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Abstract

On account of potential seismic threats, the TPC had executed
PSHA SSHAC-3 plans for its NPPs in response to AEC’s regulatory
requirements. The HID, SSC, and GMC reports has been submitted.
The PSHA always evaluates horizontal pseudo-accelaration response
spectra, and multiplies them with V/H spectral ratios to offer the vertical
pseudo-accelaration response spectra.  This project uses Taiwan
ground-motion database to evaluate the median and the logarithmic
standard deviation of V/H response spectral ratios, investigates their
relations with type of erathquake, type of faulting, earthquake
magnitude, site distance to fault, and site condition, and finally provides
linear envelopes for period-dependent median and logarithmic standard
deviation of V/H response spectral ratios.

Based on the wave propagation theory, the artificial wide-band
earthquakes with different magnitudes are applied to the site response
analysis software STRATA as the horizontal excitations to investigate
the linear/non-linear site responses of the PWR power plant. Two
types of bedrock input locations are compared. Furthermore, the
on-site measurements from earthquake events of the PWR power plant
are used to evaluate the V/H response spectral ratio and to investigate
the correlation between the peaks and the predominant periods of the
vertical frequency response function. The amplification effect of the
V/H response spectral ratio is also discussed. In addition, through the
observations made from seismic events measured at other sites, the
results are further compared with the downhole analysis results of the
PWR power plant to illustrate the trend of the peaks of the V/H response
spectral ratio.

This document reports cases for safety impact and regulatory
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technology research for NPP structures/components under potential
earthquakes, including the influences of different magnitudes of seismic
on nuclear power plant structure and time-domain analysis of soil
structure interaction effects. In this study, we used the old soil data and
the new soil data for deconvolution processing. After processing, the
deconvolution of OBE, SSE or RLE was input in ABAQUS to
implement time-domain analysis. Elevation differences of structure
and composition of the soil properties would produce significant
impacts on the results of SSI analysis and should be discussed. The
results of SSI analysis in time domain would be compared with the
results of SASSI analysis in frequency domain. The distinction and
accuracy of these two methods were investigated.

Nuclear power plants are analyzed with FLEX, which is published
by Nuclear Energy Institute under the title NEI 12-06 Diverse and
Flexible Coping Strategies. FLEX contains coping strategies for
beyond-design-basis-external-event (BDBEE) hazards, and it
recommends 5 different paths for mitigating seismic hazard in its
Appendix H. In this study, the Ciy% and Cioy calculation methods are
derived. Its results are compared with CDFM and fagility analysis for
HCLPF values, and reasonable agreements are obtained. This study
provides nuclear energy control agencies to effectively review the FLEX
procedures of nuclear power plants for evaluating their seismic

capacities.

Key words: PSHA, Vertical Response Spectra, V/H Response Spectral
Ratios, One-Dimensional Wave Propagation, Site Response Analysis,

Artificial Wide-Band Earthquakes, Frequency Response Function,

4



Equivalent Linear Model, STRATA, 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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ASCE
BDBEE
BE
BNL
CDF
CDFM
CDP
CMS
CoV
DBE
DHA
DHB
ECCS
EERA
EPRI
EQL
FLEX
FRF
GMC
GMI
GMPE
GMRS
GWT
HCLPF
HID
LB

LN

The American Society of Civil Engineers
Beyond Design Basis External Event

Best Estimated

Brookhaven National Laboratory
Cumulative Distribution Function
Conservative Deterministic Failure Margin
Concrete Damaged Plastic

Conditional Mean Spectrum

Coefficient of Variation

Design Base Earthquake

Down-Hole A

Down-Hole B

European Convention for Constructional Steelwork
Equivalent-linear Earthquake site Response Analysis
Electric Power Research Institute

Equivalent Linear

Diverse and Flexible Coping Strategies
Frequency Response Function

Ground Motion Characterization

Ground Motion Incoherence

Ground Motion Predictaion Equation
Ground Motion Response Spectrum

Ground Water Table

High-Confidence Low-Probability of Failure
Hazard Input Document

Lower Bound

Linear



MSSHI
NEHRP
NEI
NEP
OBE
PA
PDF
PGA
PSA
PSHA
PWR
RE
RLE
RotD50

RRS
SEI
SOV
SRSS
SSC
SSE
SSI
TRS
UB
UHRS
UHS
USACE
USNRC

Mitigating Strategies Seismic Hazard Information
National Earthquake Hazards Reduction Program
Nuclear Energy Institute
Non-Exceedance Probability
Operating Basis Earthquake
Peak Acceleration
Probability Density Function
Peak Ground Acceleration
Pseudo-Spectral Acceleration
Probabilistic Seismic Hazard Analysis
Pressurized Water Reactor
Reference Earthquake
Review Level Earthquake
Period-Dependent-Rotation-Angle Component
at 50™ Percentile
Required Response Spectrum
Structural Engineering Institute
Separation Of Variables
Square Root of Sum of Squares
Seismic Source Characterization
Safe Shutdown Earthquake
Soil-Structure Interaction
Test Response Spectrum
Upper Bound
Uniform Hazard Response Spectra
Uniform Hazard Spectrum
United States Army Corps of Engineers
U.S. Nuclear Regulatory Commission
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VSV Vertical Spatial Variation
V/H Vertical to Horizontal

V/H Ratio Vertical-to-Horizontal Response Spectral Ratio
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#2-3PWRT B & # 2% #PGA

HREE® L L L3
/PGA(gal) (DHA/DHB) | (DHA/DHB) | (DHA/DHB)
2019/1/22 3.83/3.24 5.88/6.62 2.25/2.46
2019/1/30 7.59/6.21 6.94/7.82 4.55/4.69
2019/3/8 6.58/4.36 7.00/7.45 4.62/3.10
2019/4/3 3.56/4.21 3.03/3.98 2.75/3.46
2019/4/4 2.04/2.55 2.37/3.16 2.16/2.04
2019/6/4 3.43/4.65 3.20/2.72 1.37/2.21
2020/9/29 3.20/3.33 6.09/8.43 10.76/8.30
2021/3/2 39.92/34.13 46.21/45.92 13.06/17.90
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224 BEAFIREE RE A GHER

BRE A/ AH X % PA Y % PA Z % PA
oA BB (gal)| (L&) (7 & %) (£ %)
2005/04/30 14.48 105.01 88.68 53.68
2006/04/28 33.61 22.89 43.90
2008/08/01 61.58 32.75 38.35
2009/12/19 116.12 93.48 61.53
2011/02/07 16.67 13.98 19.42
2012/06/09 12.32 10.74 9.58

225 P BAFARAKRE L) d Hh L GHNER

FEZE/pA B X = PGA Y = PGA Z w PGA
Bo % 7 44k & (gal) (L) (# =) (2 w)
1999.0920.1747 352.65 258.14 176.39
1999.0920.1757 49.10 33.73 32.66
1999.0920.1758 26.40 14.22 19.43
1999.0925.2352 88.03 65.42 88.16
2003.0610.0840 16.02 24.07 7.52
2010.1121.1231 13.00 19.75 3.46
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Table 3-2. Example Calculation of Samv from Sam for Site Class D Site in Irvine, CA. Sus=1.63 and
Cv= 1.426 (interpolated value from ASCE/SEI 7-22 Table 11.9-1). Fme is from ASCE/SEIl 7-22

Equations 11.9-6, 11.9-7, and 11.9-8

Period
(seconds)

0.00
0.01
0.02
0.025
0.03
0.05
0.075
0.10
0.15
0.20
0.25
0.30
0.40
0.50
0.75
1.0
15
2.0
3.0
4.0
5.0
7.5
10

Sam
(8)

0.708
0.713
0.714
0.722
0.729
0.828
1.037
1.238
1.507
1.663
1.758
1.812
1.783
1.696
1.366
1.123
0.784
0.583
0.370
0.258
0.193
0.116
0.078

Fma Samv
&
1.20 0.547
1.20 0.550
1.20 0.552
1.20 0.558
1.20 0.632
1.20 1.033
1.20 1.294
1.20 1.544
1.20 1.535
1.20 1.467
1.203 1.383
1.206 1.298
1213 1.101
1.219 0.932
1.234 0.605
1.250 0.425
1.253 0.242
1.256 0.155
1261 0.147
1.267 0.102
1272 0.076
1.286 0.045
1.300 0.030
] 2-58 3l * g
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ASCE/SEl  Applicable Period Band for Samv
7-22 Equation
Equation #
for Samv

Tv < 0.025 sec [Note: 0.025 sec
is not included in the standard
11.9-1 22 periods for Sam; the Sam =
0.722 was obtained by linear
interpolation.]

11.9-2 0.025 < T,=0.05 sec

11.93 0.05<T,<0.10 sec

11.94 0.10<T,<2.0sec

11.9-5 T,> 2.0sec
2020 NEHRP



Response Spectral Acceleration (g)

0.0 05 1.0 i5

Figure 3-17. Horizontal (Sam) and Vertical (Samv) MCEr Response Spectra for Example Site i
Irvine, CA (Site Class D)

B 2-59 31 * 2020 NEHRP

BEE L8 PR VH F i 2 S Bl o 4o B 2-60
W27 o B RAKF TEF IR A AR EEFGY S
2z 2P A TN E BHF RO FEY - LA
Bl 2 P RREFRFIFIRMEEABEFLIFN 4 2 €5 F
HVWEHAZAAF RTFED ) REFED R AL P AT
¥ it e Apd-kT » PGA #+ P5([B] 2-61 ~ ] 2-64 % F] 2-69)
VH Fjg# v b8 -2 2E 27 R P RF I EA 4 P E L
R de o o PERLE N Bnk 27 ASCE7-22 sn VH F st » = ¥
AR AP > VH F s 39 005 /% 0.1 f % PP &< > &

LY annAp ¢ A2 3

112



20050430.1448 - Tzu Chi Hospital - V/H

3 ———
Foundation Type 1
4.5 Foundation Type 2 |
ASCE 7-22
4F - =23 .
35F B
g 3 i
E 2.5 — -
S
0 L L L M L L L PR R |
107 10! 10° 10!
Period (sec)
F2-60 % AF s d R £3 8k 5 F o
PREETE2005F 47 30 P 14 248 &
ol ;
5 20060428 - Tzu Chi Hospital - V/H
Foundation Type 1
4.5 Foundation Type 2 |
ASCE 7-22
4F - =23 .
35F B
S
N
S

Period (sec)

Bl 2-61 7P Ak d e R D kT 5 R o
(3 BT 2:2006& 47 28 p)

113



V/H ratio

V/H ratio

20080801 - Tzu Chi Hospital - V/H
T T T T T T T T T

3 ———
Foundation Type 1
4.5 Foundation Type 2 |
ASCE 7-22
4F - =23 .
35F B
3r i
251 B
2r i
1.5 B
It /\[\
e = = = = = - - -
0.5
0 L L L L 1 L Lol L
107 10! 10° 10!
Period (sec)
B 2-62 B AFlad# e R L8 2R v F gE
(B EFTE2008E87 1)
5 20091219 - Tzu Chi Hospital - V/H
Foundation Type 1
4.5 Foundation Type 2 |
ASCE 7-22
4 - =23 .
35 B

107 107! 10° 10
Period (sec)

Bl 2-63 & AF R kst R L3 kT % R g
(3 BE:2009 & 127 19 p)

114



V/H ratio

V/H ratio

20110207 - Tzu Chi Hospital - V/H
T T T T T T T T T

Foundation Type 1
Foundation Type 2
ASCE 7-22

4r - =23 .

Period (sec)

Bl 2-64 ZAF A bid R LT 8k T o F B
(HREE2001 227 7p)

20120609 - Tzu Chi Hospital - V/H
T T T T T T T T T

Foundation Type 1
Foundation Type 2
ASCE 7-22

4r - =23 .

0 | | L L I L L L ) I L
107 107! 10° 10
Period (sec)

Bl 2-65 & AF R hdls it R L3 kT % K gk
(B EER201226% 9p)

115



1999.0920.1747 - Chung Hsing CE - V/H

3 ———
Free field Type 1
4.5 Free field Type 2 ||
ASCE 7-22
4r - =23 .
35F i
2 3 i
3
S 25 s
S

Period (sec)

Bl 2-66 ¢ 2Tk~ P d Ficid R BT % F i
(HREEE:1999 & 91 20 p 17 847 A)

1999.0920.1757 - Chung Hsing CE - V/H

Free field Type 1
4.5 Free field Type 2 ||
ASCE 7-22
4r - =23 .
35F B
2 3 1
3
~25r -
S

| | L L L L L |
107 107 10° 10!
Period (sec)

B 2-67 ¢ 2 A Hpd B RELTE KT 5 K il
(3 2 £:1999 £ 9 7 20 p 17 8 57 4)

116



1999.0920.1758 - Chung Hsing CE - V/H

3 ———
Free field Type 1
4.5 Free field Type 2 ||
ASCE 7-22
4r - =23 .
35F B
2 3 i
3
~ 2'5 — -
S
2 — -
0 L L L L | L ' L PR N | L
107 10! 10° 10!

&l

V/H ratio

Period (sec)

268 ¢ ® AT A B REE S KT B R
(3 2 £:1999 £ 9 7 20 p 17 B 58 4°)

1999.0925.2352 - Chung Hsing CE - V/H

- =23 .

Free field Type 1
Free field Type 2
ASCE 7-22

107 107 10°
Period (sec)

10

Bl2-69 ¢ BATR g d Hoei BEE B KTk i
(BT E:1999 & 97 25 23 852 A)

117



2003.0610.0840 - Chung Hsing CE - V/H

Free field Type 1
4.5 Free field Type 2
ASCE 7-22

4r - =23 .

V/H ratio
~ ]
Lo b W

T T T T

~

0.5

0 I I 1 1 1 I 1
107 107 10° 10!
Period (sec)

B 2-70 ¢ B3 AHEpd B RED &KL kR
(3 2E #:2003 % 6 * 10 p 8240 4)

2010.1121.1231 - Chung Hsing CE - V/H

Free field Type 1
4.5 Free field Type 2 ||
ASCE 7-22
4r - =23 .
35F B
s 3l i
3
=25 .
S
2r -
0 L L L | Ll

107 107 10° 10!
Period (sec)

Bl2-71 ¢ @24 AHpd Bheid BRdr 22K %F i
(» RE 22010 11 7 21 p 12831 »)

118



ST RAT RIS ISR HEE R
(=)L HZ*

SR T P A3 %3 ASCE 4-16(2017)2 12 3k i 42 0 §
AFEHACA 2 R~ 2 R4 o B3l ABAQUS R # PWR
FIFERE 2 232 5 "I F H03] > TG HERAs o TR 2 ¢
BRIy 2T S ayx R REFRP G LEE
Fﬁﬁ&ﬂ%ﬁﬁ%’%*ﬁ@@ﬁéﬁﬁi%%ﬁfﬂﬁ@i@

o B S BSSI AT R A B e E AR SELE T EE
WL B ER* SASSI 2 A5 Rt L R o

FEHFEAREE T

1. A 1334 Z4cid B P12 OBESSSE 2 RLE % &|:i (74 &

AR B A AR LA B AT KSR Sl
N Z R R A
2. &% ABAQUS #i#eE = 7= R e fz 5 "I~ 2 4 & &
B[$i ~ 4 1334 R2 OBE-SSE 2 RLE- #F3#= 64 R4
20 B AL B2
CREIRAEE: & S SRS - S LA A wjgi%J »~ OBE -~ SSE

’“‘ﬁ

2 RLE 538 F B rd2ATf 2 4o id B fPF o

4. B ApAeiE (T SST A4 o R BA TR RS2 4eid B P
PR R F R FHFIEE ) NS R AL
BL > 27 SASSI 2 #8458 % 4p T Sk o
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ABAQUSHEre##dlzEZ

AT % ILE
(OBE - SSE ~ RLE)

ST

fa o AR AR A WEMARERREE
T

/ - -
([ ssigm ) / OBE SSE - RLE
\ \_ REHEH

SSI&-#7 MELREREBHREGZLE

FEILEA S E

FHAABRME R LR

Bl 3-1 & 477542 R
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(=)m ¥ R

PWR 2 k3 A% e 254 g4k (T8 R(OBE) (B~ # % 4
#R L 0202 & 2 MY B(SSE)Bt ¥ £ 4 B 5 04g) @ 1244
PR Z R g 2T d(FrRFaw t B €18 4
B 2014) 4z » MPFE 2 3R A B 2 (RLE) #* 1.67xSSE/37%
FREZHRLFTRAFES - BT R EEEERHE P
Z BB~ 1.67xSSE £ M3k 7.5% 2 453 (P Pz RudR 2
RLE £ 4 # £ 4ci# B 5 0.72gc A< @& * 4 1% 34 22 OBE-SSE
2 RLE kT3 B 4vig B FPE4cB) 3-2 3 B 3-7 #771 o

o5 HORIZONTAL E-W 0.2G OBE-ACCELERATION
. T T I I

015
0.1

0.05

Acceleration(g)
o

1 I 1 1
0 5 10 15 20 25
Time(s)

B 3-2 OBE 2 EW = % & 4vik & fEPF

HORIZONTAL N-S 0.2G OBE-ACCELERATION
T T

bttt

o
o

e
&

e

Acceleration(g)
(=] o
o (=] Qo
- o o a
—
e
——————

&
o

&
[

I
5 10 15 20 25
Time(s)

B13-3 OBE 2 NS = & 4 E4rif & P&
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04

HORIZONTAL E-W 0.4G SSE-ACCELERATION

03

Acceleration(g)
= =
o - N
T

o
=
T

0.2

03

-0.4

0.4

Acceleration(g)

3
-
=]

15 20

T T
Time(s)

Bl 3-4 SSE z. EW = % & & 4vik R FEPF

HORIZONTAL N-S 0.4G SSE-ACCELERATION
T T

25

04
0

08

04

Acceleration(g)
: o
o N

o
L)
T

0.6

W
10
Time(s)

B13-5 SSE 2 NS = %4 R4rit B AP

HORIZONTAL E-W 0.72G RLE-ACCELERATION
T 1

25

-0.8
0

Time(s)
B 3-6 RLE 2. EW = & 3 2 4cik B R PF
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HORIZONTAL N-S 0.72G RLE-ACCELERATION
06} ‘ | ‘ 1

e —
‘Jw\hhw» H \h” h k ’ili‘r'v';a,;,;g

T VU
E|V”W| il
I/ |! |

Acceleration(g)
& ]
o P
T
e

08k I 4

Times)
B 3-7 RLE 2z NS = & 3 & 4cig B
(2)3 &% 28 F B4 ASLATA
Bt BT AR AR AR R 3R AU
AR TS SRR T FEET IR E - SR
pF A Bd & F 384 (Deconvolution) 3 # 45 i+ % 5 17 3| 3t A4
B2 A B @MEFE AT o F T R F S
#E?‘j*’:‘lﬁll‘ﬁ%ﬁ&é%}%iﬁlﬁﬁ PR FERE 0 L IRA 2 Ayt
EERA (Equavilent-linear Earthquake site Response Analysis)#% ;' i& {7
FiEff o Y o2 AT 2 ma it 2R NRC SRP 3.7.2 &L 2}
% J& Best-Estimate (BE) ~ Lower-Bound (LB)% Upper-Bound (UB) %
i%ﬁ?’*?%@%BEi%ﬁ?“”ﬁ?°
2. #3  E o788 5 SHAKE(Schnabel etal., 1972) > H B
WIHEE KT Rk gl @ 4oR 3-8 X PlgRpF R LB @iy 4
PRI R AU T EET A HEHRG) A (E)E E i (p)E S
Tlf)&\i{fﬁ‘ﬁ?%ﬁp%'li AR M et 3R {7 Bkt - SHAKE #0487+
ZiE % =13 s > 4o SHAKE9L (Idriss and Sun, 1992)%r ¢-%4 H 47 & 2
E B ERTEFTZLE o 2 ®a 4 ¥+ F (University of Southern
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California)*> 1998 # % % EERA 4 #5425% » I £ 2 SHAKE 3 A #
B 7 R G SRR A * b i SHAKE9D i #_o

Layer Coordinate Properties Thickness
1]
1 - ¢ G1 G P W
12
P
2 v
. 2
Um
|
e
m ¢ GFN ‘:h.i L)f?.i
Zm hm
Um+1
m+1 ¢ GHH-I C--’m-h’ F%ﬁ]
Zm+l hm+1
Up+2
m+2 ¢
Zm+2
UN
N v ov & A ? ]
hy= oo

Bl 3-8 1 3 4~ k& 5+ & Bl(Bardet, Ichii and Lin, 2000)

AFTY A wiE PWR 2Pz 52 &2 Tl R 2 A7
R4 R 3-1 % 2 3-2497 o F £30 EERA R 3~ 4 130354 R
B T REIEETIG LI EER CHEE SRR
2R g TERIEALRIAEL AFZIET S I L
BT R M e R] 30 BRE S MR R o T il
AT R o B {8k TARS LY Y2012 8 =X di(Tterations) ™ 2 G A E R
%4 & R (Ratio of Effective and Maximum Shear Strain) » % % =t #ck
i 10 (JF st 0 2016) 0 7 2 % ER95 EERA v p
(Bardet, Ichii and Lin, 2000)@j RAICNG-1D)PE CHP MEEERERER

J\ /J\ o
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R= o (3-1)
1 = 5
| - 4.5
0.8 - L 4
| - 3.5 g
06 - —— Shear Modulus r3 8
1 - Damping Ratio e - 2.5 gﬁ
0.4 1 / 2 8
! - 1.5 g
0.2 ] L 1
----------------- - 0.5
0+ : et 0
0.0001 0.001 0.01 0.1 1
Shear Strain (%)

B13-9 Az 23T+ Bl fEr ot 29 B 1% F)
(Bardet, Ichii and Lin, 2000)
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#3-1 #2 k17205 %%(BE)

H W VS VP DS DP
1 6| 0.125|1850.000 | 4531.556 | 0.0060 | 0.0060
2 6| 0.125|1839.355|4505.481 | 0.0080 | 0.0080
3 71 0.125]1822.840 | 4465.028 | 0.0100 | 0.0100
4 45| 0.125]1809.435 | 4432.192| 0.0110 | 0.0110
5 45| 0.125]1801.280 | 4412.217| 0.0120 | 0.0120
6 551 0.125|1794.560 | 4395.756 | 0.0120 | 0.0120
7 551 0.125|1787.125 | 4377.544 | 0.0130 | 0.0130
8 11| 0.125|1778.765 | 4357.067 | 0.0130 | 0.0130
9 10| 0.125]1770.265 | 4336.246 | 0.0140 | 0.0140
10 10| 0.125]1763.360 | 4319.332 | 0.0140 | 0.0140
11 10| 0.125]1757.560 | 4305.125 | 0.0150 | 0.0150
12 10| 0.125]1750.415 | 4287.624 | 0.0155| 0.0155
13 10| 0.125]1742.425 | 4268.052 | 0.0160 | 0.0160
14 10| 0.125]1735.715 | 4251.616 | 0.0165 | 0.0165
15 10| 0.125]1730.315 | 4238.389 | 0.0170 | 0.0170
16 10| 0.125]1726.240 | 4228.407 | 0.0175| 0.0175
17 10| 0.125]1723.485 | 4221.659 | 0.0175| 0.0175
18 10| 0.125]1721.8754217.715| 0.0175| 0.0175
19 10| 0.125]1721.325 1 4216.368 | 0.0175 | 0.0175
20 10| 0.125]1721.645 | 4217.152 | 0.0175| 0.0175
21 10| 0.125]1722.625|4219.552 | 0.0175| 0.0175
22 10| 0.125]1722.895 | 4220.214 | 0.0175| 0.0175
23 10| 0.125]1722.320 | 4218.805 | 0.0175| 0.0175
24 10| 0.125]1719.930 | 4212.951 | 0.0175| 0.0175
25 10| 0.125]1717.845 | 4207.844 | 0.0180 | 0.0180
26 10| 0.125]1716.155|4203.704 | 0.0185| 0.0185
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27 10| 0.125|1714.685 | 4200.103 | 0.0185 | 0.0185
28 10| 0.125|1713.315|4196.748 | 0.0185 | 0.0185
29 9| 0.125|1712.185| 4193.98| 0.0185| 0.0185
30 8| 0.125]1711.390 | 4192.032 | 0.0185 | 0.0185
31 8| 0.125|1710.825 | 4190.648 | 0.0185| 0.0185
23-2 72 B LT3 5 % #(BE)
H W VS VP DS DP
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 45 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/ 5905210, 0.0357| 0.0026
8 11| 0.146/ 1368.090/ 5905.130| 0.0370| 0.0026
9| 10| 0.146/ 1361710/ 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/ 1346.8305904.790| 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
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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

(= ) B re g 407

1. Rt 35 ¥ 3] (Concrete Damaged Plastic, CDP)

ABAQUS # # 2 3% 5% 2 47 § % |+ 3] (CDP %)) & #
Lubliner, Lee = Fenves (1998)#& ! 2 3f & # | A #rad = o 3 44

PR A S X Pt RIFG > A BTG Sl d v P R KA
EE QS == EIECE S R 1) SCATIE RS SR E N A o
RSN R R e AT 0 RHCBUR G i ORI R SEAR G s < A
"5 I g o

4o 3-1010 #7577 - RES &~ LS aIE G A SR G S8
de 2 £.4 1§ S8 do> TH 5 RGED R R e $0
Ao b7 SR RCEATIR o % P U el i Sl d e R i

R s A EE R S

E=(1-d)E, (3-2)
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¢ 0 E RGN R s Tl Eo 5 R ERE A SUE
Picle - d =0 £ 7 &4 > TRED e ORI R 4 e SR
Mz 24pk - d=1 &7 = 23§ > TRGL i UM RS

F o

® 3-10 CDP ¥ ghia5%k* £ {7 5 (Lee and Fenves, 1998)

—,{r—.,wﬂﬂlﬁn;}vrﬂﬁ—r 4);{]% d;}ﬂﬂiﬁg @4,_174“;\,
T oood RS RAWF ERE PRI W AT kR KRS
Gl A S XPRIRIRR G W 2 XRERARAR Tlic W o 2N
AR et - SUACE B R BT £ R R o R
RPEHRF O GES RO CAER o W=l AT RAY KX HE
rRBTRRE O CEMEHERT R 2RI - X R i
B W0 £ R SEEHCECT kAR o W=l A m R KR
EEURAE Sull JE N NeA S SHEE I 8 BN 03 U A X ed
g 0 W=0 £ r R 2 BT a0 kAR o
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2. R Sk

BIFERE R S SR A4 Rt B> A & d B2 &5
A AR N TE S o FIIEEBHEIRAL 2 it S
0.20 > % & 42400 kg/m® > B B #E 5 264 GPa - % B 5 345
MPa ; 4 & 58+ -8 E 5 200 GPa » 44~ 203 > % B 5 7850
kg/m® > 33 B 3414 MPa ; 3f 4 442584 8B 190 GPa » g 2+
0.3 B A 57850 kg/m3 5 P 484% ¥+ 3+ - 8E 5 200 GPa » {pat &
0.3 % & 27850kg/m’® > 33 & % 165 MPa -
3. FregE @ oA
4+ Hu 4 Lin (2016)pF 3 4 35 #71% * nff Bl o 4o B 3- 111 #7
7 > PWR 34 B2 Blresdd Fl125 &% ~ ot oL Fl3E78 91k
o BRSPS S phEAL T BRI R A SR 2 o

\Xr

Spring Line -
0.254 m
Cylinder z 40.234 m
r
1.219 m—» YT
1219 m—»] (4
Base Slab 7.925 m
_
| |
44501 m '

® =t & Bl(Hu and Lin, 2016)
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CDP #ic3] #rié¢ * 22 (Beams) ~ 1% (Trusses) ~ 2% (Shells) 2 2 F &
% (Solids) & 3 *T~Z » /RS FIretg e B3040 % C3DSIF 2~
25522 v~ FE 4 AdEEE Y Truss ~ %2 T3D2 &% > £ 14
*EMBEDDED ELEMENT «‘fﬁ g 55 B AR A Apdgi RGP o p
Ak P ¢ * Shell %~ 2% 2. SC8Ri= % -

()2 &#3
1 2 EEF <+

9 # W E 1 5 %5 (United States Army Corps of Engineers,
USACE)*7223% » 2 12 " FERFIEME SR F5H 7 Gl
2 AR S A5 3R 500m x 500m 0 FEHCAE S L 5B
M- WS A US4 E TS 250m x 250m > ¥ - 3R %
AL R E 5 500mx 500m o deB) 3-12 A 0 SRR @ R

3
4

fon
e

etk B AT 8382 ¢ o

B 3-12 ABAQUS 2 3E#-7
2. AEAEY 23 AR F
FIERANE 2 S S Ao - M5 WS 4 0w C3D8I 7
AFE AR > ¥ - IMix G 2 ) CIN3DS & 2= 2 (Infinite

Element)#1i£ > » @ A~ 23t AL @ £ > WL E R 7 S i
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3. ARARHA B

FERIEAM A Lo Y FIEMAHS BARAH B
BEIHEFRT AL EFHET) > & ABAQUS P 2 *Tie 4p
FAEIESEIR 0 RIFEGHERT I ¢ A2 TS o
(= ) B8 & 4c /2 (Modal Superposition Method)

WA TIRGEHE A AT S 4 Bl T e
G AL RIREARE P R ch— B R AAFER 22 o O ;H#m
r?#@ﬁﬁ&’ﬁ'ﬁﬁﬁﬁié#%iﬁﬁﬁﬁﬁ$‘&ﬁ“f%”@%
A o S ek SadR L R0 B h AT B
o R R o B AR A T A EORA A s S AR e e T8 R R
R SWE AR 2 e fi e &5 - B R B S
Foit e 2 A2 U KA AL R B o LR e
PR > BRSSO RE] o W e AP M e T

mr
Ly

“““%

Bk i@ de > g LA 5N G

M+ Cu + Ku=f(¢) (3-3)
FPOME RRFREL CiRLEE K EBREL ()5 7

e UG ERE BT E -
B3 U2 EHS IR AR F AT 0 FRAEE A o W

B b et B RO S o R eniR ) - 6 Y B AL R

REPMR AR ARG A RS

Mii+ Ku =0 (3-4)
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B Bl g S
U=¢sin(ar+6) (3-5)
U=-ard sm(@t+@) (3-6)
Bept 3 MR ES DS o E R 0 A pdIS R T EE AR
7 Wﬁ‘—"ﬁ:ﬁ*d)i s P
(K-a'M)¢ =0 (3-7)
det(K - @’M) =0 (3-8)
g A 25G-8) K20 B R (0, 0,...,0)) 0 b
ARG HRE - EE A E (0L, 0) T kR
R p RS2 G %*
BTV RS AR

o

\\\X.r
I%
\F’b

,:-\«

a)i

f’:z
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2
Vi 2
M, =1 =y 3-12
eff',i (I)ZTMd)l 7/1 ( )
(£)2 HBHT $12 % ol
. %b]- PWR 7 B FIFEf R > k3t 27 2 224 SSI 4 47

FA7 -4 TR R R B R 9:}@(/\ 7.7 0 2016)

l+-

A& E AR E e SASST A2 222 PWR T B 88
SRR E RT LIS ¢ 7 B2 R

APl > =+ TPWR TR BFIFA A 5 AR+ AT 2 2L SSI
AR -3 TR Z R ERMR | AR o

hEGIZ 2RI HIHAN 0 EF 6 BAYTH 0 d R AT R
#cP et @ X > A% CASE-00 & CASE-05 - CASE-00 %
CASE-04 > & w|>t P32 2 47 3 2 47 PWR T ez 2 3 455 125
CASE-05 R| % Jo 7 2 #iT8 2ol -

= ZEH PWR T R FIFE A8 AL % T 412 SAP2000 Model £ SASSI
Model it 7% T g2 HEH T 414 47 > £ * #& SAP2000 Model £
SASSI Model ¥ B 7 2o £ B 142 £33 142 433 - SASSI & * 3ni>
Bl 2 A MRS AR R ST IR AL IV S

RAF N E i FlR Y A > A WV RS YT F AT

PR o A R E R AN AP ET RS
foo Ft o B WL R 2 EHAM RS S BT R B AR el
B2 RS (T 5 o 1 SAP2000 4258 ¥t PFREF R (T 2 IR BT 414
E A TP Rt B e RN TPt B e A fg?%f#iéﬂzm B e

PWR R B RIFERSHF A 5 PRI S22 P 3RS
BRI INEE S - T 37ft P 2005 ft 2 9F 4 R E D B
- B 132fty T T3 ft2 Pifi Bt (B& 4251ft) &% 685 ft

134



2B RS (FARKA25ft T 2.56) o FIFLREP 02 B3K & @
1 F s B(RPV) ~ %7 2 2 E(Steam Generator) ~ ¥ % 4 4r-k &
(Coolant Pump)~3# /& 4, (Pressurizer) 2 #2) % & (Polar Crane)- ] 3-13
R VA RERES A RS B8 SR N ST AR R
RERSESAR223 T2 F R o FIEHEA NS EY 2P B
Boorde 70 1151t~ 138t~ 1481t~ 160ft 2 178ft %72 F & & >
i%&ﬁ%ﬁﬂﬁ&*wﬁﬁ%ﬂﬁ,%§Aﬁz§ﬂﬁ%¢g
ESRNE 8 SRR

& 17 % % & SASSI Model 2 SAP2000 Fixed Model ",’TT & -
BFHRE i d Rt BASEGE BB 2 £ o Fpt o
P SASSI Model #7328 & 474 #ick iz 2. T Fefdt o “He G BEB3 M F &
iAo A& RF]2 SASSI Model # * 4L > @ SAP2000
Fixed Model #& * L fe £ 28 5 B R > £ ﬂxrv R BHF i o

TR EIHAAPRET KT F BT AAR S LE e A
FTFEE R EAnAME B BN R I KT e S Tt
B2 I RMBF R S FREREFPRAAZLEFA4T o
LTEe AT EFAEI RET > - XA NS w» o - wkp
EW % > @ UD w4 B F B2 & 2 F B Ti92 2% o F]p
Y RIEITH AP EE F 2L L 2 F R A o B R AT
How BEAY B M A & R BE

B FEE P YURTY B PR YERTY B S YURTY A
d Ao sFr g ke esrdr FLEDLE
M > P T RA L FETP2ERM UK B A& 2Lk
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Bl 3-13 BIFERE R 203 & (F 3

» 2016)
2. FHbZ  BELPITRFIEAE L ST 284 S
(3F et 4z > 2018)
A E

4 1A 4 A 45 5088 ABAQUS > $ PWR £ i sh 1o
g

Wik 7 T F1A 4T 0 BB R SRR A R R R
N 2 -ﬂ

ROPBIR s - T RSB # T3
W R AR S RB AT

Fi- A FQ Lo iE N

ERENES e A
§RZ Jcaclt o Ao E Ry
7R E A 170 ABAQUS oo FIFEH A 5 B AT

44501 2% > RAE L 7925 2% 2 BAAH FEMEER 1219

PR S e 0 58 AjE 2 b T Spring Line T
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0.254 = % B s o X2 21.038 2 & > pje P02 Spring Line *F %
Flow > 22 19.812 = ¢ o £ 12 Embeded Element 4p £ #-% = v 24
ﬁiﬁ*%%%%ﬁﬁiﬂ B 18 A 4B 3-14 #roF o

dREP PR RET I AIFZRM R AT RS
%&%ﬁﬁiii@ﬁbﬁﬁ B ¢ (USNRC)2Z 3 T_» 23t
AL IPRTIREREL 2E T2 SMAA TR < T
P TRAPM B TR ERFAR

PRREEYP T 2B H T RE 2P EREAS Z T B

5\1
&»&

R - B B g 4 & 2 ik R (Safe Shutdown
Earthquake, SSE)f¥ » it A4F 8 i » NZ 2P MPELF BE
WL 914 Poit ¥ 50 5 s 2 Operating Earthquake (OBE)P* » 1547
mﬁﬁ%&ﬁﬁ%ﬁmo

= A%l RS AKX SSE Bt RPFR RER L
WTJL)F"‘ &A’f#«f’”ﬁ Y
AR B B4R bk OBE BB BRE  (il B2 A 1

IR P AL S D
SRS Comi a2 A BABHER G S AR RS
C g ips o

AEHATLSITER S P F R B R4 (Containment) 0 5 @t B
- BEREr OPRBEIEPAEANLR TR MR- BEHESY
zTE et BT 122 (Soil Structure Interaction)2. 258 » 11 #+
ALATERET o d HiEL MBI RLALEFENRIERARA
170w AME FIEf SSI & 4 445 0 F]pt A2 #2 ABAQUS 2 =
PWR 1% T Bl a8z 2 3545 41403 ¥ 5 e SSE» R e 7 4
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EL e
ARG IVEH AR S 2w b B U F O
3-15 #r77 » d 2L T AT MY AL G & TS % (Infinite
Element)2. # s » 2 2 I B FT A2 ZFREZ Y ZAATA- T8 %
PR R EER R S FRIEFI R
Hatr iR > d R A TR iR o A2 AT R ’ﬁ 2
~F o BB IEMEY BN F P BF SSI A4 ML
st R 5 o

A% 5] % BT HC i 4 40 2 (Modal Dynamic) 4 47 4 3 S

7

IR R EL B AV E LS E - F]SSI @ 3
IR L FHRERZ BRI 0 RS B HF X
IMPEE S BRI L oA L0 ZES 300 BHAE L

HApselg b 4G Bre e

g R ITH T o FIEAEEINE N P BFRREE Y
fem N ERF R BEMET Y RIS I ML B EE LR
M AAEMB R > FLF A BRI ARAS R T
2B PRI S R AT RS ey o st R RTER T
B R S ARET A2 P4 B £ E AR 0 SRR
TR T E o BBERPS S AT E hERER B

o
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Bl 3-144 5 ¥l T AR B fE 5 'L~ 3 H3(GFad 4z > 2018)

B 3-155 Bredds 'A% 02 7 & BGFes 4z 0 2018)
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e~ PRREHEKE W RS T FI A R
(=) ™M= 28 % peipdp i (CDFM): & HCLPF &

B LT AT 4 e éRAp 2 (Conservative Deterministic
Failure Margin)3* & HCLPF (High Confidence Low Probability of
Failure) i 42 -

1) fir etz mBs 882G 2258348 HCLPF &(3 2 -)

MR RS = A I R U 3;54{#3?_13 2L N

(Capacity)fr@t & % F(Demand)iE = 7 £ -5 Rt 2 245 o 580 f B~

%2 HCLPF & » 235 4 Fode™

Iz gHpfemid aslift e 25 ¥ o

2. i * EPRI 1019200 4F 2 @ 2 Table A.1(4c% 2-1)¥ #7if chie i %
£ (Component Capacities) k 2& * 53 & 445 F] 3 o

3. 1395 ASCE/SEI 43-0 2% ¢ 95%A2 A% 48 ¢ ezt B R B 22 = 2Lag
Mg £ v 4T F]3 (Inelastic Energy Absorption Factor) °

4. CDFM e HCLPF @335 o538 5

HCLPFcprm = FSt - RLE
FSi=FSk -
FSg = (C—Dns)/(Ds+ ACs)

F.= /K,
Ho

PS4 o 2t £ F At

FSe=38{4 chy 8 2 b,

F =38 i £ o fc 55 ;
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K =2t 14 (57 ()37 8 7] ;
RLE=% % 4 # % 2 (Review Level Earthquake) » i@ % ™ PGA % 77

%4-1 %2 FE 73 BLIR A48 7 (CDFM) 2 % &

TECHNICAL ISSUE RECOMMENDED METHOD
L.oad Combination Normal + SME.
Ground Response Anchor CDFM Capacity to defined response spectrum shape
Spectrum without consideration of spectral shape variability.

Perform seismic demand analysis in accordance with latest
version of American Society of Civil Engineers (ASCE) 4.
Damping Conservative estimate of median damping.

Best Estimate (Median) + Uncertainty Variation in
Frequency.

Seismic Demand

Structural Model

Soil Structure

- 3 — + V - - )
Interaction Best Estimate (Median) + Parameter Variation

Use frequency shifting rather than peak broadening to
account for uncertainty plus use conservative estimate of
median damping.

Code specified minimum strength or 95% exceedance actual
strength if test data are available.

Code ultimate strength (ACI), maximum strength (AISC),
Service Level D (ASME), or functional limits. If test data
are available to demonstrate excessive conservatism of code
equation then use 84% exceedance of test data for strength
equation.

In-Structure (Floor)
Spectra Generation

Material Strength

Static Strength
Equations

For non-brittle failure modes and linear analysis, use
appropriate inelastic energy absorption factor from
ASCE/SEI 43-05 to account for ductility benefits, or perform
nonlinear analysis and go to 95% exceedance ductility
levels.

Inelastic Energy
Absorption

(2) 17 # B iE% T4 £B HCLPF @&(2 2 =)
ZAR e %??L‘f’r‘—k—f#:@_f’i s o "??L.%f#_f@__fi (4 33 2% #)5

AR o P tam R EEF L mwV I ZleiEang



iR 5 Rsk TR k= 2 HCLPF & » ﬁ%;@iaﬁ%am ;
L A RPENIRGEITFENERFTELT LN § R TF
EASRFEINE AT RPERAARZ A

2. FEK K W RAR T OEE Ry TR E I CDEM 25 F s
TRSc) » #* TRSc 7 % & 99% A A% 8 F (RLIERAS 5 - * 1%) > 3#
B F O E < AR E T S F dhe i dk (Multi-Axis
Excitation) » % & 2% # & PP B30 8 > # PF ¥ - TRSc AR 5 X IRk &
(e it)2 58

3. 134 RLE 417 CDFM 2. § fF B3 (RRSc) » TRSc 4~ RRSc & ##

o

* 4p e enfE R (EPRI ez 3% 0 2% ~ 5%) ©
4. CDFM s HCLPF &+ 5 o3¢ 4
HCLPFcprm = FS1 - RLE

FSi = lowest (TRSc/RRSc)
ME AN R ERE A 2ZHESFT 5 % TRSc 2 RRSc & —‘F'T;JQW\:
ER2ZE BEEY Bo) F TL 2Ry £ F f00 FSpe
5. 7 B TRSc £ RRSc &%+ w3t B 32w 44 EPRI NP-6041-SLR1
3F £ 2_ Appendix Q -
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242 it
it a1 a2
5%, hy 7m 7 m
22 S 40 m 15 m
Bt 0.6 m 0.6 m
B, Ap 24 m? 9 m>
BT 4 e LA 20 m? 7.5 m?
Bl e, 1 2987 m* 158 m*
£ F fesht, py 0.007 0.007
kT e 850k py 0.007 0.007
PREBREA T T
o 4 No 15000 kKN 5600 kN
¥ iE 3 0B &, He 9m
H Y ehpEa Ly 7m
| A5 end 4T * kT PGARe=0.5g 175 %4 ¥ 6 B H 4

oo T4 SRS S T5Hz
PR RIS Rk Y i

SOHEEE  RRBE RS e e e BT 20 @

D, =58000 kN
d 3T Fa gk TR EAE 1 Bfe 2 S chphe 4 2 ¢ @S
[ E N e
KT B Baldeauilm 12 engs Bfhe 4 2. ¢ (@
Ny, =Ny, =8900 kN
L b Bildrauilm 1~ 2 e Bhe 4 2 ¢ (B

Ny, =5500 kN
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N,,, =2100 kN
PR ORI FHAT Y B e TR 0 B SR Rk

2 ¢ @ Fy =10

% > G2 7 B
BT HREM c REIFRRRREZ P B
I =4 MPa
WS R R Y
£, =330 MPa

o BRBEOIIFELITY REET 4 B ALY #rilde i prin
Faedhood TR A
o Sl Y 3

¥4 9 4 5% R 4995 ASCE 43-05 Barda = #2583 5 eho - L' 3

RAKHET ST i s

=0.69f" f fom
1 5ih 5
=0.69v/42 —0.28v/42(0.175-0.5) + 15&@5&9 +0.007x330=7.5 MPa
x40x0.6
2 5L
L =0.6942 —0.28/42(0.467-0.5) + 2@%?;?% 0.007x330=7.0 MPa

BTORES BRI 4 2
v, =v, x0.6xI xt
I 5L4a 3
v

uml

=7.5x1000x0.6x40%x0.6 =108395 kN
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2 5L
V. =7.0x1000x0.6x15x0.6 = 25750 kN
¥ 1004040’5,zxaf1f4)g#§_1i‘9b51$ d 3 d-8 b B 2 en
BEE R

Av, =04x—— Ny
4x[ xt
1 53
Av, =0.4x _ 200 0.023 MPa
4x40x0.6
2 LK
Av, =04x—2290 023 MPa
4x15x0.6
L8 B B4z 4 i AV
Av,
1 5UAh
AV, =108395x 0.023 =330 kN
7.5
2 5L

0.023
7.0

Hiad 4 g > %z ¥ B2 8 40T

AV,, =37763x —126 kN

%ﬁ"#’% '%\;E ﬁVNS = A> °

 108395+37763-0 _
S 58000+330+126
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BB OFEL S o AP EE B 4 o F kT et E

N, =15000-2.5 ><(O.4><5500i8900) =31750(+) —12750(-) kN

2 8 4b
N,, =5600—2.5%(0.4x2100+8900)=—18750(+) 25750(-) kN

a

(+) # e 2ok B (4) HkHLs 1k R -

0.4N,, — D, 0.4N,
Hml NDL' Hlﬁz NDL! 5.51’[’[
| e | | e
Nal N32
34.5m

Bl 4-2 %4 B¢ 2 6 ahp d BT R B
BT RS BRHPORGRS DY FER > an 1 E RHR
@E']a‘ifﬂﬁ}iﬁ%t’ NN ':’ﬁ‘:‘ E‘&&E%‘g—’ dmo

Ixt,xp,xf, +N,
a =
" 0.85x [ xt, +2xt, xp X [

dm = Zi-'_am
2
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1 5uth 5

4 40x0.6x0.007x330x1000+ N,
" 0.85x42x1000%x0.6+2x0.6x0.007x330x1000

d = %+ a., =23.6(+) 21.8(-)m

=3.6(+y 1.8(=) m

ml

2 Bt H

. 15%x0.6x0.007x330x1000+ N,
"2 0.85x42x1000x0.6 +2x0.6x0.007x330x1000

d = %+ a,=7.6(+y 9.4(-)m

BTRP RS BRROFELS Y ERPEL g - 2

=0.1(+) 1.9(-)m

4, =t,x(,~2xa,)

a [ a
Mcap,m = Asvm X fym X (dm - én ) + Na X (7‘4/_ 7’/”)

V — Mcap,m

Y W)
1 5LHs 5

4, =197(+) 21.9()m’
M, . =15.6x10°(+) 8.0x10°(—-)kNem
Vo = 445946(+) 40172(-) kN

2 5L

A ,p =89(+) 6.7(-)m’
M,,,,=0.14x10°(+) 3.0x10°(-)kNem

%

cap,m?2

=3992(+) 39749(-) kN
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HOR
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BTk L3 RiEHSldengity Bty A 2 R Ef
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acyer = EsNow 6 640.4
1 5L
ACEE = -wx 0.6x0.4=-825 kN
2 HUkhH
2.5%2100

ACY Y = X 0.6x0.4=-315 kN
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243 25 BT 4 g4 iR

o R 34 5 4 (kN)
PR IR = N ,
a1 a2 KNS
P 108395 37763
5 3338 3338
e S
Az -825 315
o s 110908 34110
- 114900
5 o 445946 3992
R 108395 37763
o 3338 3338
At -825 315
K 104232 40786
- 145018
54 o 229554 85176

3378 T B BB (Fon) T T 2803 2 AR & BIg
p ﬁﬂfﬁ_*ﬂﬁiﬁl b omoanty oo
EEB oz > Gz P Eao e

V. -Vis

— __um

F D.-AC
s TR%g

~ 108395+V,, -0
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52000- 3338 315
2.5 2.5

F, =2.107
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#4-4 % > oty o H P 28imd $ o)
2 W Rk 7 B
2.50 1.97 2.107
Naz -18750 kN -13588 kN -14922 kN
am2 0.1 m 0.3 m 0.2 m
dm2 7.6 m 7.8 m 7.7m
Asvma 8.9 m? 8.6 m? 8.7 m?
Meap,m2 0.1x10°kN-m | 0.5x10° kN-m 0.4x10° kN-m
Veap.m2 3992 kN 14746 kN 12000 kKN
Revised
Feor 1.97 2.15 2.107
Veapm1 110907 kN 110375 kN 110512 kN

Sojr iz ¥ B pAARNE R a? @ o

H v

ORI &l Bl 1

W=5 k£ £
Sr= bt HeR 2V

Jei= R P HER 2.7 B > Fb bl B AR o'E R

FPH A& 4 P - RE 8 £33 135 a1
% > %#cFsm s 2.107 ©
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p 100x4+80x2.21+50x4.924 1119

T 100x0.138+80x0.248+50x0413

W:4a #f & 4

® 9.66mm ® 114.9
L3
W3=50
FE 1R 5E 77 i N SE A7
® 6.44mm ® 51.6mm
L2
W2=80
® 3.22mm ® 49.0mm
L1
WI1=100

Bl 4-3 2R F-RIoipitg £
B 1 RED A P AT
Vot =Veapst = Poe Syt (0.6L,1)
V,, =110512—-0.007x330x1000x0.6x (0.6 x 40) = 77248 kN
TR O R 125 ey - Kt ARG o

(kN PN

L1DE]E

Bl 44 3l 2850 - B4 BRE
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1.4-6

BH-SH 4 GBI £

f- Loy s 88
% ¥
FS Fu FC BR BU
Rl B A 2071 | 1.825 | 3.78 0.03
AR E R R 2042 | 1.835 | 3.75 0.04
T4 R 1862 | 190 | 3.54 0.09
S0 8RR 2101 | 1.829 | 3.84 0.01
UM A
b% 7 2126 | 1785 | 379 | 0.03
S Y
BT
, é] ’ 2126 | 1742 | 370 0.05
H RS A
ZESB M e & T il
, 0.08
3R
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B
S ol
By =0.1x(F,, —1)=0.08
B,x =0.4x(0.06+0.03x(F,, —1))=0.03
HCLPF &3+ &
BEFREFROHEREL > TR BRSO AR BT
Frs, =1.0
F,, =379
PGAy, =05 g
EERE AR

A =F,, xF., xPGA,. =190 g

Be=N021+0.04 =021 (% 4-5 fc % 4-6)
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Aol EkiEAEg o T 8 BAT R L A g 0 B 4-6 & i
(LR S ot

1. 7m K \
0.3m t,=0.008m

t,=0.005m=«
6.5m
E
n
T
t,=0.006m=
2.5m
h, 0.63m t.=0.01m-=
m t,=0.006m 2m
D=12m
hy D.73m « R—6m
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1 10 100
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4 Wi 200 X 5
TR 3R W, 17.2 Xr 12.8
248 G R S
Bt E WD) 12m
LT (R) 6m
K& A D) I1m
k&2 (Wr) 13000 kN
B | 4 A (1 min) 0.005 m
T DA BB (£ avg) 0.006 m
% H = (y) 7850 kg/m?
£ A () 7.85 kN-sec’/m4
415 % HI(E)) 200 GPa
KEH 2 E (pw) 1000 kg/m?
k& R () 1 kN-sec*/m*
kA HER(K) 22000 MPa
B4 8 4 iE B (PGA) 025 ¢

CDFM 3+ &

Tt 4

HEER R BF A RS

R HRCR o
[(in Rk i
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e A e R A R
X 05-0.0952
H H
Xi 0.5-0.095%12=0.396
H 6
[l SO i1
W
W, =(—L W,
1 (WT) T

W, = (0.762)x13000=9908kN
L ST - R A
X
X, = (FI)H
X, =(0.396)x11=4.36m
PR R I RS K0S B A
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t, = = =0.0056m
2 2
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7ok el B S i 0 Gy

Cw
H/R
t/R=0.0005 t/R=0.001

0.3 0.0421 0.0601
0.4 0.0468 0.0667
0.5 0.0506 0.0719
0.6 0.0538 0.0763
0.7 0.0564 0.0799
0.8 0.0587 0.0829
0.9 0.0605 0.0854
1.0 0.0620 0.0875
1.2 0.0641 0.0903
1.4 0.0650 0.0915
1.6 0.0651 0.0917
1.8 0.0646 0.0909
2.0 0.0637 0.0896
2.2 0.0625 0.0879
2.4 0.0611 0.0859
2.6 0.0596 0.0838
2.8 0.0580 0.0815
3.0 0.0563 0.0792

S T R

C, =0.0906x /0'000928 =0.0874
0.001
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V, =[9908 4200+ 75]x0.53 =5397 kN
B R R 3 Ar P R 4 4B
M, =W, X, +W.X +W,.X,]Sq,
M, =[(9908)(4.36) +(200)(5) + (75)(12.8)]x 0.53 = 23935 kN —m
B ARG 3 1 A el R AR 4

P W, X,Sa,
" 0.68DH>

~9908x4.36x0.53

~0.023 MP
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R AR 1 5 .

f § 9% ASCE/SE14-16 3+ 5 R intenE £ 813 & 12 % 9

Fo REMERITRL

We _ 02302 tanh( 327y = 0.251
W, H D/H
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cosh(ﬂ) -1
Xe __ D/H ~
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D/H D/H
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W, =(0.251)x13000=3257 kN
R RS - I
X
Xe = (FC)H
X, =(0.723)x11=7.9 m

B AR

1 [.67g 3.67
=— tanh =0.275 H.
Je=5 "D Y0 % z

BE ARG AR T F R I P R e R Sue B
0.078g» 7 M AR R M A HE G ARNTY 4 BB 2T
TR RCAL 3 A e R T 4

V.=W_.Sa,
V.=3257x0.078 = 254 kN
BB G Ao R4 AR
M.=W.X_.Sa.
M, =3257%7.9x0.078 = 2020 kN —m
BT iR 5 Az e Ak R R R
_0.533  W,Sa,

DH cosh(ﬁ)
D/H

=0 kN

Fe

FREw 28 _ASCE s & 2514zl 3 & ¢
Sa.

g
d, =0.837x6x0.078 =0.39 m

d =0.837R
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BB HARE G RTF RS IR R R AR e

FAL KT e 2/3 hie o @ Sy s 035g T K@ LB R R HCA

2 )

o=

HEFHAKRDTY 4 PR L5 TSI A KRS -
L E R A A R R
P, =0.8y HSa,

1000

P, =0.8x x11x0.35x
1000

! =0.03 MPa
1000

¥

#4-10 % > ¥ BT gy R (T 4

g A KT 4 (V1) 4965 kN
el L 5 A P K $HAE (M) 21524 kN-m
Er AR As N AR 4 (Pry) 0.021 MPa
AR A RT 4 (Vey) 234 kN
R oA Ae i R $E (Mc ) 1858 kN-m
R oA KR 4 (Pcy) 0 Mpa
R B R (ds) 0.36 m
L-E Al Ac A AR A (Pry) 0.028 MPa

1295 EPRI 2018 Technical Report % 1 » & CDFM = ;2 ¢ #h¥tfi
SSCs tAEEd A+ vk T 4f B3 (hdlc Fuppr 5 1.21 0 FJ0 T 3 ¢
* SRSS e & RPN B A K R iTY 4 o
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BART

VR = FHDPR'\/ V12 + ch

V, =12145397* +254* = 6015 kN

BAKSE

M, =1.213/21524> +1858° = 26141 kN —m

kT s ﬁald,\rr] & o kY AR 4

By =Fypey B + R
P, =12130.02> + 0> = 0.026 MPa
A AR
P,=r,H

_ 1000 x11x ! =0.108 MPa

1000 1000
BEFFEVERETHH RS > B RHER A (XR)

PC+ =P, +P, + O.4PV73
P = 0.108+0.026 +0.4(0.028) =0.145 MPa
MERAL R R A (R
P =P, +P,—04F,
P.=0.108+0.026—0.4(0.028) = 0.123 MPa
R A R ()
F.=P,— P, +0.4F, |
P.,=0.108-0.026 + 0.4(0.028) = 0.093 MPa
VR B ehE ] SRR 4 (X )
P =P, -0. 4P

avg st

P. =0.108-0.026-0.4(0.028) = 0.071 MPa
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AT IOGMRA Y B &
Pavg :Pst - 04PV

N

P, =0.108—0.4(0.028) = 0.097MPa
VbR T goarslde i R BB AT LA T S
dp = Fypprd,,
d,=121x0.36=0.436 m
wEhEE
(. BCCS » i ¥ %k 1 BHhehd 2 il » # 2050 d p 30 4
b B EHT 0 $T RAZ21235 B 40T

0.7
[0.1+0.01(R/t,)]"*

Ay =

a, = 0.7 _—0.283
[0.1+0.01(600)]

BEGLG MIVRA P EBR Gl o Y BT T H &

Gk By s 4 0 83 RA<1500 3+ 5 4o
0y, =0.1887+0.8113c
oy, =0.1887+0.8113(0.283) = 0.419
4«]-{\4 F\ *&}@4 mf?a, I Fb,a& b 1 \—\z/\»lv ofi’l - *?

¥R

_ F,+0.007a,,
? F +0.007
He
P. R
Fo=2c (= 1.5
! Ess (tsb)
0.123
F =——""_(600)"" =0.009
r 200><103( )
¥ iR 3
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~0.009+0.007(0.419)

o =0.746
i 0.009 +0.007

G SEA A L o iR U 2 B RRE Ru G
0.7 @ % CDFM = ;2 ® g3 #7" R% & o, 5 210 MPa -

FAVEAL ABHAER

__060sE,
¢ R/t
3
o, = 0.605 2?}30x10 202 MPa
# 3
o
{3
o, :[%;WJX2O2 =215 MPa

22=£:0.98
P 215

Fl i M2<2 0 Foatst Ut gt S
o, =0,1-0254)
o, =210x(1-0.25%0.98%) =159 MPa

s Al T

R
O-h = PC(_)

sb

o, =0.123x600 =74 MPa

1o Lh s
o, =+0,’-0.750," -0.50,

170



o, =/159°-0.75(74)> —0.5(74) =109 MPa

Bl SRR LR 4 {rj B4 5 R~=0.68=R'=0.7 -

BEFTRETINEOURK AR R 0 ECCS a7 2 ¢ g
CDFM & P g i B RE A B R 53t 5 ¢ E£09 B -
Cye =090t

au” sb

Cy =0.9x109%0.006 =977 kN / m
Hae R
F 4-11 7| M iFase R 5 % Flenddic o Mg 8GR
Pt R R F RN R B ST R e R o

34-11 1284~ 48

Gy AT " R R (f) 250 MPa
G e tn R (f) 400 MPa
b TIFRE D (do) 0.05m
SRR g f (L) 0.0020 m>
SRR R (4) 0.0016 m?
F4 s K5 BT ¥k (4 0.9
P4 B R s B ATR Rl (4 0.75

Graafad s R R
T, =9./,4,
T,, =0.9x250%0.0020 = 441.8 kN
Gy ediiad 4 LR R
T, =914
T, =0.75x400x0.0016 = 480 kN
GEiidd BFERAE

T,, =min(7,,,7,,) = 441.8 kN
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R 2 e Tkt sy 2 2 R R hy 5 0.73m 0 @ 45
AT B R he 5 0.63m > R4y TIF bW £ R AV IR G
herth=1.36m> & CDFM = ;£ ® o254 + %8 & 00 5 0.01h=0.0136mo

BEYERRY HH R R %A PEE > BB BNL52361 #

den jx

|l

PR R AR R LR T ehliciE ) ik 4-120
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24-12 AL EA BEAR LG4 B

L (m) F  \MyP (m?»)|M/P (m?)|Fu/P (m)|Tx/P (m)| Eslpd/P (m*)

0.18 | 5.320 | 0.01 0.00 0.10 0.13 0.000001

0.20 | 5.937 | 0.01 0.00 0.10 0.14 0.000011

0.23 6.554 | 0.01 0.00 0.11 0.16 0.000026

025 | 7.171 0.01 0.00 0.12 0.17 0.000047

0.28 | 7.788 | 0.01 0.00 0.13 0.19 0.000077

0.30 | 8.405 | 0.02 0.01 0.14 0.20 0.000116

0.33 9.022 | 0.02 0.01 0.15 0.22 0.000166

0.36 | 9.639 | 0.02 0.01 0.17 0.24 0.000229

0.38 [10.256| 0.02 0.01 0.18 0.25 0.000308

041 |10.873| 0.03 0.01 0.20 0.27 0.000403

043 |11.491| 0.03 0.01 0.21 0.29 0.000519

046 |12.108| 0.03 0.01 0.23 0.30 0.000656

048 |12.725| 0.04 0.01 0.25 0.32 0.000817

0.51 [13.342| 0.04 0.01 0.27 0.33 0.001006

0.53 |13.959| 0.05 0.02 0.29 0.35 0.001225

0.56 |14.576| 0.05 0.02 0.32 0.37 0.001476

0.58 |15.193| 0.05 0.02 0.34 0.39 0.001764

0.61 |15.810] 0.06 0.02 0.37 0.40 0.002091

0.64 |16.427| 0.06 0.02 0.39 0.42 0.002460

0.66 |17.044| 0.07 0.03 0.42 0.44 0.002876

0.69 |17.661| 0.07 0.03 0.45 0.45 0.003341

0.71 |18.279| 0.08 0.03 0.48 0.47 0.003860

0.74 |18.896| 0.09 0.03 0.51 0.49 0.004436

0.76 |19.513| 0.09 0.03 0.54 0.50 0.005074

0.79 120.130| 0.10 0.04 0.58 0.52 0.005778

0.81 120.747| 0.11 0.04 0.61 0.54 0.006552

%45 Flugge ¥ Mrfr a 22 F eiff 1219 3] ¢
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M,=Ka+M,

= 1
P \/12(1—\/2)( HK)

__Ef
12(1-7)

NN

TERFE S0 T adn B (7 5]

K L
F=1+—

2FE 1,

M, KL Mx
_J ( .f)

» :F REL P

M, 2 (M, /P) (M, /P)

—=—- +
p 8 2 21
F, M, x t K
(A=) —+—=
P° PR 12(+?)
2'F 12E1 L
EI, _E__(KLS M, )
p 24 FT2EI, P 6
He
t,
" 12(147)

BETEVEBZRENRSGHE LR DR 5 4T

5,=5, cos@—cos O,
1-cosd,
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1-cosé
PB :(Pcb _Plb ) ( j + Plb

2

He 0,2 8279 Mphen™ k> 5d 2D 0,=147 - B fs ikt 5 )

Mo/P* ~ Tf ~ My~ Mo i > 71 64 4-13 -

£4-13 48 1 35£0.0136mern 4 & 44 - 8

o | O | PE O EDOPE TP ¥ MyP * M/PY| TH(k | M(KN | M-(N

(m) [(MPa)| (m%) | (m) | (m’) | (m*) |N/m)|-m/m)| -m/m)
0(0.0136] 0.07 [0.000732] 0.31 | 0.04 | 0.01 [21.97] 2.50 | 0.90
6/0.0136] 0.07 [0.000728] 0.31 | 0.04 | 0.01 [21.99] 2.50 | 0.90
12/0.0134] 0.07 [0.000717] 0.31 | 0.03 | 0.01 |22.04| 2.49 | 0.90
18/0.0132] 0.07 [0.000700] 0.31 | 0.03 | 0.01 |22.12] 2.49 | 0.90
24[0.0130] 0.07 [0.000676| 0.30 | 0.03 | 0.01 [22.24] 2.48 | 0.90
30[0.0126] 0.07 |0.000647] 0.30 | 0.03 | 0.01 [22.39] 2.47 | 0.89
36/0.0122] 0.08 |0.000613] 0.30 | 0.03 | 0.01 [22.57] 2.46 | 0.89
42[0.0117] 0.08 [0.000576] 0.29 | 0.03 | 0.01 [22.67] 2.44 | 0.88
48[0.0112] 0.08 [0.000536] 0.29 | 0.03 | 0.01 [22.84] 2.41 | 0.87
54[0.0106] 0.08 [0.000494] 0.28 | 0.03 | 0.01 [23.03] 2.39 | 0.86
60[0.0099| 0.08 |0.000451] 0.28 | 0.03 | 0.01 [23.11] 2.35 | 0.84
66/0.0092| 0.09 [0.000408] 0.27 | 0.03 | 0.01 [23.24] 2.31 | 0.82
72[0.0085] 0.09 |0.000365| 0.26 | 0.03 | 0.01 [23.38] 2.27 | 0.80
78/0.0077] 0.09 |0.000323] 0.26 | 0.02 | 0.01 [23.32] 2.20 | 0.77
84/0.0070| 0.09 [0.000283| 0.25 | 0.02 | 0.01 [23.35] 2.14 | 0.75
90[0.0062] 0.10 |0.000245] 0.24 | 0.02 | 0.01 [23.17] 2.06 | 0.71
96/0.0054] 0.10 |0.000208] 0.23 | 0.02 | 0.01 [23.06] 1.99 | 0.68
102/0.0047] 0.10 [0.000174] 0.22 | 0.02 | 0.01 [22.70] 1.89 | 0.63
108/0.0039| 0.10 [0.000143| 0.21 | 0.02 | 0.01 [22.29] 1.79 | 0.59
114/0.0032] 0.11 [0.000114] 0.20 | 0.02 | 0.01 |21.84] 1.68 | 0.54
120/0.0025| 0.11 |0.000087| 0.19 | 0.01 | 0.00 |21.14] 1.56 | 0.48
126/0.0019] 0.11 |0.000063| 0.18 | 0.01 | 0.00 [20.33] 1.43 | 0.42
132/0.0013] 0.11 |0.000042| 0.17 | 0.01 | 0.00 |19.45] 1.30 | 0.35
138/0.0007| 0.12 [0.000023| 0.16 | 0.01 | 0.00 |18.18] 1.15 | 0.27
144/0.0002| 0.12 [0.000007| 0.14 | 0.01 | 0.00 |16.58] 0.98 | 0.18
147/0.0000| 0.12 [0.000000] 0.13 | 0.01 | 0.00 |15.39] 0.88 | 0.11
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FEZLE P M ghen™ 4 {8 > TR T2 cos(Q)en® it = - B

B enSUEM 0 3t E Ao o E AR FFai A4 M

T, =T,+T,, cos@
HY Thrend G456 B 5 21315 Thend 35 6 B 5 2.0964 -
ek 414 (60=0)

Ty, =T} + 1}, cos(0)

T, =21.315+2.0964(1) = 23.411 kN / m

¢ bl A 44 (6=6,)

T,=T,+T, cos(6,)

T, =21.314+2.0964cos(147) =19.557 kN / m

=1

AT, =T, -T,

AT, =23.411-19.577=3.855 kN /' m

y=2.0964x+21.315

Tfs

14.00
12.00

10.00

-1 -0.8 -0.6 -0.4 -0.2 0 0.2 0.4 0.6 0.8 1
Cos

Bl 4-7 % 0.0136m i d & 414 B
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~0.0136x0.002x200x10°
1.36

BEVFEGUIREE AP Pl GE R ITS L 4140 3 H 4o

K, =3927 kN

%:%+K{ﬁﬁ;@ﬁqga

1-cos@,
49 Th= Baiesd =0

%4-14 # ¢ i50.00136merif 2 & 41 4

0 Thi
441.8
45 441.8
90 441.8
135 218.0

180 0
225 218.0
270 441.8
315 441.8

Pls T4 o
ST, =5x441.8+2x281.0= 2771 kN

Bt T 2R L R A

NA
M, =C,C,R* +) (T,,Rcos6,))+ T, R*(2sin6,) + AT,C,R’

i=1

Ho
o 1+cos @, 62
sin@, + (7 -6, )cos0,
c, - sin@, cos@ +x—0, 074

14+cos@,
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sin@, — 6, cos0, 1+ cos @
B — - n n n n):3'84
sin@, + (7 —6,)cosd, 1-cosb,

0, —sin6, cosl, _

C, = 1.64

1-cos@,

WALEE F Rl R

SaTV=SF,(§)(0.25g)=o.15 g

3R E
Wi =W, +W,)(1-0.48a,,)/ g =258 kN
B AR

NA
. WTE +Z];n’
Co= (5 +T,0,)C, + AT,C; =80TkN / m

m fm’n
EIRE G ER A S 26141 KN-mo FE RF RS

D _26141_

C, 26481

FARFIFERFEFOGT RFE

Wy =Wy +P, (7R*)=11205 kN
V=1, Wy + D T,)=733T kN
R i Bt =07 - 7] :

D _V, _6015_ o
C,

ER S I EES- ST E T L T

H, =HS+1:£’ ~H=0.725m

B9 H 2 E3=1Tm> H, 2 {3 8=113m- B :

D _dp 086 _ 60
C, H, 0725
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¢ ¥ 11 ¥ 3] HCLPF & :
HCLPF = F.F,(PGA)

HCLPF =(0.92)(1.0)(0.25¢) =0.23 g

GBI E Y & R RL ehi

oo SR % ¢ Gt

O Bt e - et B en

£4-15 RREECRL Y 2 ¢ s

NS i wb

LR 4 S| hd 4159 .

TR T2 B (f)

6.36 Hz
B E R T K2 ? B (Sam) 053 g
R S AR AR T 4 2 ¢ i (Vin) 5397 kN
R AR K 4 B2 ¢ (M) 23935 kN-m
et R S s e R S 2P (P) 0.023 MPa
B R A RT 4 2P B (Vew) 254 kN
R AR RS B2 P B (Mo 2020 kN-m

AR BCR AR A R R R 4 2 ¢ (& (Pem) 0 MPa

BRI mAE R B (dm) 0.39m

L8 MBI S () 6.92 Hz

L8 R E R T R B (Sam) 035¢g
£-F SRR RCAL Sl A chE R AR 4 2 ¥ (B (Prm) 0.030 MPa

Flad B > B vt 4 % > BHc SF=1.28 0 & 4-16 7))

LR S X > B FE S niT R 4 .
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F4-16 % > B ET Y @R (T 4

S TS (k2 ¢ B (SEm) 1.28
ol de gl KT 4 2% B (Viem) 6908 kN
B R AR R FAEZ P (M) 30637 kN-m
i R A A KRR A 2 ¢ & (Prow) 0.030 Mpa
RE M APA KT 4 27 & (Ve m) 325 kN
R AR R SR Y T (M) 2585 kN-m
R Az AR 4 2 ¢ B (P sm) 0 MPa

BFHERZY E (dem) 0.50 m
LB AR ARS 2 ¢ B (Prm) 0.039 MPa

fe #1295 EPRI 2018 Technical Report % 41 » #5544 % @ fh
$HH SSCs g F3 A L vk T s B 3# Tdlc Fuppr » 1,130 Tt T
= ¢ % SRSS fe &P E A A HA KRR IFR 4 o
AR 29 @

2 2
I/I_sm + VC_sm

4

Rm

Vo, =1.136908% + 325> = 7815 kN

RAKGE2 Y E

=F

HDPRm

2 2
M i, = Fupprm \/Mljm + Mcjm

m

M,, =1.133/32637% +2585> =34743 kN —m
KT Bl AR R R 4 2 ¢

2 2
Plism + PCfsm

P

Hm

P, =1.13v0.030° + 0* =0.034 MPa
A RF KR4 Py CDFM > 2 ¢ 228 4pF 5 0.108MPa -

=F

HDPRm

BFEVFIARM G HE RS 27 o
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RGP A RRR S 2 (L)

P, =P, +P, +04F,

Cm+ stm _sm

P,,.=0.108+0.034 +0.4(0.040) = 0.157 MPa
MR R g TR 4 2 P (X R)

P, =P, +P, —04F

Cm- stm V_sm

P, =0.108+0.034 - 0.4(0.040) = 0.126 MPa
R R B L R 2 ¢ B(X R

pP.=P —P, +04P

Tm+ stm Hm V _sm

P, ,=0.108 —0.034 +0.4(0.040) = 0.090 MPa
R B ePE ] TRHR 4 2 ¢ (S )

P

Tm—

=P

stm

-P, —04F

V _sm

B,

m—

=0.108-0.034-0.4(0.040) = 0.059 MPa

*%)%.1&’7/” %ﬁ[i% 7' ‘2‘ IE' maPﬁP&J\ E:

Prn=P,~04P, ,,
P, . »n=0.108-0.4(0.040) = 0.092 MPa
]\—l%ﬁg‘ald&m s Rd B3 R Y B
Aipn = Frpprnn

d 4, =1.13x0.50 = 0.567 m
mEHFE
BEFEE SR T SR Gk 0 5d B - &8
4o SRR e aso & 0419 X TR B AINE R Ritw
- $ 5 6005 Tt oo B4 T B BUR ¥ ¢ E

__Fu+0.007ay,
" F +0.007

pm

F3la p IR A

N
A=
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P. R
F — SCm (7t 1.5
" Ess (tsb )

0.126 s
=222 (600)" =0.0093
m = 200x10° 000
Bl

a0 = 0.0093+0.007x0.419
- 0.0093+0.007

Gd FPgEda Rt frg g UR A 2 B2 @E%KE Y R=0.7 >

=0.75

WAL A BH AR - 15 200MPas @ b ARG 2 Y EE A

1% (k35 B gy 5 255 MPa e # 3]

ap
%=\x, )%
am

o, :(0'75jx202 =216 MPa

O-m

/I;m: -

O-pm
zjm=%=1.18

Fli <20 o ULA 2P et B G

O =0,,(1-0.254" )

C, =255%(1-0.25%1.18%) =180 MPa
et 2 ¢ E
R
GhmzpCm(_)
tsb

o, =0.127(600) = 76 MPa

A4 2P B

Gy =[O’ 0.750,,% —0.50,,
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C o :\/1802-0.75(76)2 —0.5(76) =130 MPa
BSR4 o B4 E W R=0.72=R"=0.7 - & ¥

SRR AR L Y

CBKm = O-aumtsb
Cp =130x0.010=1296 kN / m
i
# 4-17 7| i3 s BB Y D h 5o Vel SEGE TR
P R R R R AR BT LR R R -
#4-17 @ B4 & $dk
G TATRAE T R R Z Y B (fim) 300 MPa
G TR R Z Y B (fim) 450 MPa
i af e F (L) 0.0020 m"2
TR 5 (4 0.0016 m"2

GrEdlfd 4 ERp R E
Tom = fom A,
T, =300x0.0020 = 589 kN
B TR A4 IR R 2 Y B
T = 1A,
T, =450%0.0016 =720 kN
Graditad s FEua v

T,

bsm

RypeE SN2 A&k SRl L& AV N3 E G
herthe=136m > f b 422 27 L3Fr i 5B R 0, 5
0.034~0.0408m - 1§ A&+ 5% K448 414 hF ik e CDFM ¢

i

=min(7,,,,,7,,,) =589 kN
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PFE AT BEFRED G Y NGBS E P e Edyo/Pre
M /P* ~ Tfs~ My~ Mo E 8ciE > Bk 4-18° RT3 -

£4-18 # + $0.0408meyn R A 44 2 ¢ @

p* Edpo/P* | Ti/P* |MyP *|\M/P*| Tf; My M-

o |om) (MPa) | (m%) (m) | (m?) | (m? |(kKN/m) |(kKN-m/m)|(kN-m/m)

0 1004 | 006 | 0.002645 | 0.43 | 0.07 | 0.02 | 25.09 | 3.92 1.43

30 10.04 | 0.06 | 0.002281 | 0.41 | 0.06 | 0.02 | 26.02 | 3.91 1.43

60 1 0.03 | 0.08 | 0.001507 | 0.37 | 0.05 | 0.02 | 28.01 | 3.80 1.39

90 1 0.02| 0.09 |0.000782 | 0.31 | 0.04 | 0.01 | 29.09 | 3.36 1.22

120 1 0.01 | 0.11 ] 0.000280 | 0.25 | 0.02 | 0.01 | 26.93 | 2.46 0.86

150 1 0.00 | 0.12 | 0.000000 | 0.13 | 0.01 | 0.00 | 15.67 | 0.90 0.11

E=d = A E ] 6,~150° -
FEIRET ¢ ihen 4 (87 10T ¥ cos(O)sg vz 2 - Bk
BRG0P E AT I s g s g A4 4 Bl

T —T +T, cost

fmm
B Thmend EHE B 5 2458 Thm s EH. & 8 5 3.3373 -
i R4+ 2 ¢ 8 (0=0)

T, =T,,+T

Sfim Sfmm

cos(0)
T,, =24.58+3.33373(1) =27.92 kN / ft
P dhein B A4 20 ¢ B (6=0,) -

r, =1, +T

fam T fim Sfmm COS(Hn )

T

o = 24.5843.3373c0s(150) = 21.69 kN / fi

=1

ATy =T =T

fnm

AT, =27.92-21.69=6.23 kN /m

184




35.00

30.00

£
20.00 y=33373x+24.58
15.00
16-60
-1 -0.8 -0.6 -0.4 -0.2 0 0.2 0.4 0.6 0.8 1
Cos
B 4-8 1 % 0.0408m sy gl & 44 - &
G4l
FAPEGRARDB ALY @
K})m — 60mAbEs
he
6
K, - 0.0408><0.(103166><200><10 — 11781 kN

BEFI g alpeigdd ol ad @ird 8 3 E 40T

<T

bs

T,-T, +Kb[cos¢9—cos0nj

1—-cosd,

29 Thm WRFRES =0

185



24-19 H 1 $£0.0408merif 42 4 41 4

IR 0(deg) 4 (kN)
0 589
45 589
90 589
135 589
180 0
225 589
270 589
315 589

Plégtad Rfrz @ & !
DT, =7x589=4123 kN

hofg T N B RE G cht R R

Ny
M, =C,C,R* + Y (T,,Rcos6,)+ T, R*(2sin6,) + AT,C,R*
i=1

HP C=2.88 2=0.68 » C=4.27 » C4=1.64 -

AL E F g B2 P B

SaTVm :SFrm ( % )(Ozsg)

SaT,,m=(1.28)(§)(0.25g)=0.21 g

Wign =W, +W,)(1-0.48a,,,,)/ g

W, =(200+75)(1-0.4(0.21)) = 252 kN
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NA
Wee + DT,
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B 12(dy) 3500 mm
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Anchor Bolts (45 1>)
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bRl ST B AR
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=+ PR b gy AR R K
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e 22.56 0.395
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PEpS et 3R

TR RS RPeT 4§ RSB TR ] 7 S

wo TRt EA TR TR VAT EEw Ppdrp EA L PR o
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Viong = Jvﬁ' +(0.4V,)2 = 25.218 kN

dod e 2]

P.ron = P; + 0.4P, + 0.4P, = 48.098 kN

Viong = J&r + (0.4V))2 = 14.8 kN

ME RN R Y ERP R (PR)B Y BTN (W)
Bk AR A TR R PR - LA

ok - SVE I E Y-

b TR Bk

Py = 0.90Axge = 155.191 kN
Vo = 0.620 A = 106.909 kN
L R L & 3
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23.24
HEmedpiii#Es = — = 11.62 kN

LR N B
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b

Iy,
Polate = /1 +Y— crytb = 163.316 kN
T o Al 3
P, = 2 % 1.26 X 0.707te X 1.1Fgy = 551.31 kN
243350 R 4 (P Y AT 4 (M) et B i A=,
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Lognormal Distribution with median = 1 and logarithmic standard deviation = 1
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Conditional probability of failure

Conditional probability of failure
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to HCLPF
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4

1.3

B =0.2 ]
0.8+ —
BU =0.3
0.6 -
04 A_=2,50%
————— A =2, mean
0.2- / A _=1.5,50%
// - — - Am:1.5, mean
O | - | \ \ \ \
0 0.5 1 1.5 2 2.5 3 3.5
Peak ground acceleration a (g)
Bl 4-20 % 3p 1w SN B e AT A
1
0.998
0.996
0.994
0.992
0.99 -/ | | Y | |
0.7 0.8 0.9 1 1.1 1.2
v =B,/

B 4-21 Cio¥t HCLPF 2+t &

229
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RS W EE

Composite | Random | Uncertaint
Type SSC P U Ees | ChpedCoes
e Br Bu

Structures & Major Passive
ﬁ“h":“:a' %"mpoélems L 0.35 0.24 0.26 2.26 1.44

ountec on lround or at LOW. | ¢ 353536 2.27765 1.44728
Elevation Within Structures
Active Components Mounted
at High Elevation in Structures o_z(1)4£91244 0.24 0-38 2%485500 1 5'969%2
Realistic Lower Bound Case™ | 030 0.24 0.18 2,00 136
Other SSCs 0.40 0.24 0.32 2.54 1.52

U AUUU0U £.030806 L.o1ooU
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