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Abstract

The complexity of tectonic environments and the limited data
available for seismic source and ground motion characterization make
the significant use of expert judgment in seismic hazard assessment
studies. The U.S. NRC, the U.S. DOE, and the EPRI sponsored a
study to develop a SSHAC process of four levels for how studies
incorporate the use of expert assessments. A SSHAC study is based on
the information available when the study was conducted. With the
passage of time, new information can arise, such as new
hazard-significant data, new models proposed by the larger technical
community, or new methods for analyzing or interpreting data. The
need to wupdate an existing hazard study could be triggered.
NUREG-2213 describes a revised and more rigorous framework for
decision-making regarding the updating of existing SSHAC studies.
This project will investigate the contents in NUREG-2213, especially
regarding the updating procedures and options of existing SSHAC
studies.

The research outcome of previous study of this project have
assisted with the Nuclear Safety Commission to complete the screening
and review of seismic hazards in nuclear power plants. This year’s target
continues the original long-term goal of the plan by considering a few
earthquake events of Units 1 and 2 of the PWR plant measured by the
upgraded identification system, and the down-hole measurement system
to predict the responses of the containment buildings based on the
Foundation Input Response Spectrum. The 3D large-scale site ground
vibration images of real earthquake events are constructed to
demonstrate the visual model of the PWR plant. The dominant vibration
modal frequencies are identified based on different foundation models.
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The high-frequency decay parameters of real measured earthquake
events are evaluated to find the Kappa0 of the PWR site and the
methodology to adjust the high-frequency content, called the kappa2
adjustment, is evaluated in this study.

This report focuses on examining the safety implications and
refining regulatory technology for nuclear power plant structures and
equipment in the event of potential earthquakes. It encompasses the
consideration of three levels of seismic forces on nuclear power plant
structures and the linear and nonlinear time-domain analysis of
soil-structure interaction effects. The study utilizes recently acquired
new soil layer data for seismic deconvolution processing in ABAQUS,
involving the input of deconvolution results for Operating Basis
Earthquake (OBE), Safe Shutdown Earthquake (SSE), and Rare Locally
Exceeding Earthquake (RLE). Both modal superposition and implicit
dynamic methods are employed for linear and nonlinear analyses,
examining the impact of structural positioning at various elevations and
differences in soil properties on soil-structure interaction (SSI) outcomes.
Additionally, this project compares the results of time-domain SSI
analysis with past frequency-domain SASSI analysis, investigating the
discrepancies and accuracy between these approaches.

After the Fukushima Daiichi Nuclear Power Plant accident on
March 11, 2011, in order to enhance the ability of nuclear power plants
to resist disasters, the Electric Power Research Institute (EPRI)
published the Expedited Seismic Evaluation Process (ESEP) report
EPRI 3002000704 (2013) to assist nuclear energy regulators and nuclear
power plant owners to complete the seismic assessment of important
structures, systems and components (SSC) of nuclear power plants in a
short time. In addition, the US Nuclear Energy Institute (NEI) also
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published the NEI 12-06 Diverse and Flexible Coping Strategies
Implementation Guide which is also referred to as FLEX
Implementation Guide, in which Appendix H provides five paths to
perform Mitigating Strategies Assessment (MSA) for the different
beyond design basis external events (BDBEE) according to the
magnitude of the earthquake intensity. In addition to continuing to
conduct the research and collection of the important SSC seismic
resistance assessment cases of nuclear power plants adopting the Path 5
in Appendix H of the NEI 12-06 FLEX Guide, this project will compile
all the case studies in the past three years of computing HCLPF values
using CDFM method for the key structures/equipment in the safe
shutdown path when the nuclear power plant performing ESEP, and
compile the case studies of computing the Ciov acceleration value of
relevant structures/equipment when the nuclear power plant adopts the
Appendix H path 5 mitigating strategies assessment in the FLEX Guide.
After compiling the important technical contents from the HCLPF
computation cases using the CDFM method and the Ciov computation
cases suggested in Appendix H path 5, this project will propose the

latest key regulation suggestions.

Key words: SSHAC Process, Hazard Study, Expert Evaluation,
Updating Options, Foundation Input Response Spectrum, Large-Scale
Site  Displacement Response, Kappa0O, Kappa2 Adjustment,
Soil-Structure Interaction, Deconvolution, Time-Domain Analysis, FEM
Containment Model, Nuclear Power Plant, FLEX, Conservative
Deterministic Failure Margin Method, High-Confidence
Low-Probability Failure
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HA
HCLPF
HID
ISRS

Annual Frequency of Exceedance

The American Society of Civil Engineers
Beyond Design Basis External Event

Best Estimated

Center, Body, Range

Cumulative Distribution Function
Conservative Deterministic Failure Margin
Concrete Damaged Plastic

Central and Eastern United States
Coefficient of Variation

Down-Hole A

Down-Hole B

Department of Energy

Design Response Spectrum

Evaluator Expert

Equivalent-linear Earthquake site Response Analysis
Electric Power Research Institute

Diverse and Flexible Coping Strategies
Foundation Input Response Spectrum
Eigensystem Realization Algorithm
Frequency Response Function

Ground Motion Characterization

Ground Motion Response Spectrum
Hazard Analyst

High-Confidence Low-Probability of Failure
Hazard Input Document

In-Structure Rresponse Spectrum
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ITC Informed Technical Community

LB Lower Bound

NEI Nuclear Energy Institute

NEP Non-Exceedance Probability

NTTF Near-Term Task Force

OBE Operating Basis Earthquake

OKID Observer/Kalman filter [Dentification
PE Proponent Expert

PGA Peak Ground Acceleration

PM Project Manager

PPRP Participatory Peer Review Panel

POC Point Of Contact

PSHA Probabilistic Seismic Hazard Analysis
PTI Project Technical Integrator

PVHA Probabilistic Avolcanic Hazard Analysis
PWR Pressurized Water Reactor

QA Quality Assurance

RE Resource Expert

RE Reference Earthquake

RLE Review Level Earthquake

RLS Recursive Least Square

RRS Required Response Spectrum

SEI Structural Engineering Institute

SOV Separation Of Variables

SRC Site-Response Characterization

SRSS Square Root of Sum of Squares

SSC Seismic Source Characterization

SSC Structures, Systems and Components
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USACE
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USGS
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Uniform Hazard Response Spectrum
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United States Nuclear Regulatory Commission

United States Geological Survey
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Note 1: This path is only available if total SCOF < 1E-4
and tolel SLERF < 1E-5

Appendix H 2_ /3 5 & 477w 42(NEI 12-06, 2018)
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Source Path Site Hazard
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Ground - Recurrence . Waraa - Vs Profile Annual Probability of
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Integration: Model Building

|
Evaluation of Data, By the Tl Teams

Models, and Methods Limit of B S
Defensible [—>| Upper Bound
Interpretations
"\
Alternative Higher
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from Interpretations Estimate = > 2
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Center of the Distribution
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Distribution istheBody || = . Alternative Parameter Estimates
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Probability Weight

Alternative Parameter Estimates
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Regulator ‘ Project Sponsor ‘
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Expertisein | opjective Experience
SSC and/or | g impartial of SSHAC
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Specialty contractors
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Proponent experts
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Need: Site Specific Study for Nuclear Power Flant

Perform a SSHAC Level Is there an existing
3 or Level 4 study SSHAC study?
Yes

g
Perform an Exiating Study Evaluation, which ia comprised of
the following two steps: mf:nm -
1. Conduet a SSHAC Level 1 study that incorporates new || m:ﬂd’eﬂ’“m
data, models, and methods [ e A
2. Compare the new SSHAC Level 1 to the existing SSHAC :mm::m] .mlm‘l
;nd_srmwahnltdfemlﬂ]nﬂdﬁnrmupdﬂehﬂud ps <som with DBGM or GMES
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[ Meed: Reglcnal Stedy for Appllcation st Nisclear Power Placs

ﬂn'rmg " - Changes
1k it S16pE: - i ke, models, or methods
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2029 B AN RE MR LE(LT D)

WEFH | PGA _ HAAE Hz)
(%/A/8) (cal) Pseudo flexible-base Fixed base
FRF OKID/ERA RLS | FRF OKID/ERA RLS
2017/2/11 2.43 3.02 3.02 3.04 . - =
2017/4/30 7.20 | 3.10 3.10 3.07 . - =
2017/8/13 1.82 | 3.09 3.03 2.96 . - =
2017/9/20 1.02 | 3.08 3.10 3.01 . - =
2018/2/6 1.35 3.01 3.03 3.01 - - -
2018/10/4 1.84 | 3.07 3.08 3.01 - - -
2019/1/22 4.41 3.14 3.15 - - - -
2019/1/30 4.14 3.06 3.08 3.02 - - -
2019/3/8 597 | 3.07 3.02 3.06 . - =
2019/4/3 3.43 3.04 3.05 2.97 . - =
2019/4/4 2.17 | 3.17 3.17 3.10 . - =
2019/6/4 2.09 | 3.15 3.13 3.11 . - =
2020/9/29 6.90 | 3.07 3.08 3.01 - - -
2021/3/2 38.77 | 2.95 2.95 2.98 | 3.02 - 3.12

%2-10 Z 5 2 RE R IMFEIE BN (st w)

WEFH | PGA __ WARE Hy
(4/A/8) (gal) Pseudo flexible-base Fixed base

FRF | OKID/ERA | RLS | FRF | OKID/ERA | RLS
2017/2/11 227 | 3.09 3.15 3.11 - - -
2017/4/30 9.38 3.05 2.92 3.02 - - -
2017/8/13 1.69 | 3.03 3.07 2.92 - - -
2017/9/20 1.17 3.11 3.05 2.99 - - -
2018/2/6 1.51 2.77 2.77 2.63 | 3.01 - 3.02
2018/10/4 1.86 | 3.01 3.02 2.99 . - -
2019/1/22 2.14 | 2.99 2.97 - . - -
2019/1/30 4.64 | 3.00 2.93 2.90 | 3.17 3.17 2.98
2019/3/8 4.28 3.02 3.02 2.95 . - -
2019/4/3 3.58 2.94 2.90 2.92 | 3.04 2.98 -
2019/4/4 2.10 | 2.93 2.90 2.82 | 2.97 - 3.16
2019/6/4 3.53 3.04 3.02 3.15 . - -
2020/9/29 599 | 3.09 3.07 3.01 - - -
2021/3/2 30.68 | 2.90 2.90 2.90 | 3.13 2.97 3.09
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Health Diagnosis — PWR - N1
T T T T T T T T T T T

| H

-$===Q=::8::-¢---°-::$: ----- g -0-,.# ::18:1—@—;-.‘

<

(a)— 3%

Health Dingnosis — FWR — NO2
T T T T T T T T T T T

.é;=-:3::=¢.--e--.o-.g:::,?t=—8=~-g=..o.==$===@=-~o---s>

(b)=3%4%

B 2-16 PWR ¢ i B /s

(=)Kappa2 A 357 %

1. Kappa2 # i
kappa2 3## 3 & - fASHE L F BF ERMY DL TRF R

7 ke it

—\

Gk o om B R R RE RS R E L s 3
e & % nr“;\lfu'&éf%%] BoRAKA > B EEARM AT R BRI AT

itk g RWHR A2 LB 0 4ol 2-17 77 > Ed RE G AP
ﬁﬁ%%’ﬁﬁﬁﬁﬁéiﬁﬁﬁﬁ%*’?Hﬁﬁﬂ%ﬁﬁ¥%
B# 2  EQL eh% i gt%ﬁﬁ%ﬁ%’mmdg@iiﬁi
B RE N TR RiEFRE

kappa2 & ZEauid A 4720 A A X W R AR R A S
4o 2-18 #F o A R RAR L P 4B T kappa2 B2 T LB 0 4F
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29 11.0.065 )37 2 _kappa2 &> ¢t B % # * NGA-West 2 TNGA F
HEY » FEEBRFT BT AL 175 (7 o kappa 34 13 07 2 &
ET- B Rl BB BN R P B
SR PR S 0 (T L kappa2 30 erdede i 0 B 2-18 chg 4
§ 2 %I MEALYEMAFRFO0.17 25011 005 B):2Fig 1
ik B o BT IR K 2 (s i3 1 5 ALK kappa2 AR o

Bd BRT F LSy W PWR R Rl 2 RO
SHCEHERT ki kappa E(E S AL HEAFEA DR FAT)S
0.045 s> 48] 2-19 77 » 4t p¥ BQL £ NL 4 1 %717 ¢ kappa @ 4p I o
E P RARS A F R FA T B E D R 2P NL A
BB M R A WAL L kappa2 e £7 3 RS ¥ R ihkappa B K

3 B)enkappa B L 0 R & AR B OVRIRT o iplt AR
RPN MBI IR B G APH -

Flut o APF I 2w AP TRCTERIDT R B R)A LB
kappa ¢ kappa0 & h#f 34 » £ 1% fF 5 4k chkappa0 & 1% 5 A{8 ~
2 249 > PWR § % @41 kappa2 33 18 4 ¥ o
2. Kappa0 4 %

% 4 % AL kappa 57+ £ = 3% 1395 Anderson = Hough (1984)
BAdrased BECHERF RO

A = 4™
BOAS) R ESH LRI S B et RERS R A
¥ -
InA=In4,-7xf
FAECAERL R ER AR OR A S S —m > P kappa 5
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2 4% F 0 kappal B84 'p Rk BEELP Fehr B o g AP R P A

v 2
B R OF 2 kappa - igdt kappa £ ¥ R & BEALE (TR FA 1T R
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~ )R ERF 5B kappa B A 24 o

\\\

3. Kappa0 » 7

402-11 T4 2-13 FEmeig % it RE B2 A AW L beid B
(PGA) > 7 J1* iz BF 28712 2 kappa % kappa0 g
BFT T o dow o] & Arik > kappa ©ovb NS X EF AL R R K il
F oL e B  PWR R R TR BRI L 4cig BB A IS5HZ &
30 Hz 2 & 5 &P B erdesn 2 2 o el 2-21 77 > R AL A
BARZERENTRE - FRAR X Flkappa 5 - BB F 5§

W&E’?f%-&ﬂ%»%@“4%°¥@?§9$%’%ﬁ$

-

FRET S BT R NEHR A LR
)

BELFRE > KA EREGHERESFER NG 10 Hz 2

i)
o
o
=
i
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v\
ﬂ‘l'_le\
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*m\k-

S R 4 TR e R F 2
F: T i 5 e (5 15 Hz chb % & @ )4 5
F_: %% E45 5+10 Hz
122019/01/22 DHA = #* % 2 3= & £ B 5 &) 0 4o@] 2-22 #7570 > &=
W BT S 417 Hzo B~pt B 5 F (8 3 %R 5 ade 40 4f
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%) @ F (% R 4F 5Pk 25 14.17 Hz -

DHA ~DHB 7#73 = & ¥ # kappa » 178 % o & & R A %] 7
¥4 2-14 4o 2-15-kappa & R & JEHL SR §F 4 37 7 7] kappal
5 0.087 s 4c@ 2-23 i Bl AT o 1452 [,;Jeéﬁr‘ 7 % 2 % kappa0

+ B> PWR 7 Fierhkappa0 4%t 0.08s I 0.1s 2 B> 4] 2-24 #757 »

ARG RS RN o B B p R
BRAORRAS > BAFEE VY A FR SR FA TG

0.087xloge=0.038s » * &+ $2iTH 2-19 2. PWR T fx fo] ¥ 2 1%
* T (0.0458) e d FiEA BB AT SBIE B BT
N EE NI

4. AEHEAN RS
KPR AR LB REE £ FR 0 B 2-25 {0
2-26 % ¥ 474 STRATA A #5715 eni % > H7) 2. 3% 2.7)* 4 2-160 &
PHAACB EEERE AT A C FAREML AT o 5 F RiFD
Model C & X 3 FI&RE M A 47 skt > BF o E % Seig B (PA)IE*
T FROFIRIEFE - R o £ Model A 2 Model B 50iE R3¢ ¥ OF
BT %J -2 PA &3 > FERAP LIRS TRBATS K2
BACREANRIIA AL RT OFERPEEA L ERFRIRIT o
#-PWR Brab § %23 R e Sratihie jF 2 17 971 2 kappa0 (0.038 s)
BRI AL Z 2 kappa (B 2-19 #710.065 s)i&7 A 5 4B 2-25 % §
2-26 ¢ > 4o 2-27 % B 2-28 #r4 0 24 2 kappa 5 0.038 s &
¢ sz kappa 5 0.065 so ¥ IS d PWR Hht o7k 474 keh
kappa0 # & &2 L STRATA 2. 5B L2 472 % 4piT > SR FE D it

kappa0 3+ & & 324 o
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% 2-11 PWR T RuB|sb¥ RF 2 F 3

HEFH BE wE AR R,
2019/01/22 121.39 22.23 5.07 72.33
2019/01/30 120.59 21.81 5.18 23.51
2019/03/08 121.4 22.44 5.36 85.53
2019/04/03 120.87 2294 5.95 109.77
2019/04/04 120.86 2298 5.5 114.09
2019/06/04 121.61 22.84 5.93 131.84
2020/09/29 121.02 22.37 5.08 53.41
2021/03/02 121.16 2191 5.89 42.45

% 2-12 PWR % it DHA ¥ B4k > v 2 B % ¥ 4 4ig B (PGA)

i i 4k ) PGA(gal) 7% PGA(gal)
2019/01/22 3.83 5.88
2019/01/30 7.59 6.94
2019/03/08 6.58 7.00
2019/04/03 3.55 3.03
2019/04/04 2.04 2.37
2019/06/04 3.43 3.20
2020/09/29 3.20 6.09
2021/03/02 39.92 46.21

# 2-13 PWR % ft DHB # R X 4r % & » 2 &~ = % 4vik R (PGA)

R FH i db %) PGA(gal) $ 7 ) PGA(gal)
2019/01/22 3.24 6.62
2019/01/30 6.21 7.82
2019/03/08 4.36 7.45
2019/04/03 4.21 3.98
2019/04/04 2.55 3.16
2019/06/04 4.65 2.72
2020/09/29 3.33 3.43
2021/03/02 34.13 45.92

106



% 2-14 DHA® 2E 22 g FR
k& R,
20190122 0.0818 72.33
20190130 0.0884 23.51
20190308 0.0929 85.53
20190403 0.1169 109.77
20190404 0.0960 114.09
20190604 0.0907 131.84
20200929 0.1036 53.41
20210302 0.0982 42.45
#2-15 DHB¥ ¥ it2 g HFZ
HL% Rep.f
20190130 0.0844 23.51
20190308 0.0870 85.53
20210302 0.0876 42.45

# 2-16 STRATA 3]k =

ariERiEdg
BE | Whksdm
WA LR & E
A BE BE BE
B UB LB LB
0-35m : 4% ;
¢ ue uB 35-150m : 3%
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Bl2-32 % B12-33 45 5 At b 4eid B2 4B AFFT 5%
P gE i R IS A 2-21 BB S R E £ 23Hz 1 2.7 Hz
2 B W 5 03783 043s 24 o Bt R AT & PWR 7 R
2. FIRS F » el 2-34 2. 423 €3 pRFF 277 » 7 FIHEHF D
FR¥ME225¢g3228g 2+ d vy FTRAREMEM2Z B F R
#ed R B A o

"’T‘” #1345 FIRS 2 3 B ¥ 247 af F & b % F Bif
20 50 H R E TR AT R RRHET FIA AT

BT 3 eORSRBNE (T > A3t F & & PWR H-nk 2021/03/02

BRE 2 TR ped o R B A - B oo BLp2 ko saky
BEogd I FET PR RAT N2 E-BHT FIA T P T
EFRIEMOF B o d BT PIAPTHCAY o B g H -
Bl g 432 T 417 5 0 L phRL D 5 B ¥ 8 HEFIF Bl 4B
2-35 9771 o VAR 2-35 2 AR B 2-4 2 G E R R E 0 T o
AT w(ABihd)E g % (C D M) ik 2 % fof BN %35
FHRATS LR FEERE s e (CoD )2 FHIR SR P
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o - T A AT IR R LIS T 1 S ah ) SRR o
o FIPEMTEEROEREE ERIET E L o RRSHEERE RN
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% 2-17 - SR » =/ 22 TRl s

- T oy T a3k g
(Hz) (s)

2017/02/11 3.08 0.33
2017/04/30 3.03 0.33
2017/08/13 3.09 0.32
2017/09/20 3.05 0.33
2018/02/06 3.02 0.33
2018/10/04 3.11 0.32
2019/01/22 3.11 0.32
2019/01/30 3.12 0.32
2019/03/08 3.02 0.33
2019/04/03 2.96 0.34
2019/04/04 3.08 0.32
2019/06/04 3.11 0.32
2020/09/29 3.00 0.33
2021/03/02 3.04 0.33

BT 0.33
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2 2-18 - S8 FIEMa v = f67 22 THOBu S

- T youg 5 T 30y B
(Hz) (s)
2017/02/11 2.82 0.35
2017/04/30 2.85 0.35
2017/08/13 2.89 0.35
2017/09/20 2.95 0.34
2018/02/06 2.81 0.36
2018/10/04 2.98 0.34
2019/01/22 2.89 0.35
2019/01/30 2.92 0.34
2019/03/08 2.84 0.35
2019/04/03 2.92 0.34
2019/04/04 2.96 0.34
2019/06/04 2.90 0.35
2020/09/29 3.08 0.33
2021/03/02 3.06 0.33
BT 0.34
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% 2-19 - BRI » =/ 22 TS

- T oy T a3k g
(Hz) (s)
2017/02/11 3.03 0.33
2017/04/30 3.09 0.32
2017/08/13 3.03 0.33
2017/09/20 3.06 0.33
2018/02/06 3.02 0.33
2018/10/04 3.05 0.33
2019/01/22 3.20 0.31
2019/01/30 3.05 0.33
2019/03/08 3.05 0.33
2019/04/03 3.02 0.33
2019/04/04 3.15 0.32
2019/06/04 3.13 0.32
2020/09/29 3.05 0.33
2021/03/02 3.13 0.32
BT 0.33
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220 Z BRI e e = f 2 2 2 TiEmu s

- T oy T a3k g
(Hz) (s)
2017/02/11 3.12 0.32
2017/04/30 3.00 0.33
2017/08/13 3.01 0.33
2017/09/20 3.05 0.33
2018/02/06 3.02 0.33
2018/10/04 3.01 0.33
2019/01/22 2.98 0.34
2019/01/30 3.11 0.32
2019/03/08 3.00 0.33
2019/04/03 3.02 0.33
2019/04/04 3.12 0.32
2019/06/04 3.03 0.33
2020/09/29 3.06 0.33
2021/03/02 3.06 0.33
BT 0.33
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3 2-21 PWR 7 By B P 88337 S 28w (FFT:E & 4e 2 B~ & = 45)

W ‘ 3% 548 % (Hz)
(%/8/8) A ik E & A g
R 1) i 4L R FE # 4k
2017/4/30 (1) 2.64 2.70 2.65 2.69
2017/4/30 (2) 2.49 2.55 2.49 2.55
2021/3/2 (1) 2.43 2.38 2.43 2.38
2021/3/2 (2) 2.50 2.30 2.50 2.30

#2-22 2021/03/02 % i FIFE AR 5O B ) v

&b &t 2 3 748 £ (Hz)
A B C D
R
(e 2.45 2.43 2.38 2.38
R
(= 2.58 2.69 2.29 2.30
Pyt d
ol R 2.60 242 2.53 2.40
10 ¢ T
i
B |
g ! -
v |
b —— FIRS 5
I = = = UHS of AEF=1E-4 I
| JHS of AEF=1E-5 |
0.1 1
0.01 0.1 1

Periods, (sec)

Bl 2-29 PWR 7 feh FIRS #2351 5 T & g+t
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Sa,(g)

—— Horizonal —— Vertical

n_l & o A& i 1L J.+
0.01 0.1 1 10
Period, (s)

B 2-30 PWR 7 ez kT ~ &3 % FIRS

Hi

(SG-YT-002C) - (SG-YT-002B)

L=

D
b3 b 5
SV f#i
SG-YT-0028 w
SV T-iWn2i
Yol

Foundation

Bl 2-31 A#HIFEHE S 2 FIEH TSGR
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15 2 b
Frequency(Hz)

12 T 12
—
1 1 7
1.068
y 08 08
é_ 0.6 é:_ 0.6
“ o4 “ 04
02 M 02
0 0
L5 25 3 35 4 L5 3 3 4
Frequency(Hz) Frequency(H z)
— A0 E F 4 2017/4/300)
= ]
f;n qm*‘nr‘g( H:) ﬁrr-qur‘;ny(.‘:’z;}
— Ak R 4 2017/4/30
=m
% i =
F :‘('1,'11(*”1'_!,!("!!:) F'f‘r(*em(*m'y[rl'l z)
— IR E F 45 2021/3/2
= '
= g

15 2 FE
Frequency(Hz)

e E E A4 2021/3/2

Bl 2-32 FIref84a i & Sosd B 2 & A3
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ot ||

s 2 25
Frequency(Hz)

":"Wi’f":’-"h‘(;;f) Fre qm;u-_q[fji'-z)

— IR E F 4 2017/4/30
i ' ==

| "‘T""‘J ueney( Hi' l n’;r(‘qm';n y( F-f:j

Z SR E F 4 2017/4/30
== : =
) I Frr:*:ju( m'_e,li'!!z} ) i ) Frw‘;m m“l,trlﬂ'.:]
— A E F 4 2021/3/2

Frequeney(Hz)

e E E A4 2021/3/2

B 2-33 Flre s fadg & A% 2 X
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10 r

Sa,(g)

0.3311

—— Horizonal —— Vertigal!
1
.n_l & ] ijli.l* i | — l.l.ll;. k i R

0.370.43

Period, (s)

0.01 0.1

Bl 2-34 FIFEREZR 5 5 frdg il 5 &7 FIRS $ i B

124




[
0.05 - ——YT-002/VERT] |
: —— YT-043/VERT

—— YT-040/VERT

displacement(cm)
(=]

-0.05

26 28 30 32 34 36 38 40
Time(sec)

A $hR

T
——YT-002A/VERTH
——YT-041/VERT
YT-040/VERT

0.05

-0.05

displacement(cm)
f=1

26 28 30 32 34 36 38 40
Time(sec)

B fha

I T
005 - —— YT-002B/VERT | |
’ —— YT-042/VERT

——YT-040/VERT

displacement(cm)
(=]

-0.05

26 28 30 32 34 36 38 40
Time(sec)

C #ha

I
0.05 - ———YT-002C/VERT |
—— YT-044/VERT
— YT-040/VERT

displacement(cm)
(=]

= -0.05

26 28 30 32 34 36 38 40
Time(sec)

D ghii

Bl 2-35 $54) & dhAR LB B 5 =4 BB PF(2021/03/02)
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= PRARAT- N2 E-BHT A1 HIEE R
(- )1 %3
Fx B PR A 47 > %4 ASCE 4-16 (2017)2 & 3% in
20 o] 3-1 977 0 AFT R 2 ff R ARAc®] 32 1 o F A HEA
}r WA 2 2% R @?J R4 o A 3T10E] 1 ABAQUS #ii = PWR €
PR B3 M2 G U FZHR PR R A A
%»ﬂ»f%i%iﬂ’ﬁﬁaiaﬁ@wiﬁﬁﬁﬁéﬁﬁﬁw
MR- A A1RFERBRFEFIG A EES 2 F B2
A RN e B AR e T BT o E
P SSI AT R A 1S 2 BN A BE = R Lt ik B P

34

SR E L el RF ORAFH 0 2L E % SASSIZ A
FFEE L E B oo BN HOAL e 87 SASSI A 49 BT REA 5
HE® A4 u2 B B2 BREYOTN > AFFY - T 1T
T F AR T A B 4 s o L R e 2 kiR 2 SSI

A 4% ) > - Ny 2 — S E EY,
B USRS i

~- P

.“.
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Deterministic SSI Analysis Summary

o ) 1
Structural Model Iy Embaddad Foundation Surface Founded |
Geomatry 1y |
(Chapter 3)' 1y I |
: I v ¥ [
l | | Input Motion Input Motion :
| Daveloped at Daveloped at
! | Surface Foundation |
Structural Model | | |
vaor‘ha| I | l l |
(Chaptar 3) I |
I | Check Input Motion at Check Input Motion at |
l Iy Foundation Level®  [”] p ] |
| |
I
L = —_ [
Indude Backfil and So : | |
Elements as Necassary Not Not |
| : Compliant Compliant Compiiant Compiiant |
| |
|
+ : | :
i "
Include Strain Compatibie |« |y fAcason| L |
Frea-Fisid Soil Proparties : i | Po®e | | moton L] L |
(Chaper 2) & 1 Add Soll ":"’*"“" o |
+ 1 Profile |
l I Motion Develop Input Motion | |
¥ (Chapter 2) |
| |
SS| Model : | SSI Input Motion I |
| |
__________ +________J|_____________4___________________J
L e e e i e "
:
Perform SS1 Analysis for Al Soll Cases Use Cracked or Uncracked Concrete
using Coharent Wave Motions properties as appropriale.
Note 2:

Perform SS1 Analysis with incoherent Wave

Mations as Needed

'

Check Transfer Functions Results for all

Design Parameters’
_______________________ e e e war* e )
|Results £ 3 :
! Deveiop Sedsmic Soll Deveiop In-Structure Develop Seismic | |
: Prassures Response Sp Member D |

|
|
| Combine Co-Directional Combine Co-Directional |
| Check for Soil Separation” Responses and Responses and |
| | Envelope All Soll Cases Envelopa All Soll Casas |
|
| I I :
| Combine Co-Directional Clip, Broaden, and |
| and Ei Al as | |
| Soll Cases (Chapter 6) |

If response history analysis method is
used, acceleration lime series
compatible with the design response
spectra must be generated. If
Random Vibration Theory is used,
analysis is performed using the
response spectra directly.

Note 3:

Refer to Section C5.4.1.3 for
information on how to check input
motion.

Note 4:
Revise SSI Model as needed.

FIGURE C5-2. Flowchart for Deterministic SSI Analysis

®l 3-1
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ABAQUSE (872 22 4% A1 3 x1

Lt

b Jat ‘]‘ —\éﬂ’. ol
(] 2 A2 A8 7 Bt (OBE SSE ~ RLE)

| I

Joa L3E B A W 2 M AR B AR R T

OBE - SSE - RLE
RABHE

SST#: A

SSIFE X &) 1 547 SSIAst B 4 Ao 5 7
PR A L E PR I3 e ik
E R - 3 BF 3%~ 4R 3R
R e R e

Bl 32 AFF 2 f it onde

R4vif REPEIL OBE ~ SSE 2 RLE = + f ulig 7 4
B ¥ 4 F I3

Lower-Bound (LB)% Upper-Bound (UB)#7* & %ﬁiﬁ”@%] RN 2 )

> # ¢ 4 K X z_ 12 Best-Estimate (BE) ~
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M Zfae RAEF AT
2.3 IR HAlER

# % ABAQUS #r#82 = PWR T R Frefder 232 5 T~ % i
EURIEIE LR SLAE: DA SN S 9.8 K%J)\A1 L
£2 OBE -~ SSE 2 RLE> i & $B4f AJLAR B 2_ 4vid B PEiE (7
SSI A 45 o

3. BOAE ApteiE A4
VHCRE AT SSI A BRBA R AU F it B
PGB & 2 E R SR IV 7 R R ARR
¥1 SASSI 2 M A 175 %100 % > Fet= a3 R4 H -
3 SRS 5

4. B\ E A 0T
PIVE N 4 47 7 2R A SST A T 0 e R A 4o 2 A 7B AT
FPFAPFRAELF B RFER > 2R S T 4
e g b 3w ‘*1‘#\% FgARR s S22 FESTE
% ~SASSIZ 8 o475 %7 % > FiZ Ak R4 304

SRR A2 AU R

(28 » ¥ B2 F B A

PWR % 2. K+ AR+ 22 T 8@ A %e Z(OBE &+ ¥
Z 4R L 020 g)2 % 2R B(SSE A ¥ A 4cid B 5 040
g A RFEPiw R R 2R ITRE(FRRRF L f €
Froae B Al e 2014) it o RIFER 23 F A% e B (RLE) # *
1.67<SSE/3T R H T B2 H R AT RA IR S 40— BT R2 L Bk

735 &iE » PWR T PP~ 1.67xSSE £ sftic~ 7.5% 2 #
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“ P PWR TRk * 2 RLE& < 2 A 4@ B 5 072 go A% &%
A 133 B2 OBE > SSE 2 RLE KT ¥ Z4cif B fFP4cHl 33 2
3-8 #7177

gia HORIZONTAL E-W 0.2G OBE-ACCELERATION
" T T I

015

0.1

&

Acceleration(g)
o

-0.05

0.1

<015

02 1 | 1 1
0 5 10 15 20 25

Time(s)

Bl 3-3 OBE z EW = & ¥ 2 4cik B PE

3 HORIZONTAL N-S 0.2G OBE-ACCELERATION
. T T

015

01

0.05 m

-0.05

u

-0.15~

Acceleration(g)
o
——

0.2

0 5 10 15 20 25
Time(s)

B 3-4 OBE 2 NS = % ¥ B 4cid B f
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04

HORIZONTAL E-W 0.4G SSE-ACCELERATION

02

041

Acceleration(g)

01

0.2

03

-0.4

®] 3-5

0.4

Acceleration(g)

3
-
=]

15 20

T T
Time(s)

SSE 2. EW = w3 2 4cid B P

HORIZONTAL N-S 0.4G SSE-ACCELERATION
T T

25

04
0

08

06

Acceleration(g)
: o o
o N E-S
T

o
n
T

04

0.6

W
10
Time(s)

SSE 2 NS = % ¥ B 4cif & frp¥

HORIZONTAL E-W 0.72G RLE-ACCELERATION
T 1 T

25

-0.8
0

] 3-7

Time(s)

RLE 2 EW = % ¥ B 4cif B BrP
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HORIZONTAL N-S 0.72G RLE-ACCELERATION

| .
N | H\ l k ,','i_l

‘!l ' s\
"H'~“m_,,

06+ I 4

Acceleration(g
S
ha o
—=—
———
;‘—__-—

Times)
B 3-8 RLE 2z NS = & 3 & 4vif B ¥
PO HENEF ERTR AT E-BHI FIEA L4
FF o gk K BEde & F $84% (Deconvolution) T /% & # 4% > BB 1>
WHE R v R figd DB ANAF L IEER
SO8332 mf xR B R ES I HBET RS o 5 R
PWR & R F B (5 4p 20 B ARf 5 AR H B 2 B & Bdeid B
BERE > pL3RL 2 4478 % 4258 EERA (Equavilent-linear Earthquake
site Response Analysis) k& {75 R & FEPFF 3B o F12 kL F2
7 E > 1395 % W NRC SRP 3.7.2 &L 2 f ¥ i Best-Estimate
(BE) ~ Lower-Bound (LB)# Upper-Bound (UB)% 7 I 4 & |+ 8 o
2. B4+ 2L +780%8 5 SHAKE (Schnabel & 4, 1972) > H
Bk 2 L RT
PRI R AN T EET ARG ER(E)EHEEE(D)
FhE XERBRE LT E LIRS TR

Rk m W heR) 3-9 0 X PlgRpEE £ Bifen

g4
=2

%

SHAKE #c %8 7= 548 % =X i3 ¢z » 4v SHAKEII (Idriss and Sun, 1992) =
FHEBE X2 ENBFIFIRLEFEE - FRa eV F
(University of Southern California)*t 1998 # B % EERA 4 #7425\ >
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4202 SHAKE % A# B & > it 3 BER L Srap i) > fi
# + #% SHAKE91 { #_o

Layer Coordinate Properties Thickness
iy
1 -, ¢ G149 P h
U2
2 v
. 22
* tm .
m ¢ GFH §N p)’li
Zm ]7m
Um+l
mt+l ¢ Gm+1 g’mﬂf I%HI
Im+1 hm-H
Um+2
m+2 ¢

=

‘N =, ¢ Gj\-' é\: F%\r W\ i?}\i: v

B 3-9 33 A & 7 2 Bl(Bardet £ £ > 2000)

A Y A E R PWR R RGTHEF 2472 K T8 73t & 3-1
34 330 F A3 EERA P » A 1 RF# 4 e R &2
BEgale > o352 K BAR H() > g WENS) ~ ¥4 L@l
(ft/s)z FE Rt Dy > T35 2 3EA G 5 A2 o AR E2 33T 4 2
PRt Y g2 B A 3-10 0 REF MRV HRg o 2T
A HCHAPE TR c B (SR TS Y P o2 (X = #ic(Tterations) 1 %
29 i % v & R (Ratio of Effective and Maximum Shear Strain) » & &
T B F 5 10 (F A5 0 2016) 0 F o2 ¥ s BRI 1995 EERA & F
£ p (Bardet & 4+ 2000)i 3% » 45t (3-1)#;&& CH MG RARR

M-l

10 (3-1)
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N H w Vs Ve D D,
1 6 0.146 |1434.260/5905.500| 0.0189 | 0.0025
2 6 0.146 |1416.150/5905.500| 0.0228 | 0.0025
3 7 0.146 |1404.790/5905.410| 0.0261 | 0.0025
4 4.5 0.146 |1395.820/5905.340| 0.0290 | 0.0025
5 4.5 0.146 |1387.800/5905.290| 0.0314 | 0.0025
6 5.5 0.146 |1379.740/5905.250| 0.0337 | 0.0025
7 5.5 0.146 |1373.030/5905.210| 0.0357 | 0.0026
8 11 0.146 |1368.090/5905.130| 0.0370 | 0.0026
9 10 0.146 |1361.710/5905.050| 0.0386 | 0.0026
10 10 0.146 |1357.060/5904.960| 0.0401 | 0.0027
11 10 0.146 |1351.830/5904.880| 0.0412 | 0.0027
12 10 0.146 |1346.830|5904.790| 0.0422 | 0.0028
13 10 0.146 |1342.500|5904.640| 0.0431 | 0.0028
14 10 0.146 |1338.730|5904.480| 0.0439 | 0.0028
15 10 0.146 |1335.410|5904.320| 0.0446 | 0.0028
16 10 0.146 |1332.470/5904.170| 0.0452 | 0.0029
17 10 0.146 |1329.830/5904.100| 0.0458 | 0.0029
18 10 0.146 |1327.410/5904.030| 0.0463 | 0.0029
19 10 0.146 |1325.230/5903.940| 0.0467 | 0.0029
20 10 0.146 |1323.260/5903.850| 0.0472 | 0.0029
21 10 0.146 |1321.520|5903.780| 0.0475 | 0.0029
22 10 0.146 |1319.980/5903.700| 0.0478 | 0.0029
23 10 0.146 |1318.440/5903.630| 0.0481 | 0.0029
24 10 0.146 |1316.830/5903.570| 0.0484 | 0.0029
25 10 0.146 |1315.350/5903.510| 0.0487 | 0.0029
26 10 0.146 |1313.980/5903.460| 0.0489 | 0.0029
27 10 0.146 |1312.730/5903.400| 0.0491 | 0.0029
28 10 0.146 |1311.580/5903.340| 0.0493 | 0.0029
29 9 0.146 |1310.560/5903.290| 0.0495 | 0.0029
30 8 0.146 |1309.680/5903.240| 0.0497 | 0.0029
31 8 0.146 |1308.930/5903.180| 0.0498 | 0.0029
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£3-1 374 B 1F 25 %#(UB)
N H w Vs Vp Dy D,
1 6 0.146 [2037.170|8351.700| 0.0179 | 0.0025
2 6 0.146 [2021.490|8351.700| 0.0197 | 0.0025
3 7 0.146 [2007.550|8351.700| 0.0219 | 0.0025
4 4.5 0.146 |1999.020|8351.690| 0.0235 | 0.0025
5 4.5 0.146 [1991.520|8351.610| 0.0250 | 0.0025
6 5.5 0.146 [1984.000|8351.550| 0.0267 | 0.0025
7 55 0.146 |1976.820|8351.500| 0.0283 | 0.0025
8 11 0.146 [1970.310|8351.450| 0.0299 | 0.0025
9 10 0.146 [1964.290|8351.420| 0.0310 | 0.0025
10 10 0.146 [1958.940|8351.380| 0.0321 | 0.0025
11 10 0.146 |1953.560|8351.350| 0.0332 | 0.0025
12 10 0.146 [1948.230|8351.320| 0.0343 | 0.0026
13 10 0.146 [1943.300|8351.300| 0.0353 | 0.0026
14 10 0.146 |1939.210|8351.250| 0.0361 | 0.0026
15 10 0.146 [1935.840|8351.180| 0.0368 | 0.0026
16 10 0.146 [1931.830|8351.120| 0.0375 | 0.0026
17 10 0.146 |1927.590|8351.060| 0.0382 | 0.0026
18 10 0.146 [1924.130|8351.000| 0.0389 | 0.0027
19 10 0.146 [1921.240|8350.940| 0.0396 | 0.0027
20 10 0.146 [1918.400|8350.890| 0.0402 | 0.0027
21 10 0.146 |1915.350|8350.830| 0.0406 | 0.0027
22 10 0.146 [1912.530|8350.780| 0.0410 | 0.0027
23 10 0.146 [1909.920|8350.730| 0.0414 | 0.0028
24 10 0.146 |1907.480|8350.680| 0.0418 | 0.0028
25 10 0.146 [1905.200|8350.600| 0.0421 | 0.0028
26 10 0.146 [1903.060|8350.510| 0.0425 | 0.0028
27 10 0.146 [1901.070|8350.410| 0.0428 | 0.0028
28 10 0.146 |1899.240(8350.330| 0.0430 | 0.0028
29 9 0.146 |1897.550|8350.250| 0.0433 | 0.0028
30 8 0.146 [1896.010|8350.160| 0.0435 | 0.0028
31 8 0.146 |1894.570|8350.080| 0.0437 | 0.0028
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N H w Vs Vp Dy D,
1 6 0.146 |1007.590|4175.800| 0.0205 | 0.0025
2 6 0.146 | 992.010 |4175.710| 0.0267 | 0.0025
3 7 0.146 | 980.150 |4175.630| 0.0318 | 0.0025
4 4.5 0.146 | 971.540 |4175.570| 0.0354 | 0.0026
5 4.5 0.146 | 964.360 |4175.460| 0.0380 | 0.0026
6 5.5 0.146 | 956.340 |4175.330| 0.0410 | 0.0027
7 55 0.146 | 949.410 |4175.140| 0.0431 | 0.0028
8 11 0.146 | 943.600 |4174.910| 0.0448 | 0.0028
9 10 0.146 | 938.670 |4174.780| 0.0463 | 0.0029
10 10 0.146 | 934.470 |4174.640| 0.0475 | 0.0029
11 10 0.146 | 930.220 |4174.510| 0.0486 | 0.0029
12 10 0.146 | 925.840 |4174.380| 0.0497 | 0.0029
13 10 0.146 | 922.170 |4174.270| 0.0506 | 0.0029
14 10 0.146 | 919.080 |4174.170| 0.0514 | 0.0029
15 10 0.146 | 916.450 |4174.090| 0.0520 | 0.0030
16 10 0.146 | 914.190 |4174.010| 0.0526 | 0.0030
17 10 0.146 | 912.190 |4173.950| 0.0531 | 0.0030
18 10 0.146 | 910.260 |4173.890| 0.0535 | 0.0030
19 10 0.146 | 908.380 |4173.830| 0.0539 | 0.0030
20 10 0.146 | 906.490 |4173.770| 0.0544 | 0.0030
21 10 0.146 | 904.420 |4173.720| 0.0548 | 0.0030
22 10 0.146 | 902.390 |4173.630| 0.0553 | 0.0030
23 10 0.146 | 900.500 |4173.540| 0.0557 | 0.0030
24 10 0.146 | 898.820 |4173.460| 0.0561 | 0.0031
25 10 0.146 | 897.380 |4173.380| 0.0564 | 0.0031
26 10 0.146 | 896.180 |4173.310| 0.0567 | 0.0031
27 10 0.146 | 895.260 |4173.240| 0.0570 | 0.0031
28 10 0.146 | 894.680 |4173.180| 0.0571 | 0.0031
29 9 0.146 | 894.460 |4173.130| 0.0572 | 0.0031
30 8 0.146 | 894.590 |4173.090| 0.0571 | 0.0032
31 8 0.146 | 895.050 |4173.050| 0.0570 | 0.0032
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B13-10 ARz 33T 4 s Rt & T %M 5
(Bardet & + > 2000)
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1. B3 G % 2] (Concrete Damaged Plastic, CDP)
ABAQUS #7# #2 ;R & 2 3F § % 1 #3) (CDP H#-4]) & 4
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E=(1-d)E, (3-2)
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® 3-11 CDP ¥ i £ {7 5 (Lee and Fenves, 1998)
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PF o SEM B VAR R o A BRIV RS EME R 2 R
W, =040 5 RS B HET 2 2RI WS R
LPFEr>XBREEBREOR W =14 7F o LRI RE
B HE E R W, =047 5 RS BT R AR
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TR R~ £ R AL B =1 &
T oo

AT R FUR (T 5 4% Elwi 2 Murray >t 1979 & #13% 1) 2
R TRG3)feN(4) 0 RS SRR PR B R
B A hoB] 3-12 917 o

E¢
o= P ° 2 3 (3-3)
1+ R+=2 2| &£ |-@r-D| £ | +R] £
E, &, &, &
(3-4)
©
-
]
W
L
1%
9
strain %1073

Bl 3-12 R FUR2Z 4 % d SRE
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P T AP FEY TR gRE XA (2005 7H 2§ TR N kR
R EMP PP ARG IR R A (0 2 R
B %- THEL0 304290, (L RERSE3TIXI0Y) ) H o T
£ T3 0230 (R RS ES6x107) B R HE 3107 R A
ENERSLRN-E SR F SPR S RN R L R T P

3-13 #7% o

« 108

3.5

stress (Pa)

o 01 02 03 04 05 06 07 08 09 1
strain %1073

Bl 3-13 Rt 2 B4 %y B

FUR 2 PP AR S8 95 Birtel fv Mark (2006) 973 1 2 v 6
Bi2 23 G5 (G-6) 0 ERRY 2 A B EATELR
dAF G ot 4 4E G S8 B m TR 3-14 o B 3-15 ¢
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d =1- e (3-5)
ef’(b —1j+acEc1

d=1- 0.k (3-6)
8;”1 (;_lj“‘@Ecl

B o d 2RI AE d ARG Al o bR R %
Boo sl R HR 0 & SRS RHES > & s h 4 R PR
CRIEE QY 3 XIE TN XSS TR X-VP ITELY R

0.9

087

0.7

06 [

05T

0.4

0.3

0.2

017

0] 1 2 3 4 5 G T 8
strain x 1073

Bl 3-14 B4 455 S8
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0.9

087

0.7

06 [

05T

047

0.3

0.2

01

0] 0.5 1 1.5 2 2.5 3
strain x 1074

Bl 3-15 24 355 4

)
N

CREEEE .S

B AR S S 5 74 MRS B L 89 RES i dh
A GG 2 P AR T RS o BB HERES 2 9p 0t 3
0.20 > % & %2400 kg/m?® » 3B ##iE % 264 GPa > % B 2 34.5
MPa ; 4k 55 B M HC 8 E 5 200 GPa > fp 3t 503 > % & 5 7850
kg/m® > 33 B 5414 MPa ; 7§ 4 442384 i 8cE 5 190 GPa » p vt
03> % & & 7850 kg/m’ ; P 484 4 S HEHE 5 200 GPa > fp it &
03 %A %7850kg/m’» 3 & % 165 MPa -
3. FIreAEE o H0A)

%% Hu = Lin (2016)p& 55 & 45 chfii B > 4] 3-16 #7577 » PWR
TORRAKIEIE A R D BRI 1A K > FlHLtE oL FIEE o1k
Foo BRSPS R T Bk e 2 o

i

12
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Dome

“Spring Line % | IR
0.254m
Cylinder “ 40.234 m
T
1.219 m—»| Y
1219 m—»| (<4
Base Slab 7.925m

I
=

44.501 m

Bl 3-16 Flretg A i@
4. FIrERgorERF 223 U F
CDP #-3| @ #7i¢ * & & 32 % (Beams) ~ 1% (Trusses) ~ #%(Shells)

% <} f& B(Hu and Lin, 2016)

u&‘ﬁﬁé"’u%(SOhdS):‘@P A~k o AP i ™ CIDSIF 4~ % % LR
AL IR PR L e T AndER T Truss A% ¢

e T3D2 ~ % & (73K 2> #-7f 4 éﬂnézérfi’éﬁwqh RGP AR H
*EMBEDDED ELEMENT "’LF’ K 7 7@+ SC8R 2 Shell & =
%R TP AR e
(=) 2 EHF
1 23 < +

95 % B & 1 % 3% (United States Army Corps of Engineers,
USACE)#ri¢zk » 2 12 P FEREMELHen T Bl o

IEH 2209992 LR RAEER F N IRDF R
Foig+4a 'whﬁ##ﬁé@?ﬁzm&ﬂow,—“f!ﬂm
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248 HERIH 47 8382 m B H T Ay o

B 3-17 ABAQUS # 34|

PR AL SESEE SE
PAREL BT FIL S AR MR AL i
G A A AR R L HAAE BT A A 4

SRR ARt F LR AP R

|

P
<
0]
S
e

mx800mz 3 > T U AR A F R FEEFARAEE 4m-
2m-~15m-~11m-~88me#& 629m > >3 %@%’Kﬁ%})\%éﬁﬁ@ 10
P m il Rl A G L F REPSTH -
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LRGSR S IS &

© s R D TTa o
BEHA Y 2mE 1

1%+

Displacement({m)

LKA B Tl g

P 88mzZ A EAF AT

e A NI TRT I A gk WL A et

I 1Smu T R E g ke
P EkE R A

A 45 do@l 3-19 #r o

Soil surface time-history displacement
. ; :

Time(sec)

B 3-18 &2 ~% =~ F RBFR

4.54
3000
"
b
- 2500
'\‘\f.|_ § 2000
3| £
i"lJ =, 1500
il 25 -
1000
oy
= o
gl 500
-E_%J 0.05 0.1 0.15
2158 TLER R
il
0.5
0 : : h
0.05 0.1 0.15

JLF R 2 g

B 3-19 EAF @ REMFELPTHRE
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B2 ~Fwf

FA A, 0 e R A AL BB NE] 0 F
*?ﬁiﬁ%%iﬁ@(W%“\@*Sﬁ)%i’f§ﬁﬁ%

LA Es 4 47 F B e bt ad 2B B % R E Joar 0 KB

ﬁ?%iiﬁ%%éﬁfﬂw%MNSﬁ&?%ﬁﬂMﬁMhmw

A2 FHw o AT HEY BIFEKRE > o & & (Face Corner Angle) + ™

% 102 160 & > 11 2 B 32L (Aspect Ratio) = ** 10 P 2] 2 5 M~
FoT OREFRP
ERUPEA SorR 4 N R I PR 5 AR A Gl S
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S

1 C3DSR @ R A% #01% + 1 F — 3> 554 4 H > 2 CIN3DS f 2
# % (Infinite Element)#72& > » @A & #a e f A A B £ 0 @4

EhF BB ERriTEdEe o

ABAQUS # - PFZ - PrenE ™At » A HEF BES
Zienkiewicz # A (1983)#7#& 112 1235 > & i & BRI 19% Lysmer fv
Kuhlemeyer (1969)2_ 32 % o

s SRE R F 3 ABAQUS #o#” i % 3 5}4",%?&’«' Bk F b
Z2_% 5t 0 %M Ju fv Wang (2001)#74x * 9= ;2 > & ABAQUS * %
Non-Reflection Boundary & {753 - 5 L2 3 & 3] > - 5 99 H >
ER2 Ak E E-ER2Z A IA2ER 0 F- 5 300 8 -k
Bz 3 g o b4 - B g RS WA DEBE o L HRE
A F % - B AN 22y B P PRER LA K A 22w
Fi AR Rk e £ 0 dof] 3-22 ST 0 Mgt Bk X %E TR

iSRS
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%108

15 !
= Controlled mesh

Extended mesh

=
o

Displacement {m)
[=]

0.5

o

1] 0.5 4 15
Time (sec)

B 3-22 3 A~ Za L 3|dry U F i as ~F 32 0B ER

SRR A Lor 2~ B AHD BN A B
B g AR AREFSIT 0 kiR * ABAQUS P 82 *Tie 4y
Botpho  RIFESHEF AL HTFE -

('
et
=3

(T )#- 15 B 4c ;2 (Modal Superposition Method)
WA 47 TIRAEGE S 470 B DA FE A RS 75 T
R o & - BRGNS A HF PR~ BRI oA TR
,mﬁﬁ@@;§¢ﬁmq b o ek sLadre i
T o ETH B LR 4 JUR R RIR o # S
A AR pF LR R R N T T R N A LRk I £
frie o B G EPRCR AR 2 B SEcenib R S AR 0 Bk sih
Bofe e ot B 5 SRS L > HE S5 HERT o

|

Bl e i AR MOL 6t de T 0 BRI R S ApeniEiE )

Mii + Ci + Ku = f(¢) (3-7)
AP OME RFREELSCiELEL K ZBRET ()R
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A e suEEBE R o

=N
SR B S AV AR (7R 1 fodiTit > TR LA R
Lo F AR RILRED A el 2 KR AOE S 2R iR

"

A 0 T LRI ES R A 1TI% > B aEaE s 2 Art 5

Mii+Cu+Ku=0 (3-8)
B SR Bl g B

u=9,sin(w,;t+06) (3-9)

ii=—w’¢,sin(w,t+6) (3-10)
M B e oo BN M Bl AR Y o T E T 2 e
P EE RS o R,

(K-w'M)¢, =0 (3-11)

det(K-w’M)=0 (3-12)

2

PRIk s e 4250 (3-12) 0 RfE 2 A2t hn B (0], 0,,...,0;)
ARS8 e Hk- B £ (9, 0,09,) 0 T K

Fipetp pIRMEF 2 FBRFE Y TR R
AT (H 5 Ha)

a)i
fi=5= (3-13)
T
ol s B - WHEF - 2 @R e kS i
Bl NAH - A AT o 2R ER o B - HAEZ 42 Gk
T
7, =¢,MD (3-14)
E} fﬁ)ﬁ’)ﬁ;"i{' L ]’}1] o
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i (3-15)

WA A PR R B e TR F I RN > R R

M, =y (3-16)

R - T RFIEAE I -5 41284 A4 ko % i
fedp e 28T FIAEAFRTERIR > A FH3 T
oo FHCET i g3 o AR RKET A R2HERFe 7 2R
feRlrEf g RIRFAEF > FPE TR E € FRAITRF 7
BrroiEk @ * ABAQUS i # i (7 HofG A 4e & $7 5 > 3% TEBHCAL
A2 ST AR RRE RS 7 BRI p RIRFAE S o
(= )'& 4% 4 £ $7(Dynamic Implicit Method)

A T B 2R A 0 R (R ) &) A
1000 R AR E AT RN A SR EH A Y T o> R
BEAE W H RSN (FEEY SRR BRI A - 18 Bk
Boo PFEEAC T SEHCEEE TH{ 4o m 340 > R B MPIRR G
B E BN S L 0 ¢ 3 Hilber & 4 (1978)° 34 - & &
KD LFEEER 0 Y B B FIE LA PR R 2R
fe R fob] B g 3t > 22 B AIRB D o - kR0 X
PEREET IR 1L ) 0 1/10 S T 8 % ch 4P 05kt B o "N 4
franpEe T A T AL A R p BER - TBMAE
Hibbitt (1979)F =% #& &) o 3+ B %+ Ar e 2 {8 » BLE & BF %
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t+AL] 2T GER L 0 T UG R AR 0 T B B EE o
AT E R PR A ' EViE R 3 £d Hilber ¥ £ (1978) % & o
PIEE S L ViR S HEE S > R Ap BopE
FE P Boj vk o FIAPFEER IV PF 0 R T 5] s i@ A
Beg et o ST LB E S BB IR P R o R SRR
T g7 4258 (3-17)F # = PFEES L BF d'Alembert # 0T ff7> 121 3 BFEE
B Ao frkd A PF#F 4 it T 35800 5N (3-18) ¢
MMy 41V —PY =0 (3-17)
:MMmMLN+a+axﬂ

)— aaN\ Pﬂ)+1ﬁ\ =0 (3-18)

t+At t+At

He LN R pd R NARMeartE R p T4 g B8

t+At

FenE &S =H ok &4 A o Newmark 238 % &

. 1 . ..
u‘t+At - u‘t +At u‘t T Atz |:(5 - ﬂ)u‘z + ﬁu‘t+At:| (3'19)

l.l‘tJrAt - ll‘ + At [(1 7)11‘ + yu‘ﬁAt (3_20)

1 1 1
=—(l-a), y=——a, ——<a<0
p=y0-a), y=3 3

Hilber % 4 (1978)# 1 @& * 58(3-18) % 5% (3-20)i {7 S5 H s 4 &
e ff A 0 Bd 3P I BcE R 1B JER AN 5 W G MR
P FER MM A AR FERREN L o Slcaddlst i
B x ] D F a=0pF > LG BclE e > BB ff A E Y 20502
B|(Newmark > S=1/4): @ § a=—1/3p> 7 * chlc @I L AR £ o
PPEE AR TR RS R o B REER VP 0 LR 5]
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» - SRS R 0 A g Pl B I R T L 2 i
MR G EHF LA E AL B A PE

PR LS T AR e 3 R
HE R A E AR o St AR Y AR TR
2_ Newmark 2> ;40T

(I) tAt

H ¢ (I) Kéﬁ,}.mizﬁ)i (I) Kéﬁﬁémiﬁz?& ""KB"} t PFR
[+ AP g dhd o 3 p oo BB ALY R AT

(3-21)

t+At

o =aryd | +A(1-7)9) ] (3-22)

B e =e"(f) LAAMP AP T L AR R o HET AR
wE o FPRATNER A

O =Atyd| +ACIH +Ar1-p)d|] (3-23)

FAO R PER At PE AR E 0 P E g e AC S
AC = exp(A0) (3-24)
Hoe o AQEF F dhx £ A0 Al AR o Bl i s e e
el AR i Bt 5 0 2 Bt 3
AR S o R B T A O S

{ew

d 3t ACAO =exp(A0) AD=AO » 714 3 t PR 1+ ALFF > AB” 3547

AQ” =

+B9”

t+Atj| (3-25)

feoo A i «UF"Aﬂiiﬁi

+AC {At §| +Ar G - ﬂjqﬂ (3-26)
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- LR R o B R 0 (A AMPEPE R L

__r ARF _r i
HN—Aufw+ACH} ﬂ%ﬂ+A{1 jﬂ} (3-27)

[+ AtFE i B 5
{[l_lj“
t+At 7 t

& ABAQUS ¢ » # it & $7e7p B FFEE= %k L3 Hibbitt (1979)
AR NLH AL o b F BREES AP B0 2N (323)(R %
_+ Z_Hilber-Hughes-Taylor 25 3% » 3%(3-18)) » /& % A igt- pr ¥ 2L F >

¢

;

.

1 .
=— (3-28)
t+At AZ‘ 7 At 7 t

ul

FRARA YA R R AR Y FH O ER R T R E o L
HALPA T E LB PP ERGER 1+ Ar/2)nT 7a £ 3%
A ANG-18)h i) » T FEFL D] 0 RFREEF D
TRRIGFA o
EHARAAN R R AFEEP AP CABER AP EREFR
Bheideig BN A4riE B U S
i =(1-7)i| +7ii|, , 0<7<I (3-29)
b3t SR+ AMPFEE 0 ERPEFERBOEEME R ok
#RE

2

Au“[’ = T3 Au‘tJrAt o : t ’ - 2
+(L—1Ju\+£1—éi)r
T ﬂ t 2ﬂ

| 1
- ul +| 1-— [ii]
T prAr 215
Ho pEREAL R HE 5

u =—2 Au
TP At

. 1
u :?Au
T PTAt

(3-30)
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(3-31)

ul,, =ul,, ~u
t+At t+At t

B AR AR S T U APFEEA ) iE e P BRI T A
FREBRER PRI F A 0 ] FIES A
ZEE S

RN

t+At

=M \A +(1+a)T"

)— a(l”\ PN\ )+ LY

t+At t+At t+At

(3-32)
PR 4o pF ey £ 4

RY| =M™ii"| +(1+a)(@"| —PY|)—a@| P )+LY| (3-33)
He > § 0 ¥PFESITY > 9 - BRFERSOPFR L F 44

CH R AR B G PY - BHE Pl =0 AtHA/ 2R L

T
R" =M"i" +(1+a)X" -PY )
t+At/2 t+At/2 t+At/2 t+At/2
1 . . . (3-34)
——a(1"| -P | -PY )+
2 t+At/2
L U sl(LN +LN\) - LHm LR EHTF RY|
” A2 ) A ¢ / = a2 f t+AL2

Bk 7F 0 i fdg PFIET > I R A R -

PR AL R A iy LRl E R AR R - ik
BRIRET VAP AKERRE T GBI EBX P A
IR AR GRS J AL o F RS g ) P (L R H B F B (7
¥R A D) 0 BB RN 28R Pl AT

FAE R ~0.1P > B fREFEEE

FheB R <P B fREREAR § 4

FAheBR|  ~10P > BeiEfR4p 3 dnkk o

t+At/2
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AR SR R B < R £ p AR AL 0 Arsi -
P A F SRR R AR 0 2 F AR AR ) i
P AAAT e AR ERT o A I AL A0 B L A4 g
BIp o 301 S BTy RE o J,SK%Z B VEX RN TRk
A EHAL 2 10-100 B A4 FRIP o » TG AR R R EG
S o e BERERAS o TP 0 R E T R B R AT AR B
EAenBcEfE R RHEWMS

EHALEPFRBFIED FOAH Aok T HRLR] AT
BB RIRE 0 7 U 2P B SIE F 2 o Aok XA X 3
P BB R e kE > PUBR S PFEE o

Fak g At @ * Hilber-Hughes-Taylor i 5 + a=-0.05 -
EE 3 5 o~ B A ,,ﬂAf | PFRERCR P o BEfE A VL
XF oo Wik APy PO LY o RGOSR Y DR

= = - T 24— = T 4= 25 WL AT L . > S
Fe B o AR T B TR E ORI k2 oo

7

&8 17 4P § AT FEEDIRIR o

By
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T~ PRREHEKE W RS TE FIF
(- ) HHEHSHE

bR R iR T4k At R EE G 42 A (ESEP)RF > PiE e 0 TR
T FE T 4 suAp4s | (Conservative Deterministic Failure Margin » CDFM)
2 KRB ERLE(SSC)en T 2w i 2 s & (High Confidence
Low Probability Failure » HCLPF) » % % & fi 34 7 ESEP enfd 42+ &
# 2 5 @ % T A3t 7 NEI 12-06 FLEX # p| Appendix H 2§25 ¢
O R A AT 0 3R AT R TR R (MS)2 SSC i Ciow,
B0 75 PR AGE T FLEX fog cnbi sy B b3 o 3% 0 e
4 i 7 NEI 12-06 FLEX # 2] ¢ Appendix H 423 B $% * §2 /% 5 (Path
Sy PR E & SSC i Bi® i & b B {52 b » TR EEw
= &G BT Buie 7 ESEP gk * CDFM 2355 7 B % 2 B Rt /T

2 M4 H/K & (SSC)sh HCLPF B2 R AR & &) 112 1T fig 3

FLEX # & pFgr * Appendix H F./3 5 2_ 8 % 1 v& SSC 2. Ciow B3
¥ % 5] 444 CDFM i 2+ % HCLPF @& ¢ Appendix H B /2 53+ &
Ciov B2 & B BTN & 15 > & I B ATHAEE 123K -

Ay - 4F 31 NEI 12-06 FLEX %5 ¢ Appendix H #. /% 5
i BT RS 0 M E HEM RS KL DV AT o BT S @
PpE E GMRS & 1 1 10 Hz #fF = Fp ~ 3t & SSE (Safe
Shudown Earthquake)spF iz » & 477 4240 B] 4-1 #71 » ¥ % L2
# ¥ % (Deterministic Assessment) & h & 3= % (Risk-Informed

Assessment) > 3V i {7 A F7 o
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Choose either Risk-Informed
Deterministic Assessment or A
Risk-Informed Assessment (Note 1)

Deterministic
Assessment

v
Follow steps in H.4.5.2

No

¥

Follow steps in H.4.5.5

No Follow steps in H.4.5.4
(Note1)
l El.awtu
mp! LUHS SLER
Use SPRA to determine small?
changes to achieve

small ASCDF and SLERF

, ! “f

Update FLEX strategies Make plant changes Make plant changes
to achieve MS 55C {FLEX or other) {FLEX or other)
Cy Capacity 2 GMRS to achieve small &s to achieve small As
MSA Complete: - 2 o l
Mitigation strategies ] R :"TCSPT‘ £ v
bly protected St
'“”::r sk assessment Note 1: This path is only available if total SCOF < 164

ond total SLERF < 1E-5

B 4-1 FLEX Appendix H /% 5 » 47 /=428 (NEI 12-06, 2018)

AT G Clowmd B R £ BT B Clond 724
FAoB] 4-2 277 o A2 F 1090E A B F 9090 ¥ Clw s 1%
A W F T EE o R > HERE B KA 5 5 (HCLPFE, High
Confidence 95% of a Low Probability 5% of Failure) o F]¢* » Cioy, e
AT B2 E B 3 HCLPF ehpi i R8> 287 7 B9F » 747 2 it
BARA2ZEPE THF A0k 4-1 #7571 chCrowit & B AR S S8 f 2
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—Bc=0.25 - 100H2

100%
—c=025 - 25H2
90% -+ =——Bc=0.25 - 10H:2
—Be=0 25 - SH2
0% 1 —Be=025 - 2.5H2
——Bes0.25 - 1Hz
70% +
w—Be =0 30 - 100H2
=
E
2 ——Bc=030 - 25Hz
& eo% 1
E‘ 802030 - 10Hz
2 . .
g sox ¢ Bc=030 - 5Hz
¢ ——Bc=0.30- 2.5Hz
£
5 a0 - ——Bc=0.30- 1Hz
E
8 w—Bc=035 - 100Hz
il ——B8c=0.35 - 25Hz
Bc=035 - 10Hz
20% +
——Bc=0.35 - 5Hz
10% + ———Be=035 - 2 5Hz
Be=035 - 1Hz
o% ' t T + 1 G DOE-O5-Limit
0.0E+00 1.0E-05 2.0E-05 3.0E-05 4 ,0E-05 5.0E-05 6.06-05

Annual Frequency of Unacceptable Performance

B 4-2 2 W+ T ROR Rk b % 44 & (NEI 12-06, 2018)

% 4-1 %#k frE 3% & (NEI 12-06, 2018)

Type SSC Comﬁ[.::osne Ra:;}dnom Unce;}amty Caon/Cros | Cron/Cuoe

Structures & Major Passive

Mechanical Components
Mounted on Ground or at Low 0.35 0.24 0.26 2.26 1.44

Elevation Within Structures

Active Components Mounted

at High Elevation in Structures 0:45 024 0.38 2.8 1.60
Realistic Lower Bound Case® 0.30 0.24 0.18 2.00 1.36
Other SSCs 0.40 0.24 0.32 2.54 1.52

£ SSCehB £ 1% H 24 B a B> T 5 48 7% 4 4-1

iF & BRI A E % i T

lni

o T/ (4-1)

P
' Pe
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FP 4,5 SSCHaERY A HEREL L =B B
A R HERRE L S B, SRt R HER L
@ GRS G A 2 R A S 8(CDF)" % 4-2 4 A 44848 5 NEP
TR R R -

%042 AAZARS S NEP it oz ¥ B ¥ 8 Z

Standard Normal Variable, Z | Non-Exceedance Probability, NEP
2.33 0.99
2.05 0.98
1.65 0.95
1.28 0.90
1.00 0.84
0.00 0.50
-1.00 0.16
-1.28 0.10
-1.65 0.05
-2.05 0.02
-2.33 0.01

£ P.=0.01>%d :%54-1)frk 42 £EF CipdoT™ -
C, =4 x e 2P (4-2)
£ P.=01> FIETE ClouicT :
Co=A w o\ 28P. (4-3)
£ P, =05 » pIL¥ @ Csppde™

Cop, = A xe" =4 (4-4)

AAE BT R T RE F o d R 425 (ESEP) 2 %
RPBRCOMESHEREARRSITR O FRTS AL
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(EPRI)z4e it it B35 1 424 38 2 EPRI 3002000704 ¢ - % 1 f8 1
R Tﬁ_/?k % HCLPF e 2> - A w2 £ 38 2 2345 CDFM
E o ¥ - AN E o TEEE RS A 7 (Seismic
Fragility Analysis) %3+ o d 3> CDFM = 2 2 f§ 5 » 7] § i
T R o447 ESEP & "2 SMA £1CDFM i# % 3+ 5 B H/3% # ¢
HCLPF & -

95 % W= 4 27 #7e9 NP-6041-SLR1 3¢ % > 2 CDFM 3+ 5 %2
 HCLPF at B £ 2§ A 450 = i (- ) A4 " Biple & chad B
% £ (Capacity)frat & F F(Demand)i® = 3+ & = 5% » % FB HCLPF
B PR (Z)EAJIT FRERE CRERT A ATRERE R 2
HCLPF & -

SR TRREE AR A B e A
mag fEz 3 E-F 228 a3V B e eh HCLPF & >
H % CDFM ;2 en HCLPF &35 238 5 ¢

HCLPF,,, = FS, x RLE
FS,=FS,xF,
=(C—D,s)/ (Dg +ACy)
F,=1/K,

He

FS, =% B 2tshping £3 400

FS, =@y & F R o

F, =3t £ g ¥+

’

C= ‘]‘%‘Ii’7 it B
Zﬁ@iﬁﬁﬁwg%ﬁ,

\F"\ﬂ
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DNS:?L,' %4 7\'% Fo
ACs=Fl¥ R4 I R2 4T F £

K, =% 4G f)37F 51+
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fv JR(EPRL 2018)%45 F ¥ > 3m 4 525 32 5 ¥ 8~ $Hdcif ot
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a(0)=X
FO=-—=Y Y

i=l j=1

Rig A 3AaBHBIMEFTE - F - HIAIRFH 4T !

A0 exp(~y2/2)
T 2a[l- ()]

+1(0)
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FERME o & 43 v i HHciR o £ fon o fHicR £ 2 B e T 10
fick i 4 o SPRA B < 3 5 AT S SR L R

BRI B3 N e tR EUER U SR e

243 BB FNARD GTE R T LHRRE L

2 e o ‘%ﬁv %] I 5%
| SEER B B, B B,
1 et 3R 0.26-0.49 0.27-0.48 0.36 0.35
2 4 d%l TR 0.29-0.29 0.36-0.36 0.29 0.36
30| FR%BY 2 E | 025033 | 0.33-0.56 0.19 0.29
4 55{7 wa s 0.31-0.48 0.30-0.54 0.24 0.32
5 i3 if%J)fp LA R 0.26-0.43 0.30-0.51 0.32 0.41
6 7 Vﬁfﬁ & 0.26-0.36 0.28-0.59 0.33 0.44
7 oo e it 0.15-0.41 0.23-0.46 0.28 0.35
8 do R 0.31-0.31 0.44-0.44 0.31 0.44
9 ? gﬁ. 0.23-0.40 0.39-0.66 0.29 0.54
10 R 0.17-0.45 0.21-0.60 0.29 0.40
11 R = 0.14-0.58 0.14-0.60 0.29 0.41
12 £ I%T%"‘E‘IT% 0.21-0.40 0.28-0.47 0.28 0.33
13 H i T%ﬁﬁ%‘f?? = 0.10-0.57 0.18-0.65 0.27 0.37
14 b ‘frﬁ‘i‘ 23 0.26-0.45 0.18-0.93 0.34 0.47
15 EV - F it 3R 0.24-0.45 0.46-0.91 0.36 0.59
16 B 0.25-0.55 0.25-0.81 0.36 0.50
17 oW E T 0.12-0.36 0.20-0.53 0.27 0.37
18 < Ald-3 & 0.15-0.56 0.17-0.68 0.29 0.44
19 2R - 0.20-0.40 0.24-0.62 0.30 0.44
20 ey 5%7% B 0.22-0.45 0.32-0.70 0.37 0.52
21 H i R 0.29-0.46 0.18-0.59 0.33 0.30
22 FRE 0.25-0.45 0.20-0.62 0.32 0.46
23 R E 0.27-0.27 0.20-0.20 0.27 0.20
24 e 5f7 h 5 0.25-0.55 0.13-0.63 0.35 0.32
25 g R 0.31-0.31 0.24-0.24 0.31 0.24
26 BT R 0.28-0.45 0.22-0.93 0.36 0.57
27 1838 %+ 0.20-0.20 0.25-0.25 0.20 0.25
28 2R 0.15-0.26 0.20-0.54 0.21 0.32
29 ey %f‘?f 0.31-0.43 0.27-0.82 0.37 0.55
30 Tgt :ZFE 0.35-0.35 0.48-0.48 0.35 0.48
31 T 554 0.31-0.31 0.27-0.27 0.31 0.27
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#HA5hFE IS d, 44 m
AN FE L d, 42.6 m
THEEE R h 329m
BEER I, 1.4m
kT d kb £ 4 B PGA 0.15¢g
ErFEFLERY o, -0.848 MPa
Eep R4 o, 1.420 MPa
HRepr R4 o, 2.958 MPa
BRETA Y 50576 kN

BRSE M, 1080871 kN-m

Bk R o, 0.139 MPa

s S p 0.0149

Bw b 5500 p, 0.0309

55 TE RSB RS 345 MPa

Kk 5 & (28days) f, 30 MPa
4% £ Coppy

T4 FET LA TAT
Coppy =0.07. (77 4+ Ln " Puw ¢ <1767
DM 2 ¥y CDRM
B FRARAVRFBR G [, 0 B CDEM ok > Kk 5 &
foo A T3 E L 28.6MPa:

S =1.2%exp(=1.65x0.14)x f =0.952x30=28.6 MPa
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ERET

-
FALN AN EE AL 1941 MPa B S e T
Coppy = 0.07/28.6 + 0.0309 ; 0.0149 145 _ .27 MPa

<1.76/28.6 =9.41 MPa

KRR r Cop 52 0 BH 4 %5 B Coppy & 827 MPa > 32

AR RFRFEAEL-FLLRS e P RS R p R
4 BBV @D, 5 1.77MPa 4o

o} +0o +0
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RF KD
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P4y
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o
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T
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50576
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AC, =2 — 0.139 =-0.0695 MPa
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S
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2 4-5 W pack
wmE A, 335.28 cm
LB D 40.64 cm
mE 19.37 cm
BEER 1, 20.32 cm
wE W 0.0003519 kg/cm?

, A5 RR 1L 24
A 55 7F (K5h B fy

27.579 kN/cm?

FRGS% R S, cou

1.345 kN/cm?

KT B EeiE B PGA,, 0.18 ¢

g S5 b A, 0.031242 cm?/cm
TR o B s R d 9.6825 cm
REPEFE I, 604.68 cm*
B G fsEEE I 36.05 cm*

Spectral Acceleration (g) for Damping Values

4

3.5 A
= —2% A
g # [\
P 4% Jia
o 25 / \
ko /
3 2 7% / /\\
Q
g , \
'_h.u 1.5 //' ‘
CE / \
2 . N

0.5 s R

0
1 10
Frequency (Hz)

Bl 4-6 KT A F i

TAREETTY

—

173

AR ERIUSAER R 0 AT A3 E N

100




M,y o = Astfy[ § —@j —0.031242 % 27.579(9.6825 _ 07539)
, . :

=8.018 kN-cm/cm

A.f,  0.031242x27.579
0.85/" comi  0.85x1.3445

a, =

=0.7539 cm

2N

ERIFEFTEM P B E RS IR BBy o TR R
Bt B2 AN A o 5% R4 o A Hamid & £ (1989) 0] 3%
B EHOFEERLET o P BT 90 Y% ©(0.9x1.145=1.03) 1
EPRAH R R Z B =0.11F 5 3 BN A 0 4 S B A
i BB HEER R LS, , =007 Fltod TRPB g

Pepem =1.03exp(— 0.1> +0.07*)=0.9
Cﬂp nom ;h( ¢CDFM B B AR MCDFM =7.2 kN-cm/cm °

b B T M, 25 0 A4 A AR IR 0 35 0 3 B

e
= 384(E Ie)g
27\ 0. 78(5Wh )

3
M
I =1, J{—CR J (I, ~I)<I,

1
M= 1,8, =25/ coma + (t—g) =4.76 kN-cm/cm
n/2

o m o L o2 B R R oM o

F_&

E, ~750f) com =10091.25 MPa » 1 2 % & Bl e %0 58 0 7 12 48 71

= 4
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1,=36.05+ (47726) (604.68 —36.05) = 200.356 cm” <1,=604.68 cm’

re 1\/ 384(10091.25x200350)g  _ g o 11,

271 0.78(5%0.0003519 x335.28%)

B RILE R A
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0 R kY b x =5 12192 cm BB T N 52556
Rl 245
(S, 1 h,)epm = (%jﬂwm <0.07
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_ 1 |L.5Sa,
2\ O,

J
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FI5 Bk i g MR f, § - BT ETIHANE S,
TR oARILR Y g 2 ) o Bt AT o R K Sa, R T 5

Sa, =Sa(f,,6%)

Sl 2 ¥ F REFEF X > Gk AT
Sa
_ a4,
FS—S
ap

Sa. © E 3 bR > Sa, i CDFM & £°¢ > 3 %4 F Bien
Sa(f,,6%) o % KR MBEHEEIT AL 2 ETE(Y 15
%) & CDFM 4 45 ¢ » 3 & TH &4 553 F B o Flot o e
BItE P 2B LS, h e F o - BRI L 4-6

£ 4-6 % >l FE Rl A R R A (0 B B S b))

CDFM Capacit
Drift S Frequency (Hz) Demand I() ) y
Ratio on) (2) & F,
cm 0
Oulh, ol 1P sar,6%) | sa,
range
Elastic | 0.33 | 9.9 - 8.4+ 1.37 1.28 0.93
0.5% 1.68 - 529 | 6.1- 1.27 1.26 0.99
1.0% 3.35 - 3.71 | 4.3- 0.58 1.24 2.14
2.0% 6.71 - 2.58 | 3.0- 0.39 1.20 3.08
3.0% | 10.06 - 207 | 2.4- 0.37 1.16 3.14
4.0% | 13.41 - 1.76 | 2.0- 0.34 1.12 3.29
B WS £ RE 15 %l R AT E £ F
Feo BhHIRI > FHMATF L 99 Hz PF > A" ™ 15 %31 84 Hz %

i~ 5% F ek o B 6% F 2 Sa 5 137 g0 CDFM 3 £ 5
128 g» Flpt % > fhdicn 093 7 g I g R SGES b pF > & 2>
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BT 1o BhoX LA L 4%PF 0 RIE > Glk: 329
1% AAgARffenp o3y ¥ 0T N4 T
Ay, = Fs(1) Fyppp (PGA)
2P Foppp » kT2 %% B RFF > PGAy » 8~ 1 PGA - 2 45 4
- BokTERAZAET A2 X2 LR AHL > 2 CDFM
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| — N
EX.75%36" g
MOUNTING PLATE S =
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5/8" HILT-KWIK |1 // =
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= | |
Y 1
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: B &
X Axis
Bl 4-7 %in Bicgy Ffie ¥ AR B
IR AR G & SOk SE I S ST X ae R

BAATH o Bl 48 B4 S%I A st end SR £ s (In-Structure
Rresponse Spectrum, ISRS) » & 1F45 # ¢ mﬁiﬂ o R B A
FEOEE BT B AR R KPR R RE R $i8 Bk AR
A7 d 2 fR(EPRL 2018)2 't X 33k 4R 40% KA S % A
Gl AL el S ek AESAE A UL 98 Hz 9.8 Hz
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3.5

= =_Horizontal X-Direction ISRS
3.0 ~
Horizontal Y-Direction ISRS AR \’I
L] ) i
2.5 - — Vertical (Z-Direction) ISRS 'k
“?‘9 2.0
c ]
2
ur
g
2 15 -
o
(=]
<
1.0
0.5 A
0.0 — .
0.1 1 10

Frequency (Hz)

Bl 4-8 5% 1 ¢ & ISRS

%47 R FHH

100

EE W) 18.279 kN
T F R (H,) 622.3 mm
£ (L) 1412.875 mm
B (Ly) 914.4 mm
L iEd (L, ) 711.2 mm
ewied (L) 539.75 mm
ks BE (e,) 4.7625 mm
s BE (e,) 82.55 mm
Wk R EE (S)) 1171.448 mm
W by e EE (S,) 850.9 mm
AR F 2 4k B (Sa, 0 5%FER) 29¢g
KA EH 2 b B (Sa, 5% L) 23g
AT 2 A B (Sa, > S%IER) 24¢g
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TEPIP)ETA (NG R

_SaWH, 29x18279x622.3
Sx 28 2x1171.448

X

=14.080 kN

SaxW Sa We,

Vo=
4\/(5 /2)* +(S, /2)

SX

_29x18.279 N 2.9x18.279x82.55

=14.763 kN
4 4,J(1171.448/ 2)* +(850.9/2)

p _SaJVH, 23x18.279x6223
»2s 2x850.9

y

=15.373kN

SaW Sa We,
yo=
4\/(5 /2)* +(S, /2)°

sy

~ 2.3x18.279 N 2.3x18.279%x4.7625

~10.580 kN
4 4,(1171.448/ 2)* +(850.9/ 2)?

P - Sa;W _ 2.4 x 28.279 —10.967 kN

FEARES (P ELRT S (NF R

p, =W 182D _ 4 s608kN
4 4

P,=P +04F, +0.4F,
=14.080+0.4x15.373+0.4x10.967 =24.616 kN

V, = J(V,)} +(0.4,)* =/(14.763)* +(0.4x10.580)* =15.358 kKN

R BR Y = >4 0 n5/8 %1 B F Hilti Kwik 1T 8% 4> # 2
- BRFEIFF D RFEI PR AR S 4,000 psic 5/8 & B

e e g P B E A BT
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P, =40.185kN
V. =50.574kN
Fe PR 2 R (EPRL 2018) 45 F cnf2 v 26 3 g iR st B
Bod FFmT Wi BF 4/ 2(SRDEZR I EHHE & H
REd HPF o A g R AR o b f(EPRL 2018)%4F ¢ o
BRI EEG T AN TREHET BT T4 2044 (CDFM)
E 3 E B 2 44 2 F(HCLPF)ehz > il > M AT T chik
BokTemyadm s ARARFY OBEGHELFER L i
¥R A G0 TSR FR(EPRL 2018)45 F ¢ JE W - 424 fo¥ 4 %
BB GlicAsni 0284002450 4 FE OB Gl Y
2 ACK 4t 0 Bl $H4 4 ] slicdy % JR(EPRI, 2018)%45 F
W CDFM % 2 H#c#-¢ 3 > 4 Rl B AR Bk- e
PRav s R AR NG AR IR AN
BAS RPN PR Rl b e Al BRT » T
MRS R S H- 3R A S BIRE E CDFM % > ¥
oA+ % 0-0.25 mm
BB D+ % 0.25 mm-0.75 mm

I AREF F B DU A M EIR R AT T a0 0 g DI e A A

AR RT3 ﬁﬁfhﬂ e ;;r% ﬂujdﬂlﬁx_w,f TR G o Lo
EH B IKT (0% ~20% ~ 4091 1009%6) > * >+ dp 1 B4R
T ¥R 2R DT G o & ?'},?%(EPRI, 2018)*t4% F
DB BT R Rk et 5

F RV IAI A T & X 20-40 Y%
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T oo MILA L X 6 40-100 %
1245~ Jpr(EPRI, 2018)% 4 F eru ik » & CDFM @ > sg 2t iaiAp &
Ty 0 R B E - e A
PR ETERY AR AR B R BET AR F R

1245 % J(EPRI, 2018)" 445 F oy 5 A2 A {r ik » #-08 1] el

g 5 itk 4 o ¥ fR(EPRL 2018)%4r F ¥ fr 27

Pl R PR T RS ST AT B3 22 Bk o
WY s GRETY BEF 2 2% B F 2 E 1% 50+
BEEZE > BB AE o B % F D¢ E/T 58 F)F (Ratio)fr4p B
POATHER B Z o ST 4 4-8 -

pand)
i
N
/\‘_
|
[
F.
v
Pt

48 WRGRF B S kY B4 G

H- 34 RN S
R 4k AR Ratio B Ratio B
4
wpE
0% 1.00 0.42 1.00 0.42
20% 0.95 0.47 0.95 0.45
40% 0.88 0.49 0.88 0.47
100% 0.71 0.48 0.71 0.44
B x
0% 1.00 0.42 1.00 0.42
20% 0.93 0.52 0.92 0.50
40% 0.83 0.53 0.82 0.50
100% 0.59 0.48 0.60 0.44
A SRl i
Ratio=1.00
B, =0.34

sr : Ratio % % »cstdicd A & eh? /T sogE B
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ekt o iR A 48 ¢ g | Sl $iTRadl ~ Fiefe
BRIEYE TR TG AT BB FF N ELY e B FRE
i f, 0 Fli A 48 A RF RIS £ 0 Bl T
F o T F LR R RN EH LT T AT BB g
A s BN REES) AR HApk o
"7 R % 2 (EPRL 2018)% 4 F o 0% &5 3 il s 38
FlF b ST ER T LR H R b iRl Ry iy i
ARG By 0 MR E Bona? BEicf, B
STEEY EFE O FREFAAEB I F A ANHRFK
MACHHIRITIR G  chlk & 0 B S 9 F 20%0Hs € 5 A in 4
A E Y - B eE BANT A XU SR EIRIFR o R34
4-8 > E—W&ww%ﬂiwlhﬁﬁﬁvﬁmumﬁ%ﬁﬁik =
0.954r0.47; ¥ 4 ¢ /T oy 10 frin iR £ 4 % 5 1.00
v 0.34 -
2w e 2B 15875 N A P gfaehY EEE 0 AL
P, =40.185kN
V., =50.574kN

V‘-'

FEOh R SRR R RE A R SRR o Ay TR 4 AL

57d
i
Heen? B B Gl T N2 g

po o Put Py 40185445698 | o)
’ P 24.616

S

PP AT R GERT AR

V15358 0.303>0.3

V. 50574

cm
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it

50.574—0.7x 2027 (_4.5698)
Foo 40.185

_ —147
S, PV
15358 +0.7x 22274 24 616

v Bk il Iy, =min(F p, F ) =147 -
Bt B B¢ o B FEARM T E SR T fobE b #
BT F]F o d NPEE & 2 A sxE e g M 5§ ST F S
0 1o 954 480 - e 4 ot 4 F R ein iR L
A5 047400340 20T F R4 fodi 4 84%Az 4K S 5 3 B F]F o

2L 4L .
= _f'-f‘\?.-gt .

P_ =P, exp(~0.47) = 40.185x exp(—0.47) = 25.116 kKN

V.=V, exp(-0.34) =50.574 x exp(—0.34) =35.997 kN

84%0AZ AR T IR 42

B B kR T o

V._—0.7 “’( L)

P 35.997—0.7x > 997 x (—4.5698)
F,, = L =1.01
VS+O.7QPg 15.358 +0.7 x 35997 x24.616
P 25.116
¢ 7 ¢

W R Gl F, =147 > i A 3

= 200 o

i B3 TS 2 A M PR L e S
Wi B il F,=1.0

ARG IR R L B, =0

PR PSHEEE L B, =

?&%Eifﬁaﬁi FC:FSmXF :1.47

L8 4 G

Lty > B R GERpM R T R L
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ﬁEC ;=038 B2xX & FE GlcAP M TS BRI L S ﬁEC,R =0 -

BB BE O BHRAE RAMATE E TR )
FOREILR TG s KA SRS oL R) F AP (2 E)
FF for BAE B L o HHARFIF(FSS)E 100 $E 5 00 73

4

B FF AN iR R L B, =0
KEF B ERY S%en? BIER s JER TS F, =10
1395  FR(EPRL 2018) & F > i — B R2F L pe Lot 5 3.5% -
BAF (X)L 4 F 9.8 Hz ch 5% A v b B S 2980 3.5%
PR S 4eig B 5 2.57g 0 K & JER F|F it BciR i £ 4o

2.57
=—In 0.12
ﬂﬁe,U ( 29 )

1945 % J*(EPRL, 2018)"445 F » $0 B i Henff Hw i - o
WEEEHEFREDI I R EREE I Y 5 005
I

Brev =0.05
b @ - B A KR RGP
TP ERG RAFE c GRS e aY ERFER
A N > W EE SR B G DA kT
Y BB TR E o
FRE G H - R T F (Y] FRP RS- BIEL) 7

R
oo KB EE TS G

“

v

Foe=1.0
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TR HEIEEL T UES 005 EEGF BN e s F]S AR eh
SRR L35
Biicer =0.05
8 % % & & % Bic(Equipment Response Factor) :
B EAREL Gl Foo =10
B L g 4
P, =P, +P, +P, =14.080+15373+10.967 =40.421 kN

I

(RN g

Ji

Vo =V + V2 =(14.763)" + (10580)* =18.162 kN

BT X 2 %R Gk

Iy

"
V=072 (=Py)  50.574-0.7x 0% (—4.5698)

F.. = _ 40.185 101
e Z 50.574 :
Vo, +0.7—"(P,. ) 18.162+0.7 x x 40.421

’ ’ 40.185

cm

FORA RS S R R L

L ( Ess 1. (1.01
=——~In| —= |=——In| — |=0.13
ﬁECCe,R 3 [F ] 3 (1-47j

Sm

X FRGEK Fop=Fop x Fs, < Fyy X Fe, X Fie, =1.0

B =B + B + B =07 +(0.12)° +(0.05) =0.13

IBER,R = \/ﬂ]\iCe,R + ﬂécce,R = \/(0-05)2 + (0.13)2 =0.14

187



% 49 5 B F & % #(Structure Response Factor)
“f#); f%l- % ﬁx s =1.0

84% K AzA M F 1 2P 4 2 R P =38.92kN

84% A AZAZ Y 5 3 %Eﬂ 7RV, ,=25709kN

84% -4z 4% 4% & (NEP) 2 3 ;;; %
V
ch - O‘7ﬁ(_PDL)

FS c -
) B 7
50.574—0.7x > 574 x (—4. 5698)
50 574 '
25.709+0.7 x x38.92

F, 0.91
=—In| =2 |=—1In 0.48
Prs.c (FSM J (1 47)

RAEB BB A @i Gl Fy, =11

ry
TF R ER R L 8a% AR AR T 5 A il Fy_ , =009

F, 1.1
=—In| 228 _—1( j 0.2
Prs. { Fy, J 0.9

IBRS,U = \/:B;S,C - ﬁ}?s,R = \/(0.48)2 — (0.2)2 =0.45

3+ % HCLPF :

A =F, XF. xF,xF,, xPGA=147x147x1.0x1.0x0.572g=124g¢g

ﬂR = \/IBEC,R + ﬂ;R,R + /B;S,R = \/O2 + (0-14)2 + (0-2)2 =0.24

B =Bl + Binw + Bis.o =\(0.38 +(0.13)’ + (045 =0.6
HCLPF = 4 exp[-1.65(8, + f3,)]=1.24exp[-1.65(0.24 + 0.6)] = 0.31 g
FEG,

A,=124g, B,=024, B,=06, B.=pi+pB =064
C, = A exp(-2.33,.)=1.24exp(~2.33x 0.64) = 0.28
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g‘L'}ﬁ CIO% :
A =124g, p,=024, B,=0.6, f.=p:+p =064
A, exp(—1.288,.)=1.24exp(~1.28x0.64)=0.55 ¢

C’10% =
R R B
LI R AR Sl g
HCLPF Ci% Cio%
031g 0.28 ¢ 055¢

4. Eo) 4 # Bin B2 Cro® Crns 7

BLRrEL- A2 2 EE ALK T HLITTDORS

LR (AC) FZRIEL - BhP R TR P R

S G B AR T A AR R foR £ 2 e

R1S

i

ER

%49 IL%‘/HE’?T,&@
(https://www.benning.de/products-en/industry-power-supply-systems/inverter-syste
ms/inverter-nuclear-power-plant.html)
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_TRS GOy o b
RS RE

m:R FRS RE
C C

TRS,.=TRS xC,C,F,
RRS.=RRSxC,
BIFRF R (TRS)E - BEAEF B3 > 227N o F o>
C,=1.0
Bl 4-10 ~ B 4-11 foBl 4-12 A B ET 2% ~ S S frdd v
TRS &2 ¥ {8 %% F ¥ (RRS) > Azt B® » 2+ ~w g fodi »
e -] TRS/RRS - g4 & 3% 10 Hz ~ 18 Hz 4r 13 Hz fiwe 2
% 9k -] TRS/RRS ** & 0.23 > 138 & 13 Hz fBue 3 4cif BV Bd5 *
¥4 9 RRS > &
C.=1.0

3.0 -
~==RRS, (5% damped ISRS)

=+ TRS, (5% damped)

2.5 1

Acceleration (g)

il

100
Frequency (Hz)

B 4-10 5% e vt 2. TRS ¥ 2 4 % ¢ & RRS
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25

Acceleration (g)

Acceleration (g)

0.1

Bl 4-11

25 1

20 1

15 1

1.0 1

05 1

0.0

=~ RRS, (5% damped ISRS)

----- TRS, (5% damped)

5% FE R bt 2

~— RRS, (5% damped ISRS)

----- TRS, (5% damped)

0.1

10 100

Frequency (Hz)

TRS &= 15 = ¢ & RRS

Freq

10 100

uency (Hz)

B 4-12 5%t 2 TRS #2535 % ¢ & RRS

ﬁ%ﬁﬁ@ﬂ+~

_V

» ¥

S ow
B

7

£
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Bt B AEPE S R ¢ B ISRS» R BHF BFF L
Fs =10
A3 15 60 BA% A AZAR S F ISRS 22 43k 14 ¥ {8 ISRS i 744 4
FELSHF g & FH B L 4o
Pecrs,c =043
W R AT »? B RS
Sa, ,=2.96¢
LB AT L b 84% A AZAR I T e B L
Sa, ,=380¢g
Flt o BHEE B FF SRR £ 4o
Brs x =In(3.80/2.96) =0.25
EHBAEF AR T3 7 R 0 R L e e
(https://udn.com/news/story/6813/7596421?from=udn _ch2cate7225sub6

813 pulldownmenu_v2) :

Beers. =\ Bcrs.c — Bas.x =1/(0.43)" —(0.25)* =0.35
R ST L LEE R
C, =1.1
HiamioH kR E 4 5
ﬁC,’U =0.05
.;a#;% 4-10 FHAERFF R ok d 7 2737 B - itk
N areCaas o8 N2 SR

F, =195
Brp x =0.09
Brp v =0.28

192



% 4-10 BHARRIGAF o~ 2 3 £ ik

TRS Data Source Median Fo Beo.R Beo,u CDFM Fo

HCLPF Capacities (BNL & LLNL) [93, 93] 1.75 0.11 0.23 1.0
GERS - Non relay [20] 1.45 0.11 0.23 0.83
GERS - Relay [21] 1.07 0.09 0.18 0.69
IEEE C37.98-1987 — Relay Fragility [67] 1.5 0.09 0.18 0.96
Qualification Test - Function During 14 0.09 0.22 0.84
Function After (no anomalies) 1.95 0.09 0.28 1.06
Function After (anomalies) 1.1-1.65 0.09 0.28 0.6-0.9
High-Frequency Test Program [23, 24

Cc?ntact ghatte:{ Observec? | ] 10 0.09 0.18 0.64

g P o 27 AN TRS 2 ¥ RRS vt i > # 8
B Bl A B E 023 FANHEF I3 Hzo Tl o ¢ R R

47T
) _IRS C,C/F), F, . PGA,, =0.23x LOADAIS 0405722028
“RRS C, 1.0

A BHHRE L #5T 2 fomT ¢ {ISRSS)iE 7 £ 40T

Py = \/ﬂcz'CRS,U + ﬂé],u + ﬂf"D,U = \/(0.35)2 +(0.05)* +(0.28)> =0.45

PI@ o> REi BRI £ cH SRSS & & 4T

B, = \/ Bls w4 B x =1/(0.25)7 +(0.09)° =0.27
FlP o S5 B hg 2o M4 sl & (HCLPF) % £ 40
HCLPF = A_exp[-1.65(8, + f3,)]=0.28exp[~1.65(0.45 + 0.27)] = 0.09 g
RES
ATHRTRE S B ECEERAEAL LR Ak A

B0t BT 5 % TRS #6465 99%4g 4% {8 % iRk % FE %4 AL AR
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(CDFM)TRS - % — # F|3 £ 53 F, > 74 TRS ehif = 4ok
Box - BFFF, 2~ B %I E i F]F > F] TRS 7 #
W phis Bodig » 0 @ RRS%‘P{E%H?B%%% FAgE o iR BE
BlY > ARTFSF F 5 1.060 Flh 2 G700 &8 ZplR(s s o
2410 w2 BA o ST E P REFFF, L 10 Fli e
B A R R

Bl 4-13 1 e TRS &7 -3 % 84% A Az A% & crad| & ISRS » 18 4v

A

B e TRS/RRSc E# 2 ** 13Hz» # B 5 -

RS 0488 _ 140 (at13Hz)
RRS. 342g

== TRS, (5% damped)

3.5
RRS_ (5% damped ISR5)

3.0
W
° 3g
n
o
[
o
<

A
0.5 -
0.1 100

Frequency (Hz)

B 4-13 5%fe vt 2. TRS 2 4% w» % 84 F A~ =~ RRS

% & CDFM e1C,, & 4™ #77 -

TRS

C,, =min 048¢
’ RRS

42 g

JFDPGARE x1.06x0.572 g =0.085 g

c
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Zyp A 4-11 0 4F & HEARE X S
B.=0.4

F 4-11 SR & @ % i iR £ 2 23R (EPRI, 2018)

Am
SSC 1847 b | B | B 2
1%
T EAE 5 RS R
} 035 | 024 | 026 | 226
SR A .ﬁ&};‘;ﬁ?‘ﬁ?"l-—
TELBHEEPF B A
e P 045 | 024 | 038 | 285
i B
= fell B 030 | 024 | 018 | 2.00
# % SSC 040 | 024 | 032 | 254
M iR E Y R AT S

A =C,, exp(2.338.)=0.085exp(2.33x0.4)=0.216 g
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FCARFRERR

Iy

W

J=q

AP E v - 2135 TH®G SSHAC # 3 { #7425 273
(NUREG-2213) ; > f& B USNRC g #7 8 B] NUREG-2213 » 4£3¢
frsf SSHAC % b '& L ATAZA A M 3 - 1 R g B 5%
it 4o

* NUREG-2213 #** NUREG/CR-6372 4= NUREG-2117 % # >
% & 53T SSHAC 3+ 4 08 ¥ i55% > # 544 (7 SSHAC #4254 0

L RSEREENER > T A Am e R e J,E}fgg:%mm

oo FREE IR TR A k7 SSHAC -3
B ATHR

“ SSHAC 3+ % ch7 B M4 ()i “TF SRk d
P - (D F R R 9Ty t‘p‘ e 2 o (i)
% &4 # 3 CBR % & TDI o (vi) o 4 e 35 6 #F
PR WA e 2 s 2 b e~ ] e e (V)b 2
2 pE g A o

v 2 # SSHAC A A hiiw L5 a3 F 28 F i d {oi
F 'NUREG-2213 €& £ 8 SSHAC ¥ %1 & 44 2 a3 F B i
¢ chfd 4 o SSHAC 2Btk & Bk 28 =B 7de #7 3 4o -
SERAHN 0 KB ABTEIETE S F MR - -

sl N R T R RATRARILT R
72|47 o SSHAC A2/ R R~ B 58 SHERh I A QL
R ET o B oaiiim L i FIEE 7GEG 0 S F Bl

T AIRA EER o VU ek B oo

m

- #4 SSHAC 3% érproe p 2% CBR i & TDI - 4 * %21 %
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i e ok fiE R n Wi o SSHAC % % % 1 % > # CBR
¥ ooxis BTDL e 34 - 3 413 g4 -

# ~NUREG-2213 # f SSHAC #7} & s an®i « £ fov e f
FEE > 45 it SSHAC & — 8 men/pid s do gt 5 A B~ BP0 &
FAIEE S S e e o

= ~NUREG-2213 #3 $.17 /5% » 5 * SSHAC % & 3 3+ 4 chdl (7 %
o REEE I frEs 2 FAARROER  FRE - B Y

I isABBGYenZEE > WG SSHAC & (TR o

A~ NUREG-2213 #f 4t 7 SSHAC % % 2 23 & % % 2 8
BL2@LE s D LBEFE -

i\hWM%Qﬂ3$WS$MC?%{%ﬁﬁnﬂﬁ:@ﬂmﬁ

iR A RTET 0D BHI (DT BATATA

» 44 {7 SSHAC % % 13-4 » (2)»* % PSHA fr#7 SSHAC

N

!
Bl s fri %o
Lo R AT B AR % 0 NUREG-2213 ch{ 371§ & 1 7 f80F
(DB ()BT~ (3 E (DL E ()R LAT
AVEF AL TETRAT- AR B R RS E IR
{J’iﬂﬁﬁ?%%ﬁﬁ%73
R WL S O L DAY ALRE N RN SR A A /s B R
oo A L B o FEIL- o~ Z B RIS R
P o R B RE A L AL w2 A S TR BB
FlrPRBAER - SLPBP R A BE L e iR E DT
L
= ~,‘%ﬁf\z¥ 7R AR KB AR FR AT AR BER

197



T o, ¥4 :'%‘*%‘j #'Jﬁi),@é‘f”‘g?f%g“% oy BEm ?ﬁ'h\gjgﬁ E‘ggé_‘?l;,}#
ﬁjﬁ?“i: ° ji‘%%“;} _:_ %é?ﬁ,\" "7 /z‘ ﬁob*ﬂ_g ]‘E‘é‘l__ln %3;_, PWR ,g::
R — ‘:%Uﬁ\‘gﬁjfé:}%}?’)ﬁ’?]L;\%ﬁﬁ%j{fgﬁﬁi%‘i,{gﬁzﬁo

817 PWR sk & 7 3 R¥ * kappaO =hit §F v & % kappa2 33 2

1Y

T 5 0 JE 19 8 2 AT e kappal i o F ML ST 0 2
Bedp 719 kappa EiET O FEN A BTSSR o
H ¢ kappaO 485 &2 S| 4 7493F > | AT L R fFhE T
Mo
o~ EiE R AA#H K F BEFEIRS) L kT a s L F wavk T
FEHEEEHERET S S > ERRIEEL K RE S
APEFZ A TR TRAT SR ET HIA T e
P44t PWR % R BIFEqE > @ % fiidpde2 2 5506 4
AT PR AR (T2 BT 41447 0 T 22L& SASSI 2 4 i
ARl AR P IR B T
- AR F LG EERATEERA B P T RN
ArpE S TSP AAMEARREATEE D iR B2
~F AL 2me RS TR R M ERER
88mz A% <t v MR RS PT EEHAEIEE AP F o
S AR R ABAQUS 23~ 2mF v EaF 2otk o &
%% ABAQUS R~ iRz F I ET 7 2 F %3 <
da s I FIIEMA#SE T 10 B -
O e AT S e R 2 p RGREIE S 0
BB Ar7 450 A% §RA BrE s &% ABAQUS 7 A

i

FipE o TR RR RS T RS § FIAZ
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14

AN

22 p RIRFAT T o

SRR 2 BiEdptei2 A 473 % & OBE 40 SSE ¥ 22 A {1 % &

SASSI #4455 % Ak 1 v+ £ » vk & RLE ¥ B “F 455 )
e SASSI { 72 == end % > 4o 5-1 I B 5-3 #7o1 o

*OBE ¥ R F B3R st [l o BT RS A 4T 2

A A e % forg 5 s 4 ;,,\Jfrr,g-g%?m;;gﬁ s 4[] 5-4 # A o

~ SSE ¥ & Flam e » 2L 4o @] 5-5 7o 0 qfEN R 4 AT 2

Fledivid B EROEE AT o8 A4 Cfi fpiei2 vt 5 9 1
T > 4o 5-6 7T o

~RLE &%) B Fl4h ~ dhidt ~ RED B P 4ol 5-7 1 B

59 #67 0 A r R R PR N A i R RN B AL F

i B U FRAMLITPE T E > 4B 5-10 #17 o

MR U ETPAR IR R Sl CE AR TR A PR 0 &

Spectral Acceleration{g)

BIFIAATG - TRAEZEPE ) L EDRARK > R4
BRF A FEDRART o B R R F ORAR S
4@ 5-11 #7F -

Topnode Topnode

w
w

—FD —FD
—TD|] 25l —TD|]

- N}
- o ~ o

Spectral Acceleration{g)

=)
o
=
o

o 0
107 10° 10! 10?2 107" 10° 10! 102
Frequency(Hz) Frequency(Hz)

 5-1 #7 BE 2 & OBE 2 EW % (2)% NS & (+) Wik & £ ik
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Topnode

™ w IS o o

Spectral Acceleration{g)

—FD
—TD|{

1]
107!

10° 10!
Frequency(Hz)

B 5-2 # BE 2 & SSE 2. EW % (%)

B 5-3 #7BE 4 & RLE 2. EW % (%) NS & (%) #

Spectral Acceleration(g)

Topnode

10
—FD
9 1
——TD
— 1
Ch
=
er
=
®©
i‘j 6
8 s
Q
<
= ¢
[
k3]
g a
Q
w2
1
0
107! 10° 10' 10%

Frequency(Hz)

Topnode

25

05

o
10

Frequency(Hz)

Spectral Acceleration(g)

25

05

Topnode

[

—FD
—TD|{

S w IS o

Spectral Acceleration(g)

o | |
107! 10° 10!

102
Frequency(Hz)
B NS v (%) s fpte & RH

Topnode

10
—FD
gl 1
—TD
3 °f ]
57
=
g s
Q
<
w 4T
[
k]
® 3
=%
@l
il
0
107! 10° 10! 10%
Frequency(Hz)

L

B

e kR

Topnode

10!
Frequency(Hz)

2 10° 10

® 5-4 #7TBE 2 & OBE 2 EW & ()& NS »(3)
X TR NS w1 TP A=A Y
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Spectral Acceleration(g)

Bl 5-5 SSE T 4mdt2 S 5cf B eA T B

Topnode Topnode
[ T [ T T
—RBH@ L —RBH@EiE
s| — - AR sk — 1A
)
i1
4t St
©
@
5]
ar § ar
E
2f B2l
Q
=3
[}
1r 1r
0 0
107 107
Frequency(Hz) Frequency(Hz)

Bl 5-6 #7 BE 2 % SSE 2. EW (%)% NS v (%)
E A TR NS R RIS = U

B 5-7 RLE TiR&2 2 S %A+ B
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Spectral Acceleration(g)

Bl 5-8 RLE T 4hdtz S50 {4 %4 7 F

PEEQ

(Avg: T5%)
.04 1e-04
6 30804
< 55504
+5312e-04
4 760e-04
4 226e-04
- Lbdde04
+3.140e-04
2508004
+203%e-04
1517004
+5.687e-0!
4 25805
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