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Abstract

After the Fukushima nuclear power plant accident in 2011, the U.S.
Nuclear Regulatory Commission issued a request to all NPP owners for
executing the seismic hazard analyses again at their sites using present-
day methods and guidance. Expedited Seismic Evaluation Process,
Seismic Margin Assessment, and even Seismic Probabilistic Risk
Assessment could be performed depending on the new seismic hazard
results. At first, this project will collect, study, and summarize two SPRA
reports of US boiling water reactor NPPs, as well as their peer reviews
and USNRC comments, and then will collect, study, and compare the
standard-related technical elements and supporting requirements used in
peer reviews. Key regulatory suggestion will be proposed for reference
in domestic regulation and review.

The Electric Power Research Institute and the Nuclear Energy
Institute of the United States have established a series of technical
guidelines for the seismic safety analysis of nuclear power plants, in
which the SPRA is regarded as an essential basis for nuclear safety
evaluation and regulation. Among these, the fragility analysis of
structures, systems, and components (SSCs) plays a central role, as its
results directly affect the accuracy of the Seismic Core Damage
Frequency and the Seismic Large Early Release Frequency. To enhance
the technical capability of domestic nuclear regulatory authorities in
fragility analysis, this subproject conducts a systematic study and
comparison between the Monte Carlo Simulation (MCS) and other
fragility standard deviation evaluation methods, establishing an
analytical framework applicable to seismic safety review and validation.
A reinforced concrete shear wall is analyzed with the MCS method and a

maximum likelihood function in this work. It 1s demonstrated that our
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established analysis method can give rise to reasonable probability
parameters used in the fragility analysis. It is expected that the analysis
method developed in this work may be of assistance to the nuclear safety
regulatory committee for the review of nuclear power plants.

Whether our country’s NPPs are in operation or decommissioning,
they must confirm the SSCs related to the safety of spent fuel and other
SSCs related to nuclear safety in the NPP according to the status of each
nuclear unit. In order to keep in line with international standards for
seismic safety, it is still necessary to continue to invest in research and
master the latest international reference standards for seismic evaluation
of SSCs of NPPs during operation or decommissioning. Therefore, this
sub-project will collect, compile, and analyze the latest version of the
international reference standards and analysis methods for the seismic
performance design of SSCs of NPPs, in order to understand its updated
content and differences with past regulatory methods, as a reference for
the regulatory structural safety of domestic operating and
decommissioned NPPs.

This project aims to explore the development and recent updates of
Japan’s seismic design standards for nuclear power plants, focusing on
the formulation methods of the Standard Seismic Motion (Ss) and its
application in practical design. The study was motivated by the
comprehensive revision of Japan’s seismic safety regulations for nuclear
facilities following the Fukushima Daiichi Nuclear Power Plant accident,
particularly the “Review Guide on Standard Seismic Motion and Seismic
Design Policy” issued by the Nuclear Regulation Authority, and the
technical evolution of the JEAC and JEAG series standards. The report
reviews the classification system of nuclear plant facilities (Classes S, B,
and C) and their corresponding performance requirements, explaining
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the differences in seismic force evaluation, elastic design earthquake
motion (Sg), and load combination criteria among different importance
levels. It further analyzes the process of establishing the Standard
Seismic Motion, including modeling approaches for specified and
unspecified seismic sources, response spectrum formulation, site
amplification effects, soil-structure interaction, and the quantification of
uncertainties. A comparison of the JEAC4601 series revisions from 1970
to 2021 highlights how Japan has incorporated advances in seismic
observation and analytical technologies—such as PSHA, three-
dimensional finite element modeling, and the evaluation of long-period
ground motions. Ultimately, this study integrates Japan’s seismic design
policies, technical codes, and ground motion modeling methodologies,
serving as a reference for the seismic design and safety review of nuclear

facilities.

Key words: Probabilistic Seismic Hazard Analysis, Seismic
Probabilistic Risk Assessment Report, Supporting Requirements, Monte
Carlo Simulation, Log-Normal Distribution, High-Confidence Low-
Probability of Failure, Maximum Likelihood Estimation, Reinforced
Concrete Shear Wall, Finite Element Analysis, Seismic Design, Seismic
Safety Evaluation, Standard Seismic Motion, Seismic Design for NPPs,

Nuclear Regulation Authority, Japan’s Seismic Design



ACI
AISC
AMP
ANS
ANSI
ASCE
ASME
ASD
ASTM
AWS
BDBE
BDD
BE
BWR
CC
CCSN
CDF
CDF
CDFM
CDPM
CEUS
CGS
CI
CMTR
COV
DBE
DCPP

American Concrete Institute

American Institute of Steel Construction
Aging Management Project

American Nuclear Society

American National Standards Institute

The American Society of Civil Engineers
The American Society of Mechanical Engineers
Allowable Strength Design

American Society for Testing and Materials
American Welding Society

Beyond Design Basis Earthquake

Binary Decision Diagram

Best Estimated

Boiling Water Reactor

Capability Category

Central Coast Seismic Network

Core Damage Frequency

Cumulative Distribution Function
Conservative Deterministic Failure Margin
Concrete Damage Plasticity Model

Central and Eastern United States
Columbia Generating Station

Criticality Importance

Certified Material Test Report

Coefticient Of Variation

Design Basis Earthquake

Diablo Canyon Power Plant
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DGB Diesel Generator Building

DRS Design Response Spectrum

ECT Emergency Cooling Tower

ECD Electrical Contact Device

EES Experience Earthquake Spectrum

EGC Exelon Generation Company

EN Energy Northwest

EOR Engineer Of Record

EPRI Electric Power Research Institute

ESEP Expedited Seismic Evaluation Process

FE Finite Element

FEM Finite Element Method

FIRS Foundation Input Response Spectrum

FRS Floor Response Spectrum

F&O Fact and Observation

F-V Fussel-Vesely

GMC Ground Motion Characterization

GMI Ground Mmotion Incoherence

GMRS Ground Motion Response Spectrum

HCLPF High-Confidence Low-Probability of Failure
HEP Human Error Probability

HFE Human Failure Event

HLR High-Level Requirements

HRA Human Reliability Analysis

HVAC Heating, Ventilation, and Air Conditioning
IAEA International Atomic Energy Agency

IEPRA Internal Event Probabilistic Risk Assessment
IPEEE Individual Plant Examination of External Events
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IHS IPEEE HCLPF Spectra

ISRS In-Structure Response Spectrum
JEAC Japan Electric Association Code
JEAG Japan Electric Association Guide
JNES Japan Nuclear Energy Safety Organization
LB Lower Bound

LERF Large Early Release Frequency
LHS Latin Hypercube Sampling
LLNL Lawrence Livermore National Laboratory
LMSM Lumped-Mass Stick Model
LOCA Loss of Coolant Accident

LOOP Loss Of Offsite Power

LOSP Loss of Off-Site Power

LRFD Load-Resistance Factor Design
LS Limit State

LTO Long Term Operation

LTSP Long Term Seismic Program
MACR Maximum Averted Cost-Risk
MCS Monte Carlo Simulation

MLE Maximum Likelihood Estimation
NAPS North Anna Power Station

NCR Non-Conformance Report

NDE Nondestructive Examination
NEI Nuclear Energy Institute

NEP Non-Exceedance Probability
NPP Nuclear Power Plant

NRA Nuclear Regulation Authority
NRC Nuclear Regulatory Commission
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NRMCC Nuclear Risk Management Coordinating Committee

NRR Nuclear Reactor Regulation

NTTF Near-Term Task Force

NUSC Nuclear Standards Committee

OBE Operating Basis Earthquake

OWST Outdoor Water Storage Tanks

PBAPS Peach Bottom Atomic Power Station
PDF Probability Density Function

PF Performance Frequency

PGA Peak Ground Acceleration

PG&E Pacific Gas and Electric Co.

PNNL Pacific Northwest National Laboratory
PPRP Participatory Peer Review Panel

PRA Probabilistic Risk Assessment

PS Pump Structure

PSA Peak Spectral Acceleration

PSHA Probabilistic Seismic Hazard Analysis
PSR Periodic Safety Review

PWR Pressurized Water Reactor

P&ID Piping & Instrumentation Diagram
QA Quality Assurance

QC Quality Control

RB Reactor Building

RE Reference Earthquake

RIPB Risk-Informed and Performance-Based
RLE Review Level Earthquake

RMSRE Root Mean Square Relative Error
RPV Reactor Pressure Vessel
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RRW Risk Reduction Worth

SAF Site Amplification Function

SAMA Severe Accident Mitigation Alternative
SAF Safety Analysis Report

SC Steel-Plate Composite

SCDF Seismic Core Damage Frequency

SDB Seismic Design Basis

SDC Seismic Design Category

SEI Structural Engineering Institute

SEL Seismic Equipment List

SF Scale Factor

SFA Seismic Fragility Analysis

SFP Spent Fuel Pool

SG Safeguards Building

SHA Seismic Hazard Analysis

SIET Seismic Initiating Event Tree

SLERF Seismic Large Early Release Frequency
SLOCA Small LOCA

SMA Seismic Margin Assessment

SMR Small-Model Reactor

SMRF Special Moment-Resistance Frame
SMRP Senior Management Review Panel
SOV Separation Of Variables

SPID Screening, Prioritization and Implementation Details
SPRA Seismic Probabilistic Risk Assessment
SPRA Seismic Probabilistic Safety Assessment
SR Supporting Requirement

SRSS Square Root of Sum of Squares
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SSC
SSC
SSE
SSEL
SSHAC
SSMRP
SSI
TES

TRB
TRS
UB
UHRS
UHS
USNRC
V/H
V&V
WUS
ZPA

Seismic Source Characterization
Structure, System, and Component

Safe Shutdown Earthquake

Safe Shutdown Equipment List

Senior Seismic Hazard Analysis Committee
Seismic Safety Margin Research Program
Soil-Structure Interaction

Test Experience Spectrum

Time History

Technical Review Board

Test Response Spectrum

Upper Bound

Uniform Hazard Response Spectrum
Uniform Hazard Spectrum

U.S. Nuclear Regulatory Commission
Vertical to Horizontal

Verification & Validation

Western United States

Zero Period Acceleration
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F3 R g AF P AR R R E B BT h AT
TAGF AR Rd | L2 B BT A NEA PR RTE R
FIPEEIF AT EAFEARL PR RSO ERTIEER
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PEALRRTARKITRA 0 T sy R RS RIS % 0 1981
EoRFIEXAFEHAA(FL R BREABRRIF A
) A AP RN RG AP R kyy o fe £ F Adpé 0 JEAG
i F) 2 24 1984~ 1987 2 1991 EEF L T M A E R B AKE - 3F
PR EEITHGEN G 0 N F P L ARER -
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FEE ek > FF T 2008 £ 4 M BRI H BT ENF 0 T

W

37 02007 #

(i # T Rt R R £4) (JEAG4601-2008) © I P > R
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R EER
- A~ 2 B BWR £ 7 & SPRA § 7+ % b2 # 47
(=) #HFt

1 2023# 97 27p 51k 0 FREF 54 APT K 94 304k
oy FEE Y > H P o5 31 IR F A KN F R E (Boiling Water
Reactor, BWR) » 61 84k * B -k ;% & & B (Pressurized Water Reactor,
PWR) » & 2R3k * B i -k F & B (Pressurized Light Water Reactor,
PLWR) o i## @ 794 3425 187 K?ﬁ;ﬁﬁ MEx 1317 ‘*Mﬁlﬁ'f

¥ 2% 0 30FRALEFAE 5 % 33 0 27 I G i (screened out) 0 A 1
Bk F B EPE AT

RE ¥ % T Bk & » (screened in) % 1 #eh 18 M w @

1532z PWR 3 3302 BWR gFRpHEE » 5 1
A E e LA F R EAN AN A 141 4 & A3+ % E & Diablo
Canyon +% 7 B (DCPP)4= North Anna +% T #:(NAPS) % 2 3% PWR
% SPRA 2 k7% 54 NRC ch% & L AP frig & A
O(EEEE A 2024)

# 1-1 4235 Peach Bottom % % #+(Peach Bottom Atomic Power
Station, PBAPS) e17 2 ¥R #% % 12 2 Columbia % 7 #k (Columbia
Generating Station, CGS) 1 #8748 = 5 BWR 4 % - PBAPS ~ CGS v
BN - ~ 2 it #1534 1-2 - PBAPS &2 45— fuehk B R
A4 Ap e > CGS g BB p ) 8247 = Frehfa ™ o) BdRiT o Tt 0 &
£ R F 4% F PBAPS fr CGS 1 SPRA 4 ~ 7% & f- NRC

% bR L FFE e S
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11 ERs % 1HNERETE? P TR
WP pH
Cero ) pect FRRAE
1970/07/31 Robinson 2 PWR-3
1973/02/06 Oconee 1 PWR-L
1973/10/06 Oconee 2 PWR-L
1974/07/19 Oconee 3 PWR-L
1974/10/25 D.C. Cook 1 PWR-4
1977/12/23 D.C. Cook 2 PWR-4
1978/04/01 North Anna 1 PWR-3
1980/08/21 North Anna 2 PWR-3
1984/10/18 Callaway 1 PWR-4
1984/11/02 Diablo Canyon 1 PWR-4
1985/08/26 Diablo Canyon 2 PWR-4
1987/03/16 Vogtle 1 PWR-4
1989/03/31 Vogtle 2 PWR-4
1996/02/07 Watts Bar 1 PWR-4
2015/10/22 Watts Bar 2 PWR-4
1973/10/25 Peach Bottom 2 BWR-4
1974/07/02 Peach Bottom 3 BWR-4
1984/04/13 Columbia Generating Station BWR-5

212 2 WERY T RS IFBWRES 228 Rp T Rt i

FREEY TR

BIPM - ~ 2 R

Peach Bottom Atomic Power
Station 2-3 & * £ ® & B o &
1% 4 7] BWR (4016MWt)

28 ¥ 21973 2 10 % 25p B &
321974 70 2 p F PR

Pim By 2 3%plefx* 2R+ 2
2 7 eh% 43 BWR (1480MWt)
1891978 & 129 6 p
2801979 & 77 16 p E

Columbia Generating Station
R EFRHZRE 2PN 5
BWR (3544MWt)

H-#921984% 4" 13 p %Rk

P R 2 e ARE R
o 2% 6 %] BWR (3001MWt)
1 5.4 %2 1981# 127 28 p @i
25 1% %1983 &# 3% 15 p @

(= ) % R PBAPS 4r CGS 1 SPRA # £ & 45

PBAPS =" % F A 0§

A CGS 3 A WG e E
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oA B R e 3t 2015 &£ = & SHA 2 £ A73% & » ¥ & EPRI
¢ SPID # P|(EPRIL 2013a) > * #& 37 B R " frk 3t 4 % > # 5
GMRS & 1-10 Hz #f F = B AQE K- A% o FY0 » NRC & &
PBAPS 4= CGS # 7 SPRA > PBAPS 7 SPRA 3£ = *+ 2018 # =
= > CGS e SPRA 3F 4 & 3t 2019 # % = » % & ¥ NRC »

. PBAPS % %|(Exelon Generation, 2014) > B 1-2 ¥+ SHA £
#7310 GMRS » PGA 5 0402 g; B 1-3 ¥+ PBAPS vk T %
SSE > PGA 5 0.12 g- @ F a0t 7 >t § 14 aHF F % 3.7 Hz
2 {6 » GMRS 42 SSE ° % 1-10 Hz #f & # FI» - GMRS/SSE # <
B.5 % 3.06 (%10 Hz kx> 0.581/0.19) » GMRS .+ & 5 0.581 g (&
10 Hz /o) » #i& 9% SPID % 3 4r% 7 & > PBAPS A éF » » & L3 7
NEI =7 ESEP - 73 #7 4~ FI» (% > 10 Hz) - GMRS 42§ SSE - p*

“t > PBAPS =7 IPEEE HCLPF % & Z:#(HS)+ **® 1-5° PGA
0.2 go R 1-24cR 1-5» ¥ &v PBAPS 77 GMRS % [HS 2. + - ¥]
¢t > PBAPS & 34 {7 SPRA > 11 2 #* il e g A ang®ip o

2 CGS % |(Energy Northwest, 2015) > B] 1-6 ¥ 5+ SHA £ 373
w57 GMRS > PGA 5 0.2484 g ; B 1-7 &5t CGS sk T % SSE -
PGA 5 025 g- v #&H 1-6 ¥ 1-7- & 1-10 Hz s F & FIp >
GMRS ‘¢ 4z SSE > GMRS/SSE # + & 5 2.41 (& 3.33 Hz jw>
1.4474/0.6) » GMRS # ~ & 5 1.4474 g (% 3.33 Hz i) » #& CGS # &
r o R FMN (% 10 Hz) » GMRS 424 SSE - ¢ ¢t » CGS i
IPEEE HCLPF % & R #(IHS) 7+ ** | 1-8 » PGA 5 0.395 g o * & [§]
1-6 4@ 1-8 » & 3.33 Hz *#iT > CGS e GMRS % ** IHS o F]y* >
CGS 7z & 34 {7 SPRA » 11 2 * 3G Pl s Jr B 4E cn® 5 o
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Mean Soil UHRS and GMRS at Peach Bottom .
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@& 1-2 PBAPS #7+#|8 UHRS f= GMRS (Exelon Generation, 2014)
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0.25 T =T T —TT T T T

0.20

o
=
(92}

Spectral acceleration, g
o
[=
(=]

0.05

0.00 | | L]
10 100
Spectral frequency, Hz

Bl 1-3 PBAPS sk T » SSE (Exelon Generation, 2014)

30




Peach Bottom Units 2 & 3

As discussed in the May 9, 2014, letter (ADAMS ML14111A147), the NRC
considered the re-evaluated hazard and previous estimates of plant capacity
to conclude that this plant is safe to continue operating while additional

evaluations are conducted.

NRC staff used this preliminary graph, focusing on the 1-10 Hertz range, and
other information to determine whether this plant requires a risk evaluation

over the next few years.
The plant design safe shutdown earthquake (SSE) is

plant’s re-evaluated ground motion response spectri
and the NRC's GMRS is in green. If previous.

chown in blue; the
m (GMRS) is in orange

ign of a plant’s capacity

14

was considered for screening, that capacity (IHS) is s
As stated in NRC memorandum dated May 21, 2014,
these graphs will be discussed, as appropriate, in pul

own in purple.
(ADAMS ML14136A126)
lic meetings.

: )

Frequency (Hz)
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Spectral Acceleration (g)

Frequency (Hz)

== @= = Approach 3 (10-5)
==1 + Approach 3 GMRS

et Approach 3 (10-4)

@ 1-6 CGS #3418k UHRS f= GMRS (Energy Northwest, 2015)
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5% Damped, Spectral Acceleration [g]
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8] 1-8 CGS 7 IHS (Energy Northwest, 2015)

PBAPS = CGS ¢ SPRA fFF 24 & =T 5| Fw K NRC : (1)
SCDF {r SLERF ¢ & ¥ 4k » (2)7 3+ SCDF {v SLERF = i 4f
L > 3)Fx i SPRA B AZHIFE T chfcit 0 1 E () FER T R s Tk
LB R A FRBeehF d o SPRA 4F £ M4k A % 325 SPRA it
EEE > MERFFFALL ONRCETYRFLHALL cATRA
{7 PBAPS v CGS 9 SPRA £  F 7% Af- NRC ch3 4 R 2
AT o
1. PBAPS 4r CGS (7 SPRA # £ 2 P ¢hir P

SPRA 4F 4 - B dpdcit p efop 4o F AP 2011 & 3 7 11
PP AWGE PR RMEw2 S NRC # = NTTF » # = NRC #25 §r
BAlDE AR L AT T RELREIMHEE 4] R o NTTF
(NRC, 2011a)3# B - 22 RFA B F oo T § HH# > =
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BRE 2012# 30 12 p NRC & 455208 2484 0k £ 10 (Title
10 of the Code of Federal Regulations, 10 CFR)2z. Part 50 Section
50.54(f) > % 3 (NRC Letter, 2012a)& 3% & F > 1FE R % B 573
FHY T RIEE et ER o 29 10 CFR % 50 &R 2. T R
HT GG i%]fr-%'a,__ SV EFT J“)’@;%’T:}fgﬁ,  NRC eh& e p)
EATE R Faan RE TR -
g5 PBAPS 4r CGS i 4 EPRI ¢ SPID # |+t fi7er & 2 2

BE g ank A% > 3304 13 10 Hz2 B » GMRS 42 4133+ 4
i 28I SPRA-  SPRA H-A4|¢ LBk (7% 4 2P AiF
R R AT TR SSCrf SRS BRE UL ST
50.54(f) & RB|A I AP M TR R G o FHE T T
7 e PBAPS §v CGS ¢ SPRA#f 2 & = T3 4E & » 3 NRC 7 f34x *
mﬂi%l MeiE s HFAEER 10 E R fp SPRA 20 B Rl ek o
2. PBAPS 4 CGS 11 SPRA #£ £ 2. T3

PBAPS fr CGS 7 SPRA # £ % &7 5] Fxa» H NRC : (1)

SCDF 4v SLERF ¢¢ & ?}}%Jfﬂ e EER R E > (2)% 3 SCDF e
SLERF 13 ;2 g & » 3)#& % SPRA A2 BT E & edeid » & 3o (7
FAOPH B IR > 2 (DFERT R TikF 2 P A R B
78 o SPRA 2 i B p F ¢ 7 1 (1)3Ha SHA ehF > (2) SSC
i BAEFME O QPR R BF B frE MR % 5 122 (4) SPRA

kR 0 R LA HBhER o 30 % i NTTF 2.1 ¥ &
50.54(f) 73 & » SPRA 3R 2 %tk A 4% & SPRA B s 7 [ aueR o
csREFFFALLA -
3.PBAPS v CGS 9 SPRA# £ 2. & B & T foi b 7 I
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PBAPS {= CGS 7 SPRA £ 4 j& % = A 4cif 2 & p 5 > § =
S AR BT oRALF b o PBAPS A & £ R £ FHL 0 A BE
BERSFAF LA LT (T4 @ A <202 %2 9200
fps) B E F RBR 2% > 3 afi B eqfed E e 79}*»%%% o
CGS =2 3¥n > d B F 5 il 2§ £ 5 7 (Saddle Mountains
Basalt sequence) ¥) 525 & * i & RER T AE 4 ke o PBAPS 5
GMRS T &> F BB S/ PR S BRI PR S/A R

& (RB/TB/RW/MCR &5 &) enfid# gy 4]8k - CGS Hh T x4 6 &
# ey AR R A 2 441 R B R G o

PBAPS B % » i fgﬁﬁi%] » F J& 7 (Foundation Input Response
Spectra, FIRS) » /& & * 3> R jf &4 (PS) ﬂfr&f &4 Frokay (ECT) gud
BO(RL# 0 % GMRS)~ § & #3 # T4 % (DGB) su i (41 7%

SFO) R E PR F e (HE R ¥R EE) e PS AT

-\-1\1.
\m

Ry TRt (T3 408 CBRF v ) -

PSHA #* RIRHE] ~ 3+ & % 03] ~ ot F RFKE - T
T RiEE SERAEP Lo mEET S FEFun o REDT R o
PBAPS :f3-4t PSHA B % 7 SPRA #7Z «3f b * % » &4 FIRS -
B - RE R E PEE S fodB B # o PBAPS ehdn F A $5
BEHREWERIEG BRI iy T4 i R R
BHIRHY > BFH R T E AZARME S 1E-02 ~ 1E-03 ~ 1E-
04 ~ 1E-05 4 1E-06 1% #7 (HF) o #4g (LE)# 413 & -

PBAPS A # 3 1 (GMRS/FIRSI/FIRS2) & < ¥ % 4ci# & (PGA)
(100 Hz PSA)es £ B & 477 > B 1-9 » FIRSI 4p 4 >* GMRS » % %f
A %% 2 7 o FIRS2 4 4p & *> GMRS » FIRS2 £ 4|2k % 5% B il
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4 FIRS2 e B3 &5 o B #-2-3 /-kR T 5 (V/H ratios) & *
kT GMRS fr FIRS k B # £ 8 ¥ # > L T fo & 3
GMRS/FIRS1/FIRS2 &t 7 ) 1-10 o
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PBAPS #4342 & % thi & rg,r;gm ARARFRRRE R
BAttdpP ¥ R RAR R BHAcL BT F RIATR O REL 5
$2 PGA (100 Hz) fv 1 Hz PSA e% F£ 22 F b %

CGS &~ @ BFrEiET PSHA - % - FFE A CGS #Huy £ T 5
1,300 & ¢ RRZ P ERINETEIFRE RA G 0 A x TS A
B 53 5% % (PNNL) % % M JRivie 7 584 PSHA (SSHAC-3)-
e FZFFEME 2 PRI S I EcH TP RS R
Mo T RT A AE oA 2 I 0 B CGS Hrak engd 5ot
AT o RIS HF R E 2T AT PR GET S  E CGS
Tl R e TR -

CGS =2 A £ BN 4+ gendm ] g T F g % (Uniform Hazard
Response Spectrum, UHRS) 7 »* 8] 1-10 - CGS # # 4] gLk T 10-
E4 ~ 10-E5 UHRS 4= GMRS 77 ** ®] 1-6 - CGS #-xt 7 SPRA & *
* 2 dg (%4 E)25HZPSA G B AT R S 4of) 1-11 47
7 o CGS 1 B b FF M35 A8 4 44 240 10-E5 UHRS » 4-F]
1-12 #55F o

FrolF A AT enac g B A TR T B i L R E A BT 4 )
# s 02 G/Gmax fr fREMFF L R AT L AL

1 5% ¢12.5 Hz PSA %1 o a7 B A ¥7+ o7 | Fhtc+ ki
K HHE 5 % 2 10 Hz 5 GMRS 4= UHRS £ 3 P BMERE wig

PBAPS {= CGS 7 PSHA & 72 [ (7% & » SPRA » rifdi
U IMEFF TS - 23R FFAT IR FFASEE &
R >FwmiE R PSHAFE ¥ 147 * 3> SPRA o



Mean Annual Frequency of Exceedance

Spectral Acceleration (g)

1.E+01

1.E+00

1.E-02

- "le-
— "e-4 |
— "le-
—"1e-6

— "1e7

3

5

1.E-03
0.1

LOE-02 -—

10£-03

1.0E-04

1.0£-05 1

—

S PO, NP R o,

1.0£-07

1.0e-08

Bl 1-11 CGS 43 Bherrk T 1 222 B o & (2.5Hz » 5% LR )

0.1

Frequency (Hz) 10
B 1-10 CGS %% 353 & T & J&3¥# (Energy Northwest, 2019)

100

— N 0 S0

5th Fractile
16th Fractile

50th Fractile

= « =B4th Fractile

95th Fractile

th S ¥ ol S bl

SA(g)

(Energy Northwest, 2019)

38



3.0

e Horizontal

e \/ertical

25

n
o

-
o

Spectral Acceleration (g)
[ &)

0.5

0.0

0.1 100

Frequency (Hz) 10
B 1-12 CGS %+ ghevk T fed-8 10-E5 UHRS (5% FE L )
(Energy Northwest, 2019)
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BRER o RFWEEFRE BN RApT B R
oo f3EE RBaldeal o RehT i 0 10 E B R T SR AR
B de e 2 HIT AR o $F A i H anle e (T L ehi AR (walk-
by) s WAHRBH A B > UAEERD PR CE kG F AP A
Lo AP RE R4 o - kW AR A R o 8
{# & &~ o SPRA 4% 421 ASME/ANS RA-Sa-2009 {
F (2013) Rk i M e iy a1 & R o
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feaifr#lz )~ &0 3 T A > (DGB) Bf &4 A R (ECT) e & f
BHMPS) o i R B ART- AR SSI A4 BRAFEL H A
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% 1-3 PBAPS SPRA 1£% #

* ;% (Exelon Generation, 2018)
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A~ FIrEAE LR /8 R ~ 4 ok E 2 (LOCA) ~ fod 2 ¢k F (LOSP) «

CGS ¢ SPRA 33 AP I B Hfr B /22 AP I &8 204 4p 003K & ek
TR 24P o F BER S ~ RBEERIFATIRS TP R
Hedg & 5 A AR S 3R AR B a4 o

CGS 18 % =2 kye ¢ 5 & SPRA ¥ thp 3mE 2 4 4 4

S

¥ # (Human Failure Event, HFE) > % SPRA 3 4c g ¢t 78 > 11|73
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T A B BT A 518 0 % 0 CGS ¢ SPRA #4474 Frideigh L ki

40 fEBR e A R VR o B B IRER

» BN IR bt BT E 2R 2R o B A BV RS R e
N A2 DiE A S SR R L.

PRy ol kR 0 CGS a9 SPRA $475 Frileiik K ik

B0 2 AR RRPR ST D] PRA 2 f0anE R & 8k X

EETOERBIR REDGE Y P B EEHE 50 BN IRE
KB o CGS A gg 3 7 33 e IRE R BR > W 49408k SPRA

WY HE R EE o

P VR B Rt CGS T R B SEL SSC 2% 7 4 4f
M3 e > SPRAZH-425 B 4 43 2 « FRANX 42 * *:# & CGS
e BRRICTRE B0 B e » FRANX 42 7 » ¥ ¥
7] CGS SPRA ## BB Bt P chfh A 2 > izt § 240
FRPAIFHEEE S T SSC B - AR5 * FRANX 4.2 9
XINIT # ¢ & # 7530 B4E Mt > @ * PRAQuant 5.2  * FRANX
¢ 2851 SPRA » #55 # * PRAQuant 5.2 2 % SPRA *» 2| & » ¥ i¢ *
ACUBE 2.0 # # SPRA % % -
(2) SPRA ¥ R T RUBHERA cnpijie & B 42

PBAPS {r CGS SPRA 1 R % i F &= 2 fra 71345 PRA #
B (ASME/ANS, 2013)srip Bl & Fie 7>k 73 4 - F 7% 23R
A e 7% A SR D rdZar T PBAPS {r CGS SPRA i & 7
FoF B~ 17 & 24 SPRA B -
B) ¥ b GehE

PBAPS 1 SPRA & * 117 % 2 £ (* 2 23R F BEA T AT
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SCDF 4 SLERF - B 3 £ {* #7404 451 & ¥4 ACUBE - =%
Bl (BDD) #x %8 3 35 «-» EPRI CAFTA #: 48 £ i - PBAPS SPRA #4] ¢
B afcei > M (&% Ra) 2 REE (&
BLHLR) fr ok SR B e BE 5 R bk o il
PRAQuant i 7 # it » PRAQuant ¥_# B CAFTA # % £ & chfp 8
Fhoo T b d M BBk (T ER AT AER
B R #c) 0 #* BDD jF ¥ 2 ¢5 ACUBE #cd8 * S H03 £ 10 » 1Y
E# % CDF b ‘% chE § 356 o

CGS SPRA i * PRAQUANT 5.2 ~ FTREX 1.8 4~ QRecover 2.08
£ it EHCY o FTREX 24 SPRA *» 3] & > QRecover % * *»
BB (8 EIEARR] o 4245 B 1 {5 > ACUBE 2.0 & 2 § Hgeh 5% i
FERG > 2 A2 £ 8 A o & CGS SPRA ¥ > i¢ * QRecover 2.08
PRARARAR P L FE AR T R A7 nip 24 47 o SPRA & it #rig *
fc kg ¢ i 8 CGS M sk Jcimfeensd 4 o
(4) SCDF 1% %

- R PBAPS 2 B fr 3 B e L Hf e o H A
PBAPS 7 SPRA %77 2 5.4r 3 5.4 2 T 35 SCDF ehgh iz 2+ & % 3
21107 /& > BErg R 5 1x10°/& 3 Ix107°/& » Bodar § i o
PER%SET o £ 1-67]0 PBAPS 2 i ® & 4% % ¢ SCDF >
¥ ORAELE 2 %G5 ~ %G6 {r%G8 £ SCDF i & F Rtk » 3 Hiih
B2 K4 E 2 SCDF &2 2 548 e g i o
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4+ 1-6 PBAPS 2 554% & % K 4% 2 ¢riSCDF (Exelon Generation, 2018)

{7 Seismic
Hazard Interval Interval CDF % of Total Cumulative
IntervalBin Description Frequency (/yr) (/yr) SCDF SCDF (/yr)
%G1 %G1 - Hazard Curve: PBAPS Hazard Curve - 47604 3.6E-00 0% 3.6E-00

PGA Range: 0.05g to 0.2g

%G2 %G2 - Hazard Curve: PBAPS Hazard Curve - 4.2E-05 5.7E-07 39 57607
PGA Range: 0.2g to 0.3g

%G3 %G3 - Hazard Curve: PBAPS Hazard Curve - 1.8E-05 1LBE-06 8% 33606
PGA Range: 0.3g to 0.4g

%G4 %G4 - Hazard Curve: PBAPS Hazard Curve - 9.5E-06 3.9E-06 14% 53606
PGA Range: 0.4g to 0.5g

%GS5 %G5 - Hazard Curve: PBAPS Hazard Curve - 5 GE-06 4.5E-06 21% 9.7E-06
PGA Range: 0.5g to 0.6g

HGE %G6 - Hazard Curve: PBAPS Hazard Curve - 4.7E-06 B.IE-06 20% 1.4E-05
PGA Range: 0.6g to 0.75g

%G7 %G7 - Hazard Curve: PBAPS Hazard Curve - 3 76-06 3.5E-06 11% 1.6E-05
PGA Range: 0.75g to 0.9g

%G8 %G8 - Hazard Curve: PBAPS Hazard Curve - 5.3E-06 2.9E-06 33% 3.1E-05
PGA Range: > 0.9g

# 1-7 7] 3 PBAPS 2 5.1 & SCDF i& Fussell-Vesely (F-V) £ &
K ¥ F i1 SSC o SSC % 4 149 SCDF F-V @ 8 253 & B b ' % A7 3+
Beni ip SSC F-V Eedefffr o F %+ > ACUBE #iid8 2 24 B4t &
& [+ (Criticality Importance, CI) k & & & KB~ F-V o CI §= F-V i8]
£

—\

Al P EY ARLT > H L Bl K P R s v P hiE Pk
| £ 3§88 B e o SCDF e 8 i i ¢ (1) # % # T (Offsite
Power, OSP) > F] 53+ R 2 %3 Vit BRF T R L 22 - (2) 125
VDC % # % » F14 %75 125 VDC cff i3t § EREH T M2 T F
% o (3) Conowingo "k # # & B (# * it k) Conowingo = #i
B PBAPS & * st 2 in Tk o (4) A 342 T ®G 0 H K EDG
2T % o (5) REE R 359A 0 $x4F EDG 7 ¥ 4t o (6) DIG %
R B 5 4 0(AD)C479 > 35 F L & EDG b 54 4r3 7
* o PBAPS 3 5. % SCDF F-V £ & R £ F 1 SSC &2 2 5 48 e 4p
o A = 24pk o ¢ » PBAPS 2 %48 % SCDF i F-V £ & A&
Bimw AR FHELHAR SRV i + g & B> ML

#4 LOOP ¥ (5 e RPV R F B -
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# 1-7 PBAPS 2 5°.1#% 2 SCDF=F-VZ & & (Exelon Generation, 2018)

FRAGILITY GROUP ID | FRAGILITY GROUP DESCRIPTION FV TOTAL Am (g) | Br Bu Failure Mode | Fragility Method
QosP Offsite Power 9.81E-01 0.3 0.30 | 0.45 | Functional Representative
S-DCBT1- DC Batteries 2(A-D)D01, 3(A-D)DO1 1.20E-01 0.73 0.28 | 0.52 | Anchorage sov
S-CNWG2- Conowingo Hydroelectric Plant (OSP) 4.42E-02 0.3 0.30 | 0.45 | Functional Representative
S-CEPA1- Panel 20C003, 20C004C, 30C003, 30C004C, 00C29(A-D) 3.81E-02 0.82 0.28 | 0.37 | Anchorage sov

Correlated Relay Chatter Group 359A (52B-TDS5 relays) (All EDGs - 1.07E-02 0.98 0.30 | 0.43 | Functional Sov
S-CC359A- Unrecoverable)
S-DGPA1- D/G Room Supply Temp Control Panel 0(A-D)C479 6.78E-03 0.86 0.24 | 0.32 | Functional Representative

#,13 CGS ¢ SPRA % 7t T #5 SCDF ¢hgtfz 2+ 5 2.0x107/
E o @ 1-13 h 4 BT L4 RALTF ©H14 5 SCDF Fxvt ) -
%G07 % %G22 & SCDF i & il » ik 7 34 SCDF £ 83%:
1 o SCDF hfh:F PR kg ? B RER RO RE
PB4 FhE A HEF o iE i CDP i 5 gk chi BE 2 E
B g% CDP > (23 4 47 & L o

CGS % 1995 # 1 RLE RZ:# (0.5 g PGA » 2 & SSE)# {7
IPEEE > {# SCDF 3 2.1x107/& - % 2004 & > F]{ #75 F 348 >
@ SCDF 3 6.67x107°/& - {2007 # 4= 2010 # > ] SPRA o 3%
TR T R AANAFF LA ¥ SCDF & 5 5.24x10°/# 4
4.9%x107°/#& - B 1-8 e51 CGS T i k # HCLPF % £ &3 (IHS) i i
%2010 # 7 SCDF (4.9%x10°/# )> PGA 5 0.395 g» ¥ SSE 1.6
Boo gt Pty B R AcEk T PGA £ AW s > ¥ SCDF 3
8.5%107"/# (Energy Northwest, 2015) = 4 = e% % SPRA ¥ SCDF
5 2.0x107°/# » F3 2010 £ H4.9x10°°/& » 384k F]E 37 PSHA
S T R S E PSHA b 4o 1-14 #571 o
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B 1-13 CGS 113 & E 4% # 4] 4 ¢ SCDF TE‘}]% L)

1E-02

1.E03 -

Annual Frequency of Exceeaance

1.E07 -

1.E-08

:

1E-05 -

1E06 -

0.01

(Energy Northwest, 2019)

|| ——Old PSHA (NRC, 2010a) |
| ——New PSHA (Bechtel, 2015b)

01 1 10
Acceleration (g)

Bl 1-14 37% PSHA ¢hPGA £ 3 B o 5

(Energy Northwest, 2015)

58




CGS 1 ACUBE & B 42 € & 4 (Criticality Importance, CI) >
#AF-V> 3 K#cidini - CGSHLALF-V - 515 v 4 ¥ PRA { ;
BE m#ﬂﬁﬁl o % 1-8 7141 CGS SCDF i F-V £ & R K e 5 B

3

Fil)

SSC:(l) &4 g » Flar AF LG P ERFPTRL 20 (2)
THWE 4 TRRAIWIFTEEV L HPCS w8 - 87 &3

BRA-M R T @& % o L ki T Red & mT LSBT

HPCS % 2 frehd & %k o (3) CGS S H# 1 3SR 4 ~ 1T 48
ok BB S 0 W RT /A FE R 0 2 Bl R

Lo BRI E SRS EL E RERG G S D ig st
R o (4) R /AAUR S DT R e B I
PR eERET2MM AU NI MTRE L o (5) TR o

TF 4o 8F » &6 5 BT % ¢ A RFAchp R34 L L2 AP

FoBM oM P e F PO HVAC 57T o

% 1-7 CGS SCDFF-V£ & & (Energy Northwest, 2019)

T} 7L pa ;\}/
fo it 2 F RN F-V - Br | Pu . I >R
% £(g) st |
SN 50E-1| 0.53 [0.35/0.45| LOSP | % %

Chatter Group 4 - E-MC-4 = # 24E-1| 285 |[0.20]0.81| CH SOV
CGS B4 © Feaf i R 4 /i b
ok BER >

RWCB % #2467 7 #3247 9.5E-2| 1.53 |028(048| * % | SOV
T 4P s TF{e8F 84E-2| 1.00 [0.29(0.87| FF SOV

15E-1| 43 [0.16/0.79| N/A | SOV

(5) SLERF 1% %

PBAPS #4 {7 ¢ SPRA 87 2 ¥i{v 3 L4 o T 35 SLERF gk
PEA NG 40XI0° /£ fr4lx10° /& > BETRE R 5XI07/E 3
1x107%/# 8 ¥ R AT 2 SLERF %5304 1-8 » ¥ 2K
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4% #%GS ~ %G6 ~ %GT %G8 L SLERF 13 & i > 3 4
w2 B45E % 0 SLERF £2 2 554 o 4 02 -

#. 1-8 PBAPS 2 5548 % % E 4% ¢ erSLERF (Exelon Generation, 2018)

e Interval
I
Hazard Description Frequency | Interval LERF (fyr) | % of Total SLERF Cumulative SLERF
Interval Uyo)
1D (fyr)

%G1 - Hazard Curve: PBAPS Hazard

%G1 | Curve - PGA Range: 0.05g t0 0.2¢ 4.76-04 2.0€-10 0% 2.0E-10

%G2 - Hazard Curve: PBAPS Hazard

%G2 Curve - PGA Range: 0.2g to 0.3g 4.2E-05 3.5€-08 1% 3.6E-08
%G3 - Hazard Curve; PBAPS Hazard

%G3 Curve - PGA Range: 0.3g to 0.4g 1.8E-05 1.2€-07 3% 1.6E-07
%G4 - Hazard Curve: PBAPS Hazard

%G 9.5E-06 2. 4E-07 6% 4.0E-07

Curve - PGA Range: 0.4g to 0.5g

%G5 - Hazard Curve: PBAPS Hazard
%G5 Curve - PGA Range: 0.5 to 0.6§ 5.6E-06 4.8€-07 12% 8.8E-07
%G6 - Hazard Curve: PBAPS Hazard
%GE | Curye - PGA Range: 0.6g to 0.75g 4.7E-06 7.8E-07 20% 1.7E-06

%G7 - Hazard Curve: PBAPS Hazard

%67 | Curve - PGA Range: 0.75g to 0.9 2.7E-06 6.5E-07 16% 2.3E-06
%G8 - Hazard Curve: PBAPS Hazard
%GE | curve - PGA Range: > 0.9g 5.3E-06 1.7E-06 42% 4.0E-06

% 1-9 7] PBAPS 2 %.1% % SLERF % Fussell-Vesely (F-V) &
% & 45 0 SSC o SLERF 73 5 @ F i 1 (1) & 4 ¢h T - F] 5 &
BREEAG Vo KRBT IRL 2% (2) SCRAM (RPV p 30
%): #15 SCRAM ¥ % chjpid 4 »c ¢ ERFIEM KX E % ok H
P L (3) 125 VDC T4 0 F1E G 125 VDC ehff 248 & iR B
BT R2EEE - (4) Conowingo 'k # % 7 Fi > Conowingo * 35} &
PBAPS & * ot 2in Rk o (5) BIreag sh ek 4 > #F 3% RCS &3 4
EREP AL 19 ¥4 v B SPRA 2w ¥ 493
TRA M 3*E @S, ¥ ¥ SLERF # F-V >5x10° » 134
ASME/ANS PRA #£#12013)%.% 5> "€ < b 4 , -PBAPS3 8ii4%
SLERFF-VE& B ESSCE 25 eipin > 72 2 24k o M
‘b » PBAPS 2 %.# % SLERF i# F-V £ & B 5 cran 7 5 A B $ (7
T TR &2 L dfed RCIC (24 fxd ) ~HEiTR A pig 4KV
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%mﬂﬁ?ﬁ~ﬁﬁﬁi&ﬁﬁ4ww3%@%%mﬁ~ﬁﬁﬁ%
v # CAD #5152 INS 'B' 92 5Lk i P& ~ {ofk (¥ B X 5y % FLEX
A4 B LCEI124 s E324 % o

# 1-9 PBAPS 2 5.1#% &2 SLERF=F-V£ £ & (Exelon Generation, 2018)

FRAGILITY

GROUPID FRAGILITY GROUP DESCRIPTION FV TOTAL Am (g) Br Bu Failure Mode Fragility Method
05sP Offsite Power 9.02E-01 03 03 0.45 Functional Representative
SCRAM RPV Internals (Scram) 2.10E-01 1.35 0.28 032 Anchorage CDFM
5-DCBT1- DC Batteries 2(A-D)D01, 3(A-D)DO1 1.26E-01 0.73 0.28 052 Anchorage sov
S-CNWG2- Conowingo Hydroelectric Plant (OSP) 5.11E-02 03 03 0.45 Functional Representative
BOC Break Outside Containment 3.87e-02 2.69 0.35 0a Anchorage CDFM

SML Seismic Induced Medium LOCA 3.12E-02 2.69 0.35 04 Anchorage CDFM
5-CEPA1- Panel 20C003, 20C004C, 30C003, 30C004C, 00C29(A-D) 2.65E-02 0.82 0.28 037 Anchorage sov

S-PCI2 Primary Containment Isolation (Inboard and Outboard MSIVs) 2.45E-02 218 0.24 032 Functional Representative
S-CEPA7- Panel 20C32 (U2 Engineering Sub Systems | Relay Cabinet) 1.42E-02 0.83 0.24 032 Functional Representative
S-CNCT1- Condensate Storage Tank 20T010, 30T010 1.38E-02 0.5 0.24 0.32 Anchorage CDFM
5-5GTK1- SGIG Nitrogen Tank 1.16E-02 0.78 0.24 026 Anchorage CDFM
S-CEPAG- Panel 20C39 (U2 HPCI Relay Panel) 1.15€-02 0.83 0.24 032 Functional Representative
S-CC190A- Correlated Relay Chatter Group 190A (52B-151N relays) (EDGs A and D - Recoverable) 9.18E-03 0.82 0.3 039 Functional sov

S-CEPAS- Panel 20C33 (U2 Engineering Sub Systems Il Relay Cabinet) 7.63E-03 0.83 0.24 032 Functional Representative
5-CC138- Relay Chatter Group 138 (150G relay) (4KV Bus 20A15 - Recoverable) 7.21E-03 0.78 03 043 Functional sov

5-DCBS6- DC Panel 2(A-D)D17, 3AD17, 3CD17, 3DD17 6.20E-03 1.46 0.28 0.44 Functional sov

CGS # 7 ¢ SPRA %7+ L ¥5 SLERF 8L 25 & % 8.8x107°/
# o B 1-15 P4 Blor & 4 REAF # 4] 4 7 SLERF ?}*HL
bl > %G07 & %G26 ~ 14 2 %G46 A_SLERF e & F gx i » & i 3
R¥ % SLERF chf g1t b & SCDF i » 306 ek g

'n\

BRE®

1-10 7] 1 CGS SLERF i F-V € & B # & ¢ 5 SSC © (1)
CGS i > st i ~ T BfrF BER S > = BB &
FHAAEHZ ERERR BRI DEH S L - (2) &2 4
TOFAFRTERFFAERFNIT AL -B) R 10 d
ECD & » # 344 FIF o B A % 9130 0105 ) 4 [ % 22

Az B P o T REH T REE (FehB B¢ 32 RCIC &0

aay
{

—
Sl



Breo s gt s ge o RIEWIRRR SRR o (4) LI 4 B
BHAIHIFEEER T HPCS ) 8- A7 d BirHBRT & *
A SRR DR AR F T THE 4 DB
3] EMC-4 #8835 R B Ap T (v 7% B3 o (5) W SR A 1 A4
Fs ALY o BRI G ERE 2N el

R A o

%G26,2.1% ‘
%G25,2.3% ~ i LT c
_ /A = - _ e

B 1-15 CGS ¥ 2 E 4% 2 4] 4 7 SLERF ?i)}?c o
(Energy Northwest, 2019)
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#1-10 CGS SLERF:F-VE &£ & (Energy Northwest, 2019)

Foit 2 EBEN F-V B Br | B SR
2 RS 3 : | Bu
’ e 7 2(2) B | P

CGS B : LR & ~ AP

fok T B RS 49E-1| 43 |0.16]/0.79| N/A SOV
"8 PP ;L 3

P 26E-1] 053 [035[045] LOSP | # % 1+
Chatter Group 1 - A 4+ 2. ¥ 578

P a 79E-2| 2.12 [0.16/031| CH | SOV
F‘

Chatter Group 4 - E-MC-4 = #: 7.1E-2| 2.85 [020(081| CH | SOV
RWCB % #2467% #2417 < 5.1E-2| 1.53 (028|048 % | SOV

(6) SPRA £ it 17 fE T A 17
PBAPS fr CGS % & EPRI UNCERT(4.0 %)£* EPRI ACUBE(2.0
)it {7 SCDF 4v SLERF en%fic? FE T 430G > @ * 4p A & 7 4p B
FEF LG RAFFRE IR (AR R 2B RFEZ) kAT
R e A A M PR R A RS BAATE o
ARG ABR T AR B TSR EFRIL A=
SCDF 4r SLERF B~ 5 & % el & & {5 o
PBAPS # 7 #4177 » SCDF &k ~ #} 20,000 i » SCDF
95% e 15 2+ & 5 9.03x107°/# » SCDF 50% s 35 & 5 1.42x107/
# > 4* SCDF 1T 3298k 5 3+ 2.1x107° /& » SCDF 5%z 3+ & &
2.14x107°/& - SLERF ¢ A #F 15,000 f > SLERF 95%:hf% 3+ &
% 2.54x107° /& > SLERF 50% i 2+ & 5% 3.70x10°° /& » i€ 3%
SLERF T o8k i 2+ @ 4.0x10°/ & » SLERF 5% «h iz 2+ & 4
524x107 /& o
CGS &% FE A5 ¢ » #2483 20,000 % » SCDF 95%¢:h17% 3+

% 1.2x107*/& > SCDF 50%:= 2t % 3.0x107° /& o F ¢ » 3 %
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WA F]F 38 e 5 SCDF ¢nghfp 3t @ 2.0x107 /& > 3-8 )
SCDF 95%:¢n{ E & =3+ & 5 5.6x10” o SLERF 95%:nifz 3+ & &
4.4x107/# > SLERF 50%:hfs 3+ & 5 1.1X107/& o ¥ ¢b » & % 324
¥+ 3.9 # T ¥ SLERF gk i3+ @ 8.8x10°/& » 3+ & 41 SLERF
95%n{ B @ ip2tiE % 24x107° o

SPRA /£ B4 chie Bl frsfimsz » WAL &Y B b %
Fofiid- i o PBAPS % SPRA i i RIS 3 B LA 2 &
EPERY AN E O R 0 B R EE RS SRk
Bt ehg & > 4 Al g F SPRA £ 27 SPID - XK o
(7) SPRA # i chsg g B A ¥

PBAPS %t SPRA # Al (7atp A4+ > £ 3 14 B & %
Bl > A BE 84%Tr 16%H BT B w &~ A %G8 ¥ EL %G
B3 RAAE &3 125VDC T ek 4L~ i of b A i
PRET RE Am PR A F LR TR B ETAALNE
e e R REEF SR A d 187 > %G8 ¥ &
"% % ¥ (PGA > 0.9 g)%+ SLERF (T 328LiE 3+ @ 4.0x107°/& ) «f i
B 42% 0 BUGB L mA 5 6B /| B » BFATR R AT o TN
SLERF T 358k %3+ {5 4 4.83x107°/# > ifgéc 9 17% »

CGS %t SPRA #3lie Facg A~ 17> %3 10 BAgg & % &>
AR R R o s Bl AP 2 F'&m%‘/f;ﬁ“rﬁ A2 DT
T WER SRR JE SN s R W EAE Sl Sl S 5 S
ZASHL LI ARM U2 TFHF FHSSC F Y -

(8) SPRA BABH | fr & L chkir & ¥ %
PBAPS - CGS SPRA ik ' € i fri % 2 = 2 1345 PRA &
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®(ASME/ANS, 2013)enjp M & Rie 7=k "3 4 > F 7% 43
BILE e TF A% i § aJd2rr T PBAPS 4v CGS SPRA e &
THE &~ 17 £ 2 SPRA BT -
6. SPRA #F 2 chik3
PBAPS SPRA # 4 :h% = § 5 %% ° PBAPS © ix ff§ SPID ¥7|
(EPRI, 2013a)#4 7 SPRA » £1¥ 2 .4 %« SCDF % 2.1x107° /& >
SLERF % 4.0x10°/# ;3 5.4 % SCDF % 2.1x107° /& » SLERF
% 4.1x10°/#& - PBAPS 1 SPRA + {72 Rt ~ £ & P Ao
BRA o FAR R AL T AEAMAEEE T MR S

b R BRI R BR G TR YR B AAE o B AR

&

32

BRAT 2P A5 #3059 » SPRA 3|z ek & 7 21
t2 c PBAPS 97 SPRA % 3 e & ¢ 7 &fird|? ¥ g% A4 7 {1
e X TR L o > 1335 SPRA hA & (& &5 % h SCDF
fe SLERF &) iXF #RF BLTARF > » G FEEadlEmeia
PR T

CGS SPRA # 4 eh% = & 2 %% o CGS ¢ & § SPID # |
(EPRI, 2013a)3#4 + SPRA » %+ SCDF 3 2.0x107/# » SLERF %
8.8x107°/# o ¥ SCDF {v SLERF %% ¥ 4% » & CGS %4 &
T B FIAR N F&O » M Jeld@ Hrht b e $5 Hcen v G B0E o
(=) PBAPSfr CGS 7 SPRA F 7 % &

PBAPS 4= CGS SPRA # £ cr*if4 A G (7% 4 » €242
R AP0 R N g7 28 I LU
M A

4 A i SPRA (kR TR AR SR FF AT F oRR
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(F&O)% %% % » m%2 SPRA % iz NRC & 5 P £ s v ek
%O

(2) PBAPS - CGS t7SPRA F+ % &

4ol SPID (EPRI, 2013a)% 6.7 & & F > | {7

# &4%% NEI
12-13 (2012) 2 _& el (7% & 4% o H‘#Fl T SPRA HiFE 88 (7 %

B MAEFEAAAE T wIE RO o B F G A
ASME/ANS PRA 1£#(2013) % 584 (%

PR hE e F 0 F AP
¢ 45 SCDF 4= SLERF 0 SHA (3 &5 % )~ SFR (& B % #1E)

f= SPR (SPRAZ#) = * & 4 chftjF& 5 SR o
NEI 12-13 (2012) %_% 7 = #6453 ¢ F&O : (1)% 3.(findings)
TR R SR OB g i aE ] I A R R A iR AR o (2)2F 3R
(suggestions) > TrERE AL ARF VL& 0 w3 7 & fE

2 E
i+ & SR “R4E o (3)B« iE i (best practices) » T F pr 1 F AL B b
LR aFADE RIS G AL I

#Pﬁ?’ilvﬂwf °
5% & FP 4 SPRA R it 7 A A% & 0 £ 19454

BB ADEPFRED SPRA B LFLE N hE 6 o bod 3 &
ARERRES LR MG EFTIRE - 5T
w

RN 1 E 1 ﬁ*/ ’

T 0

.E
»
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FPE o g - PROAKBEERE NI AT F TR
F Rk AP T RAR R A T AR
BHER THATVA Y RERIGE R AR T LR
A BREE (DR RGE 2 2 A4 QEL R 68T 4 %ol
ST () LA RS S BF AT (DRFHRE S I Y &
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A
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Hp
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FofEg BED ARSI N AH - B HEY L
AT SRS R 2 2 SR 2 BB B o F L 1R AR B
e i FILE R R AP ] P R R AR
BRHEY LA GOBRRRE > CHEFABI R I FHAF G
SR R M2 BEM AN B HHEHRBESENL 4R

MEER s FR e R RREGE 247 E 3 ENE KR
FaRAHHE T P LR B FH AR (SRR
SR EFR S RE) LA ERERY B SR A
FEY PO HEERIFOL BN MRS R LB ERER
FHR BRI kR SRR AH

FoPFEY 0 LHRBEFF TR ENIFEEA 2 EmppsT
{7+ > &g £z EPRI TR-103959 (1994)%2 EPRI 3002012994 4% O
2 T4 ke T L AR G AR 0 F & 0 3 TR-103959 #i57
%1%%#@ﬁii$@ﬁ,%hmnABﬂéiﬁﬁ&%ﬁ%ﬁ
REZP R BREZIFHEFLFLR LT HRAS G LR F
o T EE MCS i 3£ RIZH% 2 $H#d bt &¥F > &3
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EPRI 3002012994 #7134 2 4p $5R 2 34 Ry 26 £2 2 4
AR MEBHEFEEF R MRS ERREEF TR RS
T W et Z a1 kuwmﬁﬁ“%i%%ogﬁﬁ%ﬁi
Boo AT RS S I AL g1 > it 2 2. MCS
Al E R -7 IR R 38 o

ZREBE G IR R T D BS e A E T 2
75 0 e MCS #TiB 5 2#k2 3 L84 - & * COMSOL #
ARG T s MECR s Y g i 75 &
W B L T i 4 (Displacement Control) > 3¢ 1% # 3 §¢
THEAE SR Fh AP AR (PGA) ~ B4 - %

SRR DV RER R R B S GARER 0 T

e E Bt AT 2 AR

PrREELTEFE T RERS T IAEAES B R
PEREEFAEY WA S e R B AR L BT ik
ﬁﬁ%&%ﬁ;,@ﬂ%ﬁzgﬁﬁw@ok%’W@%%ﬁiﬁ
TATE L RARE > R B R LAMR AP ELBE L R -
- R EVERMEEY B2 aR A FETFRINE

\\\?{.r

Feldw BREE > AMTLED - 2R FHPTAL o pHITARS
7 % 3> EPRI % 620 L LB BRZE 4 » 7P af 0 % St FPN 2T s
S % 2% 4¥ SPRA HjiFi®is 2 &
SRS ZHEACIFEERFLAGE S FL 0
TAERGFECERF2Z ARG M mE2 VT ik
FIE = 2 38 AP RR AR TR LR
B8 Fe— ) o
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A K - # I MCSHh R AL A - S #EPRI 71 4 £ 45 = DA BAFETH => St EFLER
# IR ETMEHE SAMATLABZE 3z 4 % 3 E 3 G AAM SR
1R JEEPRI% + SAMATLAB . ” PY e T 0 3t BRI
S92 4T 2 2 S b et B 7 8 MLE& f75k & 12
tHE Ik A RAEA ) - R R A4 SRR -ICST S
= = =
S0 FHEAE STk #%EPRI TR-103959 L ENDEES -3 EAMCSH A AT
Z 3k BB R AR ﬂfﬁ.fﬁﬁf"‘r R R b 38R A AT
MCS# tb 84X 45 HEASHZH BREZRY B Rk F
EREMCSH BREAELER
HUFERAY $LEPRI% 5] 2.
WO B 1A% R M T B

TRWmR R

D iE \#33’1&:2%&\5':&1 ;#F'H-é'%ﬂ
’&_ﬁf]‘%’g%}ﬁ"ﬁf”\%%ﬁ , ,‘L,}#E

1. 8 ¥ 4

# 14 (Multiplicative Randomness) ° #* 3K 7* 5 EPRI 22 £ % it

4§ ¢ (USNRC)* 8 %

o A fH T

GELE R

N

s

-

}E‘}k e %/L;;#’&
RREEY TLRERRER B

BAEF R R E T R R

ﬁ’lf;t °

PRI R x 2 p AR¥#Ec ln(x);§ THRA

Hol = FHHCE B4 G

PDF)& R # ~

=

PN

I
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Inx—In4)

fy(x)= ﬂJ_ p——{(

B

Hi7 %

"~

B 2-1 55+ B ik 2 B AT A 45 5 i Ae

’ 2

2R R

=k
4
FoAe £ R

Tom B @ F 0 (T 5 54 A 4T

KA hFEaE RE FLY BR
%iﬁﬁﬁﬁgﬁ’Uﬁﬁﬂﬂﬁﬁmmm@mm0£%ﬁy%%
B

> N(LBY) o RI3% %
H ¥ % % & 3 #c(Probability Density Function,

Iy #r(Cumulative Distribution Function, CDF)# 14 %

}, x>0

(2-1)



PDF # *t 35 it "E S S P74 b E g % & A G35 > @ CDF

TRENEFTEDIFBSF o W HEFELSTFE
H PDF & & ¢ =fic= Pl ~ 1 ]k #84R
{’ﬁF%Jpﬁﬁﬁﬂﬁ&“&$ﬁﬁﬁ$@*gﬁ%ﬂ*ib
BT eI e o

FX(x)zcl{

v» ) é:

ol T

X~IN(A4,B)& X ~LN(u,o) %7t rim 29 > A L7
BB AHEFEEL OO HREFEATZ AfF Il a2 F 2
T 5#c(Mean) ~ % £ #c(Variance) ¥ - X (Standard deviation)¥ % 7

¥ $245 £ & (EPRI 3002012994)#7i¢ * efa 5L 5 12

Y
‘i .

E[X]=Mean|[LN]=e¢ 472 = 47 = 4P (2-3)

Variance[LN] = (e““’z/ ? )2 (.e"'2 . 1) (2-4)

Std.Dev[LN] = |/ Variance[LN] = (e“"*|Ve” =1 (2-5)
b B A AR o ¥ B £ (Capacity)2 % 7 F(Demand)
S HEE B2 G
C~LN(A:.B.),  D~LN(4,,0,) (2-6)
Ta A rx(Failure) T & 5 7 £33 & o
P, =P(D=C) (2-7)
SopEA & ant i R 7R EHECE 4 T
R=D/C, R~LN(A,/A.B+B) (2-8)
P A sl AT A

138



P, =P(R21)=P(InR 20)

:1—¢[MJ=¢[M] 2:9)
P B

F Uy R R S8 (des & 4vif B & Peak Ground Acceleration,

A

EZ@FM%AQQ (2-10)
B

2 o 4, 5 % 4¢ 8y £ (Median Capacity) » B 5 & & {4 it
&% % (Combined Logarithmic Standard Deviation) o p* & ficdy i % 1§
WARE RBRa, T REE L AP EF o Fa, =4 F 0 Xy
FP =05 fRIFRERDT FELWRD (4 RAR) > § SEg

AW RGTE S BEA W ARG Ao B 2-2 97T -

1.00
g 075} Biow
;
< ﬁmedium
>
oo — — ——f———— — — — — —
.'E I B high
2 I
o
0.25 |- |
I
I
0.00 |
An

B 2-2 7 o AR LT hd P SR

LR RERR S E 2P 0 REG Y mlch B8 SR
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B oepAy A cnd T b > F M2 R TR AR T ok
ﬁ*’%ﬁﬁ%ﬁﬁgﬁﬂﬁ~%%iiﬁ¢&+ﬁ%ﬁ*°?§

PeE MR R 0 {0 B G e MA s F(HCLPF) it & o bt
TR &Y T k# | (Confidence Level, Q) % mdife %% % &
EREMERE N A o R AR A 0 ek R
FHE =K EFL FaF 2R A [ K45 F (Low
Probability of Failure) B @& % f3% i -k BT fuifFinh + 4 %
PRI SN L E L G

In(x/ A4 i
[Pf<x>]Q=<I{ A (Q)j,

In(x/ A
[ f( ):|50°/ [n()fBR M)j

B Tk Q=95% 82 % skd P (x)=5% PF o AH ¥ 2 3

Effs HCLPF 3 & » HE&8¥ 11 4 77 = &

(2-11)

(P], = [ln(’” Am)ﬁ“'msﬂlfj=5%=cb(—1.645) (2-12)

4 2. HCLPF ] 4 71 =
HCLPF =x= A ¢ "Vt (2-13)
# ¢ B %7814 (Randomness) et ficit X > B, & 7 3 FE T
(Uncertainty) sh%t itk 8 £ o HCLPF & 4 &3 oo kBT » B
A A pnif g MY 5% T B2 R R A > TARG B T kA 1
BFEaE A q]) FET 0T & 2 gt gk
2.4 %3 2
HEEWRELBAAEAL 38 #3022 Fu 4 i
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BMOAEEE o  BRE - BALSH P SR M I WA G B
oo FHABE N RIE- BHAT I HEF AT LN(4B) 2

o™ L

m

x, = Aexp(fz,), z, ~N(0,1) (2-14)

AT 3 (sample mean, X ) T & 5

:—Zx (2-15)
B2 R g ¥ & (population mean) 3 -

E[x]=] x- f(x)dx (2-16)

MmoFREAF IR ATE AT E S
E[x]=E[x] (2-17)

PURE TR T R AT I A BT I59E I % 2 £ (unbiased estimator) o
T EFEEFNFE I BT 0 B %l RABITAE F hR T
i e FIRAERSY P AR L RRRIE S A T IEX T g
THEAT O VARG NEETN  F AT NP EN
AN TF > HRgRHL
Var[x]

Var|x]= (2-18)

FRABARS > B EART S AR ARROPE B EE
LT S A R RE R R R e R
PR o

A R 4t (Stratified Sampling)#_5 7 "% 3 R £ @ K 3t o-
B AHRPNT e RIZSRA LGRS 5 KBF EHORR -

Fo N ARSI RS SRR E 0 4R kA
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AL G5 )2 *AHE n, =Np, ° *f‘ij‘if‘:’@—é‘fk CRA S

) K _ ) K S2
A=) pX%, Wﬂm=2ﬁj- (2-19)
k=1 k=1 k

TR e K p TN R KB R T A Hokk .
¥ 1% % B ## (Antithetic Variates Method)%f 1% % 8 #2 2 ¥ -
BH e LR 2 c HARMEL > FALBRAZLRFEG (A
B 1+ (negative correlation ) > P 23t 5 #p ¥ i i L 357 40 304
AL 0 RGP ARFEM AR BT > PR AT
¥ LB EEg A G cue(0l] A4 5 £ 1% it x=F"(u)
AxpEsFztr e Y FIO)LRFHA T IHnF ko 7 ¥
BERBERNIHT B PR FL - BIA Ry T
HRE S AAHEORAE -
=F"'(u), x,=F"'(1-u) (2-20)
$ho0 B L i S FN() 0 T B Tx, 7 xR f AP
Mo Flaf -t ehu B¢ WP, anl-—ulE o (B %R 802l %

v

g3 = ¥ .
?,‘jz‘\*ﬂ‘“ﬁ .

— Lyl g dou) (2-21)
Varlfi,,]= Var[g(Fz(Nu))](1+P) (2-22)

Ho pipMtaicr $o() 5 Ha Sl » Aph Alic] >0 % o B s
%gﬁﬁm%ﬂﬁg””ﬁﬁ%%#ﬁm%ﬂ&’a~ £

BYN
\}\
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T A0t B2 $HEE Ly d s EPRI A
BT T2 AW F o Fe AP A
Leng®im 2 3% 1 4 3% B2 (SOV) ~ = =t 48 7% (Second Moment
Method)% % # + B2 (MCS)» ¥ 2472 b3 22 EHE * £ 8 -
(1). # 3% &2
A sz 2 EPRI & USNRC #7145 % en@ 5L 5 g4 47 2

e 37T PR R B F Rl R PR 2

w

(2‘ 4 #u,u

oo g pany? REROHEREFLALE T L el
RPFELE O RENRMOI R S T B BRE - PEAR
(HALRR ~ #4 5 A 2 4230~ 2R E0%je ~ ¥ R~ 2 B
FREFIEE P R BT AT Y 4 6L 0 b

B s N R TR o SRR 2-3 B

1At BREEFECEFRD Y A HEF LA T > X THRA
SeiF R 5 D>Cofin 2 i 2 ek A G

C~LN(4.,p:), D~ LN(4,,5,) (2-23)
R~LN(Ay | A\ B2+ B2) (2-24)
R G SR £} R T A SE 81 (Randomness)# 7 AL
(Uncertainty) « % % & pt ph 2~ 6 8230 Bl » f KB G 16
FRiams s Bpeidr ki o BEAMBHEE > 7 A

)

BEE A KRR > NIEL S S A 2 kY o
(2). = K 4Ei*

.;..

EES RS S A S-S R ST
)‘%ﬁ—,g{ —xiﬁg:’z o ’&.LLL_;’?‘EL?“J y }\Aib}; P L ,J.*#_m); f@mﬁﬁ:
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gX) » BP X=(X, X, X, . X)) % HFRWHF LI PRE-

T SBRFITN  APT R - [EoZ PRI R o BT
3k o B4R )@wg(X)@ﬁ?E*fé B KAty iy ag

£ o

— F¢ 3 02 (First-order Approximation) 3k 5 ek 315 % ¥
b LA RSSO ESRE P EET -1
W LRI HNEHS Rodkg(X) BF EfrR R dkaig
s

My = g(Uy) (2-25)
2 - 2 a_g )
o) =~ Za,. [axl. l (2-26)

By = (U s s b)) > % R B2 T30 0 0] LRHEX, 250
WL o og/ox, LB HEF b Hcg(X) AR $0 R B X, P 1 in ¥
#c o

= F# i1 12 (Second-order Approximation) it — # % g 1% % Hic 2
BN 3 0% foebafdocll o W § - BEfos FEIT - i B3 F 4
Hrm o A A RT3 AEFILI T EFo R s | AT

Fog B BoiT st 5

g(ﬂX)+2ZZ(X — U)X, ﬂ)[ J (2-27)

2

(9 dg 9

a;zzaf[a—fJ +2Zaf af Cov(X,, X)) (2-28)
i i i<j

B¢ Og/oxdy, LB HF & g(X) ho R R

Cov(X,, X ) PR 5E 4 M X, 82 X e £

144



iT 1 = =k %&7% (Approximate Second Moment Method) | &_~ #& f§

LAR AN KAEE o B A FFIEETITIN 0 MR AR -

fi
>_L
Y
X
-
-k
=

3
v
\1‘:&‘_
F_&

B AR A S P RfE
FLoFRCEFRDOHEYEA GRS ¥ 8250

SN RS £ 2 SR DS RS

BB BB HARTNTE S NG

A = Ae" (2-29)

m

B= /Z Vs (2-30)

- BT OB F s e 7 ] 3 E i 4 R
FRCp PR o 2 BRI - B Y 0 RS R R T (e

SURLR S 0 BT AU B SRR % o 1T 0 S A

W o EREY

{

A

—\

41

RS
)

i

Ak

W
\ﬂ'

\\

g

—h

|

o ARG N R R D o S
S FHRE R AR o B Y Z BT friT s AR

R NI R E AT L DB -

Q). F# + R

T RS A - AT RN R B R
B3 ARETEAERE NI BRE HAARE I EE EEH
TAhd S E HEGR AR H T T A F E (expected
value)s' % B #cE Sdic o #2272 BRI HPF RN o oA L gy
BRI AR IT I  SeenER T S o

tﬂ»_“*q‘#%‘z Fhrtre o %{fiﬂi + Bk 3 OAH A “—;l,fé;%f#tt%

P8R R T A S 0 53 & BT S B o fEg Bt

o
44)
&
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EH AN oo PR ELEF 2L EES(X)]§ fcad Y2

B E[f(x)] >
ELSf (X)]=If ()p(x)dx,  E[f(0)]=— Zf (x)  (2-31)
He px) 224 F 0 f(x) 5 P BSde (WwHr B 4ol

Bl)e R AT 2L F L P Jeard s o ocl/AN o
MCS *+ 3 4F A 45 ¢ 4 de ™

() TAEWFE BREEDIFELF RLEHEH S22 v P
AR PRE B B A oo P R EE (F ik HiEE R
%) 2 o st 2-6,7, 8 #ron o

Q) #HEBR: BFIE ol GHERIE ReF A BAEsN
Boo PR ARE T VR NBHF BRI g
RGEWRECIrD L & k4 8- 2 gk 4+ CirD,

C.=A.e’, D =A4,"" (2-31)

HPZ B2, s RN A G2

(B)r B A 208 @ A E - EREHER A T r TR L
Pl £ E R 5 L E R LA REE(D>C) o 4ok in LRI BHA
e T% kg Sl Aor

if Di>Ci

: . (2-32)
if Di<Ci

1,

I(C.<D)=
( 1 l) {0’

(4) Siitg % D AT F L R AT o AR AT ib st ]
_iZI(C <D) (2-33)

B¥ NS Al [ 547 oo
(5) % AFibd S B 5 SRy R o TR AR S A L A
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A A A F R EA i MLE 3% MCS #718 5| ehid % i
FhElt > BRI ERETEF R R > 57 F

ﬁ%&%Tm%ﬁr$ e aefiin o

FoE R 22 X EAA N E AN R 2 U] Bt f
FECERAME AT LT  c EHREFEFELE &
ERF BT D RS RFRT SRR R A G o A

N

5 i
BRAERBS AI ol T A B AR AR A
AAEE FHE BT A KDL A ARPRER TS 0 55
£

R AT A TR R 2 okt B

“H-

4

2

(Z) ERRWBT S HRolsiT

iﬁaaéﬁﬁﬁﬁﬁ%%“W¢f%%'%'4&%%%%ﬁ
Moo g ¢ chag * o kg o 5 L A HE R R I P R A
fF 2. #12 » 4% £ 3R EPRI TR-103959 (1994)#77% 4 2. 53 3 8 > &
t& 12 EPRI 3002012994 *i44 O ¥ 4 4% b 5 7 "8 1 #2% % > & 7o
BHED SRR AR
LAY L 2 EY XD

RAREFE RS 2L AR A DS R RE T o 2
v e BcE B GRCRIEFRERIE > A N Tpte ) &7 T g
T A AR EFRE Ve M H g BRI RITRY 2
MCS # #2384 > e 53 Bar L MILH 25 /2 > R HA A R
PATMACR Y 0w R R o RHCRGRT L 0 B BB R
Fxlz 2y By Eam o A TR E Y e iRl

o 4H4tE - g 3 MATLAB ¢ 4 £ % 44 » ¥ 3-8 4
P O HEREEL TN SV RIPHEREESEEHA
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2 BE o AR ALK s R R ol ¥R B e
Trifatrir (LwmEiE) iFa A8 o

% 02-1 3 24 A HFEE 2 L E(3=x1-x2)cd % 2-1 7
Lo aMEAERDERT > HS R HRA IR Py EFE
WA AR R RRERCCEMELAGAP N LR
Gt I REITIRTR o S R AL R A h 21.71%% 3

% [y
2

‘.3;

1435% > A SEH B AE 2 F AR T G ooud e A g
WHFATHRAGIHHRE R R - BLRE 22 78R 3 Ak
ﬁ“*%&iﬁﬁ’ﬂ%ﬁ“%%ﬁ%é%%%ﬂﬁé’ﬁibm
BETO%E > BEor B EBPTR mi@,imﬁiﬁﬁaﬁﬁ%
OE SR L B o RS S (AT o AR R & MCS HiR %
(o, <1/JN)

ER R ﬁdﬁﬁﬁﬁ%%%4&ﬁﬁ%%i%§’i$ﬁﬁ

THAPRE L RO R AT ERES TR EFT R (F AP
FARE ) LT E KN EEREEIR R T AR ALIET R
FHMA G EF o w L E SR R T R A

B
R e A o

#2384 2-4 5% 5% AHN=1002 N = 1,000 FF > &~ & 3
RFET PR ELHRES o« LARRINZ BB ¥ =
Bos $BEE L - Tiof $BEEEEL SRR
PR AL o L R S R B S A K e R 18 i
BB Y U i LR ETOE LTk o €A 23 TRE
Bl T AR B R T o A KRS T O BT UL
B0 MR EA A A K HH A BB R R B plie- HE

SR Y
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THAAS G 0 LA ALI0% P o BERE A 2 o Ak 100 P
RMSE ¢ # & & 1 21.71%"% 3 7.16% > »x% B % o § Hh 2B 4 3
N=1,000 (% 2-4) p%> & & B 5 P8 o 975 St dgfhen
WA A E2% 0 BE RMSE %) 1-2% » 87 k& ¢ 483 %
Dofcat o ¥Hin B BRI S B EAGRIFRAPHE G L A F LA

TEPE S AR AR EARMAG o St s A kS
B %R EE A MCS ¢ 238 &g ,;g;;.:%@ﬁﬁ i AR
Wiy o #7 A R E A Ahi T > E A7 A0 £

s 2L 7L 2L 4L
mwb‘z lp?‘ %O

£2-1 2 & K 1p %38 85 2 MCSH % %% % (N = 100)

Rk SER R AP A
et e R (R R R BTRE | PR (R ¥Rk
LS 3 1.975 2.000 2 -1.24% 0.00%
R A 0.335 0.405 0.4 -16.26% 1.19%
x1 TiaiE 2.089 2.171 2.1666 | -3.57% 0.19%
%8k 0.656 0.808 0.8145 | -19.47% | -0.83%
LS 0.810 0.899 0.9025 | -10.26% | -0.42%
LS 3 3.315 3.000 3 10.51% 0.00%
R A 0.314 0.445 0.5 -37.21% | -10.93%
x2 T 3.483 3.313 3.3994 | 2.46% -2.55%
%3 2.120 2.242 3.2823 | -35.41% | -31.69%
L 1.456 1.497 1.8117 | -19.63% | -17.35%
LIRS 'S 6.734 5.658 6 12.23% -5.70%
SR A 0.512 0.563 0.64 -20.08% | -12.03%
x3 T 7.156 7.006 7.3652 | -2.83% -4.88%
%3k 15.317 18.305 | 27.4926 | -44.29% | -33.42%
LS 3.914 4278 5.2433 | -25.36% | -18.40%
TR N 21.71% 14.35%
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£2-2 % & K 49 k18 B 2 MCSH # & % (N = 1,000)

PRSP K AP ¥ A
SR R (R RR ) BTIE | PRk (HRgE ik
v i 1.974 2.000 2 -1.30% 0.00%
R A 0.418 0.399 0.4 4.52% -0.27%
x1 T 2.154 2.166 2.1666 | -0.57% -0.04%
%3k 0.793 0.796 0.8145 | -2.65% -2.24%
L 0.890 0.892 0.9025 | -1.33% -1.13%
LIRS 'S 2.995 3.000 3 -0.17% 0.00%
SR A 0.469 0.510 0.5 -6.26% 2.06%
x2 T 3.343 3.417 3.3994 | -1.67% 0.52%
%3k 3.121 3.319 3.2823 | -4.91% 1.13%
L 1.767 1.822 1.8117 | -2.49% 0.56%
v i 5.764 5.954 6 -3.93% -0.76%
R A 0.607 0.636 0.64 -5.09% -0.58%
X3 T 7.116 7.376 7.3652 | -3.39% 0.14%
%8k 22.594 27.153 27.4926 | -17.82% | -1.23%
R 4.753 5.211 5.2433 | -9.35% -0.62%
¥ 9L 6.12% 1.01%
£2-3 4 K APk E B 2 MCSH % % (N = 100)
R Nkl AP ¥ A
Mt iE R [ FR SRR BT | ERR R (R ¥Rk
v i 1.990 2.000 2 -0.50% 0.00%
SR A 0.370 0.431 0.4 -7.54% 7.79%
x1 T 2.131 2.195 2.1666 | -1.65% 1.31%
%3k 0.759 1.139 0.8145 | -6.85% 39.85%
s 0.871 1.067 0.9025 | -3.49% 18.26%
v i 2.981 3.000 3 -0.62% 0.00%
SR A 0.470 0.505 0.5 -5.91% 0.91%
x2 T 3.330 3.407 3.3994 | -2.04% 0.23%
%3 K 2.893 3.416 3.2823 | -11.87% 4.08%
L 1.701 1.848 1.8117 | -6.12% 2.02%
LS 3 5.250 5.907 6 -12.49% | -1.55%
R A 0.624 0.683 0.64 -2.44% 6.64%
X3 T 7.040 7.372 7.3652 | -4.42% 0.09%
%3 23.625 32.241 27.4926 | -14.07% | 17.27%
LS 4.861 5.678 52433 | -7.30% 8.29%
¥ 9L 7.16% 12.70%

150




£2-4 2 & Ap 3 18 B 2. MCS# 4 & % (N = 1,000)

A KRS AP ¥ A

SR R (R RR ) BTIE | PRk (HRgE ik
v i 1.999 2.000 2 -0.05% 0.00%
R A 0.396 0.401 0.4 -0.98% 0.31%
x1 T 2.162 2.168 2.1666 | -0.21% 0.05%
%3k 0.798 0.830 0.8145 | -1.97% 1.88%
L 0.894 0.911 0.9025 | -0.99% 0.94%
LIRS 'S 2.998 3.000 3 -0.06% 0.00%
SR A 0.496 0.502 0.5 -0.85% 0.39%
x2 T 3.390 3.403 3.3994 | -0.27% 0.10%
%3k 3.181 3.380 3.2823 | -3.09% 2.96%
LS 1.784 1.838 1.8117 | -1.56% 1.47%
v i 6.046 5.933 6 0.77% -1.12%
R A 0.641 0.625 0.64 0.16% -2.34%
x3 T iaiE 7.399 7.328 7.3652 0.46% -0.50%
%8k 27.823 25.669 | 27.4926 | 1.20% -6.63%
R 5.275 5.066 5.2433 0.60% -3.37%
RS S 1.19% 2.28%

22532 28 LApse @ E 2 WS R (x3=xl+x2) 0 d ¥ EF
fia fengrdt > B3 3 LR EEY BT o FIR R 03 AV 3
a$fmﬁﬁﬁom#hﬂ?f%’ﬁpﬁuﬁﬁﬁﬁé?ﬁﬂﬁ

Rl KRB PIBPRIFEAFAL G IB o T HFEATEfE T &
Fr T REEZSEFEACE UREME DR RN T SR
£ RAvRE R T DA .

Btk A A B ERT (£ 2-5) VERIpLEY
FERPAETTAE- TLhL O AERFENKRALEF UF &
HES TS PR BT PR o R o B
o SR ESOFEAGARP B RMSE ¢ 20.54% °f 3
14.96% o % % B 4c 1,000 (£ 2-6) FF > @it * SEi 1 A
LE-E-F SERNCIS S I L AR S Lk L R S
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Flet5% I p > HY TiaEy P mfehip L 1 M 1% A&
MCS ic 285 &7 Frrfy i e PR ET 5 o LSRR E
EFp TR ZOER T 8- BT gL ARE (£ 2272

2-8) o FHRA K R E- Hh R A BHEFLEE M
Boo o 3tk ABcPF > A K 31k RMSE ¢ d 2 4 & T ¢h 20.54%"%
3 6.55% @ EHkABFE LD 1,000 pFo ST St B amE g e T
2% FN O RMSE &5 1% H3gs s 2 E@br 22— %o
PR ERET A ArE 22 MCS R FHag * ko 2 3R
R ARE R R ER N RO e RO S R 5 RAEAS 2 gt ot
o ERRFIAPELuE o B 238 24 573 REE T kA

1.]—%/%\]’[17%]0

2.2-5 % & K 4p 038 5 2 MCS# # 2 % (N = 100)

PRI ApEFA
SR R (R R R ) BTRE | PRk (HR ¥Rk

v i 1.975 2.000 2 -1.24% 0.00%
R A 0.335 0.405 0.4 -16.26% 1.19%

x1 T 2.089 2.171 2.1666 | -3.57% 0.19%
%3 0.656 0.808 0.8145 | -19.47% | -0.83%

L 0.810 0.899 0.9025 | -10.26% | -0.42%

LIRS 'S 3.315 3.000 3 10.51% 0.00%
SR E A 0.314 0.445 0.5 3721% | -10.93%

x2 T 3.483 3.313 3.3994 | 2.46% -2.55%
%3k 2.120 2.242 3.2823 | -35.41% | -31.69%
e 1.456 1.497 1.8117 | -19.63% | -17.35%

v i 5.512 5.292 5.2183 5.63% 1.41%
R A 0.280 0.292 0.3588 | -21.94% | -18.63%

x3 T iaiE 5.572 5.484 5.566 0.11% -1.48%
%3 2.534 2.675 4.0967 | -38.15% | -34.70%
R 1.592 1.636 2.024 | -21.35% | -19.19%

RS E = S 20.54% 14.96%
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#2-6 & & K 4p4riE B 2 MCSH #: % % (N = 1,000)

PRSP K AP ¥ A
SR R (R RR ) BTIE | PRk (HRgE ik
v i 2.017 2.000 2 0.85% 0.00%
R A 0.388 0.383 0.4 -3.02% -4.17%
x1 T 2.175 2.152 2.1666 0.37% -0.65%
%3k 0.777 0.737 0.8145 | -4.59% -9.57%
L 0.882 0.858 0.9025 | -2.32% -4.90%
LIRS 'S 2.986 3.000 3 -0.46% 0.00%
SR A 0.517 0.489 0.5 3.41% -2.23%
x2 TiaE 3.413 3.381 3.3994 0.41% -0.55%
%3k 3.150 3.021 3.2823 | -4.02% -7.95%
L 1.775 1.738 1.8117 | -2.03% -4.06%
v i 5.231 5.196 5.2183 0.24% -0.42%
R A 0.338 0.350 0.3588 | -5.81% -2.32%
x3 T iaiE 5.588 5.533 5.566 0.39% -0.59%
%8k 3.777 4.002 4.0967 | -7.79% -2.32%
R 1.944 2.000 2.024 -3.97% -1.17%
RS S 3.46% 3.92%
#2-7 & K 4p 48 5 2 MCSH & 5% % (N = 100)
R Nkl AP ¥ A
o SRR [ FR R | TR | SRR (e ¥Rk
v i 1.990 2.000 2 -0.50% 0.00%
SR A 0.370 0.431 0.4 -7.54% 7.79%
x1 T iaiE 2.131 2.195 2.1666 | -1.65% 1.31%
%3k 0.759 1.139 0.8145 | -6.85% 39.85%
s 0.871 1.067 0.9025 | -3.49% 18.26%
v i 2.981 3.000 3 -0.62% 0.00%
SR A 0.470 0.505 0.5 -5.91% 0.91%
x2 T 3.330 3.407 3.3994 | -2.04% 0.23%
%3 K 2.893 3.416 3.2823 | -11.87% 4.08%
L 1.701 1.848 1.8117 | -6.12% 2.02%
LS 3 4971 5.227 52183 | -4.73% 0.17%
R A 0.335 0.360 0.3588 | -6.69% 0.30%
x3 TiaiE 5.461 5.602 5.566 -1.88% 0.65%
%3 3.537 4339 4.0967 | -13.66% 5.92%
LS 1.881 2.083 2.024 -7.08% 2.92%
e s 6.55% 11.69%
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3.2-8 & K 4p 438 B 2 MCS# % 2 % (N = 1,000)

A KRS AP ¥ A
Bt R | HER KRR E) RTE | TR (HB ¥R
v i 1.999 2.000 2 -0.05% 0.00%
SR A 0.396 0.399 0.4 -0.98% -0.29%
x1 T 2.162 2.166 2.1666 | -0.21% -0.05%
%3k 0.798 0.804 0.8145 | -1.97% -1.31%
L 0.894 0.897 0.9025 | -0.99% -0.66%
v #ic 2.998 3.000 3 -0.06% 0.00%
SR A 0.496 0.499 0.5 -0.85% -0.22%
x2 T3 3.390 3.398 3.3994 | -0.27% -0.05%
%3 K 3.181 3.235 3.2823 | -3.09% -1.44%
L 1.784 1.799 1.8117 | -1.56% -0.72%
v i 5.182 5.196 52183 | -0.70% -0.43%
R A 0.356 0.342 0.3588 | -0.76% -4.57%
x3 T iaiE 5.552 5.563 5.566 -0.25% -0.05%
E R 8 4.167 3.850 4.0967 1.72% -6.03%
A 2.041 1.962 2.024 0.86% -3.06%
e s 1.25% 2.19%
015 SimpleI Random §amp|ing )‘(3 PDF .
[ x3_sim
— 12 PDF
— — H PDF
01}
&5
o

0.05

5 10

15

20

B 2-34pfiEE 2 4L 0o
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Slmple Random Sampllng x3 PDF

0.3
l:|x3 sim
— {45 PDF
0251 e == iz PDF|
02+t [\
L
O 015
o
0.1F
0.05 |
0 ‘ . |
0 5 10 15 20 25 30

Bl 2-44p4c8E2 A EEL TR

2. EPRI TR-103959 (1994)2_ % &

A & iz 5 EPRI TR-103959 (1994)#73& 12t 2 % 451 S ie &
AR EEF R E R AT R B L R T REE VRS AT © 3
FEPREIRAPFE UG L TR R ELFEIE 7
BA RAEFE TN RAEFEME UG R L AH 2 B
BE e AP R FAEE S MATLAB 03] > B & oerE 22
MCS # #H-4) > fikt EPRI % 6977 2. s{ i ¥ & » TR i f
FEHN T ELSE R E2Z LR o 0 = BB RE X,

By 2 ¢ mds i 1.0 FERH W E LAY 02504 ¢

%

0.6 2% & 7 P AZR 2 dtdcld o & BB XA bz > X AN
EA)mw fEa BFEE A0
(1) SFl=x,-x,-x,
xZ

(2) SF2=x, -2

X3

(3) SF3=x +x,+x,
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4) SF4=20T%

X3
Ebrg e fim B 250G
(1) - F# = =x 4&;# (Second Moment — First Order)
(2) = P = =x 4B (Second Moment — Second Order Mean)
(3) iTin = =x #E;% (Approximate Second Moment)
(4) %+ + R % (Monte Carlo Simulation, N = 3000)

5 BRFE ARy P 2 e MCS #0420 & /gt > Tt i MCS & A
Tz BN B o mAHRABE 100 2 3,000 A ARSI
T 4345 EPRI ¥ #74f B2 2e3t id 0 32 5 1254 347 f#(Exact))? iT 5 %
el i o 2% 4ok 298 4 2-10 #75F o

%2984 2-108 77 72 FPEE AN ERIGERT > L2 2
AT R A 2 2% o #3 SF1 &2 SF2 > o 3t H v adF ey
fe A e & 45 5 EPRI #13 2. - st 482 (Case 1~Case 3) %

F o+ RiH (Cased) 2 8% P G328 A & > 4
i M3 +3% o H ¢ Case2 #? Cased #1in 18 B B duiT@h E - BT
ENELE R

SF4 B3 7 $tic ¥ B enB &1 > B R4 T I G HEY &A
od BE T R - Case 17 Case 2 et #g 2t P 4E7P & 4 < 32

?\I\'.

L FE TN o APfRZ T o d ¥ SF3

%

3 3
bl

E‘ [4

» @ Case 3 2 AT 3 2E 2 MCS #.3]2 8% B HER & THF 2
fRATHRE 5 AT A PR S A 2% 0 BT R RECOR
PREPRARMEETHFERREE L c REAIGRER BER < > F
BRI LS 22 L BiEpct > AR FE R TN PFE R
LAckg ¥ o Ggdost MCS R e f BLATR IF 2T s IR T
BRI E M a3%  HrAEtap a3 REARME gAY L1 -

[
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i#- 12 RMSRE @78 2 > 22 FR % mAR » v L Case | ¢
RMSRE % 5.59% > < "I R P70 BX A H AL ; Case 255!
RIS EAET 1.91% 0 @ Case 3 FI3T B Al aniz it
Tt d F I % > 2 RMSRE % 10.86% o 4pd2. ™ > EPRI 3¢ 4 ¥
1 MCS & 5 &% # & > RMSRE & 1.33% o ## 7 #7: = 2. MCS
H-Al% EPRI %% 8 B - X > &tk 2% N =3,000 © RMSRE i
1.29% » v& if>> EPRI e Case 4 ; Fi¢ A8 2 N =100 324 (v
FOEAEAY 7.89% N o BET IR MR AR T b B fE M e
&M e SFEa T o MCS i B 8 % 2 838 5 3] i & 3dcie

BT s FEf I EPRI TR-103959 #F 2 cndicis

4=
[t
i}
x
o
|4

ZRE SRR REREL S AR TEE T ERE 2
B E  R2 A R ARAPEFRBEET o R ivL

% S is 4 EPRI 3002012994 3 4 4
R 2B AT R R R WA

#.2-9 EPRI TR-103959% ] # I 2+ 5 = ;2 s MCS.& % b 4

Equation B | Casel | Case2 | Case3 Cased ¥ el Exact
form 3,000 100 3,000
0.2 | 0.340 | 0346 | 0.346 | 0.351 0.362 0.343 0.346
XXy Xy | 04| 0.647 | 0.693 | 0.693 | 0.703 0.682 0.698 0.693
0.6 | 0913 | 1.039 | 1.039 | 1.054 0.976 1.018 1.039
02| 034 | 0346 | 0346 | 0.351 0.341 0.342 | 0.346
X, -—= |04 0721 | 0.693 | 0.693 | 0.702 0.714 0.706 | 0.693
0.6 | 0913 | 1.039 | 1.039 | 1.052 1.237 1.060 1.039
0.2 | 0.116 | 0.115 | 0.129 | 0.117 0.116 0.115 0.116
X, +X,+X5| 0.4 | 0237 | 0231 | 0.285 | 0.236 0.242 0.235 0.237
0.6 | 0.367 | 0.346 | 0.469 | 0.358 0.373 0.368 0.367
0.2 | 0.244 | 0245 | 0252 | 0.243 0.239 0.243 0.246
04 | 0481 | 049 | 0518 | 0.487 0.502 0.495 0.493

0.6 | 0.708 | 0.735 | 0.797 0.733 0.853 0.738 0.727
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#2-10 EPRI TR-103959% & 7 3+ 5 = /2 2 MCSE %+ %

Equation form Relative Error

Casel | Case2 | Case3 | Case4 34 w7
-1.8% -0.1% -0.1% 1.3% 4.4% -1.0%
XX, X, | -66% | 00% | 00% | 15% | -1.6% | 0.7%
-12.1% 0.0% 0.0% 1.4% -6.1% -2.1%
X, -1.8% -0.1% -0.1% 1.3% -1.6% -1.3%
X 4.1% 0.0% 0.0% 1.3% 3.1% 1.9%
X3 -12.1% 0.0% 0.0% 1.2% 19.0% 2.0%
-0.3% -1.2% 10.8% 0.5% -0.4% -0.9%
X, X, +X5 -0.1% -2.6% 20.2% -0.5% 1.9% -0.8%
-0.1% -5.8% 27.7% -2.5% 1.7% 0.3%
X, + X, -0.7% -0.2% 2.6% -1.1% -2.7% -1.0%
-2.5% -0.6% 5.0% -1.3% 1.8% 0.3%
X3 -2.6% 1.1% 9.6% 0.8% 17.2% 1.5%
RMSRE 5.59% 1.91% 10.86% 1.33% 7.89% 1.29%

3. EPRI 3002012994 %443 & O 2 ¥ 4 48 % &)

A & iz y5 EPRI 3002012994 ¥ *itd%k O #7171 2_ 4% 55 R 2 4 T 4 3%
POl AY o SR - BRED I SEAEENE T
efe p BEATESRE DY R E R EEL > S RAEL S
BHZ ISR ZHRBEFF TR Z AR FEL TP DT
74 e & py ﬁ,ﬁpmaﬁwﬁ&m&ﬂmﬁggggw\ﬁpg
FAEE > SR RS R R APk

TR0 B PR 2-5 97 0 5 - PRI KT RT A
At e RAIE PR ERS- koo Y 3 B LR EE
(Pier 1 ¥2 Pier 2) = o Pier 1 % & 25 f((7.62 m) ~ £ & 130
ft(39.62 m) ~ & & 2 ft(0.61 m) ; Pier 2 3 & 25 ft(7.62 m) > & & 50
ft(15.24 m) ~ B & 2 ft(0.61 m) o & s%z B o B > 1 gl

AT g B b AR AAF Y RARER
o b B R RS AR 2 kTS o R
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Bk & A %+ £ (Design Basis Earthquake, DBE) 2 %3 & 2
(Reference Earthquake, RE)& F# & 2_ -k T 4v ik & & 3% > $ 2+ 4
i g 4o id B (PGARe) 5 0.5g £ A B PIR$EHE R 2 V/H 1 ig 71t
bligrc » X U F AR AT Y BT R o RS R
B RAF ST A% R T Fdrd 2-11 9157 o B RN
oo RS FURY HR R A fcm =6,120psi (42.3 MPa) » 4% 5% "% K
¥ i R 5 f,, =48,000psi (330.2 MPa) -

EPRI =## 2 Barda 'z &5 4 % & » %4 ACI 318-08 if~ ¢
B RN SRFEAREENTEFRE T T2 HR O MR
Pier 1 % # % ¥ 4 g 3% (Diagonal Shear) -~ Pier 2 7 ¥ &L 3%
(Flexure) » ¥ d Pier 2 4=41] o 2 *h » & 6] BTS2 7 5 75 0
Ao B RRe EHREETRE ﬁ%iﬁ N A B
O RAL o TR REFEFESE o

0.61 m

—> |

Pier 1 Pier 2

EL O ft.

I 762m | 39.62m ] 762m | 1524 m |
T !t T 1

B 2-5 7 4 o S é‘g‘ (2 J"I‘?-Eg] (Za-+#w)

BRIk ® i #e(kips) P i #(kN)

=X RN U Ds 13,150 58,524
R A NpL1 3,700 16,459
B2FEQE Nbr2 1,400 6,228

gl RT = B2 fhA Nshi 2,001 8,906
2RI B2 HhA Nsn2 2,001 8,906
BldE B2 fhA Nsvi 1,233 5,483
}2dE B2 h Nsv2 467 2,077
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D). BT 4 B
4 p {34 Barda T & 4 3 A * 4% ;% (Barda Shear Strength

: \ ES - : N > > o BN 24 g3 = A
Equation)4 %[3* & Pier 1 ~2 2 #+% c 3 &+ R v, 7 M1 &7 = &

, ~h N
v =83f —34/f ( % =05+ 1 )+ Pt (234)

3700000
=8.3v6120 —3.44/6120(0.192 - 0.5) +
Yum ( ) % 130% 2+ 144 (2-35)

+0.00694 * 48000 =1089 psi = 7.51MPa

1400000
v =8.3v6120-3.4v6120(0.5-0.5)+
um ( )t %502+ 144 (2-36)
+0.00694 * 48000 =1007 psi = 6.94MPa
ERN Y T AN WA S

TARBRY ¥ oldT

I/wn :vum *06*ZW *tn (2'37)
V., ,=1089%0.6*130*2*144 =24463kips =108853kN  (2-38)
V. ,=1007*0.6*50%2%144 =8698kips =38729kN (2-39)

TRA 214313 (A, AV ¥ 1147 3!
Av, =04N, /(4*1 *t), AV, =Av, *V. /v = (2-40)

Av, =0.4*1233000/(4*130*2*144)=3.29 psi =0.0227MPa
AV, ~=3.29%24463 /1089 = T4kips =329.2kN

um

(2-41)

Av, =0.4*%467000/(4*500*2*144)=3.24 psi =0.0223MPa
AV —=3.24%8698/1007 =28kips =124.5kN

um

(2-42)

¢ i B 458 B ¥ (Median Elastic Strength Factor) 3 % & £2 &
ZwiE s Wl Ao oA

V. —V. 24463+8698—0

um

"D —AV.  13150+74+28

2.5 (2-43)

A a2 R RACRCAIPE ) LR RSP ik
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RS HEEEL R AR HFE S ([, 8 f,) Fr B
¥ A& & ¥ (Truncated Log-normal Distribution) & {7 5§ {4 % » 1 & p
MR RO FRE - V- 35 > » RF KA (¢ ZFME AT
Sk TeLd AR B) RIEY - EHETEAG - 2 LR
TS RE et o R b5l e RF R3] (log-
linear seismic demand model) & 74k & 4 = > & f{EH 2 % 2 PGAre
B g %ﬁi%]»r%— RMME Ends ( BEFBE RFLD
MCS #3555 Z RBA T A T 4T

InD,(IM)=1n Dk,,ef +b,In(IM /05)+0,Z,, +0,Z, (2-44)

B¢ InD(IM) 5 #FE R kgt (IM- s PGA) T g &
$HcE > 58 05g hA R EInD, e+ F Rk Hcfrig el
b In(IM /0.5) t% » R¥#EE 2k 50,7, 2 H# *4ick 50,7 4
R B o ARCA Y U R BT Rl 0 ® MCS B
BREPERLATA GRS ETY

£2-12 MCSH-A] 2. 53t Sk %

%"»gt Am B | Ty
Rt RN R f 42.3 0.25 1.2 | 075
A 35 TE K B fym 330.2 0.3 1.3 0.7
ok ik B PGARe 0.5 0.15 - -
R 2R A4 Dy 58,524 0.071 - -
Pier 1 -k T = & fih Ng,, 8,906 01868 - -
Pier 2 -k T = & b Ny, 8,906 ' - -
Pier 1 -3 # 2 #h 4 N, 5,483 095 - -
Pier 2 &3 3 2 b+ Ny, 2,077 ' - -
FEIHAIEE S N AR TR R (MCS) it 2

B R FS Y mlch 2.464 0 HEALIE L % 0.1668 - &7 EPRI £ p
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4

(2). 3 d 2L
"ffﬁ?i};‘\'l—’*’;"’ 4 gk ob > EPRI £ p 7R A4t 4 ;I%}—%’:\f", %#\.g—_—r 1

SR R A 0 A KBRS RIS

Bed BOURBCNE IR 0 P Y 1004040 2 BA R 0 T R

%J)\A\Vvl]j}% 100%=-k = (in-plane) # ﬁ?ﬂ ~40% B b A B

}a?f)*% v Fg 3 -8 5 g (out-of-plane) s B o p Ba M v i
B2 Bht N ¥ &7 5 0

N, =N, —F,*(04N,, £ N,,) (2-45)

He v+ &p Boad@d o — R E&erER > IoB 2-6 977 o

Pier 1 & Pier 2 &~ Wit » FHE&x Rghd w18 > ¥ REFL P

PR LR P R

_ [+7470kip = +33228kN (2-46)
‘1 =2536kip = —11285kN
_ [~4070kip =—18108kN 047
) +5936kip = +26384kN
pOANE) _ Di () A
ElL 30 ft. "l—_ — - S— - - : i
__l i N'"'l (’-———\| . 17.5 ft.
Na1 Na2
le usf.
| |
B2-65 R o ffdhs 2 BER (+2 5 —4)
BF OVEBWZIRI RER BEHSERS RER
[ %t *p*f +N.
Som (2-48)

am
0.85% f *t, +2%1, *p* f
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d, =Z—W+a

. (2-49)

~ 130%2%144%0.00694 * 48+ N . 1
" T0.85%6.12%2%1242%2%12%0.00694* 48 12
_{11.8ﬁ(+)=3.60m
5.88 fi(-)=1.79m (2-50)
~ 50*2%144%0.00694* 48+ N,
"2 0.85%6.12%2%12+2%2%12%0.00694 * 48
043 fi(+)=0.13m
_{6.35 fi(=)=1.94m

130 76.80 fi(+) = 23.41m
o =757 9 =) 20 88 f1(—) = 21.61
. —)= .0lm
(2-51)
L 50, 25.43 fi(+)=7.75m
= a .=
2 " |31.35/t(-)=9.56m

MR AT R e A, R FEM, %

cap,m 7>

Asm = p *tn * (ZW - Zam)

- {212.7 fi2(+) =19.76m"

(2-52)
sml
236.3 f1*(-) =21.95m>
St (=) (2-53)
RS () =9.12m’
" 174.6 7 (<) = 6.93m>

a [ a
cap,m sm ]Fym( m 2 ) a( o) o) ) ( )

_|1.165%10%kip - fi(+)=1.579*10°kN - m
@ 6.133%10%kip - fi(—)=8.315*10°kN - m (2-55)
_{1.808*104kzp-ﬁ(+)=4.451*104kN-m

cap,m2

2.304*10°kip - fi(~)=3.123*10°kN - m
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MC(Z m
Voo (2-56)

cap,m 2

_ [414,447kN (+)
capml {218,15 1kN(-)

_ [6,404kN(+)
cap-m2 {82, 032kN(-)

dar 1004040 ¥ BA R AT EFE/E R LG
BRI T P RATR L0 HF R LR

*
ACH® = 10,6+ Lo N _ 4N +0,6% 222001 j,om 0.5

= +750kip = 3,336kN

%k
Acggg =—0. 4*(0 6* FSm NSV)
2.5%1.223 ! (2-59)
=—0.4*%(0.6 *#) = —185kip = —822.9kN
BREIBI Y CHRABRARTFE, 7 Ao &
_ 24,463 +V 0
Vs carn2) = (2-60)

F
" Dy-AC _(75 (=185)
s 13,150 ( A&ﬁ F)

dorE R R Y CRGEFERYE 0 ¢ Pier 2 ¢y 4
FEOKRAZETEIFEEIE, o wbth BT L it
Boomm B N ke Fy, 8 r 8(2-59) EAFFE D jcac MEFE
BV RN RETFF omFE P Y MCS: & - B A
RBAEY THBE § P i R TS 0 T A SR A B e

BHET OMCS HAlaFEFRREE > TE pARF PR AL M

Er

AT - AAFEIPIERIE- R AT RS TE DR

T OB R T T w3V (2-59) i T B RE o
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o IR A BN Y EAMERAETFIE T RE S e (1
PR AL ) T % o @ 32t F e MCS BRI RE S e (BEp
W) AR BRSO S e T A Y R R F R Y
Beir 1954 HHciE® 1 % 0.1862 ; ?éﬁ—‘ﬁ P il s 2.496 0 ¥ HECE
WXL 02824 Lp ABFIEL BRI BRPELFE 0 F
TER AN E BRA BT IR, S P2 F, ¢ 2R
BT R SHEAUR N Likdy 0 MR RS R P S IR RS
30 £ T84 o
(). s £ A A3

BEFFE2AAML R F+ F, (Median Inelastic Energy
Absorption Factor) » 135 BHAT2ERPEF S AT Rt £ £
B X FRBREEIER B OS2 B I e

B AR B8k sat b (System Ductility, ¢) & it i c2b st

Apie A o WP E ARG L > LR K S

= 2P (2-61)
"X we,
BF3E B2 I S0t /) £ (Elastic Frequency Ratio)r 2

3 »ig 5ok f/ f (Effective Elastic Frequency Ratio) -

Lz\/l+0.0254(/{—1) 033

]]: H , (2-62)
Le =(1-0.85)+0.85(L) = 0.431

7 ( )+ (f)

¥ R IR LR B R chieid B F ek

S.(f,£)=0.943

S,(/.,£)=0.88 209
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R L S A E RV

sz(fs/fj S.(/:6) _; g3 (2-64)
AL L) S8

IpELaprzEFFEtapgan e S oY el o

N

B &% 3F e 4 73 (Median Capacity Factor, F,, ) :
F,=F, *Fg, =183%2.126=3.89 (2-65)

R A =AW SR A B S s L R
A2 Fpt 3+ F ¢ 0 MCS B ¥ R M e 7 A4 2 o i@
R ik B2 St b fen B R o 5 - At
R A AP 2P H AN R BRI F, o TR A
TR B i d PP P KB EIF, 27 i 1.824 0 Hik
TwEZL S 0.05-
) §¥ + R B3t Sz

AT FERFE S RERY TREY AR RRRE [ 2
S 5P RaE R f 2 MR R T2 EPRI ApRE £ “rik iz ¥ B
R EER L S AH o eI P Y ERIFLATIAE TR R
REFFPFE I RER AFAT S AR AR LR S
IRFIEY R PFET FREF AF AR R HET LA
AR HEXTID 40T
(a) 2&° &k

Rt f =423MPa % 4 5 f,=3302MPa % %4 £ P

=)
=
=
%

FOIRFTRART . FLAAHPPETLAEE
(b) ZEHREEFLE T TR T
AFE A R M2 FLE (GRED S 0250 45 %
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030) BiFA 4R BREL TR - FHFLAL T EFITI K2 B
A T RTHPEALY L2 RBL (K £20%~30% ) > KA g7
o R e

o« Butd 10.75~120x 7 B

« 45 10.70~130x% ¢ &

e FERREMERNERI AP EFE S VRERR AL 14
FTAERE - PR I EFEEL AL R FRHRERRNT
PREFMNZFERERRE > TELER LB ERLE MCS iz
U et

T RMA (PGA~ HFHWT 4 ~ ¥ Zdhd st M7 RE ) hik
J5 EPRI £ &5 (2-44) 2 $Hcs i BF RIS 2 B4 F it
EFEXR T od AP EREFRFLATRE T AT EL
h@S%%iﬁ%%&’i@f%@é%éﬁi%ﬁﬁ&ﬁlﬁ%
#ro * £ 2 BER (o) B E AR BEC RO F R R E R L R
SRR R o BK TR 4T
(a) ¥ % 4cif B % & PGA (Intensity Measure)

PGA z 7 % %5 05¢g i, B2oFr REALEE
B ¥R 2 32 0.15 -

(b) %rgg;’f: 4 KT R B B R b

BT F kY B P Rr REk R HAtRd B
B AR Bdrd] o A3t EE 7 (0.05,005) 2w s > AP
B¥ RF RBR2ZBATER > @A 2FF e PGA (hfphl 2™ > * 3

g Rt o

Fphd 3L o R REPEL R Y B T I A S
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Al enr & 12(0.18, 0.05)£2(0.25,0.05) 2. %t & £ & > @ H X 22 ¥
FEA# 5 0186827 02549 o phak z i ¥ B F R E IR IMif B 4p B
Z BB o w ke B R B2 ST R o
(c) & szt

d L p R mdh B H k SLAE IR 2 Sl il R B

Br 2T R A S E AT T > £ (0.05 0.10)2 $c R el > E
FHHCE EPRI 20 ¢ iR o % @ F S oaiiR® L3
0.1118 -

AT EEE G RRl 3 Sk #3522 23 EPRI £ ¢ F
7

‘J\

\

1L EE
B TR RBRRE AL S R LR LY - S EE
STHBCY B4 TR HESULE RF A AR R L R B
+ RECROART B R A R R 2T S @ FHEGR
FELETVEREEIEDL M
gt At genE 22 MCS BRI L R R > R F T
TARF R 2 s Sl (o S R L AR EER)
RHHEEF (T EPERE -HEFRSEF AT EFERTH -
SEAF SRR PR A R T g R o
(S REEE:FEHEE
g%#ﬁa&ﬂéﬁﬁﬁé’%ﬁiﬁﬁW%ﬁﬁﬂi%ﬂﬁ

TR
énkn
"
A

4y
(%
it
"

5

=

%
ur
g

kiR (3R R ) 0 F 4
L a2 > R A Y TS TR -
APz sk £ (DT e BFE QB HEF R
M@ RAREL A Fr o 2P 2 DTN S 4
(DR AEIFBRERE ~Q S ERERE S-Q)EERTE AN D)%
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HIRE ~G)RHMF ~ OFAUHER 3422 4 g R B2 Sike
Fo() kT rw il gF S QFEBE Q)T #ITEY (@ HEH
#> % — 4 (Ground Mmotion Incoherence, GMI) £ 2 3% 24 3 41 1+(Soil
Structure Interaction, SSI) °

135 EPRI 3002012994 #77% » &% £ p 2§ 4 J52 % 4 S8
4T L

B BTG R, =1.0

P a4 1S L F, =3.89

F b f—giﬁ%l » : PGA4,, =0.5g

A i T DA, =F,, *Fy, ¥ PGA,, =1.95g

R HEEE L ¢ S, =10217+0.04> =021

R HEEE L 0 B, =40.19° +0.14> =0.24

B 2o KL ek HCLPF =4 *e ' ®Wthll =093

e MCS #4)% » 2 ¥t 2P 27 i@ {1 e
FREBR T T REART R R kA RL S B R R B
£ B ®@F(a). = pini % 4

Vg a4 TS L F, =3.57

S b }a%] : PGA,,=0.5g

LA T A =F, *F, *PGA, =1.78¢g

L HEREL f,=025

AL ERE L 0 §,=0.19

B oA seig 1 HCLPF =4, *e @ =0.86g

123 (b). M ek S
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P a4 TS L F, =401

4R . PGA,, =0.5g

¢ i et 2 : A =F, *F, *PGA, =20lg
R EEREEL  5,=025

3R ERE L B =0.19

B 2o KL ek 1 HCLPF =4 *e '@l =097
d

\\\xr

BETL EHAE S o S e BT AN

MCS #7$ 82 ¢ @it Bie # 4 ¥ HCLPF ¥ &2+ p 25§ &
Tt 2R FRGE R FRERY SRR ERER D BT
A EREIP LFE LSS L - RPEV M o S arit
A FiE 2 MCSHAIZ W5 L EPRI 4 2§ 4 455 351 %
Bk RN RERELE RS B FET AP
70 GEFPAERTHAET ARTFRET 72 EHF R R OER
EH
(2) AR 288 RF BAH

3 3+ %+ COMSOL Multiphysics ## ¢ i = = %4 "9~ % #
3] » 2 £ 3 EPRI 3002012994 *t4-3 & O #77m 2§ 4 54 - #°3)
Ryp L SRR S RGEF @ R MCS 2 smE g
RGN 5 B (Pier 1 £2 Pier2) == » RINFH Z_~ F N
pd o HFEBEXIKM 23 GMI & SSI 2 28 a e (x
w)E pod g2 )’?‘ﬁs?])\ * w(in-plane) > L & & (y > w)5BL 4
(out-of-plane) > " HERF B BOFATIR o

B =~ o R (TR D 2 g dud i 724 2 (Truss)
T E BCHELAE S nIN A o R M INA L GE Rk
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(Plasticity) > & H-#idh £ R 84 MNP (75 o 3 £ 2 28X
T & 2-12 R4 5 T 3p b4 CDPM z fadeph B it 22 FUR BL
i EPRRA o R JRAR I BOA e 3R o
&%ﬁ%a’ﬁi%iwﬂaﬁziﬁ%ﬁﬁﬁﬁ%igﬁ
FEM #:3] > 30§ 4 2459 54 B R 5 > BH 3 kT f
4’%@%ﬁi4—&%dﬁuﬁ FE M E - 3 REEEH
Hﬁﬁﬁﬁ’%P“zwﬁé*%ﬁéiﬁi%ﬁ#é%@*%%
i~ eig R (PGA) > 18 5 F 4] 2 8 Ry ~ Sl o Sui ik AR
F 4o T LA 3 R R AN
PGAy, =a*(4,,,,) (2-66)
HY PGA,, 5 % | BHRASPGA & ~a 505/1.75 ~b 5 28
Bapdie (F35F85" 08) % a~b A B RHk* NFPEHEE
el B2 pREERE TR o

P ISl BEEAR B R c S Ey VI

—rl/]— ‘m S(-x) N(+x)
i —p
t
9m Pier 1 Pier 2
L
40 m 8m 16m




FFant ALl MCS 4 &% 822 ek AN = 400)
6 RAM N fTHEF S 4 e FEM 228 > 2 RIFERERE 7
1 von mises &4 0 T X AFHIAUEZ A F T RS QE AR AR
-

ﬂ‘fgé\%i"ﬁ"w‘ﬁﬁ R R e *ﬁé r”ﬁif‘ﬂ;?ﬂimjj\" ERE

x\”\

FUd R R Z A - p e To, 23 Rl

21
",'

EONBRAT A 2048 F o MCS #7323t S 40T
(e 7 BHE %7 F 134 BH K20 FRL a5 0335
Q)R FUR% B [ (MPa)2 A 5 40.268 » B % 0.0374
(3) 4 2" k3 B f, (MPa)z Am 5 31429 B 5 0.0375
D FP L G, (J/m?) 2 An 5 209.43 5 B 5 0.0375
S) B K% e, (1)2 An 5 0.003 > B 5 0.1921
(6)PGARe 2. Am % 0.5 B % 0.1435

() BEHEEIHFHEYAEH

PRy - &5 A2 F 24797182 MCS HHE% > H#H5- L4
»OF @I~ RS R Flca, = PGA, 2 B A g %

x, (FHRAA22R x;=1> BRI x,=0)° 522 B4z M35 5 FEd
SRR BA PR BN 0 R AR R f Y i R Rk
A, B HEARE L B £ 0 & HEE A BRK DA s IR o

BARES Q1002 BHA i FE 2 A SRk
(Likelihood Function) :

wap-Tr@] [-r@]™ e

Rl IR S5 - SRR CRE S8 S UAIIESTE
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N
InL(4,.) =]][xInP(a)+(1-x)In(1-P(a))|  (2-68)

i=1

BA RN BT R ES @ —InL(4,f) Bl b2 Sl s

(4, ) =argmin(-InL) (2-69)
% MATLAB ek it + > & * fminsearch & ¥c > ¥ —InL(4,,/)
EFHFEYEE o A ER 5 A PGAre e0P 28k 0.5 2R
KB EL 03> £ EHFFL 100 5 s R - BBFRHB
20 PR LR F Y Reng o 4R 229 frr o A
Pild R AL B FE VML MLEEgEY R o2 | B

K A A R R R AT
P (a)= q{%} (2-70)

A =05387,  [=0.0952 (2-71)

=y

e o 9
N m

o
o

Probability of failure Pf(a)
o o o
() - (4]

o
o

o
o

0.35 0.4 0.45 0.5 0.55 06 065 07 075
Ground motion parameter (a)

B 2-9 2+ MLE #t & MCS #-3]2 % 45124 5 (N =400)
B SR AR S MLE B % PP B AT E
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- %1395 L Zentner & 4 i ko R FHRAEHEE AT

10 ¥4 A& - = MLE @35 EH At Lz 4 8

AR % > 4@ 2-10 & B 2-11 #7775 -

062 r

06

£ 058

056

Estimated A

054 r

052 r

05r
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Number of samples

B 2-10 ® i=dc A SEH: A 3 4e 2 &)

017 1

0.16 T

015

0.14
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0.08 -
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B 2-11 $F 8% 2 SHETR & 3 4o 2 Tkl

MG EHAIAEY R SF e TS LAA
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thd e BRI MCS it An £ PREHL ARG
g,gghﬂEﬁ@@%@ﬁﬁ~ﬁ@ﬁEm1£w1%E%%§
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B R B Ry~ A EH SIS BB BT MCS - FEM
WAL RGHET FE P EFRERPE - B3 (T ) &7 > B
MCS #4t.55 % & MLE # & #bv > 22 2 8 & Sy & Bk 2 At

Fd oA BT EB R An EHIEEEL Bo RS

¢ EPRIZE P e % RAp i 0 BEF 03] & 24 - RP&EV R o
- HEBRAZHBEEZ A v R FHRAE Y
100 s » #1718 AnE Behip 3t EARS R T B i3] 5 A4
FRE RSB S ApR B
ZIRXEFEITNINEE O FEFIRIZIAVREF R IR ER
P ilEg b sl > v R E D LR et 5 I 0 By
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P AL
EHMA 3 o APy &2 MCS-MLE #F & jidg 3835 % A2
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I AR EIRZPEERSSCH BN R 23 EE2 747
(=) AEFFEZPETRSSCHAEMERXRTEREL 4%

AR T RERH A ERY T —«L‘T’ FEE 0 W IR TR A B
R FERR P TR E O P WAL 2 Ap M e SSC Ao R i &
Foan€ 242 SSCeomt g% >0 51 BR%EHEP PEIHFFHE
o EERFR DA SSCH @ g i 2w R BAT 5
B FPL AT FRAE R EF R RET R AP T
Rt A2 Bl B R AL RES A4S 2 o B
Wi 2 £ RIPB & 23K 33L& i 3 % @ Rk 3 L4 ASCE/SEI
43-19 (2019)frt% e &k ¥ @t & 4 17 4 ASCE/SEI 4-16 (2017) - 4
‘b MRS B SSC e ACI 349-23 (2024) ~ 5 M 4k 54 SSC
79 AISC N690-18 (2018) ~ 7 B % v 3k o it R < 2 3% 1% ¢ JAEA SSG-
89 Q024)F B g A F P F RS AR~ o HT 0 )
wFERELATAFEEEI FH AR FIRPERY o
R TARBES 2 AL 5T FER LR PR A RR
it f ¥ 23R RPN BAeT
1. ASCE/SEI 43-19 (2019)

ASCE/SEI 43-19 (#7ac 3% @ S ~ & Sufele # iRk 1k
# ) (Seismic Design Criteria for Structures, Systems, and Components
in Nuclear Facilities) £.¢ % B2 ~ 1 2§ & ¢ (American Society of
Civil Engineers, ASCE) % H *Tﬁﬂ #2477 #7 (Structural Engineering
Institute, SEI) 4F % enpre 3t o & 58 05 % BB 3R 1 §
(ANS]) en= B4 2R > g i FRP R RS TBER IR E- 2
Bom 2 RGEHF R ER o MEE A PR EOTILRE M Y et B



BB v B2 E T A R - k8RR S
Bpale @ % 0 & 42 THRR A 4560 ASCE 4 ~ R BHER
ACI 349 1 % ﬁﬁ; “-—f#"ﬁ)J—mAISC N690 % 4 i,'.' Pf'fﬁ.g\"- fﬁ?p%gm";:

AR o

ASCE 43-19 th{n o P e st 4 i — B Bt cfi B 2k 2 208
VUFE et i KL 53 F KR » B g AR (earthquake ground
shaking) g 5 > o priadF 2
G LE A P R R KRG B S [ et R
s oo St AEERY ARG T A %32 | (Graded

;FT k': ,r/i'—‘l_;}'i‘i_'é’ %:rﬂ"o ‘j %’\,}—%{E‘;«:\K

Approach) o gt 2 & ehpie £.5 3 e ihig g~ k sifole 2 (SSCs) %
TAP R e T et i P % | (Target Performance Goals) o 3% 3+ e
ARRPA SSC A safs W avd o enfs R fed > T ED B ML
BhkE

* FLR K3 ¥ 9 (Seismic Design Category, SDC): 1245 SSC £ »xis
H1EA i~ 2R BB OELHESF EZERERDREN R
24 (AfE2%;%% SDC2 = SDC 5) -

* 1&'Lk & (Limit State, LS): T M fw it X3 A % 27T > SSCs
TR AR R o AR (BFHRE) IID & (F LG
) -

PRSI P 1= 7 3% SSC h "FLE KA ® | (Seismic

Design Basis, SDB) » j&@ # K FTHE L 2 E & P @ 7 fe o

ASCE 43-19 2 & * 345 k> ¢ 2% > 4phE (safety-related)

7 SSCs eKFEFTR o o HRP|L FIHE R IR FE

FAPFACTREIFRGRY > U E A X 2 - ERFFE
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fe B Blde t KA % 2 (Design Basis Earthquake, DBE) i*
BT, A TRA M A WA R 1% @ A 1.5 & DBE (%
PGB F R 10%  AMERR R E S5 P RO E RS
BERAZZ TR REFEAIZORY EFHE DR T R
TRV R 2.
2. ACI 349-23
ACIT 349-23 (%% > 4p R R 52 2 ‘—F':-T#*FL%W—Q Fo) 4 F RIRR
2EE (ACDH =g > B o Pac k% & 2ApMIRAL S HELRF &
L% R ;:}i,{h’%#ﬁﬂ 74‘%#5‘7 ’ﬁ!ﬁ"t"‘ A e ACI 318-14 -
Ko Ep ZEHPEAERETHPFEA I REF T AEE REFT B
GRA &Y o ACI349 f F 4 ASCE 43 b it o B 5 2
W RS RS g & & 0 ASCE 43 2 AISC N690 # F Hf 3
&

ﬁi\rh—&%%%#lk’iiﬁm*5
RAEME D R RS ERFAEF R(DBE) 2 ¥ EHFT
AR AN LA A

o EP WM WhAlmEMEE m’]‘ﬁ:’%?‘.@f (drAg R A R
179



BDBE ~ e 2 8 ) 7% T 0 o R A L X IpEdie g

MUSTR B 0 Ak CERME SR o
Ut R R SRR B A A M B R TR (QA) 3
4l -

ARIEEH TATF X DAPM DR 2 IR ORRE Bl ¢ R
AAH A R E o RP AR FERRL SETRR
g F o G 2 b LFL;paér“iﬂf it 3K a)&b%év’ﬂz‘f,ﬁi’z‘j\l:@iﬁ E=N

e THFBBRE ?‘T!‘(ﬂflf'i*?“‘/ri\‘“ g—?%zgf;%]go)o
« BHEBRPEL (T 2BPEE R Ess T HR W) o
o BH/REPEL (UrF R PRSPy BEF Ta s off Sl
BY; 2 &R Yo) o
Hoge N B R E T IR S BTG SRR - 8 5 wIREE 1 R SR DR R
He > 5 17 %220 T4 FHIRRES | 3 5 1S T HE
THRRRFRE 0 A e E & F Rl uge TRk, & (e
B2 ¥ $RFALERETEPES EREHELBHER
AFREL R o
3. AISC N690-18
ANSI/AISC N690-18 (%4 3% %5 % 2 Ap b 4h S 4p ) Hd %
@lé—wéﬁﬁﬁ § (AISC) g # chz MR 7IFH - & ¥ S0 4p e K
AP SR s W E XK AR
2 o A 0FL - B (RHEaE ARF) (ANSVAISC
360-16) (2016) e4d e 1237 o v 8Kk 7 AISC 360 chAA# {2 » ¥
CE PG T DRI 70 % & g e (e ~ PR S R R
B FERRF R LS FEPRRE R AR BRI EEN
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7 5 AISC N690 &_#- ASCE 43 “73k T h g i p 45 » 1 34
R a SR e B3R R PR TR & o v 7 ACT 349 (R 412
BH) L RS F RS B ER R FTRERE
ARFePLe BB S PR e Y ORES 20 B iER
- ER- VAR PIBREE S TREAT B PR D
F 2APM B R ST kbR i E 0 AR
TERL R P4
- BEFEPE (Abnormal Loads): 4% it F E AL & 4 oef b ffr
# 4 (Jet Impingement) ~ p 3R &4 32 #F (Missile Impact) % -
e 1&¥ P R % (Extreme Environmental Loads): 43k 3+ fL #3545
k (Tornado) % ﬂ%%‘#iﬁf » 1A % ringse & (SSE) ¥ o
PO OBHBEFROPERE  RPRET G 0P AR F L P
s LRpELHE r?r\‘a"*’#w % #k 3+ (LRFD) ; v T
258 B X5 (ASD) , @ M 3BT o 4 o j\%%%&%‘]iﬁﬁ%”ﬁ
$0 b Bete S0F £ B3 (QA)
FRITRE EAF 5B ASMENQA-1 ¥ i TR QARE o
kL

SETE LS E R

AISC N690-18 i * f= P FE L2t Prav &k ¢ e T & > 4p B
(safety-related) | 4% B HE Lt 2 o #13) "% 2B > Thdg 7ot -
P PRERKGALBIFLL 2H AN f AR e
EEAR NI ARFEDFERFY EE O s (Steel-Plate
Composite, SC Walls) ¥ R 58 4 304 » (e P rft % TRAFESR
P RfrF g ERBREE o AR ZH AR O FRmen
R
e HMREPEL R #T R RIS EFFER LR o

181



REMAFLEL VAR T (CVN) 2% » iR 3

o BSEHPRIE F N e 0 AP i B
(PH4rRHRFF L) R £ ﬁﬁiﬁ i AISC 341 ( Fipam &
AILRATL) ¥ MR A ip B iR -
o P E L4 (SCWalls) : *ifd NO 3% 7 444+ SC 45 248474
RN R PR R R ARG R R AT
FRPLEERTARARTEELB G -
. FEiItlEHk% 5 NN w0 K Pss -« 843 e
#ltte Rl (NDE) 7183 il 46 5 o2 B QA/QC AR
WA 5 0 AISCN690-18 H#-— Aidh S HEK - R BT 1700 3K % e
BAHPE FTRAMEE ERAOTEREL RIS E - 2 X 2 AP
Bk AE g R BT R B R P ek o
4. IAEA SSG-89
TAEA SSG-89 ( +% it &k *§ ch Z X > 3= % ) (Evaluation of
Seismic Safety for Nuclear Installations) 2_F "% & &+ it 34, % (IAEA) &
DR K H T B - i g > P (Specific Safety Guide) e
= FaE = F_ 5 [AEA % >4 %_ (Safety Requirements) # i
SARRE B AR R B > AL EF RS o8 AT RE
Fen e f B Lo s | B ad] LR 72 R S35 5 o
Ffia & 2R k7 o SSG-89 i F R K gk
I

g > ”f/’ﬁf#—"] - B 2>m mfgﬁp s H AT ’J-‘-I—-a}‘ Hbrk’\&/{i\l—ﬁh_"‘\ —‘::_L\
A

T B

ZRIEYHBA GF Y BL 2 AERBRT ADFHF

NS-G2.13 % 20 » F P15 KAk BATRT « BHA

bl

o

A B IR AR B TR
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AER e PRIt L ATE R G B R e BX 2R
B MR AR ERRE R R IER BT R ¥ AR A
He R 2y FuErF REH DL XL 275 | (fundamental

safety functions) - # 1 & p & 35 :

e FémEafifs 2 KRFET BraompEt 20149

k
a\
ﬁk’
1y
[E
A}
g
H
FIN

(deterministic safety analysis) £ I i*
(probabilistic safety assessment) = ;2 > 5 ¥ BB T 7 AT
MIFEET L 2e a1 B o

c BERPAFPATE FREF EaE TRFARSR
(Design Basis Earthquake, DBE) ;» { £ # T % T4z -85 2

(Beyond Design Basis Earthquake, BDBE) | 7% & » 5 &%k # K
e DA R B TR TR A B %0k (cliff edge
effects) | °

o ®ATEPETER L ERRa 0 THARY & THAS

D, NRE e W FUALF Y B NSgS RFUE
misER g A EF e PmE %l [k (as-is condition) | T
HR R R4 B R -
IAEA SSG-89 chif * g Rltp§ AL L Rim ¥ !

o KR LRLHBRAALCRLPIR LERATEE
"4 § (graded approach) | =17 2 » JHE R AT F R
B PR AR S 2 B RS K F i S A K o

o A MY I FHNPAKROIA ST > FREITRTEL S
K3t MERF RS hTHE2F L KB

212
RS DR G E T BSOS BT RER R
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B
(2) fe § R FA (BTG TR
b BB TR | TN TR AN KNG T hF
TR 2 0 RAK 1 ey @Y R DU R L~ AT
A L E RV o
) F&a%7 FL
® FWeHFHETIE >F APSR) &g E-F (AMP) >
BARBM AL (Aop ™ ~ TP/ AFE ) BARP > >
R
(ii) 4~ ¥ .3 & 7% (Screening Walkdown) :

=i

® R TAH PRI E ) LAY T AL Al 0 E R
BT -

® UHAFRTERSEGIE TG L < i)

")
4

\

z .~ .&ﬁ.&ﬁ@iﬁ%@

(iii) B j14F %78 p

® BN e HAPRE 2t £ R AR L (NCR) o

® AP wKIEP (Fieldrouteditems) > 4o & ~ THEE -

® I 2AMITP K U PV AR RERY
(4ofldh ~ B ol ~ B g R)

® Loyl EsrBiILR o

GRFIFHE (FHIRTFT TR
FRIFEFTRFEREFFA RS

() #1FH: FARF 2HPERESBHRHELT U 2 8
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MERHFE (T2 A ) TR RIE TR EFE - SRR
B e 4 BB I AL o BE BB TR e BRI EA

(i) FHFA

® A TMIR ) REIBE TR AR 2R
RIFE(NDT) > % o

® it S TR R (6 2EEE)  FHRTEE
RIEB-1E o

® REFIMKATR M/ wHE - FE S RGE R

(i) B B L K TR D FRTTHI o BREST8RE > 2

T BTt Roa 43R0 0 SSC - o 2t iE
A2 O AREE R AR foat B 4 1 AR Ak RIEH S
ELR
(1) 8u% 275 27 &2 b ki
(acceptable end state) #7 % 34 {7 % > # ¢ o
(i) 5P A AR ALK 4
® FRRIH
® FBEFEFFHHEIEEH "ﬁ% ;

® Tty AR -
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(2) £ = SSC 3% # &
1 T RF A0 BEE - A SSCiEEFE o i

e 7

5

=

B R
e

() A FE 270972 F e SSC

® & jZw Ak Si(front line systems)fr i 4% % Xi(support systems)
BRI A - DTHE ARE A feR B AT kA

(i) ¥ s 314=4p 3 ¥ % 2 SSC :

® Hp BB AT BB HEB SSCE 2# i dufp o

@ RFLMTEAIT T » Hldo@ s RHF > UE KA pE0r
LRI o G N p}f B o

(iii) Fes 4 B {78 e SSC -

® PRBFERT NIERYFEAARFLEDRREE (B
hoig T AR - PRI GE o

® LFR F A bt SSC B o

® ity R s i'f.%%i)%» 22K 3 A % Uk ;R (DEC) 1 SSC e

G RAZTAFRENERREI] (R 20 Q)
B X e ent R 1EE Bodot o B ] AT AT 2 R

(i) SMA = i :

® SMA i3 ¢ T &- & 5 A NERF 2B REN T30
i 1 (Success Path) °

® T ATipdt A EEE G SSCRHEAL T~ BB i o

T
@ K EERICAEH AL PR URES EEEEEN

|~
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TR AERFMERITE R ARR2E 2 P& T RIFT
AT B ENEL T o

(if) SPSA / PSA-based SMA = 2

O T EE LRI E o

® U ¢ REEE AT AH(Event Trees)fotx i (Fault Trees)
BIERA -

® Hp AU PRI FTHELEESASSCA o

o ’ﬂ“"SPSAE’ﬁSSCFExE’ﬁ:FL SMAm,PE}%/Lm T @ 3
TR A BIENG| Y it AATEE o

@) 17 b B G E

(i) % st % (Systems Walkdown) :

® LGB BRNAGFT- = isd | o urrin SSC 1giE Fi_%f HIE
BEM B - R o

® ik eta R RfFRE SSC e AR 0 XA

F
3
L
28

fegp 3T KR fodk (FR BT

® 3 7% % &iE (Ruggedness) : irk % iE T 4% 4 > :ne F ¥ SSC
B ERE (THREY) 0 BT BRLT P A
£ (Vulnerability) : 4r% F & SSC #inz 2 3 T F
MR A E BT ERBETY P Ak BY Ao

@ prHEEARFALEANHAETERICE (HH4) ¢ F
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DIFERR o

# I &t B3 M & (Walkdown)

W A meﬁﬂ&%ﬁmﬁﬁf—owﬁ%mﬁmm&
B~ SSCen MR | T > g T A Fonaf 2 F A 170 4
THRIMEL o
(1) B H ehp eh

BHFhd ¢ At Ra 4 1TARFFfo bk L1 RFF OB IR T o

ATETR O MHAT AW I RS BRET FRmREaAE 22

® m:uSSCen® el ~ L3 s irwma > W2 § 75 0%
fLgv it g g oo

(i1) 3 %) e et B Y6 33 mah !

® RuSSCAEL ~dyrdein? » o v ¥ g am BRI E o

L v]z%?&é’ﬁéﬁv}}; I R B A8 I PR A S 2

(iii) %] 2 7 B 4p 3 1% (Seismic Spatial Interactions) :
BT o E R SSC A »xaBEAARS 7% Kk o iz & ¢ 35

® %% (Falling) : bil4ek B 2wy ~ B - Bjr ~ % 1=
s BEEREE o

® 1 # (Impact/Pounding) @ &]4cAp 48 cr% 1% & éf#ffﬂa B %] 4p 4
EHa gL AR e

@ AP T iER IRV R F BilARanl LR R/ER KR -

(iv) @ %] @f & p 734 12 (Housekeeping) I 3% :

O muidpLvisd el THAENBEE | R blhoA AR
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SRR R 1R B s FA B B A i d o
(V) S 82 4% 4 SSC F- ¥ -
® LRHFLHAIY GFESSCHBR (BFELSMFE) L3
oo
® FIIFEE > (ﬁg%cwd“{f) B % 1 SSC3= 7 F H o
(Vi) 3 5] B PR st
® 133 SSC g ey » H|¥rH &7 &t ehE F 4 e (SSG-
89 (2024) trvidr? i1 ¥ A SSC e »afi N ¥ £ ) o
(2) I f Hin A
WHEARNEF Fwmantd o dpilfoe Bk o
(1) &5 wd

® @Ff&%@%ﬁ%ii\ v LB s A TG IR 2 £ i+ _’g‘ %%
5w B e

® - SSCTALE  * Wi FER EREY -
® WUFEHALA (WFHEHF FRE) HF 2P s
T i o

/4

(ii) 4= ¥ IHF-3 & (walkthrough) :

® B~ EFAHRIRE > G FE Y T amEmid o

(iff) #] %3t amit & 22 43

® A4 (Plan): ZPAANE AEMSSCHEL 8 ~ B
*REL AR R FARLET Ko

® iyl (Guidance) : 3 T FEF- R ST 0§ R EL M
510 & 35 0 GERE S AHT R SSCRER oI ad v (&)

T RATFFEATFEENL) AT EF (BE CRE)
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ERARE S R 2 Eegady T o
(iv) 2 7 sim B 3
® Mjikz FEdnsl » $HE ity SSCi2i7 g 4 o
® dpinkei it Eadpinie® (e~ &RA) > FHET
T & MIE P | (Lead Item) 35imie & > H 4RI 7 T4
(Walkby) ™ FEiip 22 R 5
® s CEPTE R RHEE AT RV AR BARSE
(d AR ARFFFER) EFPRAHFHANERE o
® EREITHUEP M EZIRERERIED (XHFPFN B

Tegtr) o FRTRY w1 R e

&
2
/
\—4
kil

® LHBERMLLYEN T I ERBOSSCHE L EFR

BERAEE > 2 G SSCetlmh lcdp & (* WEATF

B
6. HFI I AESSCer RF J&

BHHE TR AR | TE NS S RS RRLE)T
ToAEIGENDSSCenk BF M o iz F B (bldoted R
et ~ B ) BIELHFTOY AR Tt )l F R ﬁg?]% °
(D) AT otpar jRF &

FAFRAITFEY PR EEHS,

(1) P &
® AABHRI P Ak e B~ B (bloik

§ 5 i, FRS ¢
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® VERHEALDEE (dop A S EH) O R IER
B L d o

(ii) & #7153 -

® e il F IS T

@ HANMFUN o EERYRG FAFEE (HlicRiK A
45 ) ©# RLE £ DBE tnt 327 [ %1t 422 % | (Scaling) » &
B s enid o ¥ Wada s - SRR A 2
RLE 2 DBE #3253 40 1 cnf ™ 5 A A2 s B & eho

(ifi) A 45 = i2
F= &5 14 3 #5 (Vibratory Ground Motion) :

® & Ji¥ /1772 (Response Spectrum Analysis) @ $30 2 -5 45 3
F1(SSI) »x s ? BE F enpdie » TR H b o

® F JEFrpF A~ 472 (Response History Analysis) @ $*t 5 & % SSI »c
Z@mé}f# P i 2 E o FAURIE Y hkF BARR 0 @ F Xt
SR e R P E
LR #5143 #5 (Non-vibratory Ground Motion) :

O ¥l gauniat FHRE ARy EEE AL 72
(quasi-static analysis) o

(2) -k e ik o BF

() Pepid e (Wwp®R PP~ ZjF) Ao g F
[ RVETRE e ST

(i) & 4773 & °

® G RLES » (% pH3S51SFRS) & FATF orif -

® . VHIEFOLEFEFEI b (FHRFF AR
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d) o SRR MR

® ST ET ZRH T48E | (coupled) ® T %48 (uncoupled)
R FARH G R EFOE LT AR B BE LT o

(3) %~ #7eni3 ww -K & (Confidence Level)
BN R p AP TER | s h % TR EFR

ﬁ?ﬁiﬁaﬁﬁﬁgﬁﬁ%%%ﬁﬁﬁlki

(1) SMA / PSA based SMA :

O FRAYIRETRGHAE, KETER -

O i mma g (doF BEAH) o kP R K
£ R -

(ii) SPSA :

® SPSAZE{ mFHFHM o

® £ FGHAME BRI E (¥ HCLPF) 2 4 > e

Rt BF RO T I oG o

© A # > Rl (FERE) 079 i | (median-
centered values) % 49 B % B {2 (HE#S 1S 2 FERAE) K o

T.HF» FEHAL AR E
P BAFE B O o v RIS PR in

(Demand) £ SSC =f & [ it 4 | (Capacity) i {7 vt > T 43459 %

| g eh k0 B LITE R

(1) SMA = i : 2% HCLPF 3 &

(i) P :SMA P #8358 11 SSC v HCLPF % £ -

(i) HCLPF &% % : HCLPF % £ 4 ehf — B3 R sk T (12
PGA & SA 47 ) » fpt kT T 5 g T35 95%ent: i
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B A 3% SSC e M A »od [ A0 & 530 5%, o z\—g » ¥
T *%,L T a0 W T o4 sk L 1% | mh};‘j\l °

(iii) SSC HCLPF 2+ & :

® o AR A IARFFHT o

® T i prE M iE (bldeT o LA seaip i, CFDM) &
W N a4 2 o

® EEEREY TR 7 HCLPF 7 £ 4p ¥t (B L)
(1 SSCit f72mt B 5 3t H 8 38penSSCH 7 @ * i it &~

(iv) 2 * HCLPF & 1t :

® = ¥ 5T (Success Path) HCLPF : — ik = # g2 < e HCLPF %
0 BEJLY 1) SSC ¥ » HCLPF 3 £ T it | & enid o

® 5 (Plant) HCLPF : # 3% % cn HCLPF 3 £ » £ 974 © %
Gend H s > HCLPF 3 8 T8 3 | & i -

(v) %% : 3p4 RLE -~ 2% HCLPF > ¥ 38 %] 418 15 & ¢ s b eh

Mt 2 53 8 (% HCLPF #. % 178  SSC) o

(2) SPSA = % @z = LA Mt B g

(i) PH&: SPSAep & 55 B SSCeE = T % 35+ d s (Fragility
Curve) ; » T3 B N7 VX (& % hE T35 o

(i) 5 41d

® LMkt SSC A7 b B3R (dwPGA) T e Mgt 4 ¢
W, oo

® iRt MmIEe 7 gt | (randomness) fo T A Fr T

(epistemic uncertainty) % £ o
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® MR E T Ak 1 (a) HOR R T Lok SSC
T T w5 (b) H G R G FRRSSC o TR At
HCLPF 9 [ i 3w 4ty 1 (o) #P0 R T M aE¥
SSC» & i % Tifmend A4 | > TR T ¥4 BF B0
g TP IR

® -SSCénm B EATH A RAH A OCE T 0 A L AL R
% (HRA- §4 BH REo3 RS RAE) - FETHFIA S
E A FARRCY (KT SR ¢ -

(iv) k *& & i (Convolution) :

® pho nRBERERACRELF I BERANRE MR
R AR &

N S L AT STy Sy
(% p PSHA) i&i7 "4 & , (Convolution) °

(V)&% BRBRANE I TRERLEE (B > S HiEH £
) hE TS o RE e S E KW A Y A
AR REFSDSSC R R A F]L R o

(3) PSA-based SMA = ;2 1 JR & & it

(i) B4 : 2% SPSA cllgE#7 > il ¥ 2 HCLPF it 5

FivE%E

(i) B 1 %

® MinMax ;2 : - B T 22zc% & (Cutset) ; 7 HCLPF = %% & 7
SSC ¢ " §# | HCLPF - % % ¢ HCLPF = #i4 4 »cim & ¢ ¢h

" & ™ ; HCLPF -
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® gtz ZHB SSC HH L4 M (54t HCLPF
ok g B ) > Ris4e SPSA 438 MU G mah JEE
WA T EEY R B A T1%T 4 s k| H R Bk
® > {¥ 4 % %% HCLPF -

gl A T 33

}!E

(i) &% : 4¢ 2 % % HCLPF » ¥ 3 £l & (weak
link cutsets) °

8. % F= I R{TF HF 4 (Peer Review)

RAEFT RO RS REET R R R FHFHE DR

#% A - oA 1Ak (Management System):E & — Tk o

(1) % &ehp ez p 3

(i) Pen: A & P enEZFRITFRE I TN T HIR o

(i) m 7

® FinetEkefiiF o L3 £ TABA SSG-89 (2024) % 3 ;3]
uE ke

® riliTin a1 vE_E A F T R 24+ F B (good practices) e

® FAHFRATR Y DEK - By > Ao | ETehE B -

(2) % & M5

() $akd ERAPRFTHROETH]HE -

(i) % & B EbH 375 By -

Gi) BB B d¥ s 142 DRER (¢ 2P 370 o B
I AREARE o

(3) % & i
PHEa7?RY TR EARFEFT > A BATRERY D7

PRAERFEA > s N2 S FRFETEFZ D o
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(i) Fe&l: i EH@g 4

® NIREFAERBLTRPETRERIIRFLES -

® H 3 SMA: & T2#ERC  EHERI -

® 13t SPSA/PSA-based SMA : fph R i# PSA $A|i2sex & o

PN - AT
m)w&23M%ﬁ4%§(ﬁﬁﬁ%9)

® RBAFE I FARLRFCAY TSRS L BT o pin

Qﬁ%ﬁ@ég—ﬁr$W§ﬁ?&ﬁ%ﬁﬁj’ﬁ%ﬁ@%
,53;1'_,?] a‘_\z/\slﬁ,i%} PR ﬁ;)g_"’ /24: ’ff'?”%b)@' TR o
® L% % A Ak As SSC ¢ HCLPF % # & 2 31+ & i

Erdp o B AMBERS Bh c ARERINE AT Y

g AT AR B Aok o 2 R BT o il
i E jgrs)ﬁg‘.:s MFEme Ei e m B Rk FEFAFL > A KB

s}

B 2R AEE (HHS) Ak LA o
ﬁ% P R R

P BAGER IARNER B P g BRRTR T B ARE B %

9

RE el > DR B R BT ST 2erd AR o
(1) = ¢ it (Documentation)
TSR RS- PR Y o PR A g Mk hE
A L L FE T EARZTAfoRY cFFA P F RIS
(i) = A A
® 7% i 2 d (SMA, SPSA %) 22475 Bl4ZEK o

Tk
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® S¥ A Z(RLE)SuE* &7 % 5% o

® TREEFFREFABGOESETH o

® poifEwM (it -#HE) THRELSE o

(i) #3& 5 E

® (SMA)#m:Eena# s s Hi@d o

® (SPSA/PSA-based SMA) k suiBiBHCA| (Fw S ApHp v E
PSA :hig ¢ )

® L i SSCHH » R BT HES R AN HRT K
HCLPF & 2 5 4 |+ & Bcehig, 2 o

(iii) A 722 5 %

® NUWAHAFRLTHELE > RBPIZFRIBRE -

® :iwmHHCLPF & 2Fzt i~ e ((vh ity L)

O ¥ ATRIEadkiTH FH > 2 HAH FanTh o

® (SPSA) h'& £ %% » ¢4 CDF/LERF » i & ek & ff j* A
7| ~ B4 SSC ¥ o

(iv) % & :

® FiHEFAHIFL o

(2) &% & * (Application of Results)
FRIELFEEAY 2 Bk RAEEY YR YTRE 2

ERE/ CRIE I A

(1) @535 gher ] A s> &

® :TiLena®penZ - Fwa R 338 (64 HCLPF & i SSC
& SPSA ¥ L *& ﬁﬁ%ﬁm‘s 11 SSC -

® RBRZITHEF FITIEAEV A BT Ko
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(i) k *& 7oA+ K (Risk Informed Decisions) :

® =% (#FHASPSA) ¥ 5 b 'l 3k iy ~ -

® Llhep T AFHRARIA S OB VT UREFR FADOR
%% MarE (4o CDFer’d M ) B2 (78 K o

@ H N AT ivegsiapit3sEh SSC o~ it A AH TR0
E e ) el

(iii) e T RARA

@ TR I RETERE ET wo (4w E TR iR) R
R RBEARE > Gl BB A T BRI F L F ehid

LT

® aifp %ﬁlip S h B RERE o RED FEE (64
T B JE h7EK ~ Bjrarick ) 2 g4 F SSC R ehid Rt
3o ARGl FTedp T (E R b o

(iv) & KL g L.

@ PEHTRFW-BRLFEIIL mEARTRFZ 2

RLHEAEARL M R AIHEX DR PR Lk

(z) FRFEERFZEF (2019)

1. ASCE 43-19 £ ASCE 43-05 2_ &

(1) if * R SDC % &

® 43-05: £k % SDC-3~SDC-5; % &3 # SDC-2 %4 ASCE
7/IBC 4 32 -

® 43-19: 373 SDC-2> jp » ~ 11 A% & SDC-2 ehfrsk % (X 2
htE G B 2% %) o BREP S A SDC-2~5 difkehld it P
#&(TPG) °
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(2) et P RSB E (F AT )

® 43.05: % 7 SDC-2 7 TPG % 7] o

® 43-19 : SDC-2 = 4x10% & ~ SDC-3 = 1x10% & -~ SDC-4 =
4x1075/#& ~ SDC-5 = 1x1075/# ; % - &b % E R iT 5 %3
gig?l x o

(3) 3~ Js# (DRS) 2 =72

® 4305: Mm% AEDF # T P4 AFE < 10} | =% 53
7 % F 3 (UHRS at HD)?< + 18 3] DRS o

® 43-19::xmt Bf#k SF (F -3 PHLuzr8) > 24 p
# AFE | = % ¢ UHRS (H_PF)~™ i {8 ¥ DRS (DRS = SF x
UHRS _HPF) > =2 { EBE 5 T R o Renpl 5 2 FRAFCR o
ST Ban dnAzstee > ¥ E RF L3R B 9 9 DRS
g 2T 43-05 A A - K o

(4) ¥ 25 F R HDRS R (37)

® 43-19: 37H A ¥ e * FIEA T& DRS 2 2 (Ch 2.3) &
BIRE-BHIFIATEEE ST K-

® 43-05: AH{ERFIE o

(5) 22 ficdr 7 Aoy ~ ehf 4% 5% (Chapter 3 % it )

® 43-19: % 33 ] &@ 5] RC @4k iR 2 (SC)i et »ah| B -
7ok BEE &4 SSC e R (B E B '«%ﬁfx;/ﬁ%ﬁ o

® 43-05: %+ b3 P WA ECE Ak E SC e R TR (F ik AISC
N690 % 4F &) o

6) FE Rkt (2375 F + 3% )

® 43-19: #HIEERLF (AU EL59F) ik RAIYFEAR
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B ERSRAHE ) ASCE 4-16 I A7 iE > & AR 1 {F
e

® 4305:@ptE%F o

(7) & ASCE4 i 2 3 £

® 43-19: ki3 F4F 0 Tk {5 AIEEIEL S /¥ ASCE 4-
16 Ml B/ ma & KT 5351% ACI349 - < & » po g
R S

(®) § & o & 22 5% < 7l

® 4319w F UL/ G F 5(LS A~D)ehm g > F A AR PP
Sgip B B iyl blded 5-1 1 LS-C % 2 1.5 dhigi thik
(#4 # —HCLPF #4& % * &)

(9) & & B e kit BT

® 43-19 0 1 Y~ YTES ~ YEED £ Gt T B B RSB R R
S FA ) ¥ TPG - R Fg S ¥t ; {32 [EEE 344 -
ASME QME-1 %4 -

® 43-05: EEiEE AR 0 (e SHcRY KA R o

(10) & F @2 F %% 4

® 43-19: E ¥ F X 5% 10 F(QA)» & 43-05 4pt » F & =% &7
BiEE {37 (k%7K ASCE4/ACI %) -

(D) EF#H* ok (EF%Y)

® 3 NRC #iB* & 14251 43-19 (3 3l AR ) F5 H @A

Ve

fv AR 5 % 3 RIPB B S 5 Bgom 43-19 &% ¢ AR en® * |4
BY (pHrmm b AL 18 o
2. ACI 349-23 22 ACI 349-13 2_ & = (2024)
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(1) AL 4 7 4R

® ACI349-13 : iz ACI318-08 -

® ACI 349-23 : 2w { #77 &g ACI 318-14» Fpt 37 5 ik % Bif
2 5 g pI%E ACI 318 he rhdt o

QfEres

® LB PETE I ALERFILECa) BATE
(To) ~ 22 Eo (OBE) ~ Ess (SSE)% P s ©_%& > & 373 k& B &

(ISR S ST R AL

w g (AT VAP E Glicfrie S B 5 0 #5594 OBE &
TR E 13RI o

(3) At

® ACI349-13 : nzF# i ek 353 5% o

® ACI 349-23 : 1 = “f sERM At 0 W FE S A
170 2 ACI 349-23 $5 U~ % 2 & $5(FEA) ¥ & < (28 "4
AP RRL -

4 FHETEAE

® ACI 349-23 #412% 3 #H1 % 17 § > 2 ACI 318-14 - &k » ¥
T SRR - h R B T T T s
BE s iR R > B2 2 % BT o T4 Rt
(shear lugs)R| > o &£ & - ¥ ACI318-19 (2019) » iz v 3 zL 45 =
ShoAR ?ﬁ}—*’é (ACI318-19 (2019)% z3¥)

® % 14 % (Plain Concrete) : ACI 318 7 > = ACI 349-23 i%4%
TZd o o FIPR R RRFER O RED o

(5) H 3 3 Jo i i 3

240



® o I ACI349-23 &4 83.1.1 7 » @ ® MR hEs ¥ AR

@ HFLus PRSI FEERBRIIEL F R -

@ AR (HI8F) (pFEf LpmBHhE 38 F LR

OREER-S E

® ntd s H 0 ACT 349-23 P % gk 433+ A 3000 - 6000
psi v #4521 E £c> 6000 psi F¥ 3 3t * 1+ 5 ACI 349-13 i §
FEen ) LR AR

® stgrat A D ACI349-23 &% 20 F K 4edw Stat A 1 B4
R TAREIFES S TS R A AR R

(7) #FRMEE P B BT

® 4 E (#25fk) ACI349-23 g o #PERFE Ko

® i F (¥ ¢ RA o)  ACI 349-23 L #77 # fi 36 & 5
Foupg R T4 RRER (L SHPRROT RS E
BUEEE o

(8) & £ &6 fR - R

® ASCE/SEI43 : ACI349-23 # % 7 ACI349-13 & % 9.2.10 i -
1§73 ASCE/SEI 43 ehf #7 2 -

® ACI350 - ACI 349-23 4p I XL 5 AR M -Kis 2 gt ok s > §
e P %P ACI 350 i 5 B Bt

3. AISC N690-18 (2018) £ AISC N690-12 2_ £

(1) Chapter NA : 3% }(General Provisions)

H#%  F#HTTT > RPAREPRLANNE S ER
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(i) NAL. §#& F(Scope) @ % 2 4" & o P Fidy 91 N690-18 (2018) 12

3

AISC 360-16 (2016) = A #_ > 7|1 g 360 7 F 304 o T &
Qi@@%ﬁ@%@’jﬁ%7@4E%QﬁO%ﬁﬁﬂﬁﬁ

{7 5 %35 F & 75 AISC 341 (2016) 4 ZiF Ak & o

(iii) NA2. %4 #4 ~ = R & & & (Referenced Specifications, Codes

and Standards):
#7337 AISI ~ CMAA ~ U.S. NRC (NUREG-0800, RG 1.54) ~ U.S.

CFR (10CFR50 App B/S, 10CFR830, 10CFR100) f= EPRI (NP-
5380) chg% < iE o

#7# 7 ACI117/117TM -

FrHE 5 AISC 360-16 (2016) » T £ N690-12 v N690s1-
15 -

#riE 7 ASCE 8-02 -

#7H# 7 ASME NQA-1-2015 4= Boiler and Pressure Vessel Code
Section III, Div. 1 »

I 5 38 ASTM -2 (A20, A27, A106, A148, A217, A240,

A276, A312, A320, A435, A479, A515, A516, A537, A540, A554,
A564, A577, A578, A666, A738, A770,A1008, D3843, F606) °

RIS % I8 AWS 1R% (AS5.4,A5.9,D1.4,D1.6,D1.8) °

(iv) NA3. ##¢ (Material):

NA3.l © % > 5 #0080 3 40 7 KL ¥ & (impactive)/ 7 |2
(impulsive) * & 42§ i (7 CVN Bl 2B ehk £ > 220
Wk R R ek iR (£ NA3D) - & £3% & CMTR 2 #%3F 2
#M R ECUNE fo

NA3.la : % (b) HSS -~ (c) Plates ~ (d) Bars ~ (¢) Sheets & 73 %
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\\\?{r

B ASTM " %L o 3 v b § % #4hK 3+ 5% ANSI/ASCE 8 i
pg o

® NA3.lb: = >34t & » % KABumif o

® NA3.lc & NA3.1d @ &7 7 & RE3-= F4%7 5 4 kREH D
poEasE RGeS VS § Eak B

® NA32: % >FH & {AT7 &4 fodkdh -h ASTM 1R 2§ o

® NA33a: iffih# ¢ 373 7 ASTM A320, A540, A564 -

® NA3S5: = 2FH & LATT 84451 AWS 2§74 o
v 7 CVN % 6

® NA36: =

® NA3.7: 373 7 }* & "Material Certification" > & & CMTR & z#
IR L o

(v) NA4. 5 # 3K 3+ Bl A & 4§ (Structural Design Drawings and
Specifications) * %= & FHk st & o 4o ) BAF R % 249 M E
PR L FE/ P ERR RN I RER
L

(vi) NAS. & F %3 (Quality Assurance) @ #7# 7 J* & o & £4] 2 QA
Bk A ﬁ #& 10CFR50 Appendix B & ASME NQA-1 -

(2) Chapter NB: 3% 3+ & £ (Design Requirements)

H#5 : FHIAT o

(ii) NB2. §* € & §* £ & £ (Loads and Load Combinations) @ % » % #
P& o

® FiTT AT LWL (Normal Loads) ~ & % % B+ £ (Severe

Environmental Loads) ~ &3 % 3 §* £ (Extreme Environmental
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Loads) ~ £ # §* £ (Abnormal Loads) 4 #f v 3 5L

T P 5 P LRFD 4 £ 2 & (NB2-1 £] NB2-9) -
BT P N ASD £ 2 & (NB2-10 ¥] NB2-18) «

B4 0 3F 5 AR L £ e & o0 "Other Considerations” (H#
FER) bldeonf ~ B R o~ BE P L b 4 s s
ks d foE

(iii) NB3. 3% 3* 7 % (Design Basis)

B4l B R BB K- & % LRFD & ASD e %o
NB3.2: #i4c7 ASD F3F% A ¥ %k 2 NB2.6d(8) # %k
g; °

NB3.3 @ 43 7 gh & o orig % SHM ~ 2L R 4 A 4T o 4o
T R B A2 250°F (120°C) pF4t kL iy 8 & R oo

NB3.8 : #4714 g B EFHS AP BNE Lo

NB3.14 : #73# 7 ¢ & "Design Based on Ductility and Local
Effects" o 3¥ b T € 0 & 7 HIrF 12/ GrF 1L £ @ * 2158
fadr o F e A AR 32 (AT B/ FRA Y S AT
W) o BLFT A (£ NB3.) fr i A ] (£ NB3.2) o
LR PO R RS T g ER T o R
T SC 4 7 # B NI K3 -

(iv) NB5. %@l i¥ 22 % % (Fabrication and Erection) @ &4 7 M & > r i

Chapter NM -

(v) NB6. & F # #4] & & F % 3 (Quality Control and Quality

Assurance) * F# 7 44 & > dp e Section NAS fr Chapter NN -

(vi) NB7. %3 13" (Evaluation of Existing Structures) : 3 7
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@ > 35 Appendix NS °

(3) Chapter NC : #& %_}+ 3% 3+ (Design for Stability)

(i) Cl: affge a4 menFlE 74 47 "(f) and the effects of
elevated temperatures" (% & <)) ©

(4) Chapters ND, NE, NF, NG, NH : @& % { -

(5) Chapter NI * 4F & £ * 3% 3+ (Design of Composite Members)

(i) #2147 51 % 1 "ACI 318, Chapter 17" 5% = "ACI 349 or ACI
349M, Appendix D" > # #- "ACI 318" &3 = "ACI 349 or ACI
349M" -

(6) Chapter NJ : :# #3% 3+ (Design of Connections)

(1) NJ1. % R (General Provisions):

® NJL.I0 : 4kt > L@ * fngr o

(i1) NJ2. 4% & (Welds):

@ NRO6: FTHF-_EK R ITFTRHEFEFTREY EHF CUN tam
BAER - 40 KX EFU/EFEPEABET B E AWS
D1.8 eh& F o

(ii1) NJ3. 87 222 &3 & 2 (Bolts and Threaded Parts):

® NJB.1: & (b)BEEPH4 I AFTER FLAFHRILE
IR o

® NI3.I0: HF# 7 (a) H7% » B RBEIL 4ok 3L s Bt s T
TR A k3 R e 4 5 B o 5% (J3-6a, J3-6b) o

® NIJ3.13 : #7 3 7 } & "Connections for Members Subject to
Impactive or Impulsive Loads" » & b sgi@ 4 5 d 28 [ i& "Lk 15

B e
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(7) Chapter NK : & % { -

(8) Chapter NL : & * 42k 3+ (Design for Serviceability)

(i) 7 % (Preamble) * 4 7 w5 > SN F & e o

(i) NL1. % R|(General Provisions) : =
%’ﬁf_mfe’ M AL DM et M aE R o

(9) Chapter NM : %] i ¥2 % % (Fabrication and Erection)

(i) NM1. ¥ 1 B2 % % Bl(Shop and Erection Drawings) @ & 4% 7 g
oo WA BIAFTHETE 2ARMINE R R o

(i) NM2. @] i%(Fabrication):

® NM2.1: B’ MAeJL e B R ® 4 7 oM s

® NM22: gt %—- o #7858 £ 50% AWS
DI.1 % 5.14 & » TR W frr v chLFRRE B4R N o

P

P
L

™

® NM23: HF#0 pt& JRTE K L RO F 4

® NM24: F#7 & o 24 AWSDIL.1{-D1.6 > #+: 1 SC #42

\\\Xr

ASME Section III Class MC e it v g% 3 F + & Section III &
FeE BT o e F 2P AT e BT R fo

® NM2.7: 45 & o *£31% Code of Standard Practice *F - 3
e MILE R SRS SR BRI NETE Ko B F
Lo g WA A RS (SO) B liv s 282 RS &
Fioaiims 4 FHFEALE Ko

® NM29: FH 7 & LFgEitEFmsiri o

® NM2.12 - NM2.15 © #73 7 2™ -] & : Surface Condition (% & -
/) ~ Bending (%* ¢ ) ~ Commercial Grade Dedication (7 % & #

%) ~ Identification of Steel (4% #f #£3%) o H ¢ R & L35
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v

A7 A m;}é% e erif i 3 B o

(iii) NM3. 1 jz % % (Shop Painting):

O NM34: %41 & B 41 4o FaEE R, ¥
“f TOIRBRETE R KRR

(iv) NM4. % % (Erection):

® NM42: FH 7 & o e g BiETRm L F KRR
MY PFOIFE o KR 4 g R

® NM4.7 : x73 7 ¢ & "Tolerances for Cranes" (A2 & # % #3554 )
¢ HEFHASE P AR (Ta) ~ A2 E B E B (Tb) frds £ BB (T0)
TR FFAR Ko

(10) Chapter NN @ 5 & 742 5 & %3 (Quality Control and Quality
Assurance)

() &= 2% 7 AISC 360 5 Chapter N » 5 $23% % % > 4p i 52
HHRET B2 FwHQC{fr QAL K -

(A)NNIL: &7 QCfr QA &Pk ¥ F Tl f A~ 1 o

(i) NN2 @ 227 firpfox %5 72 = A ASME NQA-1 & %
THEH QA E - P HPRERBERL £ o707 1 ffeak
FQAl i Mg A7 P o

(GV)NN3 : 337 THRIAF Ah> 2 51 2B~ % LB~ 21 %P)
fed & &~ & (FH4RE ~ & 43P -~ WPS/PQR/WPQR ~ QA
ip %)

(VVNN4 1 L% QC #% R ~ QA #% f 4= NDE * f 17 .2 £ -

(Vi) NNS : .37 S Hdb b i ok & A

® %41 QC{r QA M F i b ik o

® LFAfFTEETREAQCIQAKRSRR L o
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® B wmerBRERKRHERA Y 7 88 P QC
fr QA g A4 F (O-"EH B %, P-iF - 4 {7) (& NN54-1,
NN5.4-2, NN5.4-3) o

® 77 CJP4rPJP 4% 5 NDE £ & (UT, MT/PT) % & Mk & +*
] (10%) o

® BT XREFPELELDNDE £ f o

® % i UT/RT Bfc -5 = i o

® 5% UT/RT # 4+ 6t iAok & ehif 2 o

® %1 NDE =+ i jefri & -

@ RikTFHwhFRAGRERREETAL (2w - Y ~ B

i) M QC v QA etk B 4E 5 (% NNS5.6-1, NN5.6-2,
NNS5.6-3) °

® e HHgEeE B o HSS AP R ig A& Ko

@ Nt HBRKER i PteE BB RE Gl
4 e

(Vi) NN6 : RZ7T 2 & 547 i (4R ~ 474 ~SCHho # %)
sk MK % & F (4 NN6.1, NN6.2, NN6.3) °

(Vil) NN7 @ 327 7 & il foa £ aygg2 in 4z o

(11) Appendix N1 : Design by Advanced Analysis (& & 4 $73K *)

() NL3.1 ! % - BAER 401 LiFFlfscg b F gy
A RIS F L R PR LS HEANE TR E
fod e WA BfS- B & fL R REE ATl An iR 2
HAFed oo

(12) Appendices N2, N3 : & % { -
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(13) Appendix N4 @ f# X i * 5 4 3% 3* (Structural Design for Fire
Conditions)

() N4.T @ Al 3 8340 7 BJ% > 3P 7 s N4 i 2% PP
ﬁ?%@(ii&%ﬁiﬁ%iﬁ%’ﬁﬁEWﬁiiiﬂﬁﬁé&
RN B I O S - -t S N LA

(i) N423a: 40 0 & > 27 5T S & S frf @ m g
F YR T o

(iii) Table A-4.2.2 : &3 % Table NA-422 > { 377 B E T @R K
ENleA e S - “’T‘ THEERE S O F o

(14) Appendix N5 %73 % H#:*& (Evaluation of Existing Structures)

(1) #*éxF= > 54 7 AISC 360 7 Appendix 5 o & 57 £-¥47 K%

(L8 2454 PET) %G BHITR PP LE Lo

(i) N5.1: & 1=k #Rf 2 (BHEAF - Edmta
JZ?—LL‘)o
F]mprv

(1) N5.2 @ R 20 ol fdae cre 23 32

® & EOR A& %575 45 -

® R M (R b s mEW F) RS 8 (CMTR &
B o

@ BT TBIFTIEXNSNFIRE S E o

® NTFZEREIAMPPCBEDEFRE S E .

O R 4R A BT a B iRopEE fo

(V) NS3 ' R L@ F =k £ ¢ ¢ FHKE
B i RO P EE

WH%AL%iﬂﬁ@fiﬁ%@ﬁ?%ﬁiﬁ(@ﬁ?&%@%@
PE) e REPEFLE TR R Y P26 o
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(V)NS5 t R0 3= HHFL ap F & fo

(15) Appendices N6, N7, N8 : & % { o

(16) Appendix N9 : 4% 4= £ & 4& (Steel-Plate Composite (SC) Walls)

(i) # 4 2_N690-18 (2018) # 2 #7erp % o T % &7 SC ek 2+
ERAFFERSCHD L2 Bkt > 2 o

(i) NO.1 @33 & K o d5- SR T (R~ ~ HRAH ~ & ivr s
HELERZ) XA - FREV R R EF* &R (&
G 8 TEE) s PR R (48 p ) R/ FEERE
w3t (DIF ~ st fhvt ~ Hprg @)~ Btk FlR 24 o

(i) NO2 © A 47 & 40 & 45— A~ B (P 5 p T
)G RAS TS PR B 2 R R s 4T
rZ ah B ar (L) .

(iv) N9.3 : SC #3k3h » ¢ dpH o W 55 % ~ RAgH A ~ & *Hffts
B pTo%R o TPorupg 2sx4 Toni (87
G A o b EEE L)

(V) N94 : SC Hhd &k > ¢ - BRL - HTFRER (B A7 8 &
)T RBRGIYEERFETE)

BB A £ P 7 N690-18 (2018) 4p#>t N690-12 (7 47 %

2 ) e & B eATH N 7 oo BB ¥ 0% (Y E & AISC 360-16

(2016) b ~ 3 4r 7 FEdme QA/QC & K (Chapter NN) 14 % > &7

1 SC #53K 3+ "4 (Appendix NO) o

4. IAEA SS-89 £2 TAEA NS-G-2.13 (2009) 2. & F

(i & 2 B it

(i) 4 F#k =~ * NS-G-2.13 (2009) i & &5 G Pk i R& 23%
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& o @ SSG-89 (2024) R PFid E 7 G PR S foiTiE PR E a0
PREDIER  HWATERR W U H
T3 M FATARK I R B N g X 2R R

(i) > ZHLATE AL 2 SSG-89 (2024) P g ® Flmp ik = fa
BanTiz 32 Lk BARBRTE (SMA) » A% 230G a0
B RAM R (PSA-based SMA) Jry R F % 23T &
(SPSA) - v F pr 7 p NS-G-2.13 (2009) # # (2009 & ) 12k &

FLEZ 2wt g BT 5% -

(iii) 22 537 JAEA % > &8 44  SSG-89 (2024) crud ik g ik & -
42 Fris ehJAEA % > & F > ¢ & GSR Part 4 (Rev. 1), SSR-1 ,
SSR-2/1 (Rev. 1), SSR-2/2 (Rev. 1), SSR-3 , 4= SSR4 > iz & &
F_f NS-G-2.13 (2009) 264 # g« i3 37em1 0

(iv) 1 % © SSG-89 (2024) g4 (77 A B » W E L R L
F R L AT 2 o bldo o B4 0 SPRRTE PR KR
feET R RnT R FEBREFE (B 6 %) HBP TR
henH B PR RGBS E .

(v) % C5UFPIE% 4 &2 & SSG-89 (2024) % 5 F P 4Fu4e »
THMCNRIFP IS 4k (REFEER) »

Ricd i

® + F (Background) : L AT FFFR oA h 7 AR 5 Ak T
S| A7 e IABA % 2 & & o P FEsp & HR I g v 0
T f#

BTG friTE g s o {0 3R FARARR AT
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(i)

A5 = . v i3 B S
2F I PRYE RL 2T LT

Fif s o R AP RE 2FREBRE RAF W LAP A
2 GERLRERFEi 4 o k) o dp A F P~ NS-G-

2.13 (2009) -

P ¥ (Objective) : P EF B 3 /& F 8 LI T X% FR 5 1 ini
BUERZRLITDET R MEITERGTHFRLARR AL ER

AR R g oo

# ] (Scope) * PP FE 7| d1 7 i * PR W AR o L& AER| Y
G DIG Pk ) e TRTE PR o PRS00 A ER e

ez =R = 2 (SMA, SPSA, PSA-based SMA) -

S (Structure) © L A7 HER| L FE P F Ayl o F RO AT
BRWE . DcH JHaE 6 3 W 2EPT RK W o

it * g > & f (Safety requirements applicable) @ 31 % 7 &k g
GSR Part 4 (Rev. 1), SSR-1, SSR-2/1 (Rev. 1), SSR-2/2 (Rev. 1),
SSR-3, SSR-4 ehE FTipM & £ mFX 23R - 2T TR VK
AR CEAPRR{E G o

- 4% 4 (General concepts) : 3 7 FE K W TG o BAAAE R
ZH KR o LR AR ARG R IMA G g M e 5 x A3
HOBGREREIR G KR L R o

H 7% ek F] (Reasons to perform) @ 4 %] 5 3} ¥ 374E % %
(BRFEARARR R ERR R - WLR EF SR ~ 2L st
M) fem Pts (3 BB Finisi e - B AR R/TH - R
PTAOATHEER R RGR CRMRRFARLE v F)

EER R RERDEMR T FINER T NG A B

AN
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(iii)

2k T ik 3 £ (Consideration of relevant aspects related to
seismic hazard) @ $£it 1 G F UG B AT R F (FH b
TR b 6 Eh s T3 R G ) o % LBy
FEF M3 2t o Fiwmm P T REFEREFHFNF T
PSHA - %% 7 SMA 4r PSA-based SMA ¥ e T £4 kT &
(reference level earthquake) ;| > 12 % SPSA ¥ e 3 KT & o
% % % ¥ u % & (Evaluation for sites with multiple nuclear
installations) @ 73 7 H S e/ XS HR B AP T hd £
ZZko DRI S EPSA S E o

«3:%

P FF % £ (Consideration at the design stage) @ 73 7 A 3t &
FriEA AP E R T SPSA ¢ PSA-based SMA suEzg » 11 %
Jofn 417 221 K

F¥ IFE Y £ (Consideration at the licensing stage) @ 73 7 B ¢
FEHE (K322 ~3upgc i) % SPSA B

&
WX BB AR F P B R G K

%
4([Rev. 1) A I oI P> 23 5% o
HOERETZRT T RDFIE AT RETGP R A
TRAZFAER - R FHEPBEL 2R Ko

BN AIBT AP RAERPFTHEY ROFF R
TR A A (kB RE) B AtHh B E AR

VEY R

muEw A %7 SMA -~ PSA-based SMA fr SPSA i & 3
BB AEF R LR TR P AR
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(iv)

v)

FA4F I PEASr REX 2F ol cEER R
KA B fPp e > ¢ (Data and documentation on the design

buie) 570 7 b P RIABFLR L ) LHR F
+

VR F Byt o FHawm T B B A B B
SSC =~ & (3~ 4 “*ﬁi IWE A H KSR S PRIEK
F) ~FRRFAEGL 230 2 BT o

BT ¥h3k ¥ eh3E h Bdp 2234 & (Additional data and investigations
for existing nuclear installations) : #* 84 p F E 4 ¥R 5 K% o
#_ SSG-89 (2024) Ap 4>t NS-G-2.13 (2009) #=FHE & - & F
FHEI G RGP LD it 3R o RABE I EPE £
Moo ERAIT LFHL X FEPFHD o & R @
T MR A T EA 6 ¢ & (screening walkdown) FEEL e
FRMAw1 e RiEY PEFT S e (dos ~ Eir SSCH |
FrRAEX 2B P R E TR RFPRE-HTF 2R
FAEP BT Ty TRER L R RERT L o
@ﬁﬁ@W$$ﬁmkﬁﬁiE&%%ﬁﬁﬁﬁmﬁoéﬁﬁ
ﬁ%ﬂﬁ@\ﬁﬁﬁwﬁﬁ‘ﬁ?.wﬁ”$?ﬁ R
L7 EEHE AR KA S R
BSHPRE RE 23R 0 HET LA

B B T :=% (Assessment of seismic hazards) @ 4% & 7 B >t iEH

L

4

e

Ly

RFREETMAET AP 2 aguEik o FHwE P 1 4o A7
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\\\?{r

I ;= (SMA, PSA-based SMA, SPSA) fri® i p & kax 2"

=1

3 -k I 3 Z (reference level earthquake) ;| o #% 117 2L 4R 6 -
Fhpifrdd ReeFHFENRE (FREAEBE) » 12
deln s AR EEH N T AR S -

“73 223 * 9F % 4p 3 (Implementation guidelines common to
all) © Fiody if 1R IGTR F R BB AuE 2N
TA IR /R B BRI/ AR B IE/ IR E S SHdiE 2 SSC ;,;:_
H 78 A AR Yo ik %48 € SSC 7 ¥ +hl
Foo i R IT AR (seismic evaluation walkdown) £
B e s e (BF 4l s 38 dg e F1 2
SR AR IR RS TN

$FP % 4 k& 4 £ (Considerations on defence in depth level

X
e ts - i BT R o

SMA 4 * (Implementation of SMA) : 3w d 7 SMA = % &0

TR RCEREE EEATYALEE I e L
Fefe HCLPF F £ 2k o & 37 #P LR E L b fo ] F

kY B o
PSA-based SMA § * (Implementation of PSA based SMA) : P
T2 R dp ot SMA 0 i 2 e (F F R A/ IR s
PR ICE® ~ R F & B SR SSC - H ~ HCLPF -5 = 3 7
s & 7 AR AFEozbe BRI 4 oo é;i:%./ﬁ SPSA = %%
> BIEH) o F B 1328 SSC e HCLPF 3 £ & %= & 5 4F

Mok o 1 57 35 K% % HCLPF 0% #8 > 2 (min-max ;2
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(vi)

frRg v o RETIFLE Lo

SPSA § *% (Implementation of SPSA) @ 3P 7 b = j 4p >
SMA thig 222 R (% SRR B F & & 2 RITEH ~ 34 4
BV ideads ~ % 2 MHERGfoh %1 %~ HCLPF 3+ 8 o 3%
Rt FEABERYUIEETE (FREFEE IR
%%ﬁ&\%%w%ﬁ%ﬁ%%iﬁ~ﬂMﬁx % 3%~ 4P

EH Aon s o gt R4 xodwﬂ,@aﬁﬁaﬂgﬁgifﬁg
L SSC FH AT - N AT REREMST A G PR R
ﬁﬁwg”%ﬁﬁiﬁ4ﬁﬁnWV%(é*%k¢&:ﬁ& TR
M~ £ HCLPF ¢hw 41 ~ 3imd 4 o 5333 7 A B 2 2P 3

%%E/%%%ﬁ°ﬁﬁﬁ&%ﬁﬂﬁ@ﬁ(%ﬁﬁ%ﬁﬁﬁ
WA LI o ] d 0 SPSAhdR 4 A % & Ko

PR R PR R PR chl RE 2T

(@)
s

&i%@%%%ﬁ%ﬁprmM%%G&MmM)g%ﬁ%@o
1A SSC ot ek axis S B TN (& - F b K

Prau]) SEA > KRR ABEEEELSLE P VK
pEagnl (54 wE AL
RO EEET BERTLT F R R AR R
5l 27 ey RAg ek LA B (10 & s T o 4
) g (FF AR A2) o X RH B P
15 B 555 o

T RGEREETHEY (M9 ~F) Y A2 e
SR Ao TR R itk o
FHNTHEM SSC i Ea Pia=f> 2 ¢ B AT LD
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Wi e P gy RS R ~ W iE SPSA B E 4

(vVil) # 7 F 1 PROSE RE 236 B % DR

BRMGER Y BT SR N RIS ARA
FHoddm T ANTERREFEAL G FAR > LM LT
YR i B s B s 4 B2 ’f&ﬁ-ﬂk 7> ST N g\.ﬁ\'frfp

E b oo SIS DR E S K o

5%
ZEREFLARFTASL (A~ 23E) > miFE24 T SSC ohdtf & it

mm%gi:ﬁaﬁ%gxig%ﬁ%¢ﬁﬁ

& f#-13 £ GSR Part 2 22k} 2k S 3T PSA (R iEAR o
£ fA] T R DA A
AT EFRFFLNEEMN S THFTFE RS {oTF R

ERHAP TR ISP Sk

HmA N R RS TP FEFRET
FEL
AT Hd AR fo mES e BEER RS DT
%;t.hl_o

(ix) ¥4k © +23k % SSC e B4 »eficst 4 £
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® i F L SSCagwlend Al 4 it v BiARAea 4 T £ o

® LuEwmitm i ERPIrEE CPBRXA T FIKAE - EBR
FACEE ~ AWk SLaBE A A siEst o

® ilwiiim ok RAPI IFF (ZREHE - FR-V B RKE/
%#)

O 4 HIFARBISEAILE ot IRE RS Y £ o

® N4 WD REETTE (L RAFE ki) guEikoe

® it bRl g EH (Ao itntd o FH B TR &
) 513 chd 2 ehd £ o

® it ¥4 mg (4o Bl et A HE A dTE K~ R
M) 1 ek SRR et B o

(X) '/ PR BRI R el PR TR R T B

® kit - BAWERFESSSCH RRFEHTETH (£ A
1 fetp i B &1 &) (% A-2)
B H % > SSG-89 (2024) % NS-G-2.13 (2009) #- % & =

LATfc#h B > F 27 JTAEA % 288 5 s 378 K~ B3 fRAR

BANPE S U2 RS g I B TIATE PR a0 o

(I ) # B4 ¥ Diablo Canyon ¥ § B £ ¥/ ¥ &3* % (DCPP-LTSP)
T

FRETEZHT A 27 (PG&E)*r 2 Diablo Canyon % 7 B
(DCPP) » iz3t4r ¥ 3Ry 22y > Haf g% 23R4 - 2 2120
B E I ERE e LFRAEY T AT R TR
DCPP # E 1 e T £ 2343 | (Long Term Seismic Program,
LTSP) - DCPP-LTSP # &8 »3ftiii 1 £¢ HFEF S 4 ~ £ %

bR RGLE RE 2TV E 0 LA IR MR RS A
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2R ) TR
FEAR ~ 38 (T8

2 H PR ko> W R B SSG-89 ¢ S AR A AF B

& S AT P TAEA SSG-89 (2024) (1% it 3% ¥ ot 2
6 e LA o i B iE » A7 47 DCPP-LTSP 73 B

AP R UL B LR

1. Diablo Canyon £ # # &3> % (DCPP-LTSP)2 3 4= £ /7 it
DCPP-LTSP s34 & 2Lkt — ikerjz 28 £ » @ ¥R+t DCPP

R g ¥ 8 o

® AT A 8(1970s-1984) 1 A DCPP i3 # FF (1970 &
RAEp) o = FE ROFERRA AT 3 FL(H 5 22 )
FILT ALm A Fre Hosgri 7 F - - #F AR T FR i ¥
oo FlAE 8K DB RAFRAZ R bRk Ip s R
oo TR ARTR IR EF S REDHRLITAITE R
At o o

® Hppixit 2.C(7)Fwr (1984) 1 & 7 fiZ;: Hosgri %74 F k eh&
Prrmef Tr NG I RARL 25t g 0 £ R
#14 B ¢ (USNRC) % 1984 & 7% DCPP % — 3%4% w2 7 538
EHEPE S el - 38 THEIER 2.C(7) (License Condition
2.C(7)) ¢ s iEi*ss 4| & K PG&E & F# 7 BaFFiretd o
I B AT B~ Pooge 3R TR S 4T B 0 7 TR £ AT
T HRET R mmffﬁa&“é? 25 ¥ DCPP-LTSP shit 3¢
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sec o ARE RRFE MEZERRIEE Xy v B+ RRAE DT IOF
&% Su(T) > & B BIRIEY Xog(km) ezt B 58 4o
. IemX;lzds
eq :W (4-1)

HP X, 5 BUPIELFI TR o b o AR m R (km) 0 en 5 TR B
SRl AR B R iAo FRATHE MIEKEEA
W o ds & %R o ] o ff (km?) o

BEAGSOTIEE R OSKT) > 4ok 4-4 2 B 4-4 (Nuclear
Standards Committee of the Japan Electric Association, 2021)*77+ » ’f
b A IEE G2 B0 (hlic o o] 4-5 T o MR B I R
Bed 35k TR BHIFF B Gl a(D)A kTR L REP BT ik
BuT) > 3+ F AT

S(T)=S5,(T)xa, (T)x ,Bh(T) 4.2)
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Bi(T)

sl

1

107 °e%(T) (T z10T,))

T ~loga, (T;)
(T_J (10Tsl >T2Tsl)

%44 BRAE2 LT ZH2 RERF R
(Nuclear Standards Committee of the Japan Electric Association, 2021)

(4-4)

Frdlglaug B F R 0 Sv (em/s)
A B C D E F G H
M- | Xeq (km) Ta(s)|Te (s)|Tc(s)| To (s)|Te (s)| T (s)| TG (s) | Tu (s)
0.02 | 0.09 | 0.13 | 0.30 | 0.60 | 1.00 | 2.00 | 5.00
8.5 40 1.62 | 18.44|27.3247.87|68.05|64.66|53.52 | 40.06
13T e 8 25 1.69 |20.05(28.96|48.22|67.80|65.25|52.51 | 38.35
7 12 1.40 | 17.20|24.84 |33.86 [43.42|36.42(25.15|17.85
6 6 1.04 | 12.82|18.51(21.84(23.17|17.41| 9.64 | 3.88
8.5 80 0.73 | 7.36 | 11.43|22.92(34.79|32.58|27.60 | 21.96
TR 8 50 0.67 | 7.45 |11.17{20.05|28.65|27.06|22.70 | 17.19
7 2 0.78 | 9.44 {13.64(19.10 [24.83|20.69 | 14.46 | 10.37
6 8 0.77 | 9.45 |13.65|16.23 [17.18|12.73| 7.16 | 2.89
8.5 160 0.26 | 2.22 | 3.67 | 9.45 |15.17|14.83|13.64|12.26
¢ REd 8 100 0.32 | 3.08 | 4.86 | 10.27|16.04|14.96|12.73 10.37
7 50 023 | 2.65 | 401 | 6.02 | 7.64 | 6.68 | 4.87 | 3.64
6 25 021 | 249 | 3.60 | 4.54 | 4.84 | 398 | 2.07 | 0.86
8.5 200 0.18 | 1.44 | 243 | 6.87 |11.17|11.17|10.67 | 10.01
& EEA 8 200 0.10 | 0.80 | 1.35 | 3.82 | 6.21 | 6.21 | 593 | 5.58
7 125 10.046| 043 | 0.70 | 1.34 | 1.81 | 1.59 | 1.26 | 1.05
6 78 0.041| 0.45 | 0.65 | 0.95 | 1.03 | 0.80 | 0.49 | 0.22
Fo 4-58 i3 v thdk

(Nuclear Standards Committee of the Japan Electric Association, 2021)

Fodl gt & ik

A B C D E F G H
Ta(s) | Te(s) | Tc(s) | To(s) | Te(s) | Te(s) | Tc(s) | Tu(s)
0.02 0.09 0.13 0.30 0.60 1.00 2.00 5.00
on (T) 0 0.03 0.05 0.35 0.48 0.61 0.80 0.83
ov (T) 0.12 0.26 0.42 0.67 0.90 1.03 1.10 1.09
aby (T) 0.58 0.55 0.52 0.59 0.56 0.60 0.70 0.75
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(Nuclear Standards Committee of the Japan Electric Association, 2021)

5*r||||nT L I B I L IR B 2 T TV T T rTTOT T T
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1.0km/s
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g1t e R
3 . . e e B
?mimnumﬁ 3.0km/s [l 3E| (Vs:o‘?kmfs}

2.5km/s E
[ (Ts1,Tp1>5s) Vp=2.0km/s i o= #y (Vp=2.5km/s)

0.2 L1yl il e 0.5

0.02 0.1 Period (s) 1 5 0.02 0.1 Period () 1 3

B 4-6 » %3 ¢ ik
(Nuclear Standards Committee of the Japan Electric Association, 2021)
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245 p LR e LARGY T, 0 1 E LD B REDE TS
o, (P13 % 4-5)i- % o 3H B N e T

S(T)=S,(T)xe,(T)xB,(T) (4-5)

a,(T)= ) (4-6)

~logat, (7,)
B,(T)= [l) (10Tp1 >T2Tp1) (4-7)

pl

10—10g0!p(Tp1) (T > IOTpl)

2008 & &2 2021 & JEAG #7#:* chp d A4 F B3cx ¥k o

F koo ¥ R OFIEE L 2008 £ T g M V<300 m/s fhdi 3

B 970 A 2021 # JEAG (Nuclear Standards Committee of the
R R e

Japan Electric Association, 2021)z 12 o 3% +

S(T)=S8,(T)xa*(T)x B(T) (4-8)
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(2) 2021 & 5.5 = % 2. R

(Nuclear Standards Committee of the Japan Electric Association, 2021)
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SR Fpr RO ET RS LAk JEAG
(Nuclear Standards Committee of the Japan Electric Association, 2021)
TS ERE S RS REPUEFFEFA o 232 0 RRE M
BEBRRIEYE X 5 L8 S E 20 ZIRWGEFFS L e &
Sl HRS RS E o R R R

i BB BB e R E(T)V A L= BIEE > do@ 4-7 97

L1 .':-

B 4-7 3 R chfrty o RGP chg i
(Nuclear Standards Committee of the Japan Electric Association, 2021)

() AP LFFE (SR Rfcdrtgd ZEBH ~ > F PR RR
;J@L’E’ _./J #%m—@ﬁi°
Q) LRFEFHEGFEFED)  rigaF e fArERAILZ R ER

’%3;}”&"’4 ,F; o
(3) JRHR TR FE (R R N) IR IR A MR WO Rk R
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T;_Tlvjzl()OSM—l.O (4_11)

0.17M+0.54log X, 0.6
T,-T =10 B e

(4-12)
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LW R o B ERIRIEY Xog BERARE 0 L B S 0 # TN
FRAFYETUEL c REH A (P M60R 4T MRS Py B
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(Nuclear Standards Committee of the Japan Electric Association, 2021)
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10gS(T)=a(T)M—b(T)logXeq+c(T)+dl.(T) (4-13)
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BETRGFAAT B2 RN RAREERE SRR R

FMG e 2FRFERGE R M=54-81> FERKRIER X, =
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(Nuclear Standards Committee of the Japan Electric Association, 2008a)
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¥ BN L R AR (Moment Magnitude) £hfE o
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(Nuclear Standards Committee of the Japan Electric Association, 2008a)
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(Nuclear Standards Committee of the Japan Electric Association, 2008a)
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Z 4-10 tp 33 P 3 TR & 8 2% (Wikipedia, 2025a)
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