 4.81
F2 5.16 5.60 5.00
B3 7.26 6.52 6.78
F4 9.38 7.81 8.29
F5 12.03 8.63 12.34
Fo6 12.75 9.00 12.90
F7 17.65 0.88 19.40
F8 19.25 10.22 22.20
Fo 21.04 12.12 24.77
F10 23.48 13.68 28,15

a. H = Horizontal

b. V= Vertical

c. Based on coupled model with RPV

d. The frequencies were obtained from a three-dimensional
coupled model and are significant structural undamped

frequencies.
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2452003890 uB Pz R RRMBEE SR (R § iz

2012)
PORRE PR M (a1 BAE (ER)
A Containment base 100
B Containment operating floor 148
C Auxiliary building base slab 74
D Auxiliary building RHR Heat exch. 100
E Free field 100
F Reactor equipment support 100
G Control building structure 126
H Free field(33 & &) 100

F.4-6 2003 & 9" misFiZ R RRPIBER

B (R gz

R

2012)

P ORR PR W (-} B AR (ER)
YT002 (A) Containment base 100
YTO003 (B) Containment operating floor 148
YT-004 (C) Auxiliary building base slab 74
YTO005 (D) Auxiliary building RHR Heat exch. 101
YT-006 (E) Free field 126
YTO18 (F) Reactor equipment support 125
YTO019 (G) Control building structure 126
YT022 (H) Free field(33 & &) 126
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2 A7 P2 R BEE kA BREEE (R €22 2012)

BRIE | o (bl ® A2

YT-045 I HHRL s 100 L F4%% > FIrEAE 4548 & 105 ¥R 6 =

YT-046 J WAL S 100 F 745 > B4t 326 & | 105 R 6 v

YT-047 K WAL s 126 AL F4%% > Bl 45 48 & 131 =R 6+

YT-048 L RS 126 T FA%% > Bl 326 & | 131 %R 6 7

YT-002 | A ] Fe R AL A 100 =<
YT-018 F Bl gy e A s 125 =
YT-003 B B P8 7R e 148 w2
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% 4-8 2010 & 11 * 12 p = B2 s siidu] o478 % (R it gﬁf_
2012)

Pzt B B P AL far g T2
(YT-003) Frequency (Hz) | Damping (%) | Frequency (Hz) | Damping (%)
Mode: 1 3.02 1.93 2.98 4.60
Mode: 2 7.09 1.15 7.16 1.66
Mode: 3 8.55 1.16 8.47 1.99
Mode: 4 9.16 1.01 9.14 3.74

R = F B PV A 22 far g T2
(YT-018) Frequency (Hz) | Damping (%) | Frequency (Hz) | Damping (%)
Mode: 1 2.88 2.29 2.99 4.36
Mode: 2 7.05 0.89 7.14 271
Mode: 3 8.39 1.20 8.58 3.08
Mode: 4 9.24 1.25 9.19 1.94

Rl B FF A 22 fax ) TR
(YT-045) | Frequency (Hz) | Damping (%) | Frequency (Hz) | Damping (%)
Mode: 1 131 7.10 1.44 6.55
Mode: 2 2.89 2.01 2.81 274
Mode: 3 4.88 1.67 4.50 2.26
Mode: 4 6.69 2.16 6.87 2.70
Mode: 5 9.25 0.73 8.43 0.76

Bk K B P A 2 whar g T2
(YT-047) | Frequency (Hz) | Damping (%) | Frequency (Hz) | Damping (%)
Mode: 1 1.33 6.21 1.30 5.88
Mode: 2 2.90 2.30 3.12 442
Mode: 3 447 2.30 4.45 3.83
Mode: 4 7.08 2.38 6.98 391
Mode: 5 9.24 0.69 8.75 0.98
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%49 2011 &# 87 31 p¥ Rz i agusirdk(hn g =

2012)

Rz B B P a2 e g T
(YT-003) | Frequency (Hz) | Damping (%) | Frequency (Hz) | Damping (%)
Mode: 1 3.05 1.78 3.02 1.01
Mode: 2 4.59 1.46 4.71 1.90
Mode: 3 8.15 151 8.18 1.66
Mode: 4 8.86 0.65 9.14 1.40

Rk F 23 e FE iy g T2k
(YT-018) | Frequency (Hz) | Damping (%) | Frequency (Hz) | Damping (%)
Mode: 1 3.07 1.80 3.06 0.95
Mode: 2 4.76 4.07 4.90 2.14
Mode: 3 791 0.84 7.89 1.00
Mode: 4 8.92 1.83 8.97 3.50

Rl B P a2 e b T3 R
(YT-045) | Frequency (Hz) | Damping (%) | Frequency (Hz) | Damping (%)
Mode: 1 1.99 3.24 2.09 4.87
Mode: 2 3.12 1.92 3.03 1.82
Mode: 3 4.00 2.06 3.90 1.88
Mode: 4 5.83 1.01 5.90 2.26
Mode: 5 7.95 0.65 7.97 0.75

Rz K Bt P A 32 e pdo] TR
(YT-047) | Frequency (Hz) | Damping (%) | Frequency (Hz) | Damping (%)
Mode: 1 2.03 3.64 2.15 452
Mode: 2 2.88 2.33 3.06 1.14
Mode: 3 4.27 1.56 4.21 1.69
Mode: 4 5.86 0.89 5.92 1.78
Mode: 5 7.92 0.94 7.88 5.56
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# 4-10 ¥ = BRI A R4eik 3t 2 B4 A R F (R € 122 2012)

Frequency
Mode (Hz)
Horizontal 1 3.03
(N-S) 2 6.76
3 7.42
4 7.93
5 9.13
0 10.06
7 11.45
8 12.46
9 13.10
10 13.16
11 14.89
12 17.34
Horizontal 1 3.03
(E-W) 2 7.04
3 7.28
4 7.92
5 10.33
6 11.95
7 12.14
8 12.20
Vertical 1 5.46
2 14.90
3 15.76
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% 4-11 B 452 1984 006 47 & &2 CMD o (3 2 2013)

1984 Analysis 2013 Analysis
Mode LES 7 1) CMD g kS 7 1) CMD
(Freq.) (Dir.) (%) (Freq.) (Dir.) (%)
1 3.03 B8Y 13.15 3.09 BY 13.80
2 3.03 0Y 13.12 3.12 X 13.87
3 5.46 Z 85.23 4.79 Z 82.23
4 6.76 X 2221 6.15 X 7.89
5 7.04 Y 23.53 6.31 X 19.26
6 7.04 Y 4.55 6.39 Y 254
7 7.28 8Y 5.76 7.14 0z 2.88
8 7.42 BY 6.12 7.30 X 4.09
9 7.92 8Y 2.53 7.32 07z 6.83
10 7.93 BY 2.54 7.45 0Z 5.23

# 4-12 FIFEAE 517 FSAR & &3# PGA £+t 4 (3 2 2013)

A iy -PGA(G) & 1 5 -PGA(G)
og 1984 2013 wER 1984 2013 wER
& B @EL+1007 029 031 6.90% 024 023 4.17%
A&B ‘5‘_{;__ 028 032 1420% | 024 023 4.17%
@EL+119°-0
EL+125"-07 029 034 1724% | 025 025 0.00%
TRAMMEE A
R@EL+117-67 | 0.30 031 3.33% 0.27 027 0.00%
TO EL+135°-07
Steam Generator
FAf iy & 4F 0.28 0.34 2143% | 024 024 0.00%
@EL+125"07
Steam Generator
-2 UCEE: 031 038 2258% | 025 024 -4.00%
@EL+148°-0"
Pressurizer ¥ #f _ ) _ )
@EL148°-0" 0.30 035 16.67% | 025 024 -4.00%
oy 031 038 2258% | 026 025 -3.85%
@EL+148"-0" ’ ’ . - - o
¥ I"]Si_.’-_ﬁ . 0.33 0.34 3.03% 0.28 028 0.00%
@EL+165"-6
BRAEILE
@EL+212"-67 045 047 4.44% 030 029 -333%
iR o £
@EL+1000-0"TO| 028 030 7.14% 0.27 0.26 -3.70%
17-67
AL TR 0.68 0.70 2.04% 0.30 029 -333%
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% 4-13 2% & FSAR 7 Ji3# PGA 1 4 (5 % 2013)

- K F 1 -PGA(G) & % -PGA(G)
' FSAR e A FSAR 1 A
SR IR@EL+100°|  0.29 0.14 0.24 0.15
EL+125-0" 0.29 0.15 0.25 0.16
HAFHIR 0.31 0.16 0.26 0.16
(@EL+148°-0"

% 4-14 B A AT TS R R F B PGA B A (&
2013)
# 4k %) -PGA(G) £ 7 1% -PGA(G) i & %) -PGA(G)

i & : - :
A& | 2013 |[mER| A | 2013

WER| A | 2013

EL+125°-0" | 0.14 | 0.15 |8.52% | 0.09 | 0.09

0% 0.09 | 0.15

58.66%

BRAF IR 0.17 | 0.16 |-4.43%| 0.10 | 0.10
(@EL+148°-0

0% 0.09 | 0.16

71.64%
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Changing Spectrum (8,4,1; 1)
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Changing Spectrum (12,8,1; 1)
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Changing Spectrum: 20101112 - B(EW) / A(EW) Changing Spectrum: 20101112 - B(EW) / A(EW)
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Changing Spectrum: 20110831 - B(EW) / A(EW)
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G. MOTION
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g ForE L2 gl R ERN S B
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A. 2 3ErFERE (Soil Impedance Matrix)
B. @£ 3 % (Transfer Function)
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D. F s 74l 2 B 4 5 (Response Spectrum)
E. g&-’fﬁ_ FEAF 2 /A Z2 /Y (Stress and Strain of

Structure and soil Elements)
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#5-1 FlA; k&2 2 3B ¥ @ g 2212 & (Bechtel 1974)

(1) F17) 24

(Circular Base)
Eo o FEHEY TR FEPL G
(Motion) (Equivalent Spring (Equivalent Damping
Constant) Coefficient)
'k - (Horizontal) X 32(1 — v)GR ¢, = 0.576Kk,R/p/G
X 7-8v
s #E » (Rocking) 8GR3 0.3
= — Cy = kR G
Y731 —v) YT 14, Y v/
£-3 w (Vertical) _ 4GR c, = 0.85k,R/p/G
2 1-v
J= #& = (Torsion) 16GR3 VKili
T3 T 1+ 21,/pRS
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%52 A A2 2 EBEE DR LR (Bechtel 1974)

Eh o

(Motion)

-k & (Horizontal)

#u ¢ » (Rocking)

4-3 w (Vertical)

4= §& = (Torsion)

OESFEY
(Rectangular Base)
FEEF TR
(Equivalent Spring

Constant)

ky = 2(1 + v)GB,VBL

= B2L
i 1—\)BlIJ

G
k, =7 B-VBL
_ 16GR?

¢ 3
for R = y/BL(B2+12)

X EPER G#
(Equivalent Damping
Coefficient)

¢y = 0.576Kk,R\/p/G

0.3

¢, = 0.85k,R\/p/G

Nian

T 1+ 21, /pRS
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() HfZ 5B R ERE (2) FEWEEL ST A

i@w_ﬁﬁﬁk
Fany :
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eEn A

I
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(3) HEEEINME (4) B &% ERE
BIS2 2 BT F10 454 £ 2 B(H T ® 2004)

coordinate

systemn J—
Y

u

For Each Sublayer, m:

shear modulus = G,
damping ratio = A
mass density = p_

: -

incident wave

m+17 i 2
N PN B > particle motion
thalf-space)

B]5-3 SHAKE®: 3] & 47 #i-3¢
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Damping Ratio (%)
o
1

Shear Modulus Ralio, G/Gmax

et iaiyl " al 1 deid il did
0
L0001 [0005001.002 .005.01 02 05 41 2 &4 1 2 5 10

Effective Strain (%)

BS-4 239 4 ik R v 2T %2 B % (Seed2? Idriss 1970)

gL E B B

Ity rsre
L EHR

(%%iﬁ&%&&ﬁimgﬁW
HEERERT TN

AT RZAE S |

- Tk B
: & i#

<—{g_ﬁf§rﬁfﬁ*§#§ ‘ EIDIE X 4

St 5 R R |

W J% B f1 S 3B

B]5-5 SHAKE & 5 i+ 4%

338



WM~ Foundation A

B5-6 2 EHEF 27 &

F15-7 487 &K@ 2 B, By, B, (Bechtel 1974)
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Free Field Surface
FE Mesh of Excavated Volume (Typ.)

Direct (Flexible Volume)

F5-10 3 HARf 2

(a) AdHFtiR

T e e

bt

N S S S
/
(b) = E3R [f]

[j]
_______ :’;_?_"___
(c) & # I -

B15-11 SASSI 2 "7 B#f |, + %4
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I T OOMAINATION STRUCTURE
1 II : PRIMARY CONTAINYENT VESSEL (PCV)
BYNMACTOM SUTETN WATY oy

(B4

REACTOR PRESSURE VESSEL (RPV)

]
1
=]

-EL. 180.5" ®1

E

16 @ —mizi 25t
113.75*
100.20
- 84.10"
|
33 b - . I 68.0"
== @ 6 ! 80 wWe
ss.az'l - 231" g 21 | “ * £0-2
l s1.83°
47.25' g 22 T |
39.83" e23
®s oL msa
_29.58" @24
25.06° o ! _
e d T2
—11.31' g 10 15.06° L 26

s
s |a
I
L]
»
L]
4 !
® 3
P 0
%
7-’/,?1//

B15-14 +% it K Stick model ¥ 2+ 3ESEF 2 fe §

EL. 0.00m Ground Surface
Layer 1: Orverburden / R
EL.-157m H=1.52m, Vs=250.00 m'sec , w=2.00 tm”

Layer 2: Overburden

H=3.05m, Vs=250.00 m'sec , w=2.00 v'm’

EL. 45Tm
Layer 3: Overburden
H=3 43m, Ve=250.00 m'sec , w=2.00 vm’
EL. -8.0dm h¥i4
Layer 4: Saturated overburden and weathered rock

H=3.50m, Vs=250.00 m'sec , w=2.00 vm’

EL.-11.50m
Layer 5 . Foundation rock

H=3 06m, Vs=770.00 m'sec , w=2 30 t'm’

EL. -15.46m

Layer § : Foundation rock

Vs=770.00 mizac , w=2.30 t'm’

B]5-15 %= B UNITS No.13 % 2. SHAKE 4 47 3 % -3
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D
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Acceleration (Gal)

44 3Gal
0 5 10 15(s)

B5-17 4piT" F Jghp 2+ B AP (JNES 2008)
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KK1

tratum ground foundation 3.D ground foundation

*!m

(a) 325 2 & (b)7 323 2 K
BI5-18 + Zt g3 K 2~ s I H-4k (JNES 2008)

— — — ]
Amplificatio ' ‘ “..' I
n factor | - P With regard to
1.6 \ an amplification, KK5
is smaller than KK1.

1.4 "l

1.2

1.0

0.8

0.6

0.4

I _ I 1]

1S5S D 13ES2E I3AIE00 13536 19TIZ IIWITAE

NS
@

H

FI5-19 7 012k B8 Bt B te A st 2 B

s : _ e : o . ; it )
© Horizontal direction (KK1) A O Horizontal direction (KK4) ) O Vertical direction (KK7)

%40 KIRE NS I f'g; ¥ Cawems %

| —_ K7 R/8 UD

£ | sbiz’aw | E 1 ; Eyal

gso i’(FO.fﬁ Bll) NS Obeervation gm i E‘Tflalslw NS ::;en;:non g '("L'%S%Sm UD Observation

g Faeaa = Analysis E ysi gm D™ T A Analysis

3 8 g

2™ 2 gan

! g £

Eul ] Suf A

B f s Bl

8 j ' 3 3 \--‘

i i K i

ooz 0.1 1 01 - : 002 N 5

\ Period (sec) /) \_ Period (sec) / \_ Period (sec) /

B]5-20 KKNPP & fis 3 2. A~ 4522 9 %2 £ Ji (JNES 2008)
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Bl Result of 3D FEM O Floor response spectra (2F)

O Comparison position KK4 — 4000 -
seismometer 8 = Observation
‘E wesen Analysis (3D-FEM model)
g 3000 [— wemmm Analysis (single axis lumped mass model)
& Loty ksl |
1=11] @
= g 2000 (2F h
5 g [n=0ls
= o
= c 1000
o S o
g 3 ‘
= = ~
= g O
= g 001 o1 1 10
= 4000 Period (sec)
1 —— Observation
~ = 4 a s Analysis (30-FEM model)
Tokyo Electric Power Co., Inc. material (2007.10.23) (partially amended) E 3000 — === Analysis (single axis lumped mass model)
Inner Inner Quter 3 M |
wall wall  wall -4 f-“_
| Output § 2000 —
i ,_..--——‘ -
Outer location % H=0.0
wall ® _ S R
g | M
T s
4 ’I § o0 0.1 1 10
et < Period (sec)
Shell wall The response spectra were created using data provided by Tokyo Electric Power Co., Inc. .
N The results of Analysis of Single axis lumped mass model was quoted from the material of
L__Tokyo Electric Power Co . Inc
E<—>W

®5-21 3D-FEM#-3] & § ¢ [T E A1 F s vt -k T2 e

Location of
seismometer (3F
O Floor response spectra (3F) Egg e
4000 T T 7 Difference in floor
- —— Observation — Tl
HEE ri n tween
3 Vertical | . anaiysis (FEM model) i / R?é%?/ 2?13 iutzf
= 3000 (3F) —  mmessms Analysis (single axis lumped 7
G = / wall
a @ mass model)
32 h0.05 ‘ ‘ - Py AN
H E 2000
5
g g . p RCQV Outer wall
e
Moo
0 =S :l
0.1 o1 ! 10 Excitation Jf g
Period (sec) direction
(vertical)

The seismometer layout has been excerpted from Tokyo Electric Power Co., Inc. material
(2007.10.23) (partially amended)

<

®5-22 3D-FEM#-3] & § ¢ T E A1 F Bt L3 = o
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AVE Y- 18 T R BT RSB A 7(PSHA SSHAC-3)
FAREMEY o F AR AD e BPETHE R s B TR
Boigfmfeplfesdro =t 2344 5 &7 f2+2 2 FL SMA & SPRA
TihnArZ A B X B o d 3 SMA A B i AR & & - TR 1R
B T B 504 ok R 2 (CDFM) & 8 12 T e & B &2 & o
HCLPF #f R % £ i > & &3+ % #3% CDFM = i 27 R g e i
7 W CDFM *" it & mf RRip Re=R 2 s * » A% = B 4
HiEh 6] Wl CDFM 3 5 ¥ 4 3 HCLPF a2 % £ 2 =
i203% % 4 5 54 WP~ f EPRI 2 $ji=4F 2 EPRINP-6041-SLR1
(1991)2 = 2 2 - F2. SMA 4 4 % (2013)° ¥ p]» % B CDFM
WREEEGEE TR AT - BRI TSR R
B > & 7B~ p EPRI(1991a) HHr3F 4 o £ 18 » I+ i CDFM
Bt 2 R A ¥ (FA)*T @2 HCLPF id 2% £ » 8 ¢ FA #74 % 2
W5 Fdc(? EE R L)% p BPRI 2 $jivdF & EPRI
3002000709 (2013) ¥2 EPRI TR-103959(1994)o,%ga At a4
gty AR PFINE EHAE AT
— B RRIE BRRATRE 41378 AR EY > FIG
6Lk RELR N ARR -
SN Ed A BRI RRATHREE > AREA 5 147 BAE
v ' F 9 1B 7 BLARTHEERE Y ABI B L3 IETM
W VO SBARES LR E -
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cd K S#ich 7L v o A RADR L AT E VT R
22y R AT SIS E AN TR g_e,g;gf@;g(w BB R B
oA o
AN R AFEOEEEEHAL f o P & TR F
RS 114 chif ® o At 8 PSA 2 9 (s 114 o
Mo RMer RETRAITESE -

S N RFHAFROEEFER AL g B b TR R
HEEE 14 i v o R T TS5 fE 8 PSA 2 ¢ S
S PSA 23 s 114 SR L S 0 Fp Al B AT R A
VP B RA PSAhET R > B iG] PSAhpE 2 B o

~ ~ SMA £ SPRA = 2 &3 77542 & EPRI #t 1991 £ £7 2013 #
B ¢ B RGP o SMA Bt T E SN A4
i (Deterministic Analysis Method) > i & | # %= Z_§ ;1 4 3¢
AR R 7 E (CDFM) B 10T R M A1 & chid R ARAp R & FF
BT A HCLPF B3 B8 7 ¢ 2| epid s s w23 2
7R R R AE T REITIEHA % o SPRA BT
Z 3% & 47 3 ;2 (Probabilistic Analysis Method) » 3%/ % 1/ % & =
FEEPRRIAEE RETRASITEMEEREE AR A 1T

B % N ehE 2 BH(Bvent Tree)2? sz B AH(Fault Tree) st
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