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The AEC asked the TPC to execute the PSHA SSHAC-3 and the
PFDHA plans on its NPPs due to the potential seismic threats from
Shanchiao and Hengchun faults. This project will perform the
verification and validation on an independent PSHA software by using
the test cases in PEER 2018/03, and then discuss the earthquake
approach of PFDHA to provide some suggestions for panel review.

Seismic probability risk analysis (SPRA) is one of IPEEE seismic
assessment methods approved by USNRC for nuclear power plants
(NPPs).  The fragility analysis for structural and nonstructural
components in an NPP is a key step in the SPRA procedure. As
compared with seismic margin analysis (SMA), SPRA is able to provide
complete fragility curves for NPP components and to identify the
components that are most vulnerable to earthquakes. In this study, the
formulas and procedure of fragility analysis method proposed by EPRI is
reviewed first. Then, the FA calculation reports prepared by TPC for
shear walls of the reactor auxiliary building (RAB) in the Second NPP
and for an inverter in the Third NPP are examined, in order to check
whether the TPC reports follow the FA procedure proposed by EPRI.
Finally, the technical main-points for reviewing the FA of structural
components and equipment in an NPP are highlighted in this study.

This study extends the project of the “Regulatory Technology
Research on NPP Seismic Design Safety Margin (2018)”. The tsunami
scenario is designed for the Maanshan nuclear power plant in Taiwan.
The flow field and wave load at the anti-tsunami wall due to submarine
landslide-induced tsunami are investigated by the two-dimensional
model (COMCOT) and the three-dimensional coupling model. In

addition, COMCOT was used to check and analyze the latest scenario

4



parameters from the Taiwan Power Company (TPC) report for the
Manila Trench and submarine landslide.

Based on the outcomes of researches in the last three years, the
maximum tsunami heights, propagation speeds and run-up contents
induced by large-scale underwater avalanches on the three nuclear power
plants in North Taiwan are studied. @ Numerical simulations are
conducted by using coupled 2D and 3D schemes: while the local regions
around the three nuclear power plants and the possible sites of
underwater avalanches are dealt with by wusing 3D turbulent
Navier-Stokes model, the outside global region is treated by using 2D
shallow-water model.

This study also reviewed the related literatures particularly
specified in ASCE 7-16 and ASCE 43-05 regarding the loads, equivalent
coefficients and the combinations that should be properly considered
when designing tsunami walls. The stability of the tsunami walls are
examined and compared with the satisfy standards given in the codes.
In addition, finite element analysis of tsunami walls was conducted by
using ABAQUS.

When the OBE or SSE of an NPP is exceeded under a felt
earthquake and that results in the NPP shutdown, it is necessary to have
a comprehensive and reasonable evaluation mechanism to restart the
NPP under the condition of safety. This project will review the latest
NPP restart guidelines regulated in ANS (USA), EPRI (USA) and
JANTI (Japan), and draft the response guidelines of NPP after an
earthquake. In addition, the critical technical contents for restarting
KKNPP in Japan and NAPS in the US will be collected from the
literature.  Furthermore, the project will conduct health montoring

investigation on containment building based on some of the records of



the 10-year overall safety assessment reviews and recent records

provided by the Taiwan Power Company.

Key words: PSHA, PFDHA, FDPE, Verification and Validation, SPRA,
Fragility Analysis, Fragility Curve, SMA, Navier-Stokes Model, Run-up,
Tsunami Height, Tunami Speed, Tsunami Force, Nuclear Power Plant
Restart, Guidelines Draft, OBE, SSE, Standard Operation Procedures,
System  Identification, RLS, FRF, OKID/ERA, KKNPP
(Kashiwazaki-Kariwa Nuclear Power Plant), NAPS (North Anna Power
Station)
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(7 E Fahs L3RR o TP AR o8 VI i TR (KKNPP) & 4 %
P # T RNAPS) RS Efad 2 5% » AP E RN E L RIS
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RLS a8 %) » 12 2 G * st 2 pr 8 2452 OKID/ERA 35
BRI S S B R
RFR T H RE LB L S EELEG A2 57 T RAPH 2
N R Sl B R 2]

A4 -2 % B EPRI- 2 B NRC & 378 0] ¥ % DG-1337

BEE T o PR RS

fe ANSIANS 370 § s Ris £had 0] 350 854 T i
RS EARZ FAEN T M ERP TR B LEH B
PR EARR 43 £ T 4 5 7(EPRI) A 1989 & #1d14xch EPRI

Report NP-6695 (Guidelines for Nuclear Plant Response to an

22



Earthquake) » 5 ¥ T B2 R¥E D RHER] > g1 & 2002 £ £ W
K 3% & B (ANSI) 2 1989 & =57 EPRI Report NP-6695 & it 28 #
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FERETIBREAHIP T A FRTEY D S B o - £
FIHEFE (PSS EPCHEMOTIOES) S Btz By
B2 Bk S AL 0 T (RS E-E) B /&
JE BB AREEEA 2 18 [ fE3E A o PEER 2018/03 iRl %
R ECEA Y BEE R HOHER Y IR R BT IR (I
FE) » 3 it % k-4 #-2 PEER 2018/03 th= £ Bl % o] &

z

T
~=h
9

o

27 PSHA #icie & % 535
(=) F- ERFRAVERP ek BEHREF L *

PEER 2018/03 ih% - 2 RIFEXGIEF 12 B Xt f]*
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T TR RRIeRE RRORIRIFR A T TR 1-2 0

*‘)]* GMPE @ # » #73 % [ * Sadigh f- Chang (1997) %
22k £ p s PGA > £8 PGA 20001 g% 1.0 g (58 ) the

25



Az A% % o PEER 2018/03 =% — 2 RIRE X GIE#TF F bl B
HAF PN E 6.5 F B RAF P ITE 65 B FIT TR
i & ¢ PGA 2. GMPE (Sadigh 4= Chang, 1997) 5 :
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fi A en T tade > TP o kN (1) R e PGA & 5 it A
fend @ oo N (L)% £ 2 2L H 5 M (Sadigh = Chang,
1997) » 40 58957
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% 1-1 % - 2|3 % 6| B i (PEER 2018/03)

Test Description

1.1 Rate calculation

12 Rupture location variability

1.3 Rupture area variability

1.4 Dipping fault

15 Truncated exponential magnitude pdf
1.6 Truncated normal magnitude pdf

1.7 Youngs and Coppersmith magnitude pdf
1.8a Ground-motion variability, untruncated
1.8b Ground-motion variability, truncate 2o
1.8C Ground-motion variability, truncate 3o
1.10 Areal zone with point sources, single depth

1.11

Areal zone with point sources, depth range

4 1-2 3% 6] 1 & Huenr, fodod PGA (PEER 2010/106)

Site Distance PGA for M 6.5
(km) (2
1 0 0.7717
2 10 03123
3 50 0.0497
4 0 0.7717
5 10 03123
6 0 0.7717
7 10 0.3123
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#. 1-3 Test 1.5 & s ¥ 34 fEfo s 34 PGA=0.25g & AZ A% 5

% §E - AZARY 5

oo (ij') if) Site 2 Site 7
AR 0.01 0.05 0.05 1.7610E-03 1.7610E-03
HAZA45 0.01 0.05 0.05 1.7910E-03 1.7910E-03
HazMapEQ 0.02 0.2 0.2 1.7870E-03 1.7870E-03
RI1ZZO-HAZARD 0.1 1.0008 0.008 1.7865E-03 1.7865E-03
OpenSHA 0.01 0.1 0.1 1.7892E-03 1.7892E-03
SISMIC 0.03 0.1 0.1 1.7825E-03 1.7825E-03
HAZ38-URS 0.001  0.05 0.05 1.7920E-03 1.7920E-03
THAZ 0.01 0.05 0.05 1.7874E-03 1.7864E-03
HAZA45b 0.01 0.05 0.05 1.7922E-03 1.7922E-03
FRISK88 - - - 1.7874E-03 1.7874E-03
EZ-FRISK 0.01 0.05 0.05 1.7933E-03 1.7933E-03
PROSIT 0.01 0.001 0.001 1.7606E-03 1.7606E-03
OpenQuake 0.05 0.2 0.2 1.8100E-03 1.8100E-03
PROBHAZ 0.01 0.1 0.1 1.7624E-03 1.7624E-03
XCI?I_SRS I’EII_EIE’?\1251’ 0.05 - 0.1 1.7407E-03 1.7407E-03
CRISIS - rectangle 0.05 0.01 0.01 1.7975E-03 1.7975E-03
CRISIS - ellipse 0.05 0.01 0.01 1.9127E-03 1.9127E-03
534 i Ts 1.7873E-03 1.7873E-03
15 £ Ry T35 1.7918E-03 1.7917E-03
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% 1-4Test 1.5 & % 7 F 34 iE2. PGA=0.25g i A7 A% 5 &

7 3 - AZARYS 5
LR TR . _
SR N (km) (km) Site 2 Site 7
005 025 025  1.7929E-03 1.7929E-03
cwps 002 01 0.1 1.7735E-03 1.7735E-03
234 00l 005 005  1.7610E-03  1.7610E-03
BITE 0025 0025 0025  1.7645E-03 1.7645E-03
0.002 001 00l  1.7640E-03 1. 7640E-03
0.0l 025 025  1.7603E-03 1.7603E-03
001 0.1 0.1 1.7629E-03 1.7629E-03
A
) 001 005 005 17610E-03  1.7610E-03
347 &
0.0l 0025 0025 1.7614E-03 1.7614E-03
00l 00l 00l  1.7606E-03 1.7606E-03
0.05 005 005  1.7917E-03 1.7917E-03
0.02 005 005  1.7710E-03 1.7710E-03
TSN
SRERE 001 005 005  L7610E-03  1.7610E-03
[ESai
0.025 005 005  1.7646E-03 1. 7646E-03
0.002 005 005  1.7637E-03 1.7637E-03
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% 1-5 %= 2Pl % o) B ik (PEER 2018/03)

Test Description
21 Multiple sources

2.1 Avg Deaggregation averages

2.1 Tables Deaggregation percentages

2.2a Abrahamson Silva and Kamai [2014]
2.2b Boore Stewart Seyhan Atkinson [2014]
2.2¢ Campbell and Bozorgnia [2014]
2.2d Chiou and Youngs [2014]
2.3a Hanging Wall, ASK14
2.3b Hanging Wall, BSSA14
2.3c Hanging Wall, CB14
2.3d Hanging Wall, CY14
24a LIniform hypocenter distribution
2.4b Triangular hypocenter distribution
2.5a Upper tails, ground-motion distribution
2.59b Mixture model, ground-motion distribution
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% 1-6 Test 2.1 ¥4t PGA % #cT 35 @ foip $35 £ v- 2

Site 1

PGA =0.05¢g PGA=0.18725¢g PGA =0.35¢g

v R 7 M R & M R ¢
RIZZO-HAZARD 6.017 3395 -0.5202 6.118 2220 08819 5981 17.76 1.7119
HAZ45 6.020 3400 -0.5210 6.120 2220 0.8730 5980 17.70 1.7100
XCD55, HAZ51, TREE51 6.020 3390 -0.5220 6.110 2220 0.8720 5980 17.70 1.7080
HazMapEQ 6.022 3400 -0.5190 6.121 2221 0.8703 5978 17.66 1.7035
PROBHAZ 6.030 33.50 -0.5300 6.130 2220 0.8900 5.980 17.70 1.7100
SISMIC 6.017 3395 -0.5202 6.119 22,10 0.8911 5983 17.70 1.7023
PROSIT 6.017 3395 -0.5207 6.082 22.05 08789 5981 17.71 1.7052
THAZ 6.020 3396 -0.5200 6.120 2223 0.8700 5981 17.70  1.7000
HAZ45b 6.020 3390 -0.5210 6.120 2220 0.8730 5981  17.70  1.7000
HAZ38-URS 6.020 3390 -0.5220 6.120 2220 0.8750 5980 17.80 1.7100
OpenQuake 6.050 34.13 -0.5200 6.210 2257 0.8900 5980 17.75 1.7100
A2 2% 6.017 3396 -05189 6.118 2220 0.8816 59810 17.73 1.7048
Benchmark 6.022 3387 -0.5224 6.1199 2220 0.8774 59799 17.70  1.709
%o diff 5 core 0215 1515 2080 0327 0.033 2264 0052 0564 0491
% diff all 0.552  1.881 2080 2101 2365 2424 0076 0.785 0.698
£ Benchmark %% (%) -0.076 0272 -0.672 -0.029 0.007 0471 0018 0.125 -0.22
By g i (%) 0002 1384 -2088 032 0016 1295 0.046 0370 0.078
B2 IRE | A (%) 0006 1384 208 0589 0698 1330 0046 0370 0.284
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% 1-7 Test 2.1 #-1 PGA % #cinds i3 % F¥ (PEER 2018/03)

Distance (km) | Magnitude Epsilon®
0-20 50—5.1 < -1
20 — 40 5.0—5.1 < -1

.7 5.0—5.1 < -1

80 — 100 50—5.1 < -1

> 100 50—5.1 < -1

0-20 9.1-52 < -1

20-—40 9.1-5.2 < -1

27 59.1-52 < -1

80 — 100 2.1-52 < -

=100 9.1-52 < -1
¥

6.9-7.0 < -1

2

=

% 1-8 ¥ = £ |3 % ) B i (PEER 2018/03)

Test Description
3.1a Bending fault, dipping east
3.1b Bending fault, dipping west
32 Logic tree, percentiles
3.3 Intraslab zone
34 Areal zone, finite ruptures
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T FAULTS 1 & 2 AREA1

N

“ A A ‘? 25 km

U Km
5
Site 1: On fault, at midpoint along strike Site 1: At center of arca
Site 2: 10 km west of fault, at midpoint along strike Site 2: 50 km from center (radially)
Site 3: 50 km west of fault, at midpoint along strike Site 3: On arca boundary
Site 4: On fault, at southern end Site 4: 25 km from boundary

Site 5: 10 km south of fault along strike
Site 6: On fault, northern end
Site 7: 10 km east of fault, at midpoint along strike

Bl1-1 %- 2RIEZHESE-RBRREF N2 =R
(PEER2018/03)

FAULT 1 FAULT 2 AREA 1
25 km < 25 km
{Test 10)
X Tkm X X
5km
: e
12 km Il km
(Test 11
S
Fault Type: Strike Slip Fault Type: Reverse 5 km
Dip: 90 degrees Dip: 60 degrees west ® T
Fault Depths: 0 — 12 km Fault Depths: 1 — 12 km 5 km
e L

Arca Point Sources
Test 10 Depth: 5 km
Test 11 Depths: 5 — 10 km

Tk~ MALETE o

B 1-2 %- ERHREXGELE
# B ( PEER2018/03)
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(2) = & FL7| $ % 4 * Petersen et
al.(2011) In(P)=a(z) - In(r)+b(z)

N; (mg) =

Hat > w8 F > P (D>d|m,r)
(1) 87K = A 3R] = 45 %
Petersen et al.(2011)
In(d) = 1.4016M-0.16711n(r)-6.7991
In(d/AD)=-0.1826In(r)-1.5471
2) 7 ,? [ S AN

Mean[M,/eqk]

Mean[M,/eqk] = f 10(-5M+1605) . f(m) - dm

mg

U V2

HREBE SR B AT R

V

L

V() = D Ny(mo) f £.(m) U £ (lm) - P, (Sliplm, 1) - P.(D > d|m,£) - dr| - dm
n mg 0

FETRE M

Retur Period = 10000 years
Displacement = 13 cr

Annual Frequency of Exceedence

1E6
01

100

1 10
Displacement (cm)

Bl 2-1 Mg Rk A TR AR 2 ARAF R R
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7
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BORRNAE
U R 184 AT e % ik B AT AR B (M)

4.26mm/yr
[0.0125]

6.9
4.68mm/yr Yen and Ma, 2011
[0.0125] [0.5]
7.83mm/yr
[0.0125]
7.0
8.13mm/yr . ! Wells and Coppersmith, 1994
Reverse [1.0] [0.0125] PR Y RS [1.0] [0.25]
o— ®
1.6mm/yr
[0.1]
7.0
X 3p %&,2000
[0.25]

1/4000=% /yr
(0.32~0.45mm/yr)*
0.75

] 2-2 PFDHA & 545 % 74 2k 2 e ft
(¥ 1 ARAER LG F 1T 2019)
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5 1zﬂé‘rr
@ ’fﬁ’l 0 4 sml
® H=F g——— o
— (B R - (RFA)
V& & Wi Jb 7% % 4 1% 35 1% (RFB) P
— 7Y 18 AL (SWA)

— G o 1A R AT AR AR
(SWA_Altl ~ SWA_Alf2)

Bl 23 Hied B2 80k RR(P BLAAR LD L2 2 5 2019)
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Cumulativr Probability

0.9

0.8

0.7

o
o))

o
n

©
»~

0.3

0.2

0.1

W""-‘J—_H
7
Y 4
..,
R
S
Y
I
1
S
/
I
!
g
/
/
7
> 10 15

Slip rate (mm/yr)

e 6 samples

= == CDF1

@2475"}’%'RFB~/§‘%;1§ CBEA AR
(:‘ 21 f2 fR B OAR f\,z a0 2019)
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Cumulative Probability

0.9

0.8

0.7

0.6

0.5

0.4

0.3

0.2

0.1

e o - -

—1

2
Slip Rate (mm/yr)

B 2-5 2 SWA 2 #5385 R A 0 4
(¢ LA ILRF TP 5 2019)
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2~ RBEAFT(FA)Z B AEITERIEFY
(=) PRy Bhtai™n 22
1 PR R Bh "Gtk 2 i

2001 # 37 11 ppAFL B R 2P R EPISER
BB < e B F3lgavh o g XARE ¥ - P T REE P
WORE s FIpt b IR T Y i © B (NPP, Nuclear Power
Plant) i@ B 3| L % hbf iz - SE» RH TP R R Lan®
B TSP R RN ROESE TP TRE 2R
EEE Ry o

TR A R - 2RI R WX 2
i# ¥ = % (SSE, Safe Shutdown Earthquake)i® % H =i k&
RO FERF LA KPP CZERF LAY R - TABAR
(margin) o X m > 3 B NI Z B B A F - A EEIER] 0 Flt H

we g R F L PL R A EE PR AR R P

5.1.

TREH» P Ren@ssg NITZ BRI RE2AELR &
5 ° i‘%‘«{?\;{ » 2 B ¥iac g 41% B € (USNRC)* 1991 & 3¢ #
Supplement 4 to Generic Letter No. 88-20 (USNRC, 1991a) » & &
LT RAGF T B R E 244, (IPEEE, Individual Plant
Examination of External Events) » f p* 7 % 71 NUREG-1407 < i*
(USNRC, 1991b)r i® & IPEEE &2 iv ¥ 422 F351 o 352 30
T IPEEE¥ 72 3 Rk "%3iT% > 23 = | i AR T 2 (SMA,
Seismic Margin Assessment) £ #% 5 ;% = 2 h & ;= % ;2 (SPRA,

Seismic Probabilistic Risk Assessment) ©

103



2. W BARARIER i3 (SMA)Z H {4
Pt = @32 ¢ > SMA B3R 2 A 15 2 2 (deterministic
analysis method) » # i & B % e T fo? 2 BAEH 2 & K
LM A B R T Rohdt & % £ (capacity) 0 @ T
AERARE R GA R NPP 24 % 2 B8 4 (L) p
ZAZAEE B4 (BB RA ) T A A 2B - &
TAES BT E o P s R
s R Atk 5 "B w2 MRS 5 (HCLPF, High Confidence

LL N g
Lo ¥ty

Fippee ok &

of Low Probability of Failure) % & - **{% 3 @2k » HCLPF % & &
# & 95% b g R i@ NPP & B 2 pURAS 5] 30 5% R 2 4
Bt e R T 5L EE & 4vik B (PGA, Peak Ground
Acceleration) 2% NPP ¥ #p T 2 Z4cid B BE(HF L0 - 7
PGA) - d * HCLPF % £ ¥.d %2 tha B > % £ > & SMA 2
B WL H - 25 E o Budnitz & 4 (USNRC, 1985) ~ Prassinos
# £ (USNRC, 1986)# Reed % * (EPRI, 1991)% & #& 1134 {7 SMA
2. TR P M ?}}‘;ch_ ¢ Jz4k>t USNRC & 2 BT 4 7 7 %7
(EPRI - 1991)z_sr 2 # -
3. BF ¥ RR KR (SPRA)Z 14
THA S JBagie s 2w RREUERIL GBS 2 R
Flit G F SMA R E D R=hl - "R AR B rm2* UiTER
7 8 NPP &t % # 5y g T30k " > 7m |2 % Ui mig = NPP A
B 2h'e RRZBegEEER 24 o iz SMA 74 /%3 & D
EHE P F T AI* SPRA 241 S o
SPRA /§3t 48 & 3% & 47 = j (probabilistic analysis method) »
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AR B ER My BAPE TR A 47 (SHA, Seismic Hazard
Analysis)¥? & 4 i 2_ @t & & 4 47 (FA, Fragility Analysis) o » £
"E i f(event tree) xR f(fault tree) st & 3+ 5 NPP & g e
Zh'% o SPRA B MR % - i fany Rilxz T@2E<2
Moae & T34z 4% 4 ¥ | (annual frequency of unacceptable
performance) 4r 12 % IR o B e 1 Yp o UF gO#E 5 (CDF, Core
Damage Frequency) £ % #f <~ & % /& #f 5 (LERF, Large Early
Release Frequency)® o d *% SPRA >t #5582 % » v = &
FENPP 2 R AT R ~BHFBERT T RMELFELT
FERLE TS -
(= )SPRA 2 i B AR A+ (FA)™ 2 2 ixfe i &2
L om AR Y B2 HF 03

PRl Rk - SRRy R4 7K 4
X >BWe BEA(SSE)» 2 F B B BEEIE G 0 F oAy MOTE
BRM KR M TE R RO PR R AR
SRS R R R kR PR R
o BatEd PEFEF NI AT T RO A o
PRI EPRRRT A LSS 7 Fr 24 (inherent randomness
2 f aleatory uncertainty) ¥ s 3 7 3 gFr % (knowledge
uncertainty # £ epistemic uncertainty) > H ? S8 07 FE 1%
AR AL A TR AR E RSS2 A R R
TN FE T Thd N aR LA R 2 anfE e 4p B o o
ot A R EBE T 7 B o B0 EECK A B iF S
i NPP it ot B3 £ G480 o d i 2 Be 10l o Rl
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_p! .
r .e @ (Q)ﬂu (31)
-1 . v _._ ' 3 s . . o
O (P)p, = K:iﬁ‘& A FE C‘f ,H—_ ’ gu =e @ (0)B, % 'F‘\-"Eé.%m]

FERME o B o R ARA Y RS SR T AT AT

lng+CI)‘1(Q)-IBu

P(DS>ds|a)=P(4d<a)=0| —4 7 (3.2)

FP AN B BT EERS REE Rz B Rl A YR
FHEARF R E W R R L R
T2 HEEEL o NP P(DS2ds|a) R tear B
T QU e RS HEFIRARR F N ds 2 FEBF o Ao
21457 > BI¥ Z B0 SR AR R A ] 5 95% ~ 50% ~ S%PE 2
WRRY S BolR AW ABL LA B R X R
Tof 95%M ki Bt A 2 AT R BT HARR L D
%35 P o

T amt B OB M (mean fragility curve)¥ @& * ¥ — chaf A&
§ AU PERT T RS S A e AR 0 TR B R W 2 BT
LEFARGEORTAAERY M2 T A T AER Y A

j\ﬁﬂi{fﬁ‘ (‘Ii:‘:’fﬁ) o_li:;jﬁ"fj’%)’ﬁr—b' fﬁ'{:%ﬁ_&r—r

(3.3)

mean

P(DSZdS|a)=P :@(M]

C
5 N
Pe=(B+57) (3.4)
Hoe o B LA A L (composite) ¥ BciR ¥ £ > LA HiEE LB

BB T3 el i (2 D2 HEABRFELSATE
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it G o
a=a- e (Bra)be (3.5)
Bl22 T2 Bl 2-1 £ B B2 fd B R d R Tom 2 R &
M H - A=t g o 12T HP EPRI(1994) 5 4riw 3+ 5 NPP 2
BRe &P a~p ~p =ZB5#cz>iE > T2 :ié’s-A,\i]&NPP
2R ERE A S ERPHMER S 2
2. ..%—f#ﬁfiiﬁff%)ibﬁ% %
Oka 2 Aab il
F ;&Jfﬁx— 2t B d A% > EPRI 1002988
(2002)z% 3% i * % > F]3+ (Factor of Safety) i 3+ & 1‘# it B

Q>

‘e

B2 EAREBREK- P X 2 TG 2 A ERAT
A=F-agy, (3.6a)
;_L-ﬁkﬁi R S E
poA o FEREARGE (3.6b)
Gy T EHPHEL TLFER R

RE R BBE R TLFEE R - RE A AL e

HEFRE AT 2FFHPL AT A LG

F=F.Fy (3.7a)

_HEREMRTE SSETRFF R
SSE™ % F SSET“? 2

(3.7b)

#d o FfEs F € %1+ (capacity factor) » 5 H=*F R 7 £

B R EE R TRIF L B 6 Pyl BER RS
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(structural response factor) > % % 2 B8 2 4 T KL E
PERPE RS TREF RV E e F X XTFFRAET ST A
3-1-

EPRI 3k b b 255 2 s dpdffciz 2 > S\ fa b m R AR
WOARY LA BT ABEITLBE TSR HERT A
PEE- Y -SSP m i iR L s
FEA AR L - B P E7 & rdeT™

e

o

Qi=f-as (3.82)

(3.8b)

X fRAFTRFFIF2Y E &GDAY 2 ABRFEY Ea
TEERFI B AT ERPE RS a2 f g o
Fo# Fog 2§41 > % o * EPRUEGR &

T3 F A HEFAA L& AR 2FIFLP @

NP fe s FRFFE 2P fig s BHEF BFF Fy2 ¢

o A RNGYEANGBYTT FAEE R LY B4 o o

a=f-ag = fc fRS Asse (3.10)

2l X TR ERSHEFELSTE SAPRM % R

A Y A FIR% 0 X 2T F 2N R T
B[ Bt T HEREEL B, TENTIRE X 2 TS

F. 8 Fp 2 ¥ 8% % £ T = {r2 43(SRSS, Square Root of the
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Square Sum) > 4= HroT

Br,=(Be+ Bus?) =B, (3.11a)

Brn=(Be+ Bes?) =P, (3.11b)

» BB Prs, Bl e FL B g 2 M8 R L

BB Prs  BIA B 5 FL 81 Fy 2 5o 3 i 8 £ - B

o R LRNGI0Z e RGIANL B, ~ B A B EANE)
i~ B~ B TR A NBREFRE O ER S AR o

(7 EF]F B BHF BFF 2
FH BRI T EPRIZREF 7]+ FL B SHF BT
F o A W - HATES 2 BT BE 2T R Ao

F.=FF, (3.12)
F F FGMI F F F FECC FSSI (313)
FAA N LR AT IR A I REERT B Aok 3-1 977

EARLER 2T HEF LA G A

f:fS.f#.fSA'fGMl'fé"fM'fMC.fECC'f:gSI (3.14)
A F 2 SRR B B B RIT TR

1

l
Br, = (ﬁy,rz + ﬁSA,rz Tt :BEcc,r2 + ﬂssmz) (3.15a)

1/2
ﬂFﬂ - (ﬂsauz + ﬂauz +ﬂSA,u2 +"'+IBMC,u2 + ﬂSSl,uz) (3-15b)
Fld Nz P AR AR ET R TEEY L 31
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b Fie RGP REL (VRS e, ) 0 F T8

s =7

TEALUE (TELT o, ) o B F 2FF SRR A1

g E A R o TR B 2 FF L 1A AR A

<

@%AFIF F @ SRR A (&t 4 H 0
Ji)bﬁ*_&i@%}%**’wfﬁ% 2 e

EX
=N

s g T N2k
_S-h
' B-P,

He o SEETAREST R REREERA 0 P 5 - 2

54?E11ﬁ§§&%§§\17¢§F§“%'%

TRE) AR RRERATE(TR RS PEE - a1 FR

£ 40) e

(b)Zeiffd iy £ de ¥ F, @ 2R o £ e e B3 F 2+

(3.16)

R AT E - A B A PF 2 2 F]F (ductility factor) o
+

FHE RARL G P U RIRAGRIRT o e e 1t R IE
BofeA Bt B0 ¥ A XA F Y £ enT

Yol o EPRI 28 * dr i ig & F fush 112- B 2Lsl i ) i 33

Z_F Rl 0 T gp it u(ductility ratio) 1T 5 F 20

U

\\\Xr

B d o uTL B S RS REA 2
(3)F B4k F1+ F,
HE g 2ipfsy Rzt RHE AT RAIEHELIRE
BHFOLRABREAE *FT gkT e F B T8 2
Mz L8 @ kIok RLIB o
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() Rk HLFF Fy,
#1

e

Ed

RS VNP CEEE SN RS
%«fﬁ»ﬁfﬁf—ji b P\':"H}//%I)F ";“JZtJS@ FGMIJV}{é'

'37'7 ‘f LL -‘-{ﬁ:ﬁ;
GMI W8 Pz BAFF i o Fl A 47 B2t H 4 e b 2
B HRAZY R

(5)Fe R F]+ F,

PFF L RGR AR
BHF %R

(6) 4.8+ 4 A 45403 715 F,

PHEF O R R FIHCR A N K TSI R B R
BEE A EE‘,"‘L;]‘:J:_ o .‘;"}-ﬁ}; ﬁj%“f#-/;%%ﬁ*é ?—E’?

H PR EFIER 2 £ B A

o2yt ide g

s Tt A R R A TR R S i R

ey BHA % 2

TS NN

(NHf 2.8 F1F F

ll’L

SRR NSRS ¥ ]
Aﬁﬁ@ﬁiﬁ%ﬂo—aaﬁ
L T2 B

E322 7 kA

» PR F 5% 14 SRSS £ & s
miRERERITLY B B
BEAYT o BIA R R A TEF S R A 2

WAl 2@ Ry B o
@) RAREEFIF,

EhmABEFE - 287

F O g 4 S (ABSSUM, absolute sum) & & = w3 24 > jpii
%+ SRSS #2(100,40,40); (= 100% 3 & ?‘)f;”c" B 2 i\" 7 27 40%
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HEFRZADI el g ) Hig ST &7 R AR B
"5/\1“—‘:1"-##;}';71'] ;—f\ ’ i‘ LL A ‘%%Eﬂ;l\)/ ¥

OFS-EE SR

PPFEF R L E P AR T fl2 ok ke F F A

*"—'H
fude
PRI
A
=
(7
)
o,
&
i
o

TFERRATE S ORE R -
3 RKALARRA T2
(DE o RRAFT2Z AR

wr % B SPRA 4 477 ",f TERP T RS
RiFR o TR T RMIVERE W R AT R
2 @ ¥ (o & EPRI (1994)2 2% » NPP % # #f & A 78 3
ﬁﬁﬁﬁﬁﬁm’ﬁ?ﬁﬁiiﬂiiiﬁﬁ%%%iW%ﬁ
Hat B R d 5 - EPRI (1994)F > (7R & @ 2B A 17
Fo T E R M T 2 AR F 2 B Y L 1AL 3k (Ductile
failures) ~ & {4 8. 3% (Brittle failures)? % 384 x4 ¢ |4 £k 3 (Elastic
functional failures) - & # 2. a7 |2 A3k 5 5 R F LI EBE T §
dRERER TR o FY RISEER £ LTFFF, K2
BRI G R BT 0 5 SRR ERIA LR
Wi 2 M E AR Gy o B R K B B
B A3 R oMt miEAEE W ET o B33 5K A A
BR A7 (FA)E AR 10 b el 2 W et 5 37 93 -
;% (by calculation)id- % % > F|+ » @ B o T Py 2
& HpE S 3N (by testing)id- T & > F]F 0 T LA 2 S0

AR
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(2)r42+ 8 = ;% (by calculation)id- = & # 2. % > F]+
FrIhE S NJE Rk g2 % > F|F pF > BPRI ik (v e
SHHEAAN O RG22 X 2REF T TR

F, = F.F Fp (3.17)
4 7-4{?!: :"—L _ﬁ,\
Fczlé&%'@?%;'}ib\ ‘Z-V}i’FRE Bé?l PK%F};@(3,18)

HER T R R KAEREF I

S0 F AR F RGO Fu s KK F s (R B
F ) FlF 0 Fpfi i B4 BFF 0 QDA G 50 R K
FRFIF Fpp o 40318 ¥7m » ZEFIF F. N A1 @K i & 4
R 2o ek BB 2 };‘4“&5;‘7 PUTE s MAriE BV OGO RS
SRz B RE o REF BTG F, GHRVEEIREF
ﬁ?%ﬁ@ﬁiwﬁ’jﬁﬁ@?ﬁﬂ%ﬁ%ﬁ%%iﬁ’ﬂ
PR RERAT 2 A ARG F BTS20k 8
1‘;)2 & FIF+ Fog PIE K& 97 1 L_ﬁé]\, 1‘]&1; Ry B oo F)F
SR S S = BRSO E S
TERNIEE D el SO GO T T
SR SR HERELB B, TR E AT
fe=Tto fas Fue (3.19a)
Br, =(Be) + Brs,” + Bre,’) (3.19b)
Brw=(Be + Busi” + Bre’) (3.19¢)

}‘\4 = fC :‘% FC_L ¢ Ey; ) ﬂC.rl—;;E"ﬂC.,u E]l]/ﬂ\ E:'J :‘% Kﬁﬁ&ﬁi—fgzﬁ\*% E’ii

*

’Tiifﬁi’f#-’gi ° fRE A ﬁRE,r IBREu NS REi P ESA ﬂ—g{*ﬂ}

g; ; fRS * ﬂRS,r ﬂRSu ‘J * FRSi‘:‘ IIEL_EE?I?U }lf&*%lgi‘ °
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BGADNPR (AT Y L .7 ie- HATR L F B F 2

%fﬁ sy 7R A

F.=F-F, (3.20)
He L RERRE T E S EBGION R S Y & sk
»b = % = -Zl,; -;E_': M ;H: = 1}?’}?# 1= :F"‘ Fi& 7}’3_}‘\‘ (fallure

mode) ¥_% o EPRI(1994)#-3% # 33 % 5 = ~ 47 » 4 &] 5 5%
PRI A s b PR o BT 2 2L B
FF+F, > BRRZERA P g2 Slice §RAE ZFRA G
UTER 2 Sl ReRal T s SN O l@f 2 1.0 @ e R
NT R ERFRH AR R P F 2N
SRR B2 o WAL BHF BF]F F 5 AO0KA AT A
BHEE B BRE W BB A R R B
FReA~4r9rs %8t M T2 2GA3)N pi o 272 4 g 2 A

E . - B .
L.E'_é' _'7’]—+ FECC » 4T J,\‘ =T .

FRS:FSA'FGMI'F(S'FM'FMC'FSSI (3-21)
LX 2T ZRET SE R 2-1 ZHP

REF TG Fpp s KEREFH RS T230F BT
R et B0 2R 2 FoAp 2 0 EPRI(1994) 7 #-ig F,, 47 1% &
FIEEX2TFF 2R 0 AT
Frp = Fyy - Fy - Fyy - Fy - Fe - Free (3.22)
LSz LABREP YL 329 o
LB (317~ (3.20)-3.22)5 ¥ KiF®H 2% > FF
Fordd @iy @ FiutG1H)eE15)% =2
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B e S

fE :fs'jy'jSA'fGMJ 'fﬁ'fAM 'ch

U (3.23)
'J[SSI'ng'fs;'fﬁj'f;'fztjc'fEecc
Be,=(Bs 2+ B 4ot Bie + Biee) (3.24)
Brw=(Bol 4 B+t Bic + Bices?) (3.25)

PR BRI LA L AT B R TR S 4312
2320 @ BEALE S HLX2FTLRBRET AR R
BRSNS EE 0 ¥ - BRI E G R A 3
Mo & 2FF DR H R AT %

()2 B3E > N (by testing)i:-z2 3k # 2. % > F|+
HE R SV 2T 2R G  F R R PR
i

* &
SRARE S A EREABERY M2 P BT TR

(3.26)

AP APl 2 M ST o M-TRS. ¥ RRS. & %é@étﬁ&f.ﬁ_ifﬁ%
SRR/ A)BHE) B B o TRS A5 B2 F%F
## (Clipped test response spectrum) ~ RRS it 5 & 718 22 3 £ F &

L H &
)

# (Clipped required response spectrum) > 12+ & Jﬁ‘ Fo
sk 1 F, b H F £ %3 (Device capacity factor) 5 Fy, &
3 20 LEEES T RS ¥ ES - SIS £1
% 4 (reference earthquake) 2. PGA -
A Ex2FF23 532
W) 3-4 1% EPRI(1994)2 th2 % # 4 2% 2 75 - Binde o &
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AL AHmPAARE XA TX 2T F 2 LT
AR SR TEEY SERE- - S AV T
F R RREF RZE o T o doB] 3407 0 g R AT
KTl B B G T d BT RE R
Tedde Ko BF L4 Koy e g & o R EPRI 2223k > o 03k & 4y
LRGBS B A R X T e LR AR
(Weld anchor failures) ~ #% 4> %" # g3 (Shear failures of bolt) % &%

A

by TR 3 3 AU (Anchor bolt concrete cone failures) % = &
5V oEPRI 35 K A4 & AN @37 HAHEHRS I REE
% 2+ H 55 B o EPRI(1994) Table 3-9 4% i45+ 2 2 ;N if 4234
BY OB HEE £ (do~ < £ 3-3) > EPRI(1994) Table 3-10 R
BREBREI;E O Neh & 34) . TG MR BRY >TSS
2.3+ 8§ 61¥ %4 EPRI(1991)2 Appendix P« % 7 # 45 ¥l
(BFEZFMALERS > X FRF2RAI ARERE T F
3 g > ™ EPRI(1994)%F A #& HaEix3t 5 o3V 10 2 R 3 Bk
Boat o ph 3R AT S Ap M2 g IR G R (Blde T ACT
349-13 44) o @ & ACI 349-13(2014)2 283k > R 2 4

GRdeE(et 4 ) BRI T A LT 4 B 4 B R

2 )\ 2L 5 - 1
A EHZE TS

(=) #RAWR LS HT(SMA) 2 2 nfe i 5
1L 24772
EERPLER > TN R R A 1T(SMA)E G
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B SMA enig 425 » EPRI »* 1991 & 3& 407 — i = Bk jivsf 2
EPRI NP-6041-SLR1 (EPRI 1991)f¥ 5 SMA 2 453l » H 5 &2
SMA #p R ?)I?Zi NPP =i 3F 2 ¢ R RZH MR 2 iz 2Rk 2

BT o PR LZRIE O BB T G AR IR E LT S

4 74 Fh(task) * (1) 237 A& 2 4 (Selection of seismic
margin earthquake level) ~ (2) % = @ & 3= % -] %2 (Selection of
seismic margin assessment team) -~ (3)@f & ¢ & # & (Preparatory
work prior to walkdown ) ~ (4)i% 7% 2 5 45 4p B 2k & &2 4
(Systems and elements selection walkdown) ~ (5)@f B 4845 3¢ &
(Seismic capability walkdown) ~ (6):& {7 @ & 4245 3% iz (Seismic
margin assessment work) ~ (7):= % F #L13 & (Documentation) e

SMA 2z &% P hiifE iR Rl LHLAPRT KX 2% >
%% 2 4 (Safe Shutdown Earthquake, SSE) » 2 I %= 7 § ;8 &

rehpAs R % (CDFM) & # HCLPF % & & » #73} HCLPF % &
(High Confidence Low Probability Failure) fx4p & & -k 3 &2 4
RS THELMRFEE  ZFEEM PGA 275 TR

B g2 ke FE AL > TR fok® HCLPF K% BT

o

L
95%11 + #f s % B A I K0 5% o HCLPF % £ 2.3+ 3 4r

-

HCLPF % £ & = (FS), (RLE) (3.27)

HY HRLE AP 22 ®h A#r 24 ;5 (FS), 5 2584

AEFF AT o - Sl 2N E by
calculation) 17 & {7 m B ARAS B A 47 » B = L 1% 3E5k TR (by

testing) 14 i& {7 il B ARAS B A FT o W K .E?’“?# i EEE(ER)
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FANTREMT(MIr D B LR R - Y RS
FF AR E) 0 2 e

(FS), =(FS), F, (3.28a)
FY o F, s REEEG L 2Rl R T F] S
(inelastic energy absorption) > & (FS), LA FF|+ > v d T 3

C—D,s

FS), =
() Dy + AC,

(3.28b)

#e 5 C 1*2‘1%‘3”‘1’ CDFM #R|#r3+ 85 2 42 % & ; Dy » RLE
T ™2 g RS Dy stk R ATIIRZ A PE
(e FE£)5 AC, 7 Fle A3 R4 (B ¥ R4 )R FE
TR OBV RAE RS ZBRERIEZRRPR ©

JHEP A BRABARATE TRV E I RARE O
RLBHHE T 2 RO S REL AR (e
KA E) - RE ERARTAST Y U E SRR
Rl ¥ BR# ;é—“z W gk T AL(by testing)iE (7 CDFM #f & 4845
B e 3 BERRA EABERCE TR AR LA
P ERGETFESRRFEALAT NN (7 MTRh&aTF L
BERETE2E T A %3 EPRI(1991)2 Fiték O &2 'k P) o
FAEFGETAGRRFTELE FRAAB D TFHZIERLRHG
BITRRPEAM TR > MK F 2 # st 2 (functionality) >
* {7 CDFM #5% ~ &% (TRS., test response spectrum) > ' & J&
R 8 L O9Veg A B 5 (AR L 0 1%) 0 SR il 5

EEHE PN R 5 % dhe o (multi-axis excitation) > 5 & K # &
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PAEAR % o o0 PFT 4 CDFM 385 5 I3k 5 L RRK # CR e
E)22 58 o ¥-Fd 0=k A R FRRLE 1% CDFM 2 § &
5 J& % (required response spectrum, RRS.)* TRS.{-RRS.% & *
iR PR vt (EPRIZE & 2% ~ 5%) » &% » 7 3-8 A 53 4o

s

(FS), =lowest ?;SC (3.29)

c

PR EAPREF T o MTRS 2 RRS. % K e iE R E AP
BERE/ZR) BFEB]EFLIARETS -

2. HCLFP & FA 2_ M %

d FEWP F e R SMAAA Y > JEd CDFM ™ - it

9 HCLPF % £ & ; » & SRPA 2 4254 ¢ - d ** HCLPF % £ &

FH RS T 5% 2 R 4

FHEY GDN AR R AN #0=05%8 P=5% &

B4 95% b ehift

(3.1);8 ¥ $.& HCLPF % £ & 4c™
HCLPF % £ @& =a-e @/ (3.30)
AEBAEREATRY X0 (bl Yhu i) - AR
B R TIHETL B3 RpREBE L EVERY THOWER
WA KSR e R S 2 H - i & HIRRR L S,
4o (F(3.4)5%)
pe=(B2+52)" (331)
#d o B F 5 48 & (composite) ik A o pEF 0 3 D) 2
Eat R AR 2 F AT (R (3.5)5Y)

a=ae® b (3.32)
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B > P o Fe TP F o N 2 Tiaa R R AT
d P BB - HEEREL LS FETRGCR 32 ZR 3-5) -

d BNz WF AT, F P=5%" 0=95%F %z T
HCLPF % £ > * 4 RG22\ L@ B R Y BP P =1%47

mean

W2 FEE o 77 &5 HCLPF 7 £ » 2 A 7 ¥R iE

B F R L P =1% R ~332)58 ¢ FF

mean

HCLPF % ® & =a-e %% (3.33)

3.NEI 12-06 C10%2 & + 2 &
PAd 311 43 R 3 Fkims Pt T RE & NEI
12-06(2016) # * FLEX * i€ 7355 » A 4o 2 B s 2 40

#’%’T Iilgwgi‘l’g—&mwlﬁ&lﬁiﬁ , H ¢ g F

e 3

N

ASCE43-05 2 3% 11 C,y, (7 5 it B3R 24045 @ G, T 5 T
BPaf R R AP R P =10%F TR L R R -
B 3-5 WG, 2C, W Taa R RY N2 =% > C, TL b
HCLPF % & & (P, =1%) - i ASCE43-05 2 2% » £ & > i
#e R4 (SSE)eimi » ¥ C, Taimiptk U I15R2
> EBPE R4 (SSE)E TR » VR C,, TRtk ¥4
AT 2 23R 41 C, » 518 NEI 12-06(2016) Appendix
2. Table H-1 # #0C,,, £ C,, vt & 0 77 & F 782 Cy,
SR R
()RR RV ZBE—UE- RRABTF 4 43

2.

2
1 P12 §URAB ¥4 LR

AEEH SR TP RF BB R Y (Reactor Auxiliary
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Building, RAB)¥ # #2 @2 A A T2 6| F L 5t % > 2 &
ZEP BRI AT TREZAMBERAWIELI (2T AP
2016a) ° ¥ = Fx RAB - & Ham 55 R 52 4 B L A Y
Bl4c@ 3-6 71 0 A F w T4 45 AA, AB, AC, AK, AL ¥ 4
Boom e T4 gL Al A2, AL, A10.6, Al F 4 48 0 d 3t &
Zoly Mz cRw oy FAEZ Y » B8HT I HFEFF,
EFEHRP > Ad my Vg EF] S SRR TS 2 ARG E
ST F]F F, 2 fofh 0 s T A A B3 B 2 W ARIE (TR

oo Bl 37 #f7 5 4 %R TS F R 2R £ e F,

—7\‘?‘ -;-r/u %E.’ F lngm ﬁi?} F]’;—\,L N Z. @ﬁio
RS2
(1),%] - B J\.I = @, z E ‘iﬂ 3 ;‘P%

4B 4-2 2 53)§ir]'+FF;iﬁ%&.%ﬁ"ﬁi%i‘iiﬁé

W

A& LR AT AR TIBENA e g A RSB T

J\i
T
b
=
Jo
e

PP > e od 4= 2= 2 % (preliminary

evaluation) 4w A& w R R EIBF 5 AK T4 at v i

Q¥ T4 Bz At 2
B¥ L7 EAK T4 82 AIO 4 B9 4 BB 2 %
BR(FE) > EAFTEDEFTSF(FR/FP) e abiic AR
¥ T4 420 p 3404 @ %A T
F, %35 34 45% B #7118 o & EPRI(1994)2 2% » ¥4 1 &
7= AR H 4 P 4 plik(Diagonal shear failure mode) -
o B B 5% (Flexure failure mode) 2 %' 4 B ¥ #k 3 (Shear
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friction mode) » = A& § Fhir fLEUE o 18 B ILAE o 0T
Ko e AK T4 B5 00 ARp B3 d HofT 4 R Rz

(i) H&¥4 K%(Diagonal shear failure mode) :
BAAK T 4 g ok RS

d=0.6/ =80.1fi (3.34)

P TIREZ P SRRV T BTN

V. = {83 fo=34Jf [?—W—O.S]+4]lv;‘]d-tw—20563.52kip

w wn

(3.35)
He o £ SREIPURBAEY B h 2T BER L 5T
WERE VA MBER N, ST B cBF LY
G2 T A RRT,
V, =min(p,, - f,,600psi)-d, -, =14038.33kip (3.36)
AP p=(Ap,+Bp,) & F s S op, S BB E S p,
AR AL BRETSREIRALEATH > VA
Bl 3-8 &2 ;¢
A=1, B=0 h,/1,<0.5 (3.37a)
A=—(h,/1)+15 B=(h,/1)-05 05<h, /Il <1.5 (3.37b)
A=0, B=1 1.5<h,/I, (3.37¢)
FEEVEV A FApETE AK T4 2 T

i

—E"é‘ )i VdﬁshﬁAK
=V +V, =34607.84 kip (3.38)

I/d_sh_AK

3o B 7 AI0F 4 2 4494 %é}il/dishiAl()? =
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Ve aato = Vo +V, =26408.57 kip (3.39)

(i) 3w =419 4 Bk (Flexure-controlled shear failure) :
T4 b TR E BERRT Y R R

o dof] 3-9 Sf o R AR E RN FER R o p T BB
TR T4 R FAREEEL Y i g adeT
oS+ N,

=13.96 ft 3.40
085f -1, +2t P S, % (349

LIS ER G
Asv:pv'(lw_za)'tw_1'86ﬁ2 (341)

$EH R
M =4 (l_w_|_ﬁ)f + N -(l—W—g)—l797485 6 kip— ft (342)
cap — “sv 2 2 y a 2 2 - . p

mﬂ'b 7 17 AK rau 3 %\%d} «FF '-3” 3 53‘}"; ¥

4K ™
M, .
V) === 24634.92 kip (3.43)
PP ETEAIOY S B HET S BRY, 4
V, a0 =18927.09ip (3.43)

(iii) ¥ 4 Ak (shear friction failure) :
TABRBRLBRALE S R Y - B3

A B E T G 0 Fo st b E A ke B A S ek Jn B
ZARE A o F T A AR B MG pE Y - G F
oo FH MG kY 2R RFBHLEFH LG 2 A8 &
U A R BN 2 A SR E TR e SR
Ao — B4 A,0f, > 4B 3-10 9777 o p o ACI-318 &2 2 R R

Ak »LLﬁdPuﬁ%« T4 OB SN 4T
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V, =084, f, + AK, (3.44)

7~

RIS BN T YRR Y SR TR LY S

’

Kad 4 B2 RAE ¢ #34 £R R

-~

K,=28kgf /em® > @ 53+ E % 6l¢ 5% < & Mattock (2001)2

RO OAKT 4 B2 T4 BEER R S (57 28 0 2016a)

Ve ax
=min| 4, -K,+0.8-(p,- 4 - f, +N,). min(K,- £, K,)- 4, | (3.45)
— 46463 .45 kip

He o K~ K, K, = % Sliche™

)

K, =400psi ~ K, =03psi ~ K, =2400 psi (3.46)

32 > Mattock (2001)2z. 28+ & A10 5 4 352 1 4 Agen

s I/sffsth 10

Vi, o aro =36193.48 kip (3.47)

M LgE 29 g Mattock (2001)2 2 N
ACI-318 2382 R #] % » Mattock (2001) 2 3% 435 46 9 S #cdy
WE 4 B Eg Rz 8 m ACI-318 Bl &k * 5 B o
Fed WAMRREAITY  RATI AP ERRZ Y B &
S® @4 % Mattock 2001) 22 (R L &S > TR LR
BRAtr2 @50e: > wphem-

Q) EAKFS SE L A2 8T 4 4

== AK 2 A10 § 4 B=fF7+ AR 254 %R 8
6P~ AK 2 A0 34 Y RS H TSR T 4 4 -
d bz 2T ar o AK® A0S 4 485 S 3d T 4 pg o A

o F AT 8 AK 2 ALOF 4 % R A e
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I/147AK = min(VdishiAK, I/sfishiAK’ Vf;AK) =24634.92 kip (3.48)
Vu_Alo = min(Vd_sh_Aloast_sh_Alo»Vf_Alo) =18927.09 kip (3.49)

BEDETA R A R/T R T AT 4

V .

SF,, =K _ 24634.92kip 115 (3.50)
Vi .« 21505 kip
V .

SF,, = 18927.0%ip _ 185 (3.51)

Vo4 10195kip

He oV, BV, o~ M E AK 22 AL0 T4 52 4 B4 7 Fo
Wi bt —‘F'T'Mffrj+ SFz &> 7k BR'dBhE T4 B2
%k F]F+ Fo#d A d w2 AK B4 J§97a 47 > Flpb 2 (5 2b ol
BsojcF+ e AK T4 38 o

@OFE2inT - B BRUELRRTS AR

it SF2 @ik AK ¥4 455 14T 4 3 > o »bah st
BESHI RS LB RGN AnT
408 SF 2. & o 4oB] 3-11 #77 > 4 5 AK ¥ 4 45973 (7
BAad) > e 2 T4 3 R2FE S T RES R
Moz ed P4 B s 454 B2 T4 BB
AFFF o 4T

SFy ,=1.57 (3w 41 4 pLik) (3.52a)
SF o =1.61(E & 3 4 fl) (3.52b)
SFy o =2.16(F # BEEplik) (3.52¢)

P STPERM(GEND 2006 4 S

#1954 B2 SF,, PE-E X 74 B2 SF,, s F]#B?!%i%-ﬁ' ,
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LA RTRG PR T L R (HERE L) 15
EPRI (1994)2 2 3% » & 1 4 g2 $Hcfh b £7 5 0.2 4
FoAl T B AR R T B 000 d R A K 2 AT
FAPIT AP LR F (TR B LRE F) 2 5 T
P EF s L6l TR ERBRATEE o

E VRN SRS E AR S 2
BALB =020 T F B R B L
B, =005 FI 7 85 & F1F F 2 $EARELB, 5 021

S
B AT

u _s \/ﬂu eq u _mat _021 (3'53)

. «—-55.]":" '_E_l_v;;v](?]—)-é J—E
AT 2L M ST TS Fﬂi??j A% 0 ho B 3-7 o o
EPRI(1994) i % ¥ # * } »c 47 % /4 »c 12 & % (Effective
frequency/effective damping)#? Riddell- Newmark ;2 3+ & » ¥ B~
F2 T T A EHL A FRE AL A TS
o FE S O SO E
()45 »eHE /5 e R Z3HEF,
FAo RPEEEG R LB a0 BRI
IJ&IF’*V/\’]{‘\'E'W”’BE,E #‘#q’f’]‘}_—‘ékql“ Ffﬁbk’“fé K45 2 v

f_Er; ) 'va"f ):’Li_'l:r‘

ZW
ZW (3.54)

B oW AREL S O, PREBIEHS S 5, - BE R
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BB oREAE LI TEF BB RR S
B% 443(5T 27 >2016a) 0 B 3-12 59 4 @ E2 4 B
MOGR > VART A BRAIZFE SV, 27T 4 iRt 2
ﬁﬁg"—’»};% ; K %57 3"4;]%5 MR SK%T‘FE"”‘#%“%P{@“
BSOS, FaT Ak us 2744

AR A

BRI L BB S 2

A J JH“”I) (3.55)

FE OO f, BT 2 0 e T

;ézg_Ayh{zq A:C}@—lngBS (3.56)
S S f

1945 EPRI (1994)2 3% » C, ¥ B~ 23> ¥ 3-8 § »cfer it g

-k

i

S ady
S f /
+ 011 1—+ 3.57
B.= (f/f (B+B,) b= T (3.57)
AP > BERFE RFH 2R B % pinched hysteretic
damping o = = 14 F 3 —‘F'f FER L (S T T SN B R

FooRIE R R 2 LA RS F S F,

F efed:(f;/fj Su(/.F) = (3.58)

51 S.(f.p.)
(2)Riddell-Newmark 3+ & F

y7i
45 EPRI (1994)2 350 » 0t 4 % 2P TR 5 S o AR
FEE(SPRA) » ZRm Pz 39 4 a2 BFF AR RS 0 £ H

TR E 2 ERA P F A PR, FF 0 25T
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F,=max(F,,F,,)=max(min(F,,,F,,),F,,) (3.59)

12
B8 o Fp Fa#F A uls o0 F B RS % F2 7]

3o F REIEECERY R) > F Rt @ RE - F, Bt

# R
F =5S2h) a (3.60)
pga
Fy=[(q,+Vu -q,] (3.61)
F,=C(q,+Di-q,] (3.62)

;\4\1‘ ’ﬂ,fﬁ‘f’;ﬁif‘]‘il’b ’ﬁﬁﬁii‘f'riu‘ﬂ% F‘?.‘f;",?'flj'if—f
7o

, (u—-D(A+R)+1
i =05+ 5

» R=1+s(u-1) (3.63)

G, % q 5 F BRI B2 Sk C, 8 F BHE AN 0 o

b’l—i— ;\‘.
r =0.4837°% (3.64)
r =0.663"" (3.65)
g, =3.0p5" (3.66)
q,=27p"" (3.67)

Co=f/f iff,lf<1.0
=1.0  if £,/ f>10

F¢ o f S vknuckle™E F oo N F i B4R ITF #icz 2Tk Ao

(3.68)

BEEE R EEITFHRZ AL FERE AT o 5fl» 7 5

T 7+ 5 Riddell- Newmark ;2 2_ 2558 4 5y £ w2 T 7] 5 F,

_ern
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F, ., =1+C,(F,—-1)=1.66 (3.69)

H_ern

\\\Xr

BeC ¥k BUPRERBT I 0.6 W Ruper RR |
w10
OEEEE NS EE S LN E7F = 8 ¥4

oAb A R RN N BT F] S B TS

FEE,  Th s ERRRA

F _+F
F =ttt e 1.30+1.66 _, 4g (3.70)
55—]“} b 1 ‘:1»’1{ ¥ F Z_ éﬂ’ﬁi’@--ﬁ ’ I”T"%:Q'%y EPRI

(1994) Table 3-5 » 3% # 2 &R 5E2 SHF 2 KR E 5 @12
WAL B L > 4 BET 2 B5 0.5% @ 7 mafd
B, 5 030 g2 AL L 015 TE RF A B2
AT TR B o, =344 JF b2 § oo 53
scfe L% 2 Riddell-Newmark ;2 255 > & 1 & 4vih2 7 /i
BT 2 R R R FFF, 0 FRAE KR
Bz ? Es 05%2 7T 0 kL @ A RE L

ik T N2l E
ﬂuiFuié' S F

1.23+1.57

_ _efed _Pc _ern_fc L . _
S (3.71)
F
B, . s=In| —“—|=0.06 (3.72)
- Fﬂ_ﬂc

7 SR U A A (I %@] RS 4 i f ﬁufp,_a v BE
W2 AT F B AL 2 - 2 Fp Ak R

2. ¢ ES 05%2 T 0 B R TEIREL G
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B r 5=05B, , 5=003 (3.73)

it 45 EPRI (1994)2 & 3% - 22380350 £ o fe 715 F, 2 $¥cit

BEIFZT Y RIBELEANZ 2wt Bl 2 mea ey
W2 A T B AT

B s wa=0.10(F, ~1)=0.05 (3.74)

B. s, wa=0.4-[0.06+0.03-(F,—1)]=0.03 (3.75)

FHEEL o AR RS TS F, 2 HHRE £V 3 e

ﬂuiF# = \/ﬂuﬂ,ﬁz + ﬂuiF:Uimdz = 0'07 (376)

Boor,=\B. s, s +B ko =004 (3.77)
A RABH 4 g R AT %%
LR E LR SR BT Fy 2 ¢ A S

Fo=1.0 (3.78)
B, s =023 (3.79)
B, s =024 (3.80)

oA E rFF 2 ES 2 d 24 e R4 (reference
carthquake)* &% 2. PGA E >kt 2 x 2%+ i&n REMER
AR A e R4 F RidoB 3-13 #5% 0 kR % Chao
(R013)%H4% = B Bje 3 A A T4 % > 12 10000 # i §F 8 #r 4 i

2 %3 RF J#UHRS) kT %k 3 PGA 5 0.71g -
A, =F -F, -Fy PGA=1.69g (3.81)

130



B, :\/ﬁr_Fyz + r_RS2 =0.23 (3.82)

Bo= B A B+ B s =0.33 (3.83)

(T) ® & at B A AR 02 P —1 4= e Inverter & 6]

BE - wﬁ&d*ﬁwﬁﬁﬁﬁﬁéﬁiﬁﬁ?
RS HN A B PR AN RF 2 AR (TS
KEE) - BFEAERTANT Y NP AR R

A 3% 385 FA(by testing) M Faf R R 23 F 82447 o A &
Bl SRS R o B(inverter) 2 At B R A 173 B S
F(p &= > 2106b) 0 MgPI LA o R 2P P HEREFX
F2fRBEASIT2 o il AR REMAMLRE > 7ALRK
P Pliade T(anchor) 7 £ 37 € 2.3 849 0 5 sy

XS 0 7= AR 2 ¥ PR # 2 ## i M4 (functionality) - 7]
BT Rl R E"Ji‘*@%‘fﬁﬁﬁf%)ﬁ/ﬂ\ﬁ“‘ 2 4y & 2 F]F 2

P E 2T EEAREL 2 PHE 2 R e U o

KE BB GE BN BB R % (ACB)Y o ot
hirB B R SOft 0 B 3-14 wmzlP % n B % (cabinet) 2 ?
0 BIRE £ 5 2200 B 0 i BRI G S H T
WA oo I P4 R FREL Y S TR T R
R CRFEI R TS R AT U

D Eegraiats 27
i >

Bk B34 2R E AL 2FF R f A A
g (weld)z # 24 Z oo ;‘ﬁfd PR BT A 2 R R
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F o ¥ e o B4 (FB direction) ~ 7] w (SS direction) % -
TR K AT
Vs =852.17 Ibf

Vi =335.321bf (3.84)
T, =4378.9Ibf

R N N P IS 8 b R i S A o
b o RF S LEFENRAE(FR)ZVE SRR E LY BR

% E60 2 42+ i {74545 > (k4% EPRI (1994) Table 3-9( 2 #
33) s BHEREY B f, FHRTAPE
£ =1.1-f,q =66 ksi (3.85)
“,’TT E53F 50 R Ch > AR edk A TRk A36 A 0 B AR R R
¢ & f ¥ %% EPRI(1994) Table 3-9 » 4=
f. =64 ksi (3.86)
%y % 3-4 2. EPRI (1994) Table 3-10 > %¢# (FB direction)4%
WA Td TR
VV oo 1 =0.84-(0.707 ¢, -1,)=88.19 kip (3.87)
Be o ABERR L ABFELR A STFEF(2T A
7 2 2106b) iz EPRI (1991)%tdr P 2 g 6] » 3 R4 F KT o

3 n s A
w2 E &

W

£, (fbl) = \/ﬂ?l Vig)' + (1 V) + (fb1-T, — C”b)z (3.88)
S S W, S RAEL R o bk B b
FHAGSNAHE B4 T RG/Y)NE & Rk 2T bl @

% 4% 1 A3 (failure of welding material)z. % > F]+ FS &
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FS,  =29.42 (3.89)
FOBE AL TR RBE R MR 8

R R %}%J £ FdeT
PV, =061, 1,1, =86400 Ibf (3.90)

B, (fb2)= [max{fm SS,[ﬂ) T, - W’Jm +(/2V,,) (5.8)

w

Wegt i 5 R (3.89) N Bk B4 T £(3.90) 2 A RjEk 2 F

3 b2 > ¥ (B 4% if i £ ek ALK (failure at interface between

welds and base metal)2. % > F]+ FS, &

FS, =19.49 (3.91)
W FS 8 FS, 2 BV Avo g2 2% > TS FS kB

19.49 » o 4% 3f i 5 idh MR BUR AT
(2 EREL T A 4(stud)2. & 2 F]F
Yo 3-15 4FoF o 4 FIR I B 2 4 UL TR0 4k (channel) 4t

NAEGRGED P AT S A F 4 gr(stud)by RATR L ¢ )

LA FaRRY BRET LR X ERR 2
SE N RELE Y FABELT

¥

T FE/F R E)
PORAF G RERRL BT S Fhbind v 2
(&g g RApk) o 40T
V.=V, =852.17 Ibf
V.=V =335321bf (3.92a)
=T, =4378.91bf

T
kyg ACI 349-13 s£ 32 8-0 4 422 R 3 3 2 RN 5 3

stud
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4 B ¥k (tensile failure) 2 2 § 4 gLk (shear failure) - 4] * ACI
349-13 B N RIF L BEHIN (34 B T4 B2 B (%
B)P oA FREFRALL T REHEL L 2T
BRI AR 350 bldr o & 35 ¢ R P4 EURZ & > TS
ST

N, +W,,/n,,) 22686+(2705.5/8)
4378.9

FScon_T - T

stud
X% 5 N Rk ACI349-13 2 5% Eqn. D-4 3+ 5 @ 72 R 2
PR RRR W, SEER o0, T4 s

Bofs o AV IRA 35 ¢ BREETLL 2NE 2 FS
B s R RS 4 BT T R B2 AR
2FI ¢ L FS

=5.24(3.92b)

T

=5.24 o

anch

2. ¥ T 2EF 234
d SR BENH R G EA R R F P 7N (by testing)

e 1A 45 0(3.26)7 & EPRI (1994)i 2k 17 B2 > N i 72k & ol A A

JE L E A 0 SN QA B EE RF I3 RRS, B £ %

F e TRS, » £ %0 4p b 2 41 5 T > #-TRS, 22 RRS, F,wwmm:

EApTE (% B/F )P A& 7 @ min(TRS, /RRS,) s K& &
F]+ F, 7 %% EPRI 223K BHF BT F @2

TRRA TR LS b T AR 0 SRR E Y

¥2 = B inverter # %1% K& B3 RRS, & R 4% F ¥ TRS 2.3+ %

"’5)‘(\40

(1) B9 &F B#FHRRS, 23+ %
ikyp EPRI (1994)2 23k > e #FH TG UHH L L
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(cabinet-based test data) » # %75 2. Z FF FH(RRS)¥ 1 * * ;¢

21 ¥
oo

RRS.=RRS-C..-D, (3.93)

H¢¢RRS % B d 2 ¥4 F & ¥ (in-structural response
spectrum, ISRS) ; C. 5 # %7 2 #(clipping factor) » #->3+7TF < ¢ %
P 5 D, 5 @ F47 F]+ (demand reduction factor) > § & % = ¥ #&

BiTr i vE10-
LG RF BHEYRT >RRS ¥ 4 g - R REC,

BUT e £ O 2 47 % (bandwidth)§ B o 2 A F I LT AT

B R F TR AR R e )

Afos
B=—>* 3.94

He Afogz\ ~F-E4t Ak i&@ﬁf#ﬂp—gﬁ R E B 80%2_ #F = * F
B 4o 3-16 #7575 f 5 F Redld EorH RS o BE o B

'u"rl“ﬁt(c )'7«} | # T N2k
C.=0.30+0.868 B<04

C.=0.50+0.36B  otherwise (3.9)

B3-17477 T 5 AE R BHA% 2 RRSF B#(s 7 2
252016b) % F R BT FAEF e o 2% @ 4 3t 4Hz AT o
d B 3-17 2 F @ v o ~% RRS 2 f=38Hz &
Af,y=32Hz» £ 4 3.94)2(3.95 ¥ ¥ » B=3.2/3.8=0.84 &
C.=08°% 7 KF G (RRS)2 B &7 4 ficC A2 ts » v %3 KK
iz g B P C 67 BRI 2 7 RF R#H(RRS, )% &
Y F

RRS =C_RRS

c,peak — ¢ peak

=(0.8)(2.62)=2.08¢  (3.96)
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B 3-18 2 2 &% {62 F RE Bt d o
¥ AR R B GEC 2 HERE LTl T
%L-E’:’;da?]{a“iéf 7 FE R P
0.37-0.5B if BL0.4
B, e T (3.97a)
0.24—-0.17B otherwise
lBr_Cc :O (397b)
¥k %2 B=0.84 % »~(3.97a);\ 7 #
B, c.=0.1 (3.97¢)

(2) ek F RB# TRS, 2
FERERARBRTHEE PRB,TEEINREE 2 R%RE
#(TRS, , test response spectrum) » ¢ & B3 7 % & 99% g A% 48
SRS L 0 19%) 0 R E R 5 LRAR T 5 5 e
JrdR (multi-axis excitation) » i 5 3K # £ ! Bg4p 3% » oL PF 7 BB U7
82 F%F R TRS, ARG <RI & CER R ®)Z 38 785
TRy

TRS, =TRS-C, -C, (3.98a)

HY > C, 5Pk s Rz # % % fic(clipping factor for TRS) » 3
523\ F RRS 2 #4 %728k C, 5 7 £ 3 4x F]+ (capacity increase

factor) » ¥ B~ 1.1 o
B 3-19 5 A 2R 805 52 B2 F o (TRS) 0 o B ™ 4

&% TRS z. f,=2.83Hz ¥ Af,,=2.38Hz > £ ¢ (3.94)#2(3.95);"
V{8 B.=238/283=0.842C. =08 % TRS F Jig 32 # ¥71%
B CLoais » Vl-F Rz g P C, v D] RS 2 R
F % ©@(TRS

c,pea

k) L

136



TRS

¢, peak

B 3-20 ¢ 2 TRS. 7 fioi 7 5 -8 3-19 %+ 7 £ # 4 73

=C,TRS  =(0.8)(3.1g)=2.48¢g (3.98b)

peak
C,=1.1%42 TRS_F Ju3% > Bl® 2. RRS 4% ri vt g2 * o
R F L B GG, L BRI LT I T N

w73 4 A R

0.37-0.5B, if B, <04
u Ct — X (3993)
0.24-0.17B, otherwise
B. =0 (3.990b)
BAh%H2 B =084 > VR
B, «=0.1 (3.99c¢)

¥ - %G FEH TS C 2 iR £ o & EPRI (1994)
2 & ko AN FE SRR L7 B 0.050 7 F 2 4 g
FFE A 0 Ao T AN
B, ¢=0.05 (3.100a)
=0 (3.100b)
@) it et 2 FF 2348
EEERTELRET RF B RRS R UTERF RE

TRS,2. 16 > 2 A FP 3 H epF T F2 v g #xHd b &

TRS,

FS, =Min(—— )113 (3.101)

R AT 2 F)F P BFS,, =524 % 85 B T 2
FF ¢ @RS, =137 40 i B A G i et # o
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4) K& FE7]+F,
EPRI (1994)i th#2k # 2 # i H 1A 5 10 B¥ adr s i

l

4+ (function during earthquake) % ¥ # {$ 4% # it {4 (function after
E¥]

earthquake) fafFw » * 02t § % & %]+ F, - EPRI (1994)
Table 3-14 #F & F A AR T 2K & F & F]F F, 11 2 ¥k
BH 2@ 4o

(i) ¥ B¢ JdF# s f(function during earthquake) :

F, , =140 (3.102a)
B, » 4 =0.09 (3.102b)
B o 4 =022 (3.102¢)
(i) 3 & s ¥ # st {(function after earthquake) :
F, ,=195 (3.103a)
B, » o =0.09 (3.103b)
B, =028 (3.103¢)

3. Inverter XA WM R R~ 1% %

FHEREF BTG FyP 5480 S 02383 A8 G4
B¥ R4 S BHIEL S BHEELEFE LSS 29 &
ZREE 4o T (57 2P 0 2016b)

Fo=1.0 (3.104a)
Br xs =020 (3.104b)
By zs =0.19 (3.104c)

R EErFF 27 d % R4 (reference earthquake)

FRe#2 PGA e > 22 273 REMBERA T B %3
R4 F AR 3-21 #7538 0 kR % Simpson ¥ 4 (2015)% 1% =
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BOREFRAITER 0110000 £ R iz ® R RF R
(UHRS) > # PGA 4 1.03g-
FENM A BER AT R R BRERY MY H A4 S

B L o W
(1)# & ¥ 45 i - (function during earthquake)

A =(1.13)(1.4)(1.0)(1.03g) =1.64g (3.1052)
B, =022 (3.105b)
B, =030 (3.105¢)
(2)3 B 18 Jm¥F# it f(function after earthquake)
A =(1.13)(1.95)(1.0)(1.03g) =2.28g  (3.106a)
B, =022 (3.106b)
B, =0.34 (3.106¢)
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% 3-1 B 275

EEGEEY

5% & F]+ (Strength Factor)

L84 50 & vz F] 3 (Inelastic Energy Absorption Factor)

F &3 A5k F]1+ (Spectral Shape Factor)

# & 24 2 F1F (Ground Motion Incoherence Factor)

fe & %]+ (Damping Factor)

21 #frv 4 & 47 $523] F1+ (Modeling Factor)

=
ik & & F1+ (Mode Combination Factor)

¥ & A & 2 & %3 (Earthquake Component Combination
Factor)

= 1‘#_4_ 3 7 4| %]+ (Soil-Structure Interaction Factor)

232 WRZAREHL L% 25

2 FF A&

¥ % = i+ F]+ (Qualification Method Factor) : # i i #ce?
r}i "E AR IR ERBEZ I E

B F R % A5k F] 5 (Spectral Shape Factor) @ i # 4% &
%%*iﬁﬁ‘AT = A4 2 B

‘L’Fﬁ-fh 4 Jf’? #23% F]5 (Modeling Factor) : i #= 25 29 47
S

Ev’; /@*ﬁﬁ%l‘“ k. %]+ (Damping Factor) : 3% 2* LA T 2
FRefe BIRL T SHF ot @

e

t & & %]+ (Mode Combination Factor) @ F &3 = = %1

~ | e o 5 \F ‘L
& ff%"

34

+ 2 & & 2 & %3 (Earthquake Component Combination

Factor)
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% 3-3 ¥ ARz ¢ @R X (Table 3-9 of EPRI 1994)

Strength (ksi)

Yield {a ) Ultimate (o,)

Material Nominal Median _B,  Nominal Median _B,
A-36 36 44 0.12 58 64 0.06
A-307 bolt 36 44 0.12 58 64  0.06
A-325 bolt 120 142 0.05
A-490 bolt 150 165 0.04
Weld *Fo 1.1Fg,,  0.05
Type 304 SS SA240 37 0.13 84 0.07

*

**F

The notch effect of threads and slight eccentricities in loading will reduce
the ultimate strength (use reduction factor, ¢ equal to 0.9, see Table 3-10)

g = Minimum code nominal tensile strength for weld material

References

42
42
43
43
17
42

. o
7
~

344 LA R 25

5 H $HctE & X (Table 3-10 of EPRI 1994)

Median Capacity

Logarithmic Standard Deviation for Uncertainty, P

Equation

Bolt Ultimate

Tension Tu = ¥, A
Shear §u - 0.62 5 A
2 2
Interaction i + l =]
Sy Ty

Fillet Weld in Shear

Longitudinal §, = 0.845,(0.707¢t:1)
direction
Transverse §, = 1.26 8,(0.707¢-1)
direction
Plate in Bending
Well defined il =JEEE i

MY 4 ¥

yield point

Yield point
not well
defined

0.11
0.06

Uncertainty included in tension and shear terms

0.06

0.06

Material Fabrication

0.06
0.06

Combined
SRSS References
0.05 0.13 42, 43, 44
0.05 0.10 42, 43, 45
43
0.15 0.19 17
0.15 0.19 17
0 0.13 42
0 0.13
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235 B BeTRP Y AL 24 (stud)F > F)F 25

Wi

5%

B BN

X 2FF¢E

A 21

T4 g 4 phi

) ) 7.3 Clause D.5.1.2 of ACI 349-13
(tensile failure)
T oA AT E A4 F
G 20.7 Clause D.6.1.2 of ACI 349-13
(shear failure)
RS P4 R
2 A B 5.4 Eqn. D-4 of ACI 349-13
(tensile failure)
SHUER 4o 4 52
G 49.54 Eqn. D-29 of ACI 349-13

(shear failure)
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SPRA#H & B & &

T mm= T T l
-

0.9~

0.8

0.7¢
T
# 0.6
.
%K 0.5
N
2 04
0.3

0.2

0.1

B 3-1 2 o o KT 2 dd R R & SR

SPRA® 2 & 4t

0 0.2 0.4 0.6 0.8 1 1.2 1.4
PGA, g

B 3-2 L iomf RA W AE G Gk a B R M2
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X H AR R A 17 (FA) AR

=4
3

A A

Ao AU

\ 4

S R R

(Elastic functional failures)

5t
(Brittle failures)

el ¢
(Ductile failures)

v A4
rplEE > 35 (by testing) 3+ 8 2 3% (by calculation)
Lg% > FF Lg% > TS+
1 Fp = FoFpplig
Fo=mi TRS, F,-F
B 3- Fomin RRS. RS g TS F:f‘;{ w2z ]

KAy e & 2 F 230

PFERE AN R F A
) v
FERAF LT 2T
| TR T 2T A
¢ = N ( l
45 3E BLIk BT 4 sk & LRUR 52 BLR
(Weld anchor failures) | |(Shear failures of bolt) (Anchor bolt concrete
\ ) cone failure) )

I
(i ot 5 ool w
%% EPRI(1991)%f4+ P -
QMR 2R 54
EPRI(1994) Table 3-9 %

Table 3-10 -
J

r )
PR 2 25 25
¥ %% EPRI(1994) %
3-9 % 4 310 -

|
GﬂMﬂ%@%ﬁ#wQ\
AT 5{—3"_’.]% (£S04
«ﬁE* R P B2 4P R

o

\_ J

Lﬁ% 54 ACI 349-13

|
& ACI349-13 » x 7 &)
LR T4 RE e

\.

SRR 0 F A
PESIER
\. J




R—

F 34w R o SR

-
1

ool i = 0.84g
osl fB,=0.35
‘“‘*’ 0.7
Fosf
-
% 05
N
B 0.4 F
2t
S o3t
02[Cyn; = 0.54g
0.1
0‘ n 1 1L 1 1 1
0 0.2 0.4 0.6 0.8 1 1.2 1.4
Cie = 0.368g POAS

®3-5 FIom R RN &P C B G MRFRLR

U Ld
204 - O

AN

A2 A4 AS AB A6.9 A8  Al0

A10.6

a"

222-

|
—

Il N ‘ |

|

I

PLAN AT EL. (-) 40-0"

F13-6 112 Bk Bt ik s (RAB)T 4 464 F ]
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% & Fl+ Fy LI R F] 3 F,

4 4k 5 M
r)J_'*‘z = -
B3 %.Lﬁ';’i"":{%;ﬁﬁﬁ v
BN T2 R(ZE) (

3 g & /5 sxpe &2 || Riddell-Newmark /2

U_ETR

(s EngRs SF
(3 £/ 4)
B2 PR ER SR
. a4 4

7

F;-.e eFed + 'E';a Lk

Pz AR 2 B SF G
AT A 2 WA TS F

I
I
I
I
I
I
I
I
I
I
1 F;.: ER F,
I
I
I
I
I
I
I
I
I
I
I

> Nhw/lw

0 0.5 1.0 1.5

Bl 3-8 &9 4 558 S 8A® B2 ¥4 455 52 M 2(EPRI 1994)
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Ag at Yield
: >
CenterofGravityofps
<2 >l % >
e © ¢ & ¢ o o e o .
Compréssion
Region
d
< =
Note:

Ag = Reinforcing steel area

B30 T 4 s T 4 g (BPRI 1994)

Vu {Eiih
_‘ ﬁ

B

.
Y
pal St
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1841
& | M 13
2]
lange 6: #8818 EF
6.5,
inge 5: & 18 EF

17'-3.25"

20°-6.5"

- 7.9.25%
49'-9.5" |
s
L0 Fang a: 2ama
2B
]
| L : 411 & 35814

§'-4.5"
] Wall thickness 2'
unless otherwise noted
15-15"
e
Flange 2; #8@18" EF
25

—
23125

Flange 1: ¥B@18" EF

2105

} » Deflection
poy

B 3-12 % 4 3524 22 =4 B % B (EPRI 1994)
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180

1.0

5% Damped KNPS UHRS

140

1.20

- eertical

Horizontal

B
=]
=]

spectral Acceleration [g)
L=1
=)
S

=}
m
=]

a40

hhhhh

0.20

-
=
=

Freguency {Hz)

F13-13 42 gt # B4 F

INPUT CKT BRKR

G.E TYPE THIK
426400

400 AMP RATING

FRAME J ]

OUTPUT CKT BRKR ——
G.E TYPE TJJ

426400
400 AMP RATING

FRAME J

73.0
TSTAL HEIGHT

=l

SEE NOTE 12,SHT2 — |

TRANSFER SWITCH,
BLUE LINE SWITCH
TYPE(250 A2 19

318 AMP RATING
CONTINUOYS, AND
INTERRUPTING AT
120 VAL

14 FILLET WELD
2 PLLS FRONT
REAR.

416
AND

32

.

"-.____._.—_/

/—— DRIP SHIELD

SEE NOTE 9

ot

d Sarourier

FRONT f

L— CONTROL PANEL
(DETAN.ON 5H 2)

AN

E

14" FILLET —]
WELD 9.0 LONG,
2PLL'S LEFTE
RIGHT

)-‘J L
e

LI

j———— 535

TOTAL WIDTH

Bl 3-14 %% % (inverter)i® %
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CABINET BASE
(8Y OTHERS)

@ CORNERS
9" EAST & WEST FACE (4 PLCS)
4" NORTH & SOUTH FACE (4 PLCS)

: | — 56€ Nore 2

' ‘ \—caxfa.v_s W/ 3" 8%

WELDED STUDS @
7" CT0C (4" MAX FROM EA END)

il

\—3”¢ DRILL £ FILL W/

NON-SHRINK GROUT

B 3-15 % B (inverter)dy A

-
—

—_— |<7 Afog

A
Sapeak

Spectral Acceleration, Sa
[vs]
I
e
o
o]

80% Sapeak

fc
Frequency, f

Bl 3-16 #H B2 3 E = 5

Frequency (Hz)

Bl 3-17 %n Borha¥ 2 2 £F R#RRS)
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— Clipped

Sa(g)
<

) Ml

e

%.1 1 10 100
Frequency (Hz)
Figure 9 — Original and Clipped Median ISRS

Bl 3-18 i B % 52 F RF BHRRS) !

35 T T T T 1
= -- Ongmal
— Clipped
3r y i
251 - e .
3 N
Z
a2k i
15 -
O R
ll 10 100
Frequency (Hz)

B 3-19 5 B S0 15 2 BliEF 3 (TRS) f

3 T T 11
—— TRSc
-\\/ -- RRSc
23
ol EEEEY N \
. :
E , k
13 . ¥ R
v —
1 Y
1 10 100

Frequency (Hz)

B 3-20 3k F 3 EH 4 F1F C, =111 2 B Urip32 F ¥ TRS, &2 RRS, 2. "

151



Acceleration (g)

10

o o-Bo-n _
O------=--=-=1==-J._ -\n\l
: ) - o : -
= I
1t
"l
e
01 r./; /
-
[j" ={-SMA RLE 0.67g ZPA NUREG CR-0088 Horizontal - 5% Damping | |
= UHRS Mean 1.00E-04 Horizontal 5% Damped
001 T - T B
01 1 10 100

Frequency (Hz)

B 321 22 ¥ & R4 F cH
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o~ - o e R fF AR s R L H S E A R B R
(=) ##

AP F AP - /o e T o E R e s L R Bk
B S R AL H N L RS I 2 A R T AR 2
w0 = Bl E N (FLOW-3D) 1% 5 #5t TR  » 4373
FRPM > S AR B RLHEEN T BFSMARY R
FART R L RO T T e R
f g chb 2 A R AR R R M 2 P 4 M TR o T g
B RA RS LB TG A EhoEay o M1 ey

@ﬁ*ﬁ%@%@ijﬁ?%u%@’ﬁéiﬁiﬁ‘ﬁ

= ARk Y (Shallow-water model ) ed= 40 0% 2 5 Ffz A s
—/Z /e RAEE R INA R MR BhahR R B ok
BPFEABREIZBPEITRFOR AT R ABAE > BB
KBTI EEART PRE AR ST ER Y PERT
oo fEd TR (M I MM RR) TR AR
PRE6 2T B
(=) = s

AR - BEXHA I FRFLEARL D LE S i
# o A R EH R FIF A 5 T 7] S (Dietrich, Kalle, Krauss and
Siedler, 2004; Satoh, 2004; Cullen, 2006; Karato, 2008; Mei, 1983;
Lamb, 1985) :

L% s R

2.4 Rl
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PHF BT o M DRI A AR B R

M}E‘ﬂ;ﬁ,ofﬁg«'}/q% ’s}ﬁ’ifé*‘zqr’

(1985)(FEMA P646, 2008)#% 212. = = & #hit & B & * *M i iz 7
PRBAMGERZ ARG A dpde Tt B F o KIS AR
T2 BT A AR P B E AR R 0 DD atAal R
Rk S AR G AL AR o B lE S R AR P RE
By sd Ay Rl 33 7 #fE(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) °

SFELP w BRI > AR AR RAIF 2 AT
fhad oo ARTFIL P mAEE FEE THRRL Fw o § ¥R &
e B LEREIGE S BB ].r?@])\ Sdkc > I
FREABBHEER ﬁ%ﬁ#%%ﬁ%ﬂiﬁﬂ°Mﬁ%a
/%{')ﬁ"{ 3 4 /& vh % &%k 5 (Dutykh, Poncet & Dias, 2011)

A B2 s R 7 o eE KL M E 2 g
NI DA RFA AN CHBAE e FREERETRASBE LR
BERPA TR ST A R B2 aep il
A A B T E R AR ES -

Fool B 2 REUR A Gl 2 A o 3 R 2 TIT RS

Too LRI A AR B RE 0 B AR 2 - MAREN
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4 Sl i 11112‘3*7’4—‘4 0T R Rz A AR AL o gt th > B
Bl MR MBI R R ARG RS
PER w2 A SN L R E B
Foo MATAS R LN MFSIFLAB B

sl FH R P 2 Bl BRSO L = MRS o A

LR E S R L S A 8

i
=
\4
X
\‘h\
oy

MR ez 2 E ik Navier-Stokes fio7' @ fektd @iEAZ 0 @ ik
R PR A AR B G o o AR R R
gt MR R R S R L N LRSI 2 AR e
P T R o

1. %t fg 50

5}%*5‘}%—/“"}\’%&)& J/é%‘i';’if\‘i’g /ﬁ’ﬁ 4 *ﬁﬁ”’°
o A RERFBREAAPEIE TR AFFEETET
B & = {5 (conservation of mass)£ s # & = % (conservation of

linear momentum) /i 4% % &_° F % Jo /4 K HHF 5 7 7 RiE2 A
o8 P AR 5 ¥ #c PF (incompressible Newtonian fluids with
constant viscosity) > Z & K2 MHE 7 ¥ @ i & Navier-Stoke
S5 e ARk BT ARG IR o T3 ARG R AR B R
» HiFd & I K ik A (turbulent flow) o #23% % ink ik f2¢0%

ﬁ

'EE?EE'

7 -

ﬁ
W

v 7 & 973 F-E (field quantity):i& 7 33t T 32

BOL > AR5 BB TG AR E o AT hE Y TRT
Al (Reynolds-filter process)id® }* iE 4% o 518 7 3T 39/% Pl L

W2 TEHEHE RE RN 2 iR 5

aU;

Ox;

=0, (4.1)
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A7 I ; P27 i S
R i A CT G
B Q2D FETE F(2-2)5 M E 7 Z(Navier-Stokes
F2) PR AL FRINFTHETHE D us i w2l RA
P LARBRA S p S RAE v s 8B AR (kinematic viscosity) ©
INTEFESES T EREREI TR ATy N S K -3
EFE ettt e T BT R (Ark 2 0 F =
Fadimht )  #BrUg k¥ ke i e I o

AL S AL R Y D R R R R R RN B
it e B = M F ot Navier-Stokes s\ fdid @47 > @ Ak
FRB LR < BB R B G o D BRI R R
Bt e e BB - MR EF D P eI IR > R
EE LAY AR o BB E R AR R R

FOSL At A L 8 o L

(2 &
2

+P +H8V+T=0_, 4.3)
ox oy
He
h u h 0 v 0 h 0
V=lu|[,P=|g u 0|, H=|0 v 0| T=|gS, -gS,| (44
v 0 0 u g 0 v AT Y

h s kiFrus vaseltanliz s gadd vid & o
S 2 Soy A ARARFEE S AR RETE S 2 S 2 RK
B B2 2w b BERETE o
2. ARBABETNE S A RLNY LG

Gt A BT A WP 0 A R B 4R RPN E
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M2 B A5(3 5, 2002 500 2R AT R IR H
o B OREMA ST REIERLEA ) Lo AR R A
A (E 8P - BPi - REPR e ) o AoB] 4-1 97 e

FlA AL H A S F L Asa B2 AT A T
ﬁ{@ﬁ%ﬁ&%@bﬁﬁggﬁifwbﬁ?ﬁ#ﬁﬁhéi&ﬂ
HFRLY CEPZ BTV RFLAARLHEE LA EER
Lo =% 5 4o@) 4-2(2)7 77 0 B P 0801-04 2 0801-05 BL % = 75
CERIFHREINAFL I B2 I RINER ERETHR
F]1 82222 0801-05 BLAR % Fi > VAL G b — BB FPt 0 A3
43 B:ER A2 8 0801-04 ¥ 0801-05 BLi% &3 4 % AL
P I 2 At S BT R o = B AP M
P A5 F i dede B 4-2(b) 1T e

ek FEFIZBELHBFL R EZ AR TRE DD
) R Y g

MPEHLE 3 3R F L AR ] (R 4-3
La

3. P EBER LRI BEERZE S ERRER T

FEAPEREFARERY A B 0 R4 E BT
A AL A R 2 2 AP RTRA AR 0 MBS 2 Bk
AR A BB A o R A 7R KoL #5102 A vk A di gk P
FEzBARZ > M2 FERTRT AT L ABAT A
BERRBE OB BRI FERFR 8 Rl PR D
R AEER > R e gefedlr o 5 fEgef R Bne 4
BRI AREE  ZAPEHAERITEY 0 X 2 F R
Bl ® A B R A RERP T RS A R L MG B
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A BEAR o L I % 5 fRpn il o U E R B F RN R
BEAZ o B I % 50 %H 0 L B d HE 1 okt Hi I
FoERERE > NEE T EFRF I BTN 0 ol 440
ARz BRT LD ER L ER s BT
FF 0 AR RSP RETEERT VMY ABIZEERY R
HEFEFER G - AHEE RBZER O FYBEERE AR
o NG ABREREZ R FREEFFR -
4. Fdpmvml 2 3 S

ARE TIPS Bt EE
AL Mg A g A B RE AL E S R LA
o sl g AR E A 2 AN B R o A ek BoA S d ROk
TITA A KL #HSI4e2 Ak o

B ECER A RL g2 vl o g R R FTH G
fed B e— Fa(Aranson & Tsimring, 2009; Péschel & Brilliantov,
2013) - 3Eded 5 2 E WM G S FMITET LS
o FHELP FTHELLER > JPLF NI 8 7 A L8 15!
EAR R A B AR > &L RO R TR A5
o PR FERT FH MR EEMAERSS BFL o F
FORSFFTARL - BRGNS ERRRE SERC AR L
Vi A/ R < W ol R LR R S IR
PFEFR > BERI FHFE AFRFE A RipH i
BRTRG > g 23 ¥ I % (Rao & Nott, 2008;

Z )

s

H

=

NN

~

Fang & Wu, 2014; Fang, 2016) °
B MR A B S A Y R R L L 8
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A2 4o B 4-5 9700 o F I R H g0 R R AR TS

HEH T IR BB LS RN RE RS AR
,%_f_gsa FOUARHE o d b ri o ST AT v fE 0 T ok
B REE o F 2 L MR B AR LB A

(Pudasaini & Hutter, 2007) - i {Eif § OPcHRIp B o 3 1%
o SR BA KRNI IE R YA AL HE L pE A
EAMHPEEFIF 250 SFP 3 RRE DT A o pL
R 77 ALY 0 F I s R0 e ek B Bodg 0 BORUS A&
UEEIE SELE T ER Y- D E RS NN S
AR R AR

5. fiEy R ETHLEE

\

Hodid AL A RIS 2 R R DT
Fathz AR B MR e D B R
o BRZERAPM B ER TR AP F AR EEHEY 7
FEFFFELR g2 TR EH 500 = 7
(Bl 4-1) > ZAJporarficssss KoL a3 ghde gt D = A
TRAPY & SRS > A ¥ mOQE%E%ﬂﬁHioiiwﬁ?

PRARFFNEY SRR TR (IR T ERY ) o
W B BP T R AN B o 20 R L EERBGY
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Time Frame: 0.00000
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free surface elevation
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(a) free surface elevation
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( a) free surface elevation
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Time Frame: 2000.21082
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(c)

Time Frame: 2000.21082

free surface elevation
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(a) free surface elevation
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(a) velocity at 0.00000E+00 above bottom
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( a) free surface elevation
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free surface elevation
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( a) free surface elevation
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ASCE 7-16 2 & o & ftr2 % » e ¢ 7 it 7% KR 7 W 7}
R B o B — /Ui Ap 17 % ASCE 7-16 2 L £
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2 6-1 Pi- i AR e YTt % > i
PE Fp
- R T
Dok g ASCE7-16|/ASCE43-05| % a USBR |USACE|ASCE43-05
#4 ’ =
.kgr3l-k | SFS | 1.089 0.918 2.211 >1 >1 | >1.3 >1.5
o SFO - - - >1 >1.5 - >1.5
SFS | 1.014 0.86 2.66 >1 >1 >1.3 >1.5
JEAG 4601
SFO - - - >1 >1.5 - >1.5
SFS | 1.08 0.917 1.443 >1 >1 | >1.3 >1.5
ASCE 7-16
SFO - - - >1 >1.5 - >1.5
%62 P12 RLA B AR TTh 2 % > Tk
i\“ T &L BN %
E P 35;7}\2? :iév\“f"/r
Dok g ASCE7-16|{ASCE43-05| '~ > USBR |USACE|ASCE43-05
1 e 5 Z_X
%-k#sl-k | SFS | 2.047 1.713 3.056 >1 >1 | >1.3 >1.5
3 SFO | 1.213 1.138 5.582 >1 >1.5 - >1.5
TEAG 4601 SFS | 2.272 1.917 3.796 >1 >1 | >1.3 >1.5
SFO | 1.308 1.176 5.31 >1 >1.5 - >1.5
SFS | 1.525 1.27 2.73 >1 >1 | >1.3 >1.5
ASCE 7-16
SFO | 1.161 1.089 1.956 >1 >1.5 - >1.5
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% 6-3 - i BEPp AT IR % >

. , BN
3*2 ASCE7-16|ASCE43-05 :‘j; > USBR |USACE|ASCE43-05
] SFS | 1.169 0.983 2.007 >1 >1 | >1.3 >1.5
3k A SFO - >1 >1.5 - >1.5
TEAG 4601 SFS | 1.301 1.104 2.107 >1 >1 >1.3 >1.5
SFO >1 >1.5 - >1.5
SFS | 0.987 0.826 0.805 >1 >1 | >1.3 >1.5
ASCE 7-16
SFO >1 >1.5 - >1.5
% 6-4 P2 RPPAERRE LT % 2
i\“ I B %
ST | Fke T
Dok g ASCE7-16|{ASCE43-05| '~ > USBR |USACE|ASCE43-05
1 e 5 Z_X
] SFS | 1.161 0.936 3.009 >1 >1 | >1.3 >1.5
ik B SFO | 1.373 1.238 2.808 >1 >1.5 - >1.5
IEAG 4601 SFS | 1.19 0.977 4528 >1 >1 | >1.3 >1.5
SFO | 1.38 1.244 3.952 >1 >1.5 - >1.5
ASCE 716 SFS | 1.094 0.896 1.436 >1 >1 | >1.3 >1.5
SFO | 1.333 1.202 1.822 >1 >1.5 - >1.5
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ASCE 7 Section

Where Detailing Response
Requirements Modification

Seismic Force-Resisting System Are Specified Coefficient, R*
A. BEARING WALL SYSTEMS

1. Special reinforced concrete shear walls®" 14.2 5

- . . T T pix |

. L 2 15.2 &
4. Ordinary plain concrete shear walls* 14.2 1%
5. Intermediate precast shear walls® 14.2 4
6. Ordinary precast shear walls® 14.2 3
7. Special reinforced masonry shear walls 14.4 5
8. Intermediate reinforced masonry shear walls 14.4 3l
9. Ordinary reinforced masonry shear walls 14.4 2
10. Detailed plain masonry shear walls 14.4 2
11. Ordinary plain masonry shear walls 14.4 1%z
12. Prestressed masonry shear walls 14.4 1%z
13. Ordinary remforced AAC masonry shear walls 14.4 2
14. Ordinary plain AAC masonry shear walls 14.4 1%
15. Light-frame (wood) walls sheathed with wood structural panels rated for 14.5 6Y

shear resistance
16. Light-frame (cold-formed steel) walls sheathed with wood structural panels 14.1 6%z
rated for shear resistance or steel sheets

17. Light-frame walls with shear panels of all other materials 14.1 and 14.5 2
18. Light-frame (cold-formed steel) wall systems using flat strap bracing 14.1 4

] 6-6 ASCE 7-16 Table 12.14-1

Horizional seismic coefficent

071
— & k5 KE
—JEAG 4601-1987
0.6 —ASCE 7-16
— BB A RB LSS
0.5

e
B
T

<
L
T

seismic coefficent

(0.2,533)

0.2

0.1

0 1 L 1 L L 1 1 )
0 200 400 600 800 1000 1200 1400 1600
designed ground accleration unit(Gal)

] 6-7 {7 4ok T 4 4 1 AT AL
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seismic coefficent

Vertical seismic coefficent

035
— &kl kE
—JEAG 4601-1987
03 —ASCE 7-16
— R g
025
(0.24,1200)
02F
0.15F
0.1
(0.1,120)
0.05
0 1 1 | 1 1 | 1 |
0 200 400 600 800 1000 1200 1400 1600

designed ground accleration unit(Gal)

Bl 6-8 {7 AP ET 354 BT HE)
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£ F NAPS 2 p &+ KKNPS SERER*# Ris dpad2 B
BB D A2 €& HP

AE R HFYE R PP R RER R BHARF S ER

P BT R BN LSRR R R BT

(-)¥ A% 204

13T RPIZF 286048

AATRLBLR S EPE o F AT R A HRE R EFR TR
HiEEER BT E B 1%&}5'53“% v FRRLEE TR TR A
FUGER R RS o B2 R B K T
FREPPELAHEY BB RRI A BRSSO HE
A BB ERPRRBA  SELEEC FHPTRE LY
Fl5 T BLRI B3 4B B A 47 B AR R 70 R
2.F R B A ¥ i AR

FE 2 F R AP A TR 0 Sk T

FlAMEF T AR D E A i 5ol gHp (@) o #ELR
g AR R R U0 6 2 F A 41 4 1§
Up(m) - # 22 3 S gHp(@)Ap 408 (7-1) » ¥ £ & B
BAESF T 47k Up(e) > 2 F B F &2 E@ L pFTe

¥ F lip(t) o LB B AT ESERIE 0 £ATR

oA > MR B B AT 0 TR ARAC ] 7.2 HFon e
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(=) P *4p% 33+ T R (Kashiwazaki-Kariwa Nuclear Power

Plant, KKNPP)

d L7 & 4 = 7 (Tokyo Electric Power Company Holdings,
Inc.) 5% » P 'a“%#"éc”ﬁ S RFETHER 73 F AT T
T4ci 71> - 37 5 E 5 Ak F %R (Boiling Water
Reactor, BWR) » = 5L = 5r 48 % & 4v g df T I a4 e 27
# -k 3% F &Y (Advanced Boiling Water Reactor, ABWR) » 5 & J
BeX e B R B Y1984 & 11 7 & VgL H o

B 2007 & 7 % g 4 ¢ 4x i+ Z (Niigata-Chuetsu-Oki
carthquake, NCO) » i = > m Bk 3@ ¢ - 2009 & 5 7 = 548 ~ -
BB~ T 5L BB R A £ ATEE 5 2011 & 3 R g A &
PASEE LR LREBET 2013 & 9 1 2 Bisn

SR g N E gt Y 02017 £ 120 W ER KR 0 PR
WA E L o

1% % Rt
VIR R B TR AR 740 F R ArEg
B p AT 3040 2% o A EFE 58 2% o w L b
(B 75 > F & % 2 & # 4 fit £ 2 4 (Nishiyama
layer, ¥ =450m/s ) > ® # % B * ¥ 5 Yasuda layer
(V,=300m/s) » 2 B R * i wi > B ERABZTELF %
ARE W E > AT RITEET PR
2. ¢ ARt R it
PR E RF 42007 E 70 16 P F B 108134
A

Bk PN ATIHEAY ARchRE 0 P AF R BB FE R RS
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6.8 RRIFR(E 17 22 » BLFEHEPW VT RG 23 o

AR S M Sl R LR U S A S
3 BV ARMNF R RTREAT Y
PApR BT R IE e e B > - 5

WhEFRE A %2009 27 19p EFFHEBEHE RS

4 % >4 K ¢ (Nuclear Safety Commission, NSC): € g 35+ >

I B JG:)?TJJ R iFLITES o~ 532009 £ 87 26 P

€ gl ~ - BT 2010 & 5 7 31 p £ fads T B 2010 &

11 7 26 p o d 304p V3345 T RS R ~ *0 K35 & 4 (SSE)
BEA BB RS l6 B LTS L EERAPT

RN A

4. Fhpe by BT REAR 23

Fi(AAT42F)EPARFTH X 2L R (NSO LR

e R B A B RN A RERS R

PRSI Fh  EAEH FAeT

(1) ¥ PR BP9 AP EFFHwNRERAERR -

Q) HmA p o A{r 5 d AR EFREURESER RE 2
A FT e

(3) BEFTRGIT A F LR e TG o

4) EFPFTRMESZ 2P RE T RE 25%E > T 6%
HE R R R EH -

(5) “E &P Eed- B2 Q007&E82 20 )+ P AEFHAE XY

HNPRLX 2T EARTEZOBE S o
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(7) B2 a2 Al AP R E B ERFH R

j,FLle %3,0
(8) % " F2 R P LR e o
(9) PR RBTRP p NP e e 24 PACl R

e LB pd 2o iR E kR
(10) =2 T2 Prpehg P E2IRL ki, 2% aFER

B%ﬁ%@ﬂ@@xﬁﬂ%%iﬁﬂwﬁﬁ@?iﬁﬁﬁﬂ

o~ PR RTINS & %ﬁ;“iﬁ,&,ﬁw?ﬁ bl I g e
(11) HEFTRFALIATESPNE T - A% o
5. ¥ BiSEIBlE &

d 5 BF RBpEASF ARE S Seid B(E T2)F 108 BRI
REFBEANRFE - TP BEBRANT 3 5 o H
P - B BT KT ek 4eif BT 680 gal 0 FEE
25 B o M B LK AR RFRE AR Y FFHREF R
FHAcB 76T o r e B L F e R FdbE o

133

B E £ EAR AR 7.7 77 0 8 30— BL T w B4 B
WIBI-CHP ERARAFFT o rEI AT E >
S B Iw BT RE AT BT 5 78 5 F R A
PARARBRAERER  FRRY A2 = BEREL > BRI EP
AR E AT 3w o - B8 e e iE R (680 ga)E T 5L
WeBl8gal)d B » R H - BASS T BRI LS N2
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R |4*7]:F‘J‘|:5"‘z B oo F pE Ay X A
B R o B 79 frm o0 R P KN E &P A AT
(B 7.10) » BBl F s 245 F il nfis 28 - A frehig %
BT L - BRI 2w A 0.1~03 fPF 0 MBERBIEE
BEAOK T S A 0.1 £527 0.4 F)iTaEE D RS B
B CELPEE S e fr i 0.09 ﬁ/}"‘fﬁs‘irﬂ'.lf‘uié B BT
%7 B BRERIB D
6. RIRE P Tk GLHT

FRelpE Ry ARBRI LS > BRIEP K <R E o
— B AT BRAREES 22 > B AT 2 e endeid B - B
IS B o FiE R IRY B R B 4 47 (analysis of earthquake
and ground motion) > # A I T R TR~ BTEALHE R4 @
TV UREZE RRAFES S R g o F31F B
Ay ARBPl LR FE -

P EPTRARER AP EK IR R 5 L
B 7w HA(R 7.11) > B E74 #0314395 Irikura - Kamae ¥ 4 %
Mtk AR Rips BAA T > L E BRI B L7 T
B4 % (asperity)(B] 7.12) > 1 * 5% t& 4k S #ci2 (Green function
method) % 3& & A 47 » 3F BT R % H ¥ Bl % BRI B 418
w0 Fmy HEEPI - RE e AT RS T BRI ASP3 2L
¥R Ha > A4 %2 (8 7.13) - d RiREARE D 2
ok T F AR 2 RA(M=6.8)T 2 E 1.5 (R 7.14) -

FI* = T Al ot Sz B RHCA] 0 Ak igin
MEMAEE 5~8 22 > T UFRHE R KB ARL =YL
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FORP]BAFE D o BAe Y Reak T B R A ' M F (sharp dip
zone)frfeit A 4 = eh ¥ A (B 7.15)« 5 T B fE- BT
Bz BFenZ B B3z A Bkl 4T
bR B AR R T e R g7 4T
FOURAD T BT BRT 1 A A dEmT
Bk BV LA RS KT o L ERERAE AL Rk R
B oo Pl S2 £ B (B 7.16) -
1. F RpE A% F BEsH
PEF R ERAYFF BH TR AR 717 P 0 L& P
o H

-

S SR N g

-

A AT R AR

ERY
%@éﬁ%%@éﬁﬁ19§*WE’a% HEEE: St
T RE RLEE R ET JIN G X BT Ap
PRERRIEDTKG F BHA ISR EALGEFER
HP) o FF BRERS P IVK R ARE fop A TR
P& 2B
R FEREY B ERSF BH SRR S AL
B(B 79) 51w A8 0 @7 2 aF LA R YR GFA

|

5ﬂﬂﬁi%’+W%?%~%Mﬁ\%ﬁﬁ#54%$ﬁ,@wﬁMi
F R R EHER TR S EM e RS R AR TS
3% o AT A PR 2 AP R UG S AIVR T
A FE A LRT I LT B e T AT

AATRE S R A ARG PR 2R
PoplEe s B2 T AN G E S E R Rl i 18R
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g
S

SR e 2 VAR A AT R B ER i3
s b oo Uw S B0 P BPHA F R A 0.1 )i 0 o
NEITWREEFERE B E 340 E LT 5 DL B (W
719) ¥ BHAE % EE RR P LT B/EFH 01§50
FAR R AN B (] 7.20) ¢

YRR G e Y R HE F R AR K G R aE R
PRl BT HIM G BB TR A
(B 721 0= B A b d R EEAFAF LG B
(flexibility) » f3¥ 8 0.09 F) 574 B % | > A 5.5 % 2P| & &
v & (R 7.22) -
8. #Fit% 24pip

BERREF Lo E A F RFELIT T LB
PR RF B A adrd A o R @0 AR B2 AR %
GRBlE i sy £ o I B SHAEWE F RpE RSP
R E AR T TR TR A e

PARYF RREALF SR E ST R
BRA AR AEAFRPE S STz B0 (F17.23) 0 1 - 8
Wabl PARFE RAF BREAF AL TS (R T724) %3
BPRABREG LR OET 0 T RRT R B F R
B

# FRANE 2R BB EB T2 WA T LEATR
- PP AR e Bl Ak e R4 £ REAY 0 E T
g fds o

0. WK F Rt $HHE
45 Nishikawa % 5 4 £ $Hi % 152 P L v s Re
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IEIT PR AT O HERMESEREFF R oY 2 &
FRAZFEIEF LT L MESEREF R pE Ak F
BAPgfich D i it ER G F R

WEASFREE R FIEIAIMG S F RpEASF SR AP
s 2 PR 4 > S dicena 35 52 %38 700 i o

a. Rt e R % dk(he)

BAsm A7 eiB st PR b 5 3% 0 S BET T anR S R
L E 5% Bl T25 8 AT HIRE TR LR VL ahE R
AIdple 0 T OUIREREI LR 3% S%)HEASF RPN
d ] o

b. F g Ay plfe % B2 3ET FIM %

B-F e A % B2 3 (Yasuda layer)2. 2 & & B & w47
B 08-025-005 i EFmt ek BT o B 7.26 2 4
FFEE TR R 2 F RS R SRR e & o
fawmd R FIEAEAL R FE 2 A4 TR AR
Bo T T W REMM PSR R FERTO0) -
C. FRRERASEAPL IR S 2T G
FHF RRERS T RIATEA PR SPE > FF R
P ATIeB 727 4Tm o A K e e F EA TR %A

\3.

Foaddsr RS ITEEY P BLRAWREDPEE £
T3 > ik Hp 0157f 2 0 R -
10. # T B iR

BIHRP B oo

‘

KKNPP *t PR+ = Bk 7 2 T Bk > = BIRAEA W 5
GL-2.4m ~ GL-50.8m ~ GL-99.4m ~ GL-250m » 5 fr @ A% & 2
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2o BRBLP R EAcB 7.28 #77 » GL-250m 5 # 45 = % (base

FiEY TR RRZESVIURER BHBAPIER 0 2A 0
BRHE D EG b AICE 729 T o B EIEL R Y
JEA F Jisz¥ > £ 3> Noda et al. (2002)4% 1 ehF 226 = i3
ity FAcR) 730 S0m o DURAR A LG 5 kg Lokl
R ABRE T T RROEP SR TR TR R
Mo ST R AT 2 R kS B A A (GL-250m) L]

R EAY AR AR R AR A RS TES
4ol 731 frr o Vg Ra el d e B o JIF BB
S (B 73238 7 A 4T 0 B F YR R GeiE B % 55t
4 73
(2) ATRAIAE

B p AR R E kR o i R B 2RO R A o 4
SRZEEIEF L 2T o p AR R REHPAE 20
oo RE? PR R R kRERE > FEED BT AR
% R ¢ (Nuclear Regulation Authority, NRA)** 2013 # 7 ¥ 37 * &3
T BERE LR EERPIRBRES > ¥ AEFE 2 K&
Frle & f6 0 A EAcE R o BEATRAI AR L EL e R
AEE SRR RN TR A o R R g
Wil PR

1. FTERAIA R RS A

EAAIAE R 6 0 Y EARE S BN 0 AT

BHMA Rt RAERVIAET R RRE L L ~TRG



R SRR 2 Ed o AT AR R AR T 0 TP AT
TEP IR ROR T o f 2 b N E A B F
WP HRE o bl e df T P B s BEAAIT B
s TR AT A R R R 2 FR(R] 7.33) -
2. #IEfaB Y ARG RIAR

R4 2412 | § (NRASHEfLEF AT & i
FhAIAR > 4oB] 734 o F P AR RN ERLEY P
A= e gy B ENRAERFFE > A8 5 (F BRRE
RLFV ) ~ (A7 F57F7 ¢ )~ (FRERTRLFT
YY) c R NRARESFAELL R ERFE RN (R
w3 )

a (FERRERLFT Y )

NI ME RBR AR AARLET 2R A
RAAE L RH e (RFAEXRAE ) 2 (FIRELEFRRG )

A AL :!‘[_Ll—}aﬁﬁ PP IEL S K o

b. (2 F3E+F7 Y 5)

PR Rt o gt G EE Y LV R e e
FP(F X ERLFTY ) Tef A * & LE P EF
Bep ik e mk e A > B R e PR BT T &y
WHETR SR P KW IR R o

. {RERTHLFTY )

FPFRREBOFEITE A W E YT DR
FARTRLMERFLTIR AT Y o ATRAIAE R KA 4 g
VY S A S AR T e e I LA

She
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(=) % A % #+2 7 B(North Anna Power Station, NAPS)
EFRMA TP R R E R IV R 7 B (Louisa County,
Virginia) » # % i P & ¥ /7 = # (Dominion Virginia Power). g 4
o RPMFARFTHE I BEP e 1978 £ 40 1 EFE
T 2 1980 £ 8 0 21 EREY T o F L EARN
F &Y (Pressurized Water Reactor, PWR) > =+ i 1% ‘o % mﬁiﬂ a1 x4
FH5 980 MW & 22003 # 37 20 p 2RFEwgH4IL R ¢
(Nuclear Regulatory Commission, NRC)#* /8 1 5fr 2 5% T # &
20 F ZEH2FT o
1. B R T Rirst
2011 & 8 2 23 p T = 1851 24 R 58mad L dr b
= (Virginia earthquake) » 4- ] 7.35 #7771 > &+ = NAPS & = =
I8 22 RRFANZ 620 « e RRBERNF TR A
B(USGS)sF b p b » 5 &3 WAL F B EBER L
RO RBHEIRTTRE > A 2E % NAPS = Fizis > » g
SRS - AP EPRRSEBHBTE o & NAPS F A4 AR
BIFI B A B A ROE 0260g(r o) SHFHAED U B
LR KE 45 o
2. EFRERALY B2 AV
Bt 114> @ BEFTH e R4 £ (negative flux trip)
PA AP E 2REEN e SF T BN F T2 TE
o SPETRAEDS NAF AREFET o YgP AT P /@4}5?‘?%
= = B2 #2 ¢ & (Technical Support Center) ~ ¥ & 2 #£ ¢

(Operations Support Center) & § 3= ?f £ B % %k * (Local
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Emergency Operations Facility) » rd204 £k 8 k2 &7 R 5 >
R REARD S BB T BER Lo

NRC fx#s % i& ¢ & (Operations Center)® %3 ¥ i+ F i@ <
(Regional Incident Response Center)i«it 13+ & ¥4 4 L R -
PP R AR RF R L R e RN E R

W BT D AM LD FET KW PR L >
BRISHES B 57 Wik € 3fad o
3. W RRFE
PRRE 2PN By A #H G 2 P AR

#RAEMDBE) L kTw DBE thz A2 = « ZA# L EF2 %
# k%% DBE % 0.12g> %3 % DBE % 0.08 g; 7 A#: 2

o Hf?‘afj\lraDBE,aOHSg 4% % DBE 3 0.12 g~ 5
MERLE RZ 23 0 RREBEF BT B 736 d f R
o bR BREAFRARDLE w R e AT REIR L 4

i

2

WRATE RASK TR LK AR R 2 R R(SSE)
t % BT 0260 g B x B & vt B > fd
Bot b LAk R e
4 F ¥ BB A HFIHHBER

d LB Pl L 4vd R PR S F B> L BEXRFAR
P RAri@ A B(OBE)E 7t f& o B 7.37 {r@ 7.38 ~ %] 5
5% R W R T fod-B 5 2 LRI F Jii# ¥ DBE fr OBE 2 1t
oo BUPIF B F S S REDBEYR OBE W & 5 2y AAZiE

IPEEE(Individual Plant Examination of External Events)** 1990 +#

N
S

L“’é'l

-
4

B o (8P JO.IZg

TRGEE AR B AR A RS 03g 2 F -
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™

NRC RGI1.166 (1997) M /e 242 T R # % H # B
(Cumulative Absolute Velocity, CAV)=&*2iE 5 0.16 g-sec » *
LE TR E X r il o B 739 FOUBERRT e e
CAV % 0.172 g-sec > ¢ = ** 3% ¥ ] > L d » CAV & 0.125
g-sec> EE % CAV 5 0.11 g-sec » ¥ w3¥F v RPN (& 7.4) -

5. A BFR

RS ONAPS R2EP R TR THPTREE > &
HeE@SOEFra ks AhaF REFTIF T - NRCH A
S AT R R PR R F KT SSC & r b >
M 5B c BEFESRE > T IR TP frih SSC
PR GRS LG FIRE L Sk P a2 R SSC
hF R BT T e B P s A AP R A REUR AT

a. el

BRI BT LR AP e TR EF S G
BErRBDOGREPAI WX 2P EDR AR 0 AR
AR OHR AR KT T BRI AR LR
PA

Alw s MANETRYE 025 T4 5 a4 5Bk T HEEd >
W2 s R R G A A > Aol 7.40 #1T o

BRA G A A AR IVEL R T A E IR % (B 7.41) 0 K
PR LS F L ARG G HADLFALFRLF DS A

c. * :@’JJ—A} ) )’? 4 B
BOEABERE S T R 30 i ek s (Spent Fuel Pool,
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SFP) § # 2 % B > bldep A ¥ V]33 1 AT AR B R T

SFP # -k & #+m ;5 91 1 /8% 7 o 1335 NRC t NAPS # % 273+ 1
LR AR 30 VR FE A MR PRk B o

Al
e
PREBSENABREIEAL PR EIFE 0 o 7.42
EEFERIUAS KRR ES PR > - B
TV - hRrFERID HE O EREFBH - -FERER
FHRERRPRATRE L > ENAPSHFE j 2 SR F T 2
WIT R L Ar o
e ¥oiETFH
NAPS 7 @ # % i 5 A gz pr s o » % 5
TransNuclear #-% i 22 NUHOMS -k L4 > & a3 & X I+
BB 2 24 o TransNuclear £-% 4§ % = f:2 114 = 4 (H
7.43) - NUHOMS -k T 4§ 2 1= # 4 B 6 2 5 4] £ 7 % (B
744) > PSRRI BER B EIC AP R FRPT I FE

i o
6. £k

b NAPS 7R wAEm . GF d BHEFPAL
BEAX TR AEL R LT 2 AT 27 4PN
SSC 32 AX P E A4 » ¥ Lendp 3 5 A i £ &4

A% $2 R Ry SSC »r ik 84 fris » i 5 M E 1 o $0 P T ORURE
ER RNV EIEET FRT F

BEAL P RABAR ABHFF ORI RE CHEELY
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%o;—’%@”‘.{-:—_f@;%‘é’é’iﬁtﬁﬁé# mCAV“é/{#’(iﬂ—@

0.16g-sec NE F @ HFERRE o

b. T R mm‘]-’:ﬁ—‘rk».l.

PRARFRE ARG FT 0 i) Kk R 2R o 2
BIP R A E st M B > A X 2Re Rendo A B A 4

FREEXTA012g35 025g2 FF -
7. PR
FRAXEPTIRMEFRILLE R > 70U Effj?\ VAR NS: &3
NP
a. T EAAMA D FE BT RRE BRE L RE
Feiod RALE ~ 3 RRIEFE G R Y TF -
b. 3 5% > B a1 SSC o it 9 242iF DBE % (& 4c
@B FRT R o
c.%%%?ﬁﬂf%%ﬁIwME%%@ﬁﬁéﬁﬂﬁ’
i AR R AR R 4 0 R NAPS G K5
X ODARAR o
d. NAPS f 5 &2 LR % #2 EPRI ¥ 1| (EPRI NP-6695)
AR E G - R
() e B[R EPpARARTIRELTF SR
CEED AR ENRTER R -/ RTEP A
VBT RAR o R AR e PR R R R R
PERRARR o R RORGEE Y o VAR F R AR HP
THRAEILZ % KRBT LEHECHBTABHPETRE 2APH
%ﬁ’%%%%%iﬁmﬁmgé%ﬁogéi‘Bﬁ?&é
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% 7-1 KKNPP % 7 4 e 77| 2 3 £ (TEPCO)
Unit Type 8\2&:;
1 BWR / Mark 11 1,100
2 BWR / Mark II mod. 1,100
3 BWR / Mark II mod. 1,100
4 BWR / Mark II mod. 1,100
5 BWR / Mark II mod. 1,100
6 ABWR 1,356
7 ABWR 1,356

# 7-2 KKNPP %

o B OYp 2R & B+ 4c i B (TEPCO)

Unit NS EW UD

KK1 | 331(274) | 680(273) | 408 (235)
KK2 | 304 (167) | 606(167) | 282 (235)
KK3 | 308(192) | 384(193) | 311(235)
KK4 | 310(193) | 492(194) | 337(235)
KK5 | 277 (249) | 442(254) | 205 (235)
KK6 | 271 (263) | 322(263) | 488(235)
KK7 | 267(263) | 356(263) | 355(235)

Numbers shown in ( ) are the design values.
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573 B d AR F bR 2 B4 4eif B 4t R(TEPCO, 2008)

<EW direction>

unit 1 unit 2 unit 3 unit 4 unit 5 unit 6 unit 7
(Observed data from the foundation|
of reactor buildings (Gal) 680 606 384 492 442 322 356
Estimated acceleration on the free
surtace of base stratum (Gay | 1699 | 1011 | 1113 | 1478 | 766 | 539 | 613
% T-4NAPS % = % % # 4 i & & (CAV)+* #&(Dominion, 2011)
CAV CAV CAV
Selsmic Case North - South Direction East - West Direction Vertical Direction
(g-sec) (a-sec) (g-sec)

August 23, 2011 Seismic
Event
(data from containment
basemat)

0.172

0.125

0.110

Design Base Earthquake
(rock-founded; synthetic time-
history used for containment

structure)

0.588

0.580

0.400

IPEEE Review Earthquake
(rock-founded; synthetic time-
history used for containment
structure)

1.230

1.312

0.875

OBE exceedance criterion is CAV > 0.16 g-sec (EPRI TR - 100082 & RG 1.166 )
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Source characteristics / Site amplification

Propagation characteristics (7 e =\ Onsite/Offsite characteristics
Collecting faults geological surveys Observed records /
roposed source distribution (ot Tt : tremor measurement
e pmc:dels / in the site Site vicinity results

Underground and

1 1
! h
ol | i
Conducting ity | Oceanseismic |
source inversion i profiling i l
1 1
1 1
| subsurface survey |

l, 4-<.l >

Subsurface

3

Building source Estimating Onsite/adjacent | bl e
model underground area i
structures i
based on Ocean seismic !
fault-related profiling |
bends Subsurface profiling i
Simulating the b =, RSP R cEh T
woned || ] [ o BT
records using characteristics
source model Surveys by
other institutions

| | |

Analyzing the observed records at the site

s 7-1

i
-
TE
(\s,

¥ 4 1 # ;7 42(TEPCO)

(e ] L) (& i Heieink)
(Time domain) (Frequency domain)
RESMORE | Loinermverse REEROLED
O transformation iy )
Time history waveformof | 77— U = #7546 | Fourier transformation of
= the response of each part of [ the response of each part of
= £
1 SRR FIRE the building e the building__
; W g . (t) Up(w) <
Unit 1 Reactor Building  Transfer fnction from uglt e i
the top of the foundation
slab to each part of the R
building 5 W
]
E@t7 57 L 60 WWW H
BEFHOREMY

;/ v !
A Ligw) ey
f\f p | EEEEORE
i N Multiplication of transfer function

— ,‘| Up(w)=Ug(w )k He(w)
a2 77 Liw
oRBEEREO () PEREA T 7 1 OBl AT 7 Lol
Bl Hi AR OB ZIE P WEB 07— TR
Time history waveformof thg 7 — 1) =75} | Fourier transformation of the
seismic wave observed on the seismic wave observed on the
Time history (1) top of the foundation slab Fourier top of the foundation slab
> ofthe Us 1 transfc i
i ) i (t) ansformation U.(w )
observed on the
top of the > B 3 fir .
foundation slab i ERArY B #ﬁ
W
& j ./V\/
IREh%
Frequency

B 7-2 F BRiZERP S 704
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/

Ground system for KK6
I

/~@ Seismic observation cabin
forKK1
_ Seismic observation cabin for KK5

Ground svstem for KKS
R

1000m

KK Sit Building Basemat
Ground surface re .g ~ Jnepth=3n~4am

Shallow { ---------- i~ "= -
ground ——
“Nishiyama layer | —_—
3 -—-—-_.____f“l"_h&/ Free base stratum
@ ) _— |Depth=150~250m
— 7
’“\_\_/‘*—._/_'

Deep About 11km
Seismic base stratum
Depth=5000~8000m

ground

About 7km

Epicenter
(Asperity3)

M Features of geology and ground foundation
Sedimentary layer is thick, having three-dimensional irregularity

Bl 7-4 3 153 P13 R B T e (INES, 2008)
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Acceleration (Gal)

@ : seismometers

1000

—1000

Acceleration response spectrum
(Gal)

Acceleration response spectrum
(Galy

(a) Plane (2F)

AN

Turbine Building

NN NNNNN N

E{DOW

Reactor Building

Turbine
Building

[

mjﬁ:ﬁ
Il

(b) Cross section (EW)

* Tokyo Electric Power Co., Inc. material (amended partially)

Bl 7-5 KKNPP = % 42 T 5 £ > 5 F|(JNES, 2010)

max = 310 Gal

max = 492 Gal

(b) Floor response spectrum*2

1 Tokyo Eleptric Power Co., Inc. material (amended partially)

1000 R/B
NS 3 EW _,—L
=
- P
E
i [ I
[ 10 20 0 40 I 10 20 30 a0 1 N
Time (zec) Time (sec) Basemat
(a) Acceleration wave on the basemat*!
4000 4000
NS — Oba.(2F, NS — Obs.(2F, EW)
(2F, NS) 1 EW B
3000 - 3000 |-
on the floor (2F) - on the floor (2F)
L
L 3 —
2000 i nh : S 2000 fbh| h 4
1o ,_/JWJW \\\‘ 1er M\J v\q’\»\ =
nu_m o1 1 10 0.01 04 1 10
Period (sec) Period (sec)
4000 E a0
NS —— Obs.(Mat, NS) § EW —— Obs.(Mat, EW) "B
3000 - B 3000 -
on|the base-mat E on the base-mat
2000 - §-§ 2000 |-
g<
1000 - - 2 000 f Pl v
"‘""Frd 'L\/V'\’\\’\‘ 1 T ”\/‘M V\‘J‘k\/\ .
o LTI I g 0 I ] Basemat
0.01 0.4 1 10 0.01 04 1 10
Period {sec) Period (sec)

*2|t is based on the data of Tokyo Electric Power Co., Inc.

Bl 7-6 KKNPP = 5548 4c ik B B PE 22 & & Jiu3# (TEPCO)
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Sea side

Sea side

Rising
{cm)

; Subsidence
(e}

m

- K2 Mountain Side KK5 35“..(m}

Tokyo Electric Power Co., Inc. Materin]l

B 7-7 KKNPP £ i ¥ % i kag (TEPCO)

| soshm gt |-,

I IW

~ Acceleration (Gal)

The observation wave data is provided by Tokyo Electric Power Co., Inc.

Bl 7-8 KKNPP ¥ 't f 4 3 & jLie] 4 i& A f P5(TEPCO)

' - N
O Horizontal direction (KK1)‘\ O Horizontal direction (KK4) )

\
®)

Vertical direction (KK7) )

F T T T W ®
Kl W - — umaw K2 R/B LD
_— 1 Observatio — "
Observation - H 05 NS i :“ " ggj 5.!' U D Gbservation
e Analysis rrssasnens Analysis i v Anialysis

=

celeration respense spectrum (ms?)
]
1

. . . 2 1 A \“-_
\_ Pariod (sec) PN Period (sec) I o ' period (zec) B Y.
Tokyo Electric Fower Co., Inc. ial(2007.12.25) (partially amended)

B 7-9 KKNPP < fi'hie A4 ¢ Bk & fis:#(TEPCO)
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¢ |

® 7-10 & ¢ % ¥ #-72)(TEPCO)

North-west dlp (hl?h angle)
weak faul

South-east dip (low angle)
fault

Segment boundary

B 7-11 NCO R im#k & % = » 47 2 BI(JNES, 2008)

7:\(81& ing point of fracture
Earthquake cent

Correspondence betwe J‘I N
pulse wave observed at KK1 /</ |
and asperities ) 0 10 20

138.4" 138.6° 138.8"

B 7-12 NCO 2 i %k #-3) (JNES, 2008)
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Radiation of
earthquake ground

Wave motion propagation of P wave
and Sv wave
(Analysis result of 2-D difference

level of

p— —ymotion of EW thod)
Icomponent of ASP3
376 Dip=40"- L / is large.
Dip=30" ' :
1 (DIP=30°
"/ +{NS comp.: 0.34, EW comp.: -0.43
“'|Line of strike: 37, Dip angle: 40°
./ |Slip angle: 90°,
/ |Angle of emergence: 123.51°
Azimuthal angel: 184°
4 Fé%f.?"_’:?ﬂ? W comp.: -0.6% =3Ok
|§i""8a0r{ Sllefjlg.‘gnﬁ , Dip angle: 30° Theoretical radiation
‘. g ﬂ&%&ﬁ‘?ﬁgﬁn&?& 145,250 characteristic
SN km T
| 6 1 2 I
138.4° 138.6° 138.8°
=h N < o 2
B 7-13 BRELZ E 4 @ F i (INES, 2008)
About 1.5 times of average
short period
-
oE
cD
D Average
a3 spectrum
ww

Period
B 7-14 EirpdldeF2 &

4 Perspective view direction

Perspective view

w Epicenter N irection

Je 3 (INES, 2008)

O Perspective of geological cross section,
indicating upper surface of each layer

(Vs=26)

BT vs=3.15)

" Source region

Bl 7-15 ¥ & %02 2] & B(INES, 2008)
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3-D ground foundation

Amplificatio
n factor

Ratio of Maximum velocity of 3-D irregular ground
model to Maximum velocity of horizontal stratum ground

1.6

1953048 1T 1I9WOT 166 1WIIT 1WA

*I;-:-_‘- -'-‘ " Source

stratum ground foundation

Earthguake ground motion around KK1 is
amplified by about 1.5 times at a maximum due
to 3 dimensional propagation effect.

Bl 7-16 KK1 ¥2 KK5 = &k @i & 47+ #&(JNES, 2008)

[D. Vibration characteristics of buildings]
(i) Stiffness characteristics of each part of
the building
(ii) Damping characteristics of each part
of the building
(shear wall, auxiliary wall, floor,
foundation, etc.)

[E. Vibration characteristic of the equipment
and piping]

(i) Vibration characteristics of large-sized
equipment (reactor containment and
pressure vessels)

= Almost no influence.

= influence exists.

_\/ Banjin

Soll Disposal site  Sand layer

Backfilled soil
KK1 KK2 KK3 KKd KK7 ~ KK6  KKs

Yasuda layer

age
Sand layer

[C. Wave propagation characteristics of the

soil surrounding building]

(i) Subsidence and nonlinearity of surface
soil in the vicinity of each unit

(i) Characteristics of the building-soil
interaction

[B. Wave propagation characteristics of regional soil]
(i) Irregularity of deep and shallow soil structures
(i) Effect of soil disposal site

= Influence is small.

(iii) Effect of adjoining buildings
= influence exists. ?\ }é

[A. Frequency characteristics of ground motion]
(i) Strong ground motion (2007 main shock)
(ii) Medium and minor shocks (2007 aftershocks,
main shock of 2004 Chuetsu earthquake)
= Almost no influence.
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ildi i T Turbine buildi
O Building N _ O Soil-Building ‘t;; ine building
Building concrete damping 3% “oﬂﬁ)“ /

Soil surrounding

Location of the building

seismometer

Enlargement of the

(2F) :
Foundation slab,
and soil are 2
connected.
(KK1)
Location of seismometer Region where interaction

i Input waves from observation 133 m between the building side
(on the foundation slab) records on foundation slab wall and soil is CDH&?IdﬂTﬂd-

O Connection Conditions Between Building Side Faces, Soil and Turbine Building
(for the vibration of KK4 in the EW direction) 3

g
# Plan view é E"‘mﬁ"“m R :
NS direction surface) buikdng side wall |
"gﬂ Dubing S8 w :
EW directon
‘-I" A 5 a s
tlneal o |8 ) Suan
& TIRLT
Range of modeling of the turbing =) _Il&'. No connection with I E:'
building (yollow ared) b :‘s fido) building side wal H
Turbine buikiing {broken line) | ===
Conmction exists batween building side oo

pRnection with

wall and normal pressure plang ffing side will

Lcnmr ecige of hstir busking furatabin) g |

| #EW cross section (A-A)

Fl 7-18 = %3 T~ % 3] (JNES, 2008)

4000 —r T ————
= Observation
wmsss Analysis (3D-FEM model)
3000 — s=mmwms Analysis (single axis lumped mass model)

2000

1000

Acceleration response spectrum (Gal)

0
10
Period (sec)
- dwo N
5 —— Observation
g wsscccee ANalysis (3D-FEM model)
§ aoon [— wesess Analysis (single axis lumped mass model)
E
o
W
i=
2
¢
5
=
o
o
T
§ 10

Period (sec)

Bl 7-19 = 5487 Bk 5 ¥ #(TEPCO)
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O Map of the natural mode in short periods (0.1 sec)
4 2nd Floor Plan View o Mode deformation

(Excitation direction component)
20064
\T5E8
150E8
1.2566
10066
UTSES
05066
g b 02564
-] - Q00ES
LI5ES
0 80E-6
OT5EE
1.00ES
25ES

E 1 806
1 TE8
l—p:p 20066

4 Cross Section (A-A’) Mods deformation

(Excitation direction companent)

w

Excitation direction

=

200E-6
17566
15066
12566
1. 00E-6
2nd floor V OT5E
. USUES

Q2566
I 1 O00EE
02568
05065
Jf D.TSES

] [ '_'— 1D0ES
l’ 12568

—F 1 15065
1 —t—t HAH A" arses
S <——> N e

Excitation direction

B 7-20 = 844 4 %25 B (JNES, 2008)

A BE

Roof (shell element)
Quter wall (shell element)
Floor slab (shell element)

(Axis of symmetry)

Ll .
Location of seismomet

Wall between outer wall and RCCV
(BF—___| (spring element) Qutput location
Excitation direction ' 4 (Outer wall)
(vertical) ! Soil-building side wall: No connection
g
RECV-_|

Soil (solid element)
(shell elembnt)
1

Foundation slab

Side wall: Energy
i transfer boundary
(solid element)

Seismometer site
(on the foundation slal

Modeling is made with a
concrete elastic body in Input waves from observation

ordertotakeinto records on foundation slab
consideration the flexibility

of the foundation slab.

W 7-21 4L+ LA % A B35 548)(INES, 2008)
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4000 S R
- — Observation
Vertical = ___ 1 aivsis (FEM model)
3000 (3F) =uses ANAIYSIS (Single axis lumped
mass model)
h=0.05

]
(=]
o
(=]

1000

Acceleration response
spectrum (Gal)

0

Bl 7-22 = B -3 » 4 45 F Jik3% (TPECO)

EMEE(m) — a9t H (EL CENTROSE, 300Gal#R¥E4L)
= N Dynamic (EL CENTRO etc. Nuru_nl ized at 3008al)
SiE RFFEE Height(m) T MRS RELEEOIE) +

tatic (Itimes as strong as seismic force
- ﬁaid down in the Japanese building code)
600 Eﬁnﬁﬁﬂh&h*?«r design
24.50 : : I
I BhegHhiEh !
18.00 Dynamic :
L7 1250 5 I RROHTE 7 }_
5.30 \ b Static
ol e =
V U = ' | [ mamAeES
7 9.70 !

' /1 for Design

s

000 4000
ahe‘?:\};?o{?ce Ak
PO Ch BB ERETHE
“The static seismic force” calculated

on the base mat
w REHRAME D © AR DIZY-V v EFE L TRE
“The seismic force for design” is set some margin for
the static seismic force,

R (- 5L)(TEPCO)

-40.00 ] 1000

-3‘“‘\;

B 723 5 bt A
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- — T £ S AR
121 BRIFERE BB (M) T e meE R

Unit1  Reactor Building 36.00 — RBAKERA GRIHEHEE

24.50 i i !
18.00 i itRthEA
| 1250 i E | l;or' dcsig;n
— | pryTr—
i cht i ith 7
0 — =0 , // Chuetsu-Oki
|7 U =270 : Earthquake
—r : : ' L
7 9.70 H RAEKER D GRS
- Harizantal load-carrying
-16.10 Capacity (when designing)
LI -
100 s |

40,00 0 2000 4000 600D 8000
L*&,ﬁ:h * 10°(kN)
shear force

W 724 Sf A2 AR e A4 R 38T 4 (- 3L48)(TEPCO)

Dampining factor of concrete: 3%

E o E i
2 4000 h = 0.05 2 4000 h = 0.05
2 NS —— Observation §. EW | = Observation
g 3000 === Analysla ; 3000 e Anolysla NS Saction
E_ he = 3% E_ he =3% ‘ _'L“ —
§% 2000 83 — o
e 2 - —
= o s —|  Yasuda
-E _ﬂ_ IBLL — —_— Tyer
m []
g 0.iil1 0.4 1 10 S 10 © : Output location
* Pariod (s) =
(a) Basis case (he = 3%)
E heoos E h =005 Dampining factor of 5%
2 4000 — 2 4000 —
- NS Observation E EW —— Observation
2 3000 =emeee Ainalysis & 2000 - |====- Analysis NS Section
b 3 [T
S he = 5% s _ he = 5% — - e
e %gzouo — | __soil
£ | , — B =l
bt — | layer
2 '% 1000 - A
B Bl —
0 © : Qutput location
§ 0.01 0.1 1 10 § 0.01 1 1 10 P
< Peried (s) < Period (s)

(b) Parametric case (hc = 5%)

Bl 7-25 RE2 IR GHHIRA F R
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Stiffness of Yasuda layer beside .
building reduced: 0.8, 0.25 and 0.05 ©: Quiput location

NS Section

] e
ES; Vasuda

Nisheyama lyar

Shear stiffness degradation area of the soil beside the KK4 reactior building

T T T
S 4000 S 000 ho0os O,
E NS E NS Cbservation E
£ e —-—- Analysis =
] 3000 g 3000 - g 3000
2 7 GiGy=025| %
% 2000 % 2000 - 2 2000
z 2 2
2 g 2
§ 1000 g 1000 - §
c = c
2 L £ L I 42
E 8.01 01 1 10 E 8.01 0.1 1 10 E
i Period (s)| i Period () i Period (s)
o b= o
< < <
(a) Case 1: G/Gy = 0.8 for whole (b) Case 2: G/Gg = 0.25" for the (c) Case 3: G/Gg = 0.05" for the
area of Yasuda layer vicinity of building only vicinity of building only

" The Yasuda layer other than the vicinity of the building is G/Gy = 0.8

B 726 F RetpiE e Rl BT M GHE F RHEE

M
—
& § h =005 Connection (D
E 4000 E 4000 | =
E] = EW Observation
£ 3000 | £ 3000 e \
& & 3
3
%_ 2000 | g_ 2000
& & 1B RB
@ o
£ 1000 £ 1000 I
g 8 }
2 0 2 0 :
g oo 0.1 1 0 g 00 10 Surrounding sail
y ; !
Period (s) Period (s) Mo connection

(a) Basis case (with T/B)

3 4000 § 4000 .
= = No connection G\
E E \ L/
£ 3000} £ 3000
i i
| w

2 2000 | 3 2000
c c
§ 1000 % 1000
2 &
[ c
2 =

1] o
2 oo 5 oo 0.1 1 10
3 8
4 2

Period (5) Period (s)

Surrounding 5oil

(b) Parametric case (without T/B)

Bl 7-27 F evpiE Ay SRR TSRS B OERA 5 R
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Service Hall (free field borehole array)

437Gal
oot

]

(GL -2.4m) [ 0 _...r.r’\w,f'\w.}.mm.'ﬂ LSO Mtk

:O i 0 ] k] -]

oo = e
(GL-50.8m) 8§ ¢ A b b

W‘CI 3 I!O 15 X - |

P By 847Gal
(GL-99.4m) 2 e -

Py |

] 5 1] 1] k) 5

] I wme 7285&1—
(GL-250m) 2 W&;:

mU 3 0 L] X -}

Time (sec)

Bl 7-28 2 T3 & LR & 4(TEPCO, 2008)

Service Hall Service Hall
GL—24m @ Observation @ Observation
record record
GL-50.8m GL -50.8m
GL-99.4m GL -99 4m

Estimated wa\ie

(2K)

Observed wave
(E+F)

l+1 -

Incident wave (E) Reflected wave (F)
Free surface of base stratum

Incident wave (E)
Reflected wave (E)

Removing the effects § Fstimating the ground motions

of the upper soil on the free surface of base stratum

B 7-29 d A&k pd Lo EPI2ZE B# oG 24 (TEPCO, 2008)
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Estimating the ground

|dentifying the
echnical model motion on the free

geotech | 7

Applying simultaneous inversion Conducting simulation analysis
to the transfer function of each on observed waveforms on data < o -

. - Conducting analysis to estimate the
of the sections, an_d maximum from GL-250m solemic wave on the ffee sifface of
observed acceleration at each base stratum at GL-250m
depth {Using GL-250m data for estimation)

SG1(GL-2.4m)

Shinki prmmnemmnnen
sand bed GL -15.5m i
Banjin 50m) |
sand bed i
Yasuda GL -71m
stratum GL -83m i
E 3 & | i
SG3(GL-100m) |
Nishiyama % !
strry;:mm Estimate
wave (2E
[ — L 3 GL 250 sssssmmmsssnnnm & [ —— ; [
SG4(GL250m) : T i
E E

B 7-30 o Ak pd &5 pLRlZ B BT g 2(TEPCO, 2008)

Maximum acceleration

Acceleration (cm/s2) Acceleration (cm/s2)
0 500 1000 1500 O 200 1000 1500
. NS c:ofmponem ° fEW CD!’“POHEHT
B B ® Obsefvatior| i ® Obsefvation
- —=— Caleylation| ~i= Calcylation
-100 |- -
g
=
5 | I
2 s | =
200 |- -
-230
NS EW

* Input : Observed wave at GL-250m
B 7-31 # K B Scid B LRI A 472t $H(TEPCO, 2008)
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Flow of bedrock wave estimation R I TR I
Multiply the estimated bedrock wave with the ratio of on-

Conduct iterative calculation, considering the ion data and to correct the estimated
non-linear nature of the ground, to estimate bedrock wave.

bedrock waves. | ﬁ F

(1) Formulating the (2) Calculating bedrock (3) Seismic response {4) Comparing with on- (5) Estimated bedrock
transfer function wave analysis foundation data wave

On foundaticn Observation Jr:urd On-foundation Observatlcq Observation
response « record | [ECOT
l\!
Compare General
match

A

[ "}E"m" = stimated badrock \}‘ave = a
—  Onfoundation Consider the ground's TR Response
Free surfage of base stratum On-foundation data non linear gature valug -
(Set the groynd constant Trandfer funcion equivalent linear 1
tentatively.); : (eq )
) ' Define as.the
i f .- estimated wavé. .
Free surfdce of base stratum V/ - ‘..
. ‘d * ~ . ‘ * . ‘ * a, -
. ot
Randdm wave RLLTTPFR St L
Estimated bedrock wave [tentative Estimated bedrock wave
Feed a random wave to the Divide the on-foundation Enter the estimated Compare the on-foundation Repeat the process until the
free surface of base observation data with the bedrock wave to work out response with observation figure generally matches
stratum to formulate the transfer function to obtain the on-foundation seismic data. the observation data, and
transfer function for the the estimated bedrock wave response, considering the If there is discrepancy, define the wave that attains
building foundation and (tentative). ground’s noninear nature. correct the estimated general match as the final
free surface of base bedrock wave. estimation of bedrock wave.
stratum.

Bl 7-32 # 4 & #4321 5 42(TEPCO, 2008)

REARFRICRIERORGEELHRATELED LR
<PEEDRHIE> <FIREHIRAES

BROGMEBEE~OHG |} %ﬁ

KA B O D 2 3R ,

AT R R # E

Y T TE L

SEFTILTFIMERLT Bl ORE BRORS DK AE) z

(L BEREHILHE) T RENEIKISH S S (H758) 2

(M- DBBOMMEREL TS - BARRIAT LB &

LB E SR LA Bl (il A - TR S E 3R ED) % *
= - kBT HER it
BRRRCATEEE [ mitmenimic (R —I N ORES) 2
KRISHT 5% | HERI-HT S | REOESEERTomBRES ||

EROEHE \ FEOMEX | Z DO R i DTERE

TOMORMOME | - GRS OES) %
ME-EEREE 0 | 00 T - R AE (MR D ERE 5) ik

Bl 7-33 ERA18 ATAH) A R
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FRMELESRI-RIFE-BEOTN

{2eMBEREGITA™ | )
#FEHODEL. BFFOER-#LH0TA

YEIvkL—TEEN Ve
(PWRTSLDIBE)

HAEMFTIZIE. F1ERLE
¥ ey

ZEEEES

&  Nuciear Power Planis

B city Pap over 1 000,000
—

VAL
RN (@
#3 FRUNERTREMNFEEROTRERL. SREAET

FHREOCEERBSERTRIZLBUSHN (S-SR EUET
BLTEEHETINETRY. ERENGMECRRORENE

Bl 7-34 ATRAIAREF AR

A

Bl 7-352011 & % & I # 227 NAPS = % B

254



Acceleration (g)

| East-West: 3.1 sec

0,100
!
I
\ | L&A A
e TP IR TR
™ Y

" Vertical: 1.5 se

0.000

0.0%0

0,100

North-South: 1.0 sec

4 6 8 10 12 14 16 18 20

seconds

Bl 7-36 NAPS < g A A g s v &3 B2 ¥ RFRE

Kinemetrics Data for Containment Basemat - Horizontal Direction

0.800

0.600

h‘ﬁ \ —5% OBE RC Basemat - Moriz

Z |

0.000
0.100 1,000 10.000 100.000
Frequency (Hz)

Bl 7-37 NAPS £ & -k T % F fis3# v #(NRC, 2012)

Acoe ke ration (g)

——|PEEE Contsinment Basernat 5% - Mariz

— 53 RC Bazemat Recorder Data - T [NE)

o
8

EaEE
=

~—— 5% RC Basemat Recorder Data - L [EW
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SG-YT-018
A 6.0

sk S

(Rrew | yToos | SCTV IO

TR %)

YT-003 77
SG-YT-003

A 7.7

R 2 Yo%

G T S%A\ET- SG-YT-046 | © SG-YYT-04 : SG-8YT-O4

i 7 )
SG-YT-045 9.2 N/A N/A
SG-YT-046 9.2 N/A N/A
o SG-7YT-04 VA VA A
o SG—SYT—04 VA A A

MG | SG-vT-04 | 0 SG-YT-04

(Fregg | 7777 T PO SG-YT-043 | SG-YT-044

B HR)
g SG-lYT-04 A A "
o SG-ZYT-04 A "
SG-YT-043 | NIA N/A 122
SG-YT-044 | N/A N/A 122

A5 LK PR 2 2
*#\f«‘é‘v R e

aR

o AT - &E E e
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% 8-17 Case 4 1p I¢ B #2805t 2 NRMS(%) (= #* #)

3 e 3 e
B b S F
(F1Fe 48 2 ) YT-002 | SG-YT-002A
YT-002 N/A
o SG-YT-002A N/A
B 2 ST
(F s YT-018 |SG-YT-018A
¢ R LK)
YT-018 7.6
SG-YT-018A 7.6
P 2 S B
(Flre 878 & YT-003 | SG-YT-003A
%)
YT-003 9.5
SG-YT-003A 9.5
P2 Y B
(Flrefgd# 4 ¢t | 0 SG-YT-045 | SG-YT-046 | o SG-YT-047 | SG-YT-048
)
o SG-YT-045 N/A N/A N/A
SG-YT-046 N/A N/A 16.9
o SG-YT-047 N/A N/A N/A
SG-YT-048 N/A 16.9 N/A
B 2 ST
(Flresided +t | SG-YT-041 | SG-YT-042 | SG-YT-043 |SG-YT-044
)
SG-YT-041 8.4 8.6 7.9
SG-YT-042 8.4 11.2 11.3
SG-YT-043 8.6 11.2 3.6
SG-YT-044 7.9 11.3 3.6

kL GIE IE
N N 22 LA NPE 2 2, r 2
O A — &FiE E 1 aTUEL
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% 8-18 Case 1 #7 #h #h %] & 47 #7iE * iﬁi%] IN E’ﬁi%] 410 2k

s i » Bl i 1Rl e
OSG-XE-102(A) | OSG-XE-103(B) ) Fe4Y

k& OSG-XE-102(A) | » OSG-XE-105(D) it 4
OSG-XE-108(G) | OSG-XE-106(E) | #e+4%

s i » Bl RGeS e
OSG-XE-102(A) | OSG-XE-103(B) ) Fe4Y

& OSG-XE-102(A) | OSG-XE-105(D) o %
OSG-XE-108(G) | OSG-XE-106(E) | #e+i%

xR B - GFEIE R uplek(l BT FRES )

% 8-19 Case 2 #= # %] & 47 #7118 * 7;@?] IS Ei’ﬁa?l 41 =k

* e R ¥y ) iR = 2R BHHD
,L OSG-XE-129(N4)
7 | OSG-XE-126(N1) | 0l wEqsonyy | PR
5 By~ Rl EE ER BRI
34 | 0SG-XE-126(N1) | OSCXE-129(ND) | gy g

OSG-XE-132(N7)
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% 8-20 Case 3 #= # Bh W & 47 #7iF * 1%?] ~ ';’f?ﬁis?lt"liﬁ‘lié

S % £ ~ 715k ELEEL T A

+ SG-YT-045(1) I

SCGYT-002A) |\ 56.yT-047(K)

SG-YT-018(F)

SG-YT002(A) | Soyrooze) | M EHE

S % 8 ~ iplsk (AR | SRS

+ SG-YT-045(1) I

SCGYT002A) |\ 56.yT-047(K)

SG-YT-018(F)

SG-YT-002(A) SO-YT-003(B) LR

w R M - 6 E O (R R AR BT

% 8-21 Case 4 4~ B8 %] & 7 913E * 2. ﬁaal "t’@?]:"liﬁ‘lié

> e s ~ Rk s R ek ER BN
SG-YT-046
YT-002 SG-YT-043 B re gt
ia SG-YT-040
] YT-018 o
YT-002 V1003 PR B
G #a ~ 7l sk B R I
' SG YT-046
YT-002 SG-YT-043 AR E]
3 M SG-YT-040
YT-018
i 2R 5k
YT-002 V1003 LRSS
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% 8-22 Case 3 Flre 48 & Plzpifaw & | T 3 2 3Ru]d %

L] Rl - RLS
3 o 7 A
iy~ Rk Frequency | Damping | Frequency | Damping
R (Hz) (%) (Hz2) (%)
Ao A
Model
Mode2
Mode3
1.32] 8.35 ] [ 1.32] 8.47
SG-YT-045(1) / %2.96 %6.06 1.77 11.59
SERVIHIERY 4.73 | 2.80 | | %2.95 | *5.07
1.32 ] 9.19] [ 1.32 ] 9.14
SG-YT-047(K) / %2.84 %5.06 1.80 11.91
SERVIHHAY 4.74 ] 3.72 | %2.84 *4.51
PoRFZIZILEERL 2FR
Model
Mode2
Mode3
SG-YT-045(1) / [1:44] |65
0 2.81 2.74
SG-YT-002(A) 156 5 50 i M
SG-YT-047(K) / 130 Bd
T 3.12 4.42
SG-YT-002(A) 4.45 3.83 A A
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% 8-23 Case 3 P 385545 & Rl=bafiw B ] T 2 Fnlly
G RLS
3w w & 3 A
iy~ Rk Frequency | Damping | Frequency | Damping
R (Hz) (%) (Hz) (%)
A At
SG-YT-003(B) /
SG-YT-002(A) 2.94 11.58 2.82 6.24
SG-YT-018(F) /
SG-YT-002(A) 2.93 11.69 2.85 6.92
PIRFZILEERT 2T
SG-YT-003(B) /
SG-YT-002(A) 2.98 4.60 N/A N/A
SG-YT-018(F) /
SG-YT-002(A) 2.99 4.36 N/A N/A
% 8-24 Case | &R B4 BAFF B u 5%
e it Bl
Tl ke | ar | ke | s 4
Fiid Bl
FRF 3.60 3.60 3.40 3.40 5.60 5.20
RLS 3.50 3.48 3.27 3.45 5.56 5.42
OKID/ERA 3.50 3.49 3.25 339 5.51 5.45
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% 8-25Case 2 LR BHAl 2 RAF BB %

) Fetd
" %7 4 2
EAT R
FRF 3.60 N/A
RLS 3.62 N/A
OKID/ERA 3.60 N/A
# 8-26 Case 3 ¢ &R BHfAl A R F N B %
I P A RISH
" %7 4 & &
L R P
FRF 3.00 2.80 3.00 2.80
RLS 2.90 2.89 2.94 2.83
OKID/ERA 3.08 2.73 2.98 2.86
% 827 Case 4 L&k B Al A B FF N B %
F re iy RIS
" i & 3 i@ 3
a3k
FRF 2.93 2.8 3 2.8
RLS 2.99 2.78 3.02 2.81
OKID/ERA 2.89 2.75 3.02 2.84
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] 1L A3 S A
OSG-XE-103(B)

e

ROFE W Ak
OSG-XE-105(D)

I_I

i Bh 5] TAHEAR
OSG-XE-106(E)

[E] FeL 4% K B
0SG-XE-102(A)

4 9 Rl AR :
OSG-XE-108(G)

Bl 8-6 ¥5= - Btk R IRk T &

=

i

[5] PEL g2 o i
OSG-XE-132(N7)

(3] [BL A2 S

OSG-XE-131(No)

OSG-XE-127(N2) ~ OSG-XE-129(N4)

(2] PR A2 R -

OSG-XE-130(N5)

OSG-XE-126(N1) ~ OSG-XE-128(N3)

Bl 8-7 152 Ao S8 U kT L
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Bl PELE TR % AR

SG-YT-003 (B)

] P2 4 i

SG-YT-047 (K)~SG-YT-048 (L)
Eregd mlg iR |
SG-YT-018 (F) ] P8 41 3

SG-YT-045 (I) ~ SG-YT-046 (J)

5 regY A s
SG-YT-002 (A)

B 8-8 +1= - Bt

(C3). [0 L4 TR 95

SG-YT-040

-nn\
o
C
:‘
Em
=

/ (C2). E R 82 4 4
SG-YT-041 ~ SG-YT-042
(12). BB TR Mk T 013 STt
SG-YT-003A

YT-003

(C1). 48 st
SG-YT-045 - SG-YT-046
SG-YT-047 ~ SG-YT-048

(11). FAra e B MR
SG-YT-018A

YT-018
I |—

(B). Emig ket
SG-YT-002A+SG-YT-002B
SG-YT-002C ~ YT-002

B 8-9 17 = - FLipATR S| ik ST X R
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T T I
——0SG-XE-126(N1)] |
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- = :0SG-XE-130(N5)||

S

e
o

accelaration (gal)

[N

b . . . . Timel(‘” - B m . m
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R =
@T - = .0SG-XE-131(N6) ||
M "’ \ U\” ‘ fv"' “ W A A

B

2 4 6 8 lO |2 14 16 18 20
Time( sec )

(b) BEIFE%g ¢k 34 R =k & ]
B 8-10 Case 2 49 b % AZiB|3b2. 20 y4eid R AERE (R 0 %)

| ‘ —OSG‘-XE-I26(N1)

~ ! \ ——0SG-XE-128(N3)
@ 05 . ol b M h ) ) -- -OSG—XE—ISO(NS)i
£ Al ‘ﬁm%ﬂ 'Hf'HmVHWM ey
§ ‘ AR AR ! :;,' ,‘ .'“ g YW W /
0 2 4 ' 8 Timel(osec ) ’ ' ¢ ’ ”

@)Eﬂﬁ&@ﬂ%&m

.j —OSG‘-XE-I27(N2) |
~ ——0SG-XE-129(N4)
T@ il ‘ ‘ ‘ - — .0SG-XE-131(N6)
-5 05 l ! ‘ ’. » |
&2””W'{MMHMWW‘W NNWMM“ mW”ﬂ‘

Time( sec )

(b) B gE k4807 =5 30 )
B 8-11 Case 2 48 ¢ B #2iR|3k 2. 20 Fj4e ik R P (3 4 %)
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accelaration (gal)

3

accelaration (gal)

accelaration (gal)

accelaration (gal)

<

I
——SG-YT-045(1)
——SG-YT-046()) ||

10
Time( sec )

(@) [FFE7E 4 1< 7h 5 3R] =k A BR)

8
i
= ——SG-YT-047(K)| |
——SG-YT-048(L)
4 —
2
0
s ! I L | L | |

Time( sec )

(b) FIredgi g ¢ bRl =k 40 F)
Bl 8-12 Case 3 4p ¢ B 4RIk 2. 20 F)4c i R FEPF (K T %)

\
——SG-YT-045(1)] |
——SG-YT-046(J)

Time( sec )

(a) [FFEFE 4 1< #h 5 3R] =k A )

\
——SG-YT-047(K)
——SG-YT-048(L)

Time( sec )

(b) g F ot Jh Pk & §
B] 8-13 Case 3 48 e % A2R 22 20 #)4cid B FPE (3 2 %)
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15
Time( sec )

(C) T FE AR #i i *h 8 ) =4 Ay
i

ation (gal)
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Timel(ssec) ’
(d) FIFefRf® ¢ bRl =k 4 W)
B 8-14 Case 4 4p ¢ B AZR|k 2. 20 f)4c i R EPF (K G %)
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accelaration (gal)
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(a) FIredf A AR =k 3 F
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s s sal
(d) bR Fe 8 e 1< #F 3 p) =t 3 BB]
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. 20101112 - Bew / Aew
T i
5 ‘R /
g I\_/r/ \ /\l \

0 2 -] 10

4 i
Frequency (Hz)
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20101112 - Few / Aew
16 . , .

=]
=)

o4

\

Transfer (Syx/Sxx)
_,_,—-—'—"'_'_'_'_.

ﬂ;/\_

] 2 8 10

Fré;uency (T—!z)
(c) SG-YT-018(F)/SG-YT-002(A)

20101112 - lew [ Aew

ANYANN
| PRAGURETRTAN
1—0.2 : \/

o

2 4 [ 1 10
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o
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= ol AR

Frequency (Hz)
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A A
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T T T T

Transfer(Syu/Suu)

Frequency (Hz)
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T T T T
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o m

-

<
o

i 6 8 10
Frequency (Hz)
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T T T T

o
N

-

<
&
.

Transfer(Syu/Suu)

0 : ‘ ‘ i
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Frequency (Hz)
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e
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0 : ‘ ‘ i
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Frequency (Hz)
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B 8-16 Case 3 & B|+bAf F £ S w2 % (L d »)
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6.4.1 OBE exceedance criterion

The OBE shall be considered to have been exceeded if the following occur:

*  Response spectrum check: (1) The 5% damped acceleration response spectrum for any directional
component (two horizontal and one vertical) of the earthquake motion at the site at frequencies
between 2 and 10 Hz exceeds the corresponding OBE design response spectrum or 0.20 g,
whichever is greater, or (2) the corresponding OBE design spectral velocity or a spectral velocity
of 6 inches per second, whichever is greater, is exceeded between 1 and 2 Hz,

and
e (CAV check: The computed standardized CAV value from any component of the free-field
earthquake record is >0.16 g-sec. (See the first bullet in the list in Sec. 6.4.3))
For each directional component of the free-field ground motion, the CAV shall be calculated as follows:
(1) For each acceleration component time history, the absolute acceleration (g units) time history 1s

divided into 1-second intervals:

(2) For each acceleration component time history, each l-second interval that has at least one
exceedance of 0.025 g is integrated over time;

(3) For each acceleration component time history, all the integrated values are summed together to
arrive at the CAV.

B 9-1 & 4 ANSI/ANS-2.23-2016 B ** OBE 42 4%2_ 2_3&

0.4.2 SSE exceedance criterion

The SSE shall be considered to have been exceeded if the following occur:

e Response spectrum check: The 5% damped acceleration response spectrum for any directional
component (two horizontal and one vertical) of the earthquake motion at the site at frequencies
between 2 and 10 Hz exceeds the corresponding SSE design response spectrum or 0.20 g,
whichever is greater,

and

e (CAV check: The computed standardized CAV value from any component of the free-field
earthquake record 1s >0.16 g-sec. (See the first bullet in the list in Sec. 6.4.3.) The procedure to
calculate the CAV 1s in Sec. 6.4.1.

B 9-2 &4+ ANSI/ANS-2.23-2016 Rf >+ SSE 4z 4% 2_ T_%

Note that the threshold CAV value used in the SSE exceedance criterion is the same as for the OBE case.
This conservative value is selected because a higher value more consistent with an SSE design level
higher than the OBE was not determined in the referenced studies.

B 9-3 & 4% ANSI/ANS-2.23-2016 A ** OBE v SEE Az 4% ¥_& 2_ f23%
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