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At < 23>9F o] Wla A skt AASAEH}
AIK 20007FA= F=710 weh A AASHEVIEE A& AREshs RH, KBC 2005%
Bl KBC 20167HA= @571, 125712 o] AALAERIIEES Adtst=d 2 2bol7t
A= As & F At olH@ Aol2HE, AFFEE ILfFF7IS Antz=d g Ao
wret Zpol7h wAstel A& w @IARE <IF 2.7>3 2ol 1= TR
Aol A AFTE=c WAA A AHEHE AALHAEG IS Z Aol 7t

F710l Apel7h AAA, tivke] Aol A e Wste] we}
Q
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A
AIK 1988 5, =45
1.2V T
AS
AIK 2000 S, =ASC= —
1.2/ T
KBC 2005 g
_ DS Sp1
KBC 2009 8, = 0.6~ T+0.48p, 5=~
KBC 2016 °
0.9
KBC 2005, KBC 2009, KBC 2016
0.8 -

AIK 1988, AIK 2000

0.7 —
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Spectral Acceleration (g)
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) AADE D AQTFAo) we A sHAEd s QDA 2
X]%J:ELQ_I:] I’H_O/] SA’ SBa SCa SDa SE
Spss Sps, Tee AE WA ZIE B3 < 24> Astth

| AAZAER NS EE

T

il
2
[»
)
|m

KBC
Zog F7eFATh AIK 1988% KBC 20169 AA~HEH JM&%

rr

AZFS 194 F 2240, AT 2004 2388 FUMSHF = ol AR AEFIE
5001 Al A 24003 MAT a2 EAEY. AAXHERH7NE AU s I 2
ArzAS aHste F 5075 AA A
<# 24> AAAE, AFXFY, ARtzAd 2 AU RS g 2HEGA ¢
AL AR H] 2L FF Al AIK 2000 KBC 2005 KBC 2009 KBC 2016
79 | =4 1988
Sps 0.1800 |  0.1925 (6.9%) | 0.2926 (62.6%) | 0.2933 (63.0%) | 0.2933 (63.0%)
S, Sp1 0.1000 | 0.0917 (-8.3%) | 0.1170 (17.0%) | 0.1173 (17.3%) | 0.1173 (17.3%)
Ty 0.30 0.22 0.40 0.40 0.40
Sps 0.1800 |  0.1925 (6.9%) | 0.3658 (103.2%) | 0.3667 (103.7%) | 0.3667 (103.7%)
Sy Sp1 0.1000 | 0.0917 (-8.3%) | 0.1463 (46.3%) | 0.1467 (46.7%) | 0.1467 (46.7%)
T 0.30 0.22 0.40 0.40 0.40
Sps 0.2100 | 0.1925 (-8.3%) | 0.4389 (109.0%) | 0.4327 (106.0%) | 0.4327 (106.0%)
I Se Sp1 0.1200 | 0.1100 (-8.3%) | 0.2341 (95.1%) | 0.2317 (93.1%) | 0.2317 (93.1%)
Ty 0.32 0.32 0.53 0.54 0.54
Sps 0.2100 | 0.1925 (-8.3%) | 0.5267 (150.8%) | 0.4987 (137.5%) | 0.4987 (137.5%)
Sp Sp1 0.1500 | 0.1375 (-8.3%) | 0.3365 (124.3%) | 0.2875 (91.6%) | 0.2875 (91.6%)
T 0.51 0.51 0.64 0.58 0.58
Sps 0.2100 | 0.1925 (-8.3%) | 0.7315 (248.3%) | 0.6527 (210.8%) | 0.6527 (210.8%)
Sy Sp 0.1500 | 0.1833 (22.2%) | 0.4974 (231.6%) | 0.4576 (205.1%) | 0.4576 (205.1%)
T 0.51 0.90 0.68 0.70 0.70
Sps 0.12 | 0.1225 (2.1%) | 0.1676 (39.7%) | 0.1867 (55.6%) | 0.1867 (55.6%)
S, Spi 0.0667 | 0.0583 (-12.5%) | 0.0931 (-2.2%) | 0.0933 (12.0%) | 0.0933 (12.0%)
T 0.30 0.22 0.40 0.40 0.40
Sps 0.1400 |  0.1225 (2.1%) | 0.2793 (94.0%) | 0.2940 (94.4%) | 0.2940 (94.4%)
Sy Sp1 0.0800 | 0.0700 (-12.5%) | 0.1490 (39.7%) | 0.1549 (40.0%) | 0.1549 (40.0%)
T 0.32 0.32 0.53 0.53 0.53
Sps 0.1400 | 0.1225 (-12.5%) | 0.2793 (99.5%) | 0.2940 (110.0%) | 0.2940 (110.0%)
il Se Spi 0.0800 | 0.0700 (-12.5%) | 0.1490 (86.2%) | 0.1549 (93.7%) | 0.1549 (93.7%)
Ty 0.32 0.32 0.53 0.53 0.53
Sps 0.1400 | 0.1225 (-12.5%) | 0.3910 (179.3%) | 0.3547 (153.3%) | 0.3547 (153.3%)
Sp Sp1 0.1000 | 0.0875 (-12.5%) | 0.2141 (114.1%) | 0.1979 (97.9%) | 0.1979 (97.9%)
Ty 0.51 0.51 0.55 0.56 0.56
Sps 0.1400 | 0.1225 (-12.5%) | 0.5586 (299.0%) | 0.5273 (276.7%) | 0.5273 (276.7%)
Sy Spi 0.1000 | 0.1167 (16.7%) | 0.3165 (216.5%) | 0.3211 (221.1%) | 0.3211 (221.1%)
T 0.51 0.90 0.57 0.61 0.61
¥ ()] TS AIK 19882 7|Eo 2 ZF UHAAZIZEY #e S7FeS vud #d.



. 94T 14D AHAAIZE D AAAARIAST =2

(1) AHARA G| R

AAT, ARAANZEE AR T F2EY &45 248 2A gt ddF2A 9 4l
T2A)S] o] AT FE5& M & 29T
HAZUSS} 2o FxA} vl FzA e A2 HLEs
AR Are AR EA wet A A¥ke &% (ground motion), 2=FE™ Ft (spectral

Y~

values), ANHA| 7FBAS (energy parameters), 7IEF X3} #& A S (earthquake parameters)
2 FEE F Ao

<719 2.8>F FEMA P-58, SYNER-G, HAZUSOI A AXF ks FAo] AEHE AWNGE
o Hlugt SAARIY AXAEE HHATNIIEE(peak ground acceleration, PGA), 22 E
2 7} S (spectral acceleration, Sa), A& F7|(period), 2= E 2 |(spectral displacement, Sd),

2HE P& S (gpectral velocity, SV &2 RIW3] ALEHE As & & ATk @3] AIA

SI7F HINE] A EE AL VIR HAAIAEE ARZIUHE, AXGE tigk =83
oulE AHYGE FAo Y F Qo waEkA B dFodAAe AXFHGE S ==
of a3 HAAAIAEE &3 v/t H &3 PGA, PGV(peak ground velocity), PGD(peak

o

ground displacement), Sa, SdZ Z %3} % T}

PGV etc

Sv 3% -

6%_
sd
11%
PGA
47%

period
5%

Sa
22%
<9 28> AFHGE Fdof| AMEHE ANFE vl
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@) AAAANGA T H o)

ARAGE Fae] MzFo] AP £HHBE FRA D wTFEAY ARNIASE

HE ot AXZE7} FEREo|U FEA, HTRA 59 EAUA #d AgEid,

]_

2

ol

A ZRESAFE TS &4 FE(Damage State)ES =E317] 93 Aotk wEkd HF
<
T

t EAAESE e AQNSASE J1E BE 9 Tx J1ES 31

Hl
o
lo
£
v
N
M
o
e
l_,
ob
£
>
ol
ol
32
o
>4
>
X,
f
=2
2
o

<®E 25> 3] Aol ZeH e SFHE E7 A

Damage VISION | FEMA
HAZUS EMS98 MSK Al ATC-13 | ATC-21 | EPPO
Index 2000 273

0 No damage limit state

10 Full . Slight
— . ,y Immediate| Grade 1 D1 Light £

20 Slight  |operational .
T occupancy Light |Green tag|Green tag

30 damage
— ] . Grade 2 D2 .

40 Operational Damage Minor
_ 30 | Moderate control Moderate

60 d Life safe | Life saf Grade 3 D3
T | damage ife safe | Life safe o Yellow | Yellow

P oderate

80 Near mented Heavy tag tag
—— Extensive safety

90 collapse Grade 4 D4 Major
— | damage Collapse - )

Partial Major
100 Collapse |prevention Red tag | Red tag
collapse
Collapse limit state

HeAlee HAAAIGEA o3 2AH= TF2AY vTEAe] AdNsE HED 7 3

O S $I¥l(interstory drift ratio, IDR): TZA] L WHYWZF vl FZ=A ol AL H
O HUWZ7F55(Peak Floor Acceleration, PFA): 7} ERIZE B FZ2A] o] AHE &



S5 43 Y (incremental dynamic analysis, IDA)S T3 A JIHIFE=E H7}8H o™, FEMA
P695oll Al AAE 222 AdS AIIE sl AHESHATH<E 2.6> F=x).
AR 7152 XhollA AHH oz ZAHH HolEHIE ofd, MY ERE AA+=

YA, Avrzdd g BSA8 847 YEHAYT. FEHLS BSLdA A
2 g8 A st AP EAS 7I2E & WA SHIE IPsiA 999, 37 4
Fol] thet A= ZaT Fyfol flu mebA Aoy £ EFHdeLE AAG]
Al A AN A3t HAHo] Bastth Farsh= FEMA Pe9sol A AAsHL = Y
< AHBSHATE & 44709 AR olE oA PGVE T3S E==dh, 747+ AR
Atk AleE TekA Boh 2A 7 Ars AlsE ARl 5k A X T o] Ef &
ArstE APttt AsE AT AAE A2 A .DF Z2ow, AarstE A olH Y
normalization factor, PGA, PGVE <3 2.6>°| A3t Ath

f

NM; = Median(PGV pppp )/ PGV pppp ; (2.1)
NTH, ; = NM; X TH, , (2.2)
NTH, ;= NM; X TH, (2.3)

7] A,

NM;: iR A7) 58] st AT

Median( PGV ppge,): A A 7152 PGVE] F%Y4k(median)
PGVpppp:: 1A AZ71E2] PGV

NTH: A1t3td A7 &

TH: 9 A7 =

<19 29> 22%9 Y A2 I NEESEAHEY, <9 210> ZFIIE
Y AF171 89 7HEE ~2HEYnt, F IYS Hlus B3S W, ZsE St &

kel Avtol| thek SHAHAEHS A AAo e SE=HEHA 2E = AT



<% 26> 9%

OIN'

A kL5 2222 PGAS PGV 2 Ara® dlolE el PGAS PGV

PEER-NGA Record Information Recorded Motion Normalized
) Motions
EQ Ip File Names - Horizontal Records N(l)?mallZ.
) PGA | PGV | Factor | pga | pGy
Comp. 1 Comp. 2 @  |(cms.) @ |em/s.)

12011 NORTHR/MUL009 NORTHR/MUL279 0.52 63 0.65 034 | 41
12012 NORTHR/LOS000 NORTHR/LOS270 0.48 45 0.83 0.40 | 38
12041 DUZCE/BOL000 DUZCE/BOL090 0.82 62 0.63 0.52 | 39
12052 HECTOR/HEC000 HECTOR/HEC090 0.34 42 1.09 037 | 46
12061 IMPVALL/H-DLT262 IMPVALL/H-DLT352 0.35 33 1.31 0.46 | 43
12062 IMPVALL/H-E11140 IMPVALL/H-E11230 0.38 42 1.01 039 | 43
12071 KOBE/NIS000 KOBE/NIS090 0.51 37 1.03 0.53 | 39
12072 KOBE/SHI000 KOBE/SHI090 0.24 38 1.10 026 | 42
12081 KOCAELI/DZC180 KOCAELI/DZC270 0.36 59 0.69 0.25 | 41
12082 KOCAELI/ARC000 KOCAELI/ARC090 0.22 40 1.36 030 | 54
12091 LANDERS/YER270 LANDERS/YER360 0.24 52 0.99 024 | 51
12092 LANDERS/CLW-LN LANDERS/CLW-TR 0.42 42 1.15 0.48 | 49
12101 LOMAP/CAP000 LOMAP/CAP090 0.53 35 1.09 0.58 | 38
12102 LOMAP/G03000 LOMAP/G03090 0.56 45 0.88 0.49 | 39
12111 MANIJIL/ABBAR--L MANIJIL/ABBAR--T 0.51 54 0.79 0.40 | 43
12121 SUPERST/B-ICC000 SUPERST/B-ICC090 0.36 46 0.87 031 | 40
12122 SUPERST/B-POE270 SUPERST/B-POE360 0.45 36 1.17 053 | 42
12132 CAPEMEND/RIO270 CAPEMEND/RIO360 0.55 44 0.82 045 | 36
12141 CHICHI/CHY101-E CHICHI/CHY101-N 0.44 115 0.41 0.18 | 47
12142 CHICHI/TCU045-E CHICHI/TCU045-N 0.51 39 0.96 0.49 | 38
12151 SFERN/PEL090 SFERN/PEL180 0.21 19 2.10 0.44 | 40
12171 FRIULI/A-TMZ000 FRIULI/A-TMZ270 0.35 31 1.44 0.50 | 44
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2AEE 2D ZEEERY R i A X4+ 2D BAARE <9 211> 2o &
DA Ee] B2dE 3 A2 OpenSeesE AE-3IATH ZEZEEYREZA ] BAE v A3 Ao

1S A EHA T3] 98, AP RS 8AE nddgslg) v

Lo
rt
ON
A
&
)
e
rr
N
X

AFR7F84AE F HAHAolY FEA o thek 5719 integration point= T-&5tal B3P 24
Fatat. ZAYES AsRAe AGRFGZ o F&EE  Z 32 E(confined
concrete)2} FTRZT ¢JFo] v|F&£H Z A8 E(unconfined concrete)s TEL F Ue

linear tension softening model S AFESIE T E9 ArEnde Giuffren-Menegotto-Pinto Steel
3

Modele AH83to] HZo] o]g7i5e FaSAT

37.5000
7.5000 | 7.5000 7.5000 | 7.5000 7,5000
3.7500 1C1 2C2 2C2 2C2 2C2 1C1
3,7500 1C1 2C2 2C2 2C2 2C2 1C1
16,5000
3.7500 1c 202 202 202 202 1C1
5.2500 1C1 2C1 2C1 2C1 2C1 1C1

: 15.7in
) 15.7 R S
15.7in 15.7in L
T 7 17 4 —
R . e = ~ ) - A
a3 I 1R a b e
— - « GBI
N — L
-— — r— > eern
12-019 ¥ A3 10-022
18-D19 24-019 Rys 1£}§2§
sHE2 6-02
202 7|85 1c17|BEH 2c1 7| ST B Chl

(b) 2LANEE T2 EEF]] TH A

<Y 211> 2HANAE Z2EEQ] mdo] Tz AHA
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T BAE <a¥ 212> Attt £ EXgT BE AJNHGEITAH S EE61]
A3, ZZEEYERDS] HF5FFEES SA4F(immediately occupancy, 10), <A™ FZ(life
safety, LS), %3 % =](collapse prevention)O.Z TE3}A(TH 2+ Aol g 38FHA S
Hl= FMEA 356914 Aold HIZIYE AFEC e #e A&t sid &3
BerEd 88 FAHANIE 10Y B 1%, LSY A9 2%, CPY A 4% HJsta 9l

oh T3 AE55F U3 BEFAAHLS FEMA P695S #FHadle] 042 AASY T FEMA 356

2
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ol
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i
R
ry
r
A
AC)
(rmt
-
PN
il
o
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£57t AYSE 2 H5EL VEHA B TS 4T £ Yok

Sa(g)

.02 0.04 0.06 0.08 0.1 0.12
Drift ratiof %)
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AA A-A U e AHEE Azl o]E]= Northridge*| 213} ElcentroA] X1-& AF8-3F$1 T
ElcentroX| X1-& ©F7]d&0] @Wol] 3H Aoz dFr|dEo] dFHo] & Axlojn} wt
™, NorthridgeA| & 571 o g, AF7] Ao dFHo] & AX
o|7] WZoll, A Fe] EAdo] Agolgt F AIE AA Ay
ElcentroA] 213} NorthridgeA| 212 HjA|¥7lE 2 T2 EEIRD Y 12 A{F7]o thdt
~HAEYAEES FSHAT.

o
S
o
o
I
o
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3{_1‘
(i,
N
N,

to
fru
2
2
ol
2
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9
V
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3t 2.7> Elcentro, Northdige#| 29| FHjA|¥7t&% 8l ~AEQIIEE

A R 3 HRA RIS E(g) 2H EHIEE(g)
Elcentro 180 0.21 0.60
Elcentro 270 0.35 0.88

Northridge 0.37 0.53

3714 A ARAGE Qo wEt 2A ZEEERDe] AJHGEE <F 28>0 A
2]3t3ATh. Elcentro 180A1%1e] -9, HthA RIS S0 tgh 10 level® &4SELS 0.2%2
W, 2 ERTIE R UE 10 levele] £43EL 3.0%°]Th Elcentro 2704 -2 o A ut
7tEEet 2HEQIIET Y g 10 level®] &4FEC] 27 14%, 21%=E, A=) wet
FeE Aol eS¢ F Aok A E Northridge A X1 9] YA H7FEE 9} 2~

2

Ef7IESo] g 10 leveld] £48E0°] 27 20.1%, 0.8%=, ElcentroA| X3} 2] FHU| A

l“l‘>
}

WrbEEel g3 £4etEo] 2HERNEERTD e AL ¥ 5 Yok F, AWPEE 1
=9 E4gE UHI BHo] JoEE, AXFAHUGE B4 A Y AXNAEE 183
oF @t
<3} 2.8> ARZE mE &F48EL o] vl
] 71 1t AR = AIZE T3 Aers &48E
10 level 0.2%
HQ AT E(g) 0.21 LS level 0%
CP level 0%
Elcentro 180 10 level 3.0%
2HEH7EE(g) 0.60 LS level 0%
CP level 0%
10 level 14%
HQ A7 (g) 0.35 LS level 0.1%
CP level 0%
Elcentro 270 10 lovel 1%
2HEH 7S (g) 0.88 LS level 0.5%
CP level 0%
10 level 20.1%
H) A ¥ E(g) 0.37 LS level 0.3%
. CP level 0%
Northridge Santa 0 10 level 0.8%
2HE Y 74T (g) 0.53 LS level 0%
CP level 0%
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of @983 1-5-O: ANF G HrF 29 A

(1) ARHFE F4e] Hejoh =E

7h A9
A X1 F oF =5 (seismic fragility function ¥+ {FHS| fragility function)™ &9 A xI8}

Fol e £4% FBHOE Uehly] 9% Frolth F o U oS, AAHGE

&

Eo Uukr o7 ofgo] A (24)¢ o] AT = Utk

Fragility = P[LS|IM = ] (2.4)

AZNA, LS AFE T8 &4 (limit state) T+

rpr

47 & (damage level)
I AR e B =
y: AEE 23l s

A ZFF ST HYRRY, ANAGETTE EE517] Al Az Ax, &34
7F Ho3 AL & F Atk HAZUSE Fx2A%} vlFZ2A Y EEHE T 471 @A
(slight, moderate, extensive, complete)Z &3}, F 71X AFE] tis] 2t &3 o

B AAAGERSE AFSHL Ytk <32 21605 AAAGEFSE TAZZ el 2

b

S
oM, N2%e A A=, AEEe B4R AAREA O £ =2 FEL
Uepd,

A
1.0

P[LSIM=y]
0.8

0.6

04

Probability

|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
1
|
|
|
|
|
+
|
|
|
|
|
|
v

0.0
Intensity Measure

<9 216> ANFH %= 429 9
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(h ARAFE G5 =2

AHAGE FrE =371 f8l AA A2rred dex4

i

53+ expert-based method

U A AR dolEE o] &3 empirical-based methodE AFE3I T FHIdl= FHFHY

=
=
&< analytical methodS &8l ==3%t= 2971 B

Aol et ASEe] AAl EdHCIHY Al sl thE HelEr fle o, AFAdE

demand(D)Z ol&f o] 2] (2.5)3 o] IS & At

p; = PIEDP, = C] (2.6)

U=1{(d,c)lde D, c= C} 2.7)

A oJa AF=ol E4e we BFe vwd A B2 AGS 5 Utk

il

O Excessively high demand case, EHD: A %ol 2|3t demand’} 7155 capacity®] O]3EZFETH

[e)
& A5

O Excessively low capacity case, ELC: A5E9] capacity7} Azl 9|3 demand®] th3EZLHE

o ae A



EHD, ELC7AS-O tha Apdo] gk e AAAA g 1 ve REF o,
ofgol 4 (2.8), 4 (2.9)9F #o] Ao )

EHD={(d,c)|dE D, cE Cand d > m} (2.8)
ELC={(d,c)|dED,cE Cand ¢ < mp} (2.9)
AZIA, me DAFE A4 Ao e FYE(median)

A EHD, ELCOl R FES A4 pryp, perott SHA oFRfo] A3} o] Hod 4 9]

=

ppup = PIEHD]) =1— Fp(m) (2.10)

ppre= PIELC] = Fp(mp) (2.11)

o714, Plx]: A Xell tigk &

Feo): A Xol BE FALZGS

A4 @109 2 @inel BE e I¥ow EHSW <1y 21759 2rh 1PolA
penpE A Dol O FELVEGEI} monT 2 REL ouaH, p,, = A ool U@
FEUE P57} myRTh B REL ojujdith & ANHGEES UEE E45E b

peup S e TOE ool 4 (2.12)9F Zeo] YERE 4 Y

W

Py =Prap t Perc (2.12)

SHAIRE, = AHel EE f.9 f, AAE AHEA EAFEE pe ANEE ARG, AS5E
o] sl dall xEsE A E e 5= demand (D/0)Y U35 o] &
st ZAHA 0 R ANHGFEFTE EFste WHol £ o "Elsith ol& FAloE FH6

™ oolee] 4 (2.13)3 Zo
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Aol 4 (2.15)F o] A7t}

By = \/@zm + Bor+ B + B (2.15)

& 71X, Bprp: record-to-record collapse uncertainty (0.20-0.40)
Bpr: design requirements-related collapse uncertainty (0.10-0.50)
Brp: test data-related collapse uncertainty (0.10-0.50)

Bupr: modeling-related collapse uncertainty (0.10-0.50)

At Ao w3 A== SEA W EFEA Buppps AJHClH Y EF8AAG<I

ﬁRTR’ Eg‘i—]%"] %Q/\E]Aé?_ ﬁMDL% E?:La'tq, Zﬂ%% )\é%oﬂ ﬂ]@' %@1—@}3 C% }éﬁ]gﬁ?—

4 QICERE AFE £PREd BF ANAGEE o] H] 8AE 55T

& | A7t Ahssi,

O Aol tigt ASE SHAIRSAF)S SUU [=EDP,,]

O Al tigt A=E FHAIASA ) ESLAEY) [=8pr/ ]
O =& Aol t T [=C]

O A== Asol e AR [=6.]

o] 47kA 84 e v F A Aol vd

?i'
il
ot
e
sk
+
0
o

AXAGE FA4ES AYshrl faid FEAY BlFEAY A REEA F(engineering
demand parameter)=Z damage stateo] ™3+ A7} HQSlal, ZF damage state®] A FHAUEE
2EOAGEEE R Hdll, 2aATEESY FHRHEEZIFE Ao #A TS
(median)®} 37 Z(dispersion)”F Z 8310 84RO AXFHGE FAH g © o] ElH| o]
2 F5& IAPshr] fal, & ATolA= HAZUS, SYNER-G, FEMA P-589] @4 H E7F
AA e ARHGE F4 vlolHHolAE TSRt 75 AXFHGFE Ho|EHo]
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= TZA 10587, vHITFZEA 985719 ths] F=3F T

(7 HAZUS A #H k== DB

HAZUSOI A A F3ts AlzsledolA el T2kl ot AFHFETHLE F 28871 o]
H, & 36709 TRLAFE) tal 4l WAEAHE, 279 ANFER AAH =
48 AFIT FEMA P-584 8 Z vlFxe 0 g AWFHFE FAE AFAE &
o, % 288/ BEH Fxaid tEd WYuR vEzRes &R
of sl ANHSFE FME F 57671 AFAch HAZUSHA FxAek vl7zA 0 i) A
e T 8047l ANHSFEIH S HoJHMo| 28 st om, <3 2.9>2 high code level
oA FZQA9 AXFHUE FAE HOSt= damage stated] WE FTYAUY TEFHAE A
213t Zolth <ad 2.18>S XWHFE AN DBE o] g3le] o= AWNHGFE A9

of o] t}.

=
—!
BN
ko
b

<3t 2.9> Structural Fragility Curve Parameters - High-Code Seismic Design Level

Building Properties Spectral Displacement (cm)

Type Height (cm) Slight Moderate Extensive Complete
roof Modal | Median | Beta | Median | Beta | Median | Beta | Median | Beta
Wi 427 320 1.27 0.80 3.84 0.81 12.80 0.85 32.00 0.97
W2 732 549 2.18 0.81 6.58 0.88 21.95 0.90 54.86 0.83
S1L 732 549 3.30 0.80 6.58 0.76 16.46 0.69 43.89 0.72
SIM 1829 1372 5.49 0.65 10.97 0.66 27.43 0.67 73.15 0.74
S1H 4755 2852 8.56 0.64 17.12 0.64 42.80 0.65 114.12 0.67
S2L 732 549 2.74 0.81 5.49 0.89 16.46 0.94 43.89 0.83
S2M 1829 1372 4.57 0.67 9.14 0.67 27.43 0.68 73.15 0.79
S2H 4755 2852 7.14 0.63 14.27 0.63 42.80 0.64 114.12 0.71
S3 457 343 1.37 0.81 2.74 0.82 8.23 0.91 24.00 0.90
S4L 732 549 2.18 0.89 4.39 0.89 13.16 0.98 38.40 0.87
S4M 1829 1372 3.66 0.77 7.32 0.72 21.95 0.70 64.01 0.89
S4H 4755 2852 5.72 0.64 11.40 0.66 34.24 0.69 99.85 0.77
CIL 610 457 2.29 0.81 4.57 0.84 13.72 0.86 36.58 0.81
CIM 1524 1143 3.81 0.68 7.62 0.67 22.86 0.68 60.96 0.81
ClH 3658 2195 5.49 0.66 10.97 0.64 32.92 0.67 87.78 0.78
C2L 610 457 1.83 0.81 4.57 0.84 13.72 0.93 36.58 0.92
C2M 1524 1143 3.05 0.74 7.62 0.77 22.86 0.68 60.96 0.77
C2H 3658 2195 4.39 0.68 10.97 0.65 32.92 0.66 87.78 0.75
PCl 457 343 1.37 0.76 2.74 0.86 8.23 0.88 24.00 0.99
PC2L 610 457 1.83 0.84 3.66 0.88 10.97 0.98 32.00 0.94
PC2M 1524 1143 3.05 0.77 6.10 0.81 18.29 0.70 53.34 0.82
PC2H 3658 2195 4.39 0.64 8.79 0.66 26.34 0.68 76.81 0.81
RMIL 610 457 1.83 0.84 3.66 0.86 10.97 0.92 32.00 1.01
RMIM 1524 1143 3.05 0.71 6.10 0.81 18.29 0.76 53.34 0.75
RM2L 610 457 1.83 0.80 3.66 0.81 10.97 0.91 32.00 0.98
RM2M 1524 1143 3.05 0.71 6.10 0.79 18.29 0.70 53.34 0.73
RM2H 3658 2195 4.39 0.66 8.79 0.65 26.34 0.66 76.81 0.72
MH 305 305 1.22 0.91 2.44 1.00 7.32 1.03 21.34 0.92
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<% 2.18> Fragility Curve for Structural component - High Code (WI-Low Rise)

(4}) SYNER-G A ef==4 DB
SYNER-GOl A& HAZUSSt FY3aA A=E glolx Fxeso 3 ANHSGE I

S AFdT. HAZUSE 36702 AZFE ElYel dia]l AJHG= FAHES AFst= HA
SYNER-G A& SYNER-GO A AF&3t= EFAA N wet 2 HeF

T FAaE AFsE= A
°|7} Atk SYNER-GOlA = st5dEd WAUSF, ASAR, &8 2 3 AIY 5 =
ghsll & 10709 category®= ASE dHWoA F2A4AE EFdH7] W 44 AXHSGE
=0 AlFAQ Ae & ¢ e AHol ATk ofdl= SYNER-GOlA Y Fx84 E7A
Al digk oot <9 2.19>2 759 ANFHGE F4 DBE o]&3st] dojx&= AXH

ofx Zael ooltt.

MRF/C-RC/X/X/RI-FB-H%/ND/R-RC/X/L-2/NS: moment resisting frame, in reinforced concrete
with regular external infill panels in brick with a high percentages of voids, with non-ductile
design details, with rigid reinforced concrete floor, low-rise, 2stories, not designed to a seismic

code
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<Z% 2.19> Fragility curve for MABrick(High)-2storeys according to the damage states

(thH FEMA P-58 A X% k=34 DB

FEMA P-58014& & 7647 Q40 td A QAF %% 3471 AFHAT o] F 28
35570, W28 4e 409712 SEA, AR, W77, golZ 5 HlgRa sl g e
AXNHYGE F+E AR FEMA P-582 T 2A2HRE E73t7] Wi 7=
a4t HFERLAE FEY T Jdor, H43E T3l damage stateE F o5t A XFHGE
o3k /b E =3t 497 2ol b2 A9 28 FYE damage states 2|31
£ o|¥Et}. FEMA P-588 ZAg™o A 242 RY ANHIES AFsta 7] v,
A dPder dojxl A-97F Bok, 919 I3 2ol Ao A" FA Al WEol &

A RelHo} Utk AP ANAGE FH DBE PR FRsAr

2

B1041.041a
Component Name : ACI 318 OMF with weak joints and column flexural re
sponse, Conc Col & Bm = 24" x 24", Beam one side
Component Descnption : ACI318 OMF, joint shear fatlure, beam flexural respon
se. Meets the following requirements: (1) Sum M.y / 8 _
T
um Myag> 1.2, (2) Beam Vy > Vg, (3) Column Vy > Z =
Vzg. Costingis ona per joint basis. Hed
Demand Parameter : Story Drift Ratio
Dsi Ds2 Ds3 /
Hein Dispersion Medses Dispersion Hasime Dispersion ; / 02 00 0o 5006
Demand Demand Demand Story Drift Ratio
0.015 04 0.0173 04 0.02 04

<% 220> B1041.041a%] AXFH S 34 dlojg o] FA H=



2. JAAHF 2: BEZAFTTE R E4EE 1T AIELAGIPIE A

=

Hy

7h AT 2-1-0: 84 RS BEEATSFE T

ZA e gk WRAAA= v]=2 4% UBC 1927(Uniform Building Code)ol A A& 7=
ek YA 7)Eo] ALEHYA, o|F UBC 193594 BlmFxL 40 that WRAA
710l EUHAT T AS, su dEFHe] A =YE 19629 AW A 102 7=

2
=
e
=
=
ofo
(0]
o
[02e]
[o2e]
r
o
Ay
it
1o
-
B
N
N
ojf
-y
r o
o
=
o
2
o
4

Building Code, KBC) 2005914 & =<jo] At}

Ae WAAAZE =E4EHRAE FA AR g Asree 983 AgHA Gtk 7
A g8 Ad AFES F2E EWsALY, 59 ¢ gyt dAs 15
st WHoE WXAAY Mds =Yt As AFES] WdTER

1973'd Blue BookDoll A oo} Zo] = HUT

i

O]

O F8 A X (major earthquake)oll 3l G FFo] old &4 & &
%A Z(moderate earthquake)°ll thall &7} 713k &4 518

O 9F$-A] X (minor earthquake)oll T3l T8 <4 HAY ¢l

O

oo

1973%d Blue Bookoll tigt @& o2 1976d UBCOA= AFES AAIEEE AU 50%
A S7HANZE 7 A= AFEY 85 WE T8 5 Al (importance factor)E T3+ T
1976d UBCO F8&% AFe FoALE tisid 1.5, & T 3008 ol +8&F + 3
= Ao s 125, 1 9] AFECl taiAl 1.02.2 st Aok F, A& &&=
et WXEA Y B=E wrgetr] Alzre it

1978  ATC-3(Tentative Provisions for the Development of Seismic Regulations for
Buildings)= 5003 A&@F7] AR G0E 5L 10% FAA7FsA)l tis] A=Eo] Adgetds
(life safety)®] A%s& AFstofof It AL vt AAZIEEC i FoEAFE
AAH AL, T il FaAEE disid "o ik AFS AASATE o] F 1997 H]

= 9] Al 7 7+ =2 138 (National Earthquake Hazards Reduction Program, NEHRP)O Al 25004

SEAOC (Structural Engineer Association of California)ol|4] %t7FSE Seismic Design Recommendations® HIHEH O 2
Blue Booko. & &3
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AAF7] ZZG0d 5 2% FATFSA)S! H L A 2 (Maximum  Considered  Earthquake,
MCE)°l disl] @& ZH7tsA8s A= ASEREE AASGAT £ FAEATE TOA
=A3EE . 2009130 ATC-63Z2 A E°] H A0 FEMA P695 (Quantification of Building

Seismic Performance Factors)oll A Y& 53 7Hs4S 10%=E A st Ao

PERFORMANCE LEVEL

GROUND Operational Immediate Life Safety Collapse
MOTION Occupancy Prevention

Frequent

Design

MCE

<1 221> AFE §x0 G2 WIETHE

A A=EY g5 WE YWAAHSEEE NEHRP 2009914 AAE Qom, w2
IBC(International Building Code)tt $-2luhete] KBCOlAE <28 221> AAlE HAAETH
EE AHEst th AFE categorys S50 whEl UHT oo} Zo] TS
FHog AAsta .

o

O Category Il (T 2% 2): MCErool 3t 10% 537154
O Category Il (T 8% 1): MCEgll tg 5~10% 537154
O Category IV (8% 5): MCErel tg 2.5~5% %3754

3 g9, AAH 4 hE WAASZES A wtE ok Basteh shustE A%
Bo WRAASREE AFEY 715S FA7] 98 Y (afety) ST Fo]7] mhEel,

2) Risk Targeted Maximum Considered Earthquake, 913 =7 9F& o) 38 A3
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ey BAASE FEAAAY SFFAAY fFF, dHd Mgt FLEE B
Fatel WAHSRES AAIT FTPLFEALeY $FAME Y= BUS Faw
()2 BFHI, A8y $HAA 25 glE wdolyt Ad A 1000m?o] e 8 A

HAAZSEA ozt AR TTFE Z2T08S T3t WUQU Alfred E.Alquist Hospital
Facilities Seismic Safety Act(©]3} Afred Act)7} AlYE AT 2|3l o] =273 Agxy
ol X A7) (Office of Statewide Health Planning and Development, OSHPD)%| #&35}of
FEHAT

Afred Act A3 & HdASFE] AT = 71T = AAAT, 1994 EAY
g g A Ao Fols FE2AY Fsjo] Hs] HF2A Y JAsirt AEA WAy A
= ATt oo wel A LYol F= Afred ActE B35l Senate Bill 1953(1994, SB 1953)<
A&stdth. SB 195390 whel Aexyols Yo BE ¥ Asde 7284 B BFEe
29 e EF7F 485t F2A 5 7 SPC(Structural Performance Category)<} Bl
TZ2A45 E7< NPC(Non-structural Performance Category)= 212} 1~5a2 5719 MEE

FAFo 2 oAtk AT &L <F 21053 2T}

<3 2.10> OSHPDOIA Aod WHWHAHNFHE 724 & HF2A9 S35 I AHY

LARR| 5F A 9

0 1973\ o] He AAENCH, o Pl Ae A=

e 2008714 SPC 25 F o2 A&EofoF 3

e 197313 oMol HAEUN M, Afred ActXF FAHo] %3S
SPC 2 | Z3F A xlo] B2 8 A2 AFo Agke] U+ AE.
0 20303 7HA] Afred Act X2 FAWM ] 23S F4=3lojoF 3}
o 2 AL AA GO HE RUEEZZE A}%—S}% AE.
spc 3 I 199413 o] d o] AA U™, Afred ActAZ]

T ZA) o 713+ A Ao AR o FAH]| A A Lol A
© 203013 o] F74A AbEo] The.

o Afred Act A% FHH Y 23S FF5t
SPC 4 |» 73t A xlo] B2 o8 A H| 2 AlFo
° 20301 ©|F7HA A&l THs.

o Afred Act AR AWM %S 3= AE.
SPC 5 | 43t A% F4HA JmAH2= A

e 20301 o] % A glo] AHgeol ThE.

SPC 1

M
4
9,1’,
B
1
rlr
o
M

ol rO
u:E
o
B
ot
" mlo
AN
&
9‘15
rr
)
i
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NPC 1 |» T}& NPC H|FZ28 4 AV &S TFoA Xate U=,

o B4l o587l AR T2 Au|7} CBC(California Building Code) Part 2, title 24
NPC 2 | o we} B2Eo &= A=

0 2002974 £ T35 §FA7F 7

* NPC 28] 7]&& FF3tH, 4, d3434, Y A ¥Fxz847)
NPC 3 | Part 2, title 240 w2} F2dE AE.

° 200874 B T3

* NPC 32| 7|&
o X AAHE S
* NPC 49¢] 7|&
NPC 5| &% 7AE.

© 20307bA] # SHe /A7 7hs.

NPC 4 N -
oA wgt 20208 EE= 203047HA B SFY A7 7S

FEstn), o mAzde] AEIL 9% AR MAFFol 7t

to | %2 o

() £AN BEAS FE

1990 At F-E] & -&o] AZE A5 7] ¥ A A (performance-based seismic design, PBSD)
S A5EY FERAY 288 &4 VIR 53 9 BT E VITRA, SAAT, o

BeA, SAWA S} o] FEIT AR FxA Y FEF E4SHY deExes FAH

b
>
A
N
i)
a2
o
i
e
e
i
2
%0
D
&2
o
b
o
>
>
iy
o
i
ftlo
AN
)
N
rlr
=
>
Hd
N
N
AN
N
o,
2
Y
r o]
b
>
o

Berely] ozl sAel Ytk WA £ BRASTEe Ul WA NEe ¢l

e

2

, 2 A7 A+= NETAP(national earthquake technical assistance program) training workshop<

o

Aste] <3 2.11>9F 22 7N BExdsTESs AYsdn. E47IY 58 485E 7
2] 8] -&-(repair cost), &7 7]ZH(repair time), FTHIF o] HA T E(probability of unrepairable

permanent drift) 502 AAA A HojnAA e e FRET.

<3 2.11> &A7H £ 3E 455 F(NETAP training workshop)

Performance Measure Design Earthquake MCE
Median Repair Cost 5% 10%
90th percentile Repair Cost 10% 20%
Median Repair Time 30 days 60 days
90th percentile Repair Time 60 days 120 days
Probability of Unrepairable Permanent Drift 1% 3%
Probability of Unsafe Placard 5% 10%
Probability of Collapse 2% 5%
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. 987 2-2-O: 84FKR] E4E HU}

(D) ozt AR A= E45E H7t

(7h divt s=A3 e

2018 2 6 HAAZ 23A] 504l H TE(M,) 6.0, EHE TFE(M,) 6492
A Zlo] thgt SR Aol FAYSATE G A= < 2.22>004 UERFRO] (24.14 °N,
121.69 °E) ZolE 10.0kmo]™, 3HAAHOoZRE BEFZXO0Z 183kmEZ A oA Ay
AT A oA BAE MMI IEE T(very strong)® R IEJTH B AFoA= 3}
Aol gt Az I @GS ol 71T @3-S ZAKreconnaissance) 3t 3 T

st o R QIS F 4/l AFEC] BAHNLH, F 3028 AFA F 179 0] A
3} T Taiwan Residential Earthquake Insurance Fundv SFIA| OS2 Q18] FAASE O

3k A Atu) s S F NT$137 million (US$4.7 million) .2 FA 31 9t}

Earthaquake Mo, 107022

Oingin tivoe (Taiwan Standard Tirse: GMT+0800):
HER018 2350426

Location: 24141, 121 £5E

1. 18.3 ke MNE of Hualien County

Depth: 100km

Magnitode(ML): 6.0

Local Laxgest Intensity

Cential Husdien Comndy 7 Canteal Clanghus County

Vilam Cemnty 7 Centeal Tunlin County

Raatou Couaty 5 Cental Chiaya City

Tazchung City 4 Cantead Mow Tadped City

Yundin Comnby 4 Mlisobi Cosnty

Taenuan City 3 Tamnen City

Canteal Vil County 3 Centysl Heinohu City

Hsinehu County 3 Centmal Minoli County

Teibung County 3 Centesl Taicheng City

Taaped City 3 Cential Keehung City

Canteal Taipaa ity 3 Haw Taipsi Crty

Centeal Heimodu Connly 3 Mew Tadped City

Mew Taiped City 3 Kachsiuag City

Central Nanton County 3 Central Tadbeng Connty

Chinyd Connty 3 Central Todnan City

Changhun Comnty 3 Paghg Couty

B BN BS BI B B B B B BS WO L L L L

<Y 222> HiRb7)13H S-AZ QoF

F o/ A=E gis] A3 FZAE FHEIT <E 2.11>2 A o7 AFES
ZA 2" 3} g X ZAR A A ZARSE Al (tag), B Aol ZARSH

ANE A Aotk dinte] A, AN E e AFES ZAE yellow, red tag=

[9,]
=
B
Ay
i
2
2
b
-

3) source: Central Weather Bureau, CWB
4) source: United States Geological Survey, USGS

_49_
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AW FRNA 157E 3574 vheta 2] FEol BASHAT

< 212> OIR SAA o os) 45 AEE| He

No. Structural System Tag Observation
¢ 1% 71eH =AY Addd T (FE5ED)
1 | 6-stories piloti-structure - « AE7|FH FTAYEYAClY HEH i WY (F WYY
=71
o 537} WAYSE Platinum Double Star Building® H] <23k 3
2 | 7-stories piloti-structure | Yellow | * 15 7|53 ZAA A doddd EAY
13 7T YRE AEHAE AA =
A-stori . ¢ 13 71 =AY At d WA
-stories momen _
3 - Yellow | » A3t 15 7|FolA fA+4dE #531
resisting frame o o
£ C A TERAE YAZ AR F
10-stories moment ¢ 2% 71N 2AAFHANA At E T
4 . Yellow o - o _
resisting frame * Yellow tage ASE o, Az

o &

o t CIZEH 324 SUZE @ ogRne 7
=-Stories momen
5 isti fi Yellow b 10 7]“(5‘-1/]' ZZ—‘XH‘E—QOH Z] ]a_‘
resistin ame
s c 12 TEEAES YNE AAY E

&)
e
i
o

[Overview]  [Shear crack at column] [Shear crack at masonry]  [Connection failure]

<39 223> 19 AFE AT 24 AR

[Overview] [Shear crack at colummn (temporary supports)]  [Shear crack at m:n Onry |

<19 224> 2 HAFE AFs] A AR
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[Overview][Damage at 1*' story column] [Flexural crack at undergroundstructure]

<1¥ 225> 3 AFE AIS AR AR

J

[Overview] [‘:ﬁ:llﬁw tag] [shear crack at 24 story column) [shear crack at stairway]

<T¥ 226> 48 AT A A AR

[Overview] [Floor crack at 1#,2" and 3 story] [shear crack at 19 story column and supporis]

<19 227> 59 A%E A 24 AR

ol AT TEA(C)} W TEAEEA ) T £
GERFNS)] E AT FAFUT ole HAA SHaTAEHe] B NSOl
o}

o B3 dA% 7~12%

N

FRFLS) AFEY BFHA D/F7E WAHATHS F5E oF 067-114%2
3%+ Aok AF 71 WANA HAAQAe] SHaNELS] NSHEI EWH RO HA 2~
ey Zasts 02 RAHAT. e B3l BHT AL HAANY o4
ARSFS wob AFE] BASAE Holgtn FF + Ut

FEMA Pl154°lA & A8 & ZAE A5 thdt &G E S green tag, yellow tag,
red tag® T3} Green tage AFES ZASIAAIRE 47 vlF2AE A QT Fx2A A=
2 &0l glte 235 UEPAT Yellow tage AFEY AHES Adsta, AUs AAF
a3k Ad=E0 s F2ET Red tage HHSHA] & ASEC s 725 H, red tag
7b F2E A5EY A AW SAAZIT. divke] A s 2ARE e AAH A

=9l yellow T+ rad taggE F2-3k}
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0 —/ILBefor RC Jacketing(I0)
- ~ —@— Befor RC Jacketing(LS)
A —A— Befor RC Jacketing(CP)
T - O- After RC Jacketing(I0)
, . P e - - 2— After RC Jacketing(LS)
L H =~ After RC Jacketing(CP)
3/__—=5A--— A—-—Q"’A L I I
0.2 0.3 04 0.5 0.6
PGA (g)
<9 236> GHFTAH B7} A3y B $o AR FHS= FA
<3 2.16> GHIAH B} T E4SE Ao Aot
Damage probability reduction each limit state with respect to PGA
PGA (g)
10 LS CP
0.05 0.1441 0.0045 0.0081
0.1 0.3495 0.0551 0.0099
0.15 0.0429 0.1357 0.0319
0.2 0.1034 0.2884 0.0660
0.25 0.0636 0.2570 0.0728
0.3 0.0347 0.2839 0.1708
0.35 0.0268 0.2743 0.2483
04 0.0178 0.2485 0.3410
0.45 0.0060 0.1249 0.2435
0.5 0.0009 0.0624 0.2046
0.55 0.0003 0.0327 0.1326
0.6 0.0006 0.0332 0.1503
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WAAAZ & 3% WRAAAZ 53R & F¢
724
10 LS CP 100) LS CcP
Z A ‘H ] tﬂo] 011‘3
A 0.7% 1.4% 2.4% 0.35% 0.7% 1.2%
RCEHNEZZ

JmAERolE WA, vheid, e ge 7
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Ay
A
1::
—Ll
N
2
to
L
)
(m
jg
m
rlo

A7 8 ZIAA vFEA7E AAEH. & dFodA e FadsE A5 vlgzAd dg

EFT e FHEAL, <F 2182 B AFA nHT &

d
24
4
N
N
Lo
e
2
o
-
g
x

Sol tE Yt BRHUYS @ otk VA mFEAY BAGEE S
(damage state)ell whet AT} 37HAE FRAG AT, sEld, BAe FEAG) Y5
FUANNE ANRSAFE AGoe, e AP AhIHEEE A3
2 Agath mebd wTEde AQAGEE Brleks] sy, A= we 8
Fasinst AYF/tE s B $H FUF L BHUH] SEHojof Bk,

<X 218> FuAFE v FERAY H5TEE capacity parameterd FYakFH B4

=3
B FZA) Capacity Parameter Unit D51 D52 D53
C Be C Be C Be
= E=p)) Story Drift Ratio Unit less | 0.0021 | 0.60 | 0.0071 | 0.45 | 0.0120 | 0.45
vh=huld6) | Peak Floor Acceleration g 0.5 0.4 0.7 0.4 - -
A7) Story Drift Ratio Unit less | 0.0064 | 0.3 - - - -
E}Y9) Story Drift Ratio Unit less | 0.0021 0.60 0.0071 0.45 - -
229 Peak Floor Acceleration g 0.7 0.25 1.2 0.25 1.43 0.25

5) B1071.041, [(EH]QTN Lo FHAHE, 84 H AFHSE dogulo] 2, P. 329
6) B3011.013, [AAH1AT/NEY] FAUE, 84 E AIFH S wo|Euo] 2, P. 343
7) C3011.001b, [BH A TN AHNE, 24AHR ANFHFE doleuo]x, P. 345
8) C3011.002b, [ A TN FANE, 242 R XS dolEju]o] 2 P. 345
9) C3032.001c, [AAHAT/NE] FHUNE, 8 4R AAHGE dlo]EjH o], P. 347
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" ~B ~C
3 i i
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S
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Z
Section at AA Nodei  Force-based element  Nodej
" 350x500mm ® ® Confined
o 10-D19 concrete
P D10@300 | Unconfined
k= concrete
Section at BB Integration
7 250x450mm point
I-3-D19 : z
- DlOf(I\QOO Fiber Element .
. L/ Steel02
Section at CC 2
7 250x450mm
| = —a i S-Dlg
<. D10@300
<9 237> AN SudsE9 g
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ato] HAFHAS FYPsGUT B AFAE 7E AFE Fuste FuAEE 7| FAL]
of AAHE AW S SUINASGEIINE <" 238> o] RAYs AT Uz
=7 Ao thdt analytical modelinge A4 3= parameter= 57F4E7H9 FEZ(w,,), &
7hbE7H el FERA(K,), S7FES7HAY Adets(r,,)7 At =435 H e 57t

)
Ad=7M = 1.0BE7E 7]=2

f

o
sted, 7} parameterS 2] (2.17)%E 4 2.19)7}A & o] &3}
o Asetack. =S S7FGETINS BAEE(F,)S 0.5 &
(F) 02F,, 2 7P48t9a, ANAEA WA@G,,)E 26, (FEHY), residual ZEA WY
(5,)F 26,22 7HHSATH

AN Z(F)S} residual

max?

» ! Equivalent diagonal element !

Analytical model of masonry infill

Force

K,

7
FI=()_ ZEnux ,"'

02y Oer=20 00

H H Displacement
— 1 F,=0.2F 4
H
0
/ Fe
G
l"
l"
/
- Foax

<19 238> ATFlAM AHEHE A5 gy e SIFHAUSIA

W, = 0175\ H) "V HA+ L 2.17)
Ew VVeftw 9
K, = ————=—=cos"0 (2.18)
VH+ L2
L tw tp 9 .
F. = o.sls%f”(w Vi) 2.19)
7
E,t,sin(20)

7| A = ¢
O:l ] -:I, >\h \/ 4Ec[cHln
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. 2R YR ] &Eol
L,: ZA3 ] &40
[ A3 #ERE
0: 2 71e7]

(3) TEA 2 ulFzA AWHASE B}

39>= FzA 9] AR

e A1 H

Probability of Exceedance (%)

2o 7z4 9 wTzAe ANALGE PIE AT MAFAD
=

42 FEMA P695o A A A SH= 447019 A A0S A3 T
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©
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S

N o< 240>8E <9 244> S =E9)

k= Folnt.
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30 H

Intensity Measure (PGA, g)
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Probability of Exceedance (%)

Probability of Exceedance (%)

----DS1_1st Floor: DS2_1st Floor———DS3_1st Floor
--DS1_2nd Floor: DS2_2nd Floor———DS3_2nd Floor]|
-~ DS1_3rd Floor——DS2 3rd Floor——DS3_3rd Floor

100

0.0 0.2 04 0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0
Intensity Measure (PGA, g)

<79 240> FaAEE WTERAA NS0 g $8 AWHGE A

DSI1_1st Floor
-~ DS1_2nd Floor|
DS1_3rd Floor

100

0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0
Intensity Measure (PGA, g)

<39 241> FRAEE WTRAGHE ) dF 28 WAt 2
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Probability of Exceedance (%)

Probability of Exceedance (%)

100

100

DSI1_1st Floor—— DS2_1st Floor

DS1_2nd Floor:
DS1_3rd Floor:

DS2_2nd Floor|
DS2_3rd Floor

0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0
Intensity Measure (PGA, g)
<d¥ 242> SGuASE vFE=AED) g S8 AIHSE 4
---DS1_1st Floor DS2_1st Floor
DS1_2nd Floor DS2_2nd Floor
DS1_3rd Floor: DS2_3rd Floor
' | Y | g | . | ! | ' | ' | ' | |
0.0 02 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0
Intensity Measure (PGA, g)
<9 243> SudsE vlF2AEFE el dig S ANHGE =
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DS1_1st Floor-
----DS1_2nd Floor-
DS1_3rd Floor

DS2_1st Floor———DS3_1st Floor
DS2_2nd Floor——DS3_2nd Floor|
DS2_3rd Floor——DS3_3rd Floor

100

Probability of Exceedance (%)
3
1

0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0
Intensity Measure (PGA, g)
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Aol thgk PGAGEO] 0.434g=Z 3T AAAZANA F=Z2A

Z} damage state® <SHEEES <3 2.19>0] ATSHT. EAFEER

2D v T2 Q40 AFA A (IM=0.434g)ol th3+ Z+ DSE £48E

Probability of Reaching Damage State (%)

e ° None DS1 DS2 DS3
1= 84.93 13.92 1.10 0.06
TFZA) 2% 79.23 19.24 1.47 0.07
35 96.50 3.44 0.06 0.00
1= 23.66 64.45 9.92 1.97
X 2 = 2% 19.63 67.77 10.78 1.82
3= 45.60 52.79 1.52 0.09
1= 88.82 11.18 - -
IR SIS 2% 88.56 11.44 - -
3% 99.39 0.61 - -
15 23.66 64.45 11.89 -
1230 2% 19.63 67.77 12.60 -
35 45.60 52.79 1.61 -
1= 44.06 22.28 33.66 -
E1a=nsl ¥4y 2% 13.50 18.09 68.41 -
3F 5.67 12.24 82.09 -
15 69.05 25.20 3.05 2.70
7 A 2% 27.83 46.00 11.18 14.99
3F 12.16 45.15 16.05 26.63
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kyu, = F, + Fy + F, (2.24)
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B o]~ 9
Ao - LHel L - W32
15 25 35
1 X X X
2% 0 X X =%
39 X o) X
43 0 0 X =4
Atste WAlS T3l oAl FA4S o] 83 eigenvalue analysisE 3l TEREY
EYPFES FEoA, ol 4 AXME SAHFE ZAFe) vlustATh 2 E4AIUE o g3
A PS4 7, MIDAS, LDSEHEH 42 RS <9 247> o] Hlwstth
- . 34 - [ -
24 |--A-MIDAS_20d 24 ——:——;%A:fizadd ' \‘r A
B | Caromm s gz & brmiand
- -N;rmalized Mode Shape 7 - -NormalizedMode Shapé V
(a) =AU 2 1™ (b) EZAUElL 29
34 - /‘ 34 - /,A
i N 7 e
24 —:——:ﬂlgASdndd / - 21 b -
g ® LDS 2nd ! \ ‘E T
g o § | |
1 /A /,,A - " + .
e \ |
0 - T T 1 / T T 0 T T T‘ T T :
. . T\.I‘orma]ized Mode Shap.e . ) Normalized Mode Shapé V
(c) &AL 39 (d) =AY 2 49
<Y 247> AU o & T4 HIVIHOE FE2HE REFY vl
SR E7E 71 <E 221> A E vie} Zo] AEHE TAAS AFHHOE HUL
sto] £AEE WL B 4 A3, SIS AFE) SFANE FAY & Aok
<3 221> SR EIL 7IHE o83 &4 A FAIHe A
£ AU L | Stiffness (kN/m) | Damage | Stiffness (kN/m) | Damage | Stiffness (kN/m) | Damage
1 5542.1 O 5845.3 (0] 5768.5 -
2 55894.2 X 5284.2 (0] 5273.14 -
39 5877.5 O 56475.9 X 5858.8 -
49 55476.2 X 55431.6 X 5672.6 -
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Hh S8 3 2-6-O: 24 E T ANELHIE 71E AL

(1) AXEAG 71718 A9

A=A 7= A Ro] AZE YA ddE = A A E4 (economic loss)ol L {1 T
&l (casualties), B77]7H(downtime) &3 Z2 Aol ot AZFE| &4el digt 23& H
7l A& 23t 1975'd US Nuclear Regulatory Commission®l] 4] Reactor Safety Study!0O¢d
TE FYste, A8 Lo A FEo g A7, FAA, AEE AFEE BUES
71 ANZEEEHA AN ELRG 7L AR o] & ST e thell4d 1978'd Cornellal o
oa =il HIAM. <I¥ 248>F AWl AEAH I AAH S YERAR Aol A xI&

A7 AL GA v 4gAE FEET.

O Hazard Modeling: AAF71¥E A ZFx P NEE AASA, Ad5=9 Add #& A

)
lo
N

oY
o
S
N
E
o[N
[11 (]
fd
A%
et
D)
[-'E

& 27 (e.g. design spectrum, earthquake data)
O Inventory Modeling: 552 FZA2H, 2, 85, AMSdF To 2 Fx24 & HF#

zAo) mele AR

rpr

ol

O Fragility Assessment: |3 %= hazardol] g AFE2] &4H 7}

O Loss Assessment: <730l 23t A=F29 HAAAEA, AHIs, 713 H7}

[

Earthquake ] )

+ [ Economic value ]

[

Aftenuation ] :-—[ Ground shaking ] Economic loss ]

[

= + Physical Damage
Soil amplification ] ] [ Rty vty ] Casualties ]

[ Economic value

i . T T IR s ity

<19 248> YukzA el A W&AH s e 7Y

P(Loss > x) = Zf P(Loss = z|D= DS,)P(D= DS|F,6,a) P(F5,dlS,) P(S, )dz (2.26)
5,

10) WASH-1400
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2l (226002 1Y ANEALRGIE A S FHo2 FAT Aol AJA= S0l s A

S50 HAE = B8 F R 5, 7SS a0 EAS ASFE2] &% (damage state, DS)Ol
EEs W, THEHE E(oss)S FEHOE HUlske Aotk &, AXNELAHIME 3
st7] 9l 919 Ao 2HH 7 FESo] FEZXOoE Y & dojoF It

< Wrtste WHoE FEEAT. A9ds] AEAES Friste e AFE stustuE
Fotd 2dlg7I e o83 A= sHStA ¥, AF5EY FERA2E, &5, 75, Y
A met AFES &35S (fragility function)E A olsle] A EAS Hrigt), WA,

gilof A =28 Hrlsh= W (system based method), AEE T X237 W
2 A=Y F2A 9 vFEAg 22 RAEEAA AFELE BIEEE W (component
based method)Z T2 F Aot <& 222> 7IE AIELH7E HHE &) BT A
ojth, B Ao A= component based method 5 ©|= 2] FEMA P-58 WHES 283l 7

FAHIHE o83 FudFEo ANELHIME A8t

e

<¥E 222> 7|& AX<£=AH7 FHE AL

Loss
Estimation ildi ife-li
Tool Intensity Measure Region Building ST Availability
Level Economic | Economic |Casualties|
Loss Loss
ABV (Assembly-Based
Vulnerability) Component . .
. ... |Spectral parameter California 0] X X X
[Porter and Kiremidjian, based
2001]
EPEDAT (Early
Post-Earthquake Damage System North
Spectral parameter . 0] (@) 0] X
Assessment Tool) based America
[Eguchi et al., 1997]
HAZUS-MH Spectral parameter] System North o o o o
[FEMA, 2004] Seismic intensity | based America
LNECIoss System
Spectral parameter Europe o X o X
[Campos et al. 2006) based
MDLA (MATLAB L .
Seismic intensity
Damage and Loss Component . .
. Structural California (@) X X O
Analysis) [Muto et al. based
response
2008]
Seismic intensity
PACT (FEMA P-58) Component| North
Structural . (0] X (0] (0]
[FEMA, 2012] based America
response
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<X 223> ANEAHI O AEFE BTFERA ZR

Interior
Gross Exterior Roof artiti Tile Til Ceili

- on ile eilin,
H3 2 =] Z4 area wall area P floor &

length wall (m) (m2)

(m2) (m) (m2) (m2)
(m)
3 xg 4 3121.2 1346.4 780.3 573.4 246.6 143.4 2965
5 x3} 2 1377 596.4 688.5 253.0 108.8 63.2 1308
12 =4k 3 3304.8 1413 1101.6 607.2 261.1 151.8 3140
16 BT 3 3304.8 1413 1101.6 607.2 261.1 151.8 3140
18 ks 4 4773.6 2037.6 1193.4 877.0 3717.1 219.3 4535
<E 224> B5AE BFANE EA
B A g <=4 ‘-::1 % El

Station ARAAAA T #FD) 133 B5D) AHEA4 #5L)
MKL E | MKL N | MKL U | USN E | USN N | USN U | DKJ E DKJ_N DKJ U

epi_dist.(km) 5.89 5.89 5.89 8.23 8.23 8.23 22.15 22.15 22.15

PGA(gal) 282.2 291.3 172.1 433.7 383.2 221.6 84.6 98.5 71.0

Sa(g) 0.828 0.827 0.855 1.753 1.568 0.783 0.288 0.292 0.188

Sd(mm) 13.591 16.626 4.509 19.133 11.481 7.351 4.998 7.651 6.352

gud%Ee] AWELRTE A, $HH R AAAFERIE FASAT. AR
=7} OpenSees A RDL 0] 83 ZEFHHAL Fo s35AT ZEF 244
A X 9}+8] PGA (Peak Ground Acceleration)s 7|2
BE scalingdte] 4 FaEPT. 2 =9 =704

4 % (PFA, Peak Floor Acceleration)E ©|&3te] FxA] % H|FZ2AS ANHLEE H7)s)t

HU

0.1g5E 0.05g7t4 0.2 1.5g7kA A

L

B](IDR, Interstory Drift Ratio), Z 37}

k. <¥ 2250 FYE ANAFEIHORRE AAELE B A FRA 9

TZA 9] loss estimation parameterE ©]-83t] XX EAF7ME FY5HA T
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<3t 2.25>

A ZE4E H71sk7] 218 loss estimation parameters

Building Component

Unit of Measurement

Mean Repair Cost (¥/unit of measurement)

DS1 DS2 DS3
TZACIE, B) EA 2,300,172 3,645,325 4,360,324
R R m /100m> 233,200 604,998 2,173,876
(e A) m / 100m’ 311,175 ] -
U H (BHY) m / 100m’ 777,331 3,296,747 -
7 m? / 100m? 280,500 2,188,496 4,726,505
1A= nsl ¥4y m? / 100m? 72,149 121,465 -

SAZE U ANEAGs} ARE <Y 24957 2ok

A I™A A=S

PGA=2.5g| A = damage ratio”} 50%u]<] <!

e & F Uk ook & AL BAF olfr= AFANIte] FAo] @Fr] Fr)e
Aol Wol xgH o], Edol FFHES F F=A B BFEAY £ A TASA &
W71 WZolth B AFAME <I¥ 249>¢F Zo] AEFE9 fMRAAARE T4 2
Hl 72 AgHEA OE AJELS H71E 5 e 7IHe FaAEE £ studd ¢
wASEol s &8skt
100
—=— No. 3_Analysis
—— No. 5_Analysis
80 4 |—>—No. 12, 16_Analysis
—v— No. 18 Analysis
60 -

Damage Ratio (%)
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3. WA 3 HAFRE DA ALAVE YA SAS AL

7t 94T 3-1-D: AQN A Hlo|ElHo)l A 1=

(1) AR gafAH claim data?] & &%

_,d
=)

BTS 32 =&

20161 99 129 WA R 589 AFANI| Al I AREHA S FAFS] A
7ol 28&E DBTH< FdsAH. Ao E AgATIIA)] I GARF ] A
B claim dataS F3) A& Yo) ) DBTFES IF3AT A& d0) tid DB
= 3 AFE9 &4 AAE FHst= AEE FolnR EAAS FA = YHE
of wgk DB7F F=HoloF 3t} mEtA B A= HAA A& ESfiALA i

ANELY DB Bod F53 E43 AZAA 77 A FES <F 22629 o] =

<¥® 226> AR£A DBFE I E

ALY A HYEHE
1. ALLALS At A A B =9 ()
A3l 191 ) 2BE 4§%ﬂﬂ(%)
TE/EE BEH7FN ()
3. AEML AFd= _ .
AEdAA Edel ()
4. &34 (AR
5. 371 9 &5
51 BE47H&
TZ 45 AA7HE 733 d = A& A (m?) | 75X
Al
BT 7
52 AZE71Y 2 BRI A
T s 2 (m?) S7HE) =4
<=3 AHH] =49
Al
kil A uk2) v
o] &
Al
EA= A
B3 7t
53 £33
T =3
=] v] &4
Al
ekl
A
A
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shibe] ooz Ao

bR o
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o=
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Cla=hen

[
A& 7H T Copulas “Ad ol

e
712 Rl 24, 19951 Sklarell o8] A& AFHIUTH Sklare 2712 A

=
T

7hgrell wet 7

[€)

=
[e)

o
T

al

A

Aere Wzt

q]__

I 28

9]

woke] ATolA Copula & AHE

(4}) Copula &<=2] 2

<471 %
—{]__

=
01:

zg
oo

o

4
B

(2.27)

Ao RH A

CUEF (2,), B (,))
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(th Copula 9] F4H
Copula T<+E AH8317] Yollxs 1 g9 FE3 Bx S Lololsix| v, A& B
£ REE A= HolH o #N ol Ae% Ak vlolHe ExE A & F gls W
AN E By F8E Tl HolHY & A& By FARol= vESFEH W

t@.
A PR UHm, olRe dolHe] mie] 54 ¥m JEAs gEAd ue

MEsd 4o dolee] REE w2k Ao BEIT nle Wl sl TS b

n 1
e e e — )= . . 2.28
C( T’ ’ T) thzjll[xz <z oz, <z, ( )

of &= Fox HeolHuts Z8stdi7lel eA7t EAetA =t ©] 4% Copula &

&3t7] S8l obfe] A& Tl o2 A< Copula T T HA Copulas A Es}

t Ik (2.29)

@ 557 37
B A A a4 37HAE vdo H--FAH, IFM(method of Inference Functions
for Margins), CML(method of Canonical Maximum Likehood) 7} A o]t HSFALHLS &
At 248 FA438H7] 98] /M 8ol 25 WHOR oY 4o FI RyE ot

o,

T
L) = Y InC(F (5¢,), -+, ) (! 30,):0) + Z Zlnf ',
i=1 f=1i=1 (2.30)

0= argmaz L(0)

ol HSFALTHLE FHuE ¢ FE Lolok Ago] shEdl, o] ¢ FE LI

& A-&st= WHol IFM3 CMLo|th IFM2 Hlo|H ¢ 327} oW 34(Gaussian, student-t,
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(2h) Copula 2] 2 &

2016%d 9 129 AT AFAROE QIZF &4 &4 HolHE AZED FE T3
AFstaz doh &4e deidle A5E F2A 9 &4 vEFE2AY E4Y/F F=2AY
7HA)E AFESER AL, EAS AEY &4 HEXEY S4Y/F A=Y 7HA)E ARESEAT
(TEAY FTH/AE] FA)ol deEritt 2 Zol7} itk 7HAHE o, o] FHAAA RIS

TEA EA A= &4 ZE8A 2 LA EHA d

(e (=X C] Zfo| 24l Ago| £ o
= |72 E—;ﬂ l%-o; — { 24
N - N
- Ao B I I
AAl ral=pel ‘ (AZO &= i E'E" A
e L aa ) e || TR s E}
<" 250> TEREY &4 EAHA mE™
<E 227> BAFAR FERA E40 F =LY v
AEHS TZ2AY &4 ®) A2 &4 @)
1 28,134,792 358,196,047
2 5,814,717 10,647,097
3 12,150,000 94,936,149
4 2,739,662 3,082,717
5 2,203,641 3,464,625
6 3,859,350 11,197,833
7 4,049,936 7,740,706
8 1,727,178 1,943,452
9 398,400 398,400
10 10,727,772 11,058,081
11 14,403,709 16,189,769

R Z2IHE AHEste &3 &4 HA Copula 45 Yebd 23 AA Copula T

Gumell Copula &2 AF &4<2 Tawn Type 2 Copula T+=Z AAFHUG. 5243 B =Y

rr

flo
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olej e} 2t

Cluy,uy) = uyuge

log(ul)log(uz)
log(u1u2)

<3 228> AA delHs FuaA FHo AT FE vl
Copula Real Data Error
1 1 0
0.6675 0.75 0.09
0.1531 0.1667 0.01
0.0352 0.0833 0.048
0.0257 0.0833 0.058
0.2407 0.25 0.01
0.4458 0.5 0.054
0.1430 0.25 0.107
0.3271 0.4167 0.09
0.4228 0.5 0.07
0.2142 0.3333 0.119
0.8621 0.9167 0.046
Agel &4 FE} FaRA £4 88, b WFEE FE Copula FFE Gumbell
Copula &<E WET. E=3 o] s S8 73 FEXRH LA FEULS FHH
o] A& YERHATH
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T o]
52| FYHI &S ALE3IH oH, AlEFolAr|ut £A%= HAZUSE ©] &3ty &3
of AA AREAGHolHF a4dHEE AHEFHo] A Fu HA FEujLo =z A FH o
AAA, ST 2-6-D (LR 53 AREAH7E 7[H)A AAEH AFE 94dE

71N EAFFE ARSSHA @A, HAZUSS| AS& A=’ 7bl S48 ARt
b Adel® 7IHe o83t dulolE skt

() AR o3 studSE 2l

EAGgFY TMEES ARE, AEFLS T8 B E(repair cost)= T A H] 8-(replacement
cost)Z Ui k9l damage ratio(%)Z A2l E 7] w&Eol, AFA R o3 stuHEFE] Fg
85 X9 F=o thgt damage ratioZ A 3IH T T FE2] replacement costE 4F
Astz] feld S 2 WA g BRI dgstnw, AFA o E4AHlEE &

He ASE2 & 360AY, S 3 Add iz ZE7F e 18709 ASEl uiR

[l

O (

y

damage ratioE =EATHDIY. EF StwASEo| fX|o] wE HARIIEEe} ~HEL
7HEEE USGSE| HOlHE ol &3te <& 229> A3ttt
<3 229> 1871 FuHdFE Ui AFUHAE L damage ratio
No. Location Num. of Stories PGA(g) Sa(g) Damage Ratio (%)
1 Yangsan 4 0.05 0.12 0.340
2 Yangsan 4 0.05 0.12 0.319
3 Pohang 4 0.06 0.16 1.081
4 Ulsan 4 0.08 0.21 0.102
5 Pohang 2 0.08 0.22 2.219
6 Gyeongju 4 0.09 0.23 0.201
7 Pohang 2 0.09 0.25 1.361
8 Ulsan 4 0.10 0.25 0.322
9 Gyeongju 3 0.12 0.26 4.849
10 Ulsan 2 0.12 0.29 0.783
11 Ulsan 4 0.11 0.29 0.677
12 Ulsan 3 0.11 0.29 0.578
13 Gyeongju 2 0.12 0.30 0.070
14 Ulsan 5 0.11 031 0.146
15 Gyeongju 4 0.14 0.34 0.580
16 Gyeongju 3 0.15 0.38 1.413
17 Gyeongju 3 0.18 0.48 0.652
18 Gyeongju 4 0.18 0.48 1.044

11)
12) %

A4, sudze gAY 2
274, 20149 3FAHE



(2) HAZUSS| &437 IHE

HAZUS-MHO| A B 7}38}= economic losst&= HAE=E £49

=

2]3k direct economic loss®} &
ARAIZE, DA 58 183 indirect economic loss® UirTh . Ao A= A 2o 2|3k
2 A4 1H ¥ direct economic loss¥t H7IE 3
repair cost(Te|H-&)= “F o5ttt

Repair cost®! total cost of building damage(CBD)= % 33709 occupancy classol T3l 2

Ol

1S, direct economic lossE

32& o] &3l ALtAT gl FES occupancy classt R2HMAZ, StudFE A4
<= B7ksk7] Sl A (2.32)00A =32¢€ AFF-E St "o

CBD=,CBD, (2.32)

Occupancy class i9l & total cost of building damage(CBD)= A2 2]4]-8(cost of
structural damage, CS)%} HIFZA S 28] &(cost of nonstructural damage, CNS;)¢| HOE
21 (2.33)3 o] ALk

CBD, = CS,+ CNS, (2.33)

TZAY 2882 occupancy class7} 1%l AFE©°] EA 3 damage stated W Ho|H =
TZ2A FERE(CS, ) FeE A (234)F Zo] AMEH. HAZUS-MHO A= 24 9
damage states % 5T 7l(none, slight, moderate, extensive, complete)Z T-=3}3tTh. 2] H]&-9]
U A =] = damage state= nones A 9]k

F 49A|o|E2, damage state”} slight(ds=2)%-F]
complete(ds=5)7kA] §ato] T2 FEH]§& ALz,

CS = Y C. (2.34)

ds =2

7} damage stateo]l W™E FAS FEHIE, OS5, ;2> occupancy classell Wt A oH
building replacement cost(BRC;), 2} damage state®] w3 FZA £go] AT &
(POSTR,, ), 3l damage stateol] et T-2A 2] FEBI-&(RCS, ) w2 24 (2353 2
o] A4kdAT.
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k)
yal

(2.35)
(2.36)
(2.37)

3

ted elnl&
B(CNSA)F AARIZE vl G240l o

°

2l

S

e

9
yil

HTFEAZ T

b

1
A
-

e

1

u
R

Feq Al

9

°o]-&

[e)

=

5

CNSA; = Y CNSA,,

5
CNSD, = Y, CNSD,,

ds =2
ds =2

05(13717 = BRQ XPOSTRdez XROS{J&'J
wrzA et We)

ThEERZ WA e el
Z

}

B ATl AE o

H| - 27 2]
2 vl &(CNSD)= 22+ 2 (2.36), 21 (2.37)

damage state©l Tl

P
T

T
C
& 0 W
i -
G 5w
wo o T
< W ]
Y om oA
= ToR
% ol 2
o4
T o oy
s ® %
C o £
o A =
Q o
TS W =
5 W M_m =
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5 s
N it 4 b
T
i &3 2
W o
Mo = U |
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om % E
RV & alo 2=
J il 0 -
LM_M - o _M 2
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a s 4
A
o0 —
1 1 1 1 =
" e ol =]
VI g 2 2 2 g °
o) o <
o} o T (%) oney aFeweQ

Spectral Acceleration (g)
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<719 2.52> HAZUS=Z



(3) £ABFe) JUOIES 97 oAt WHE 9 Hg

Bayesian updating methodi= ©|&7}s3%F ARV} &4 A Q3 1A o] e
@ ForEAC QAN BEO)F FAshe AgHTh v A4 B39

74AQl AR} YUhE, B4E 4 (238)2 EHFE Bayes’s TheoremS ©] 83 423 (update)

o

f " Pelo)f (0)db (2.38)

— 00

fl

AZNA )= AR ZE L =8 (prior probability density function), /()= AFESELUET

“~(posterior probability density function), P(e|f)= E7F 0 du] AA doly 7} &

B 5oy 7teAS YE= =35 (likelihood function)®]t}. EHEX O 2 =3 4+= L
0= eI,
HE A4 HolE] e BEA xl, x2, . el ZFOIDE, o] FEAv} BT XZH

FEolgt 7HAdYgH #AZSA & AW FEE =5 (probability

H & F v 744
density function, PDF)Q] fx(x)2 YEFE & Utk =3 Fx o vz
AAGolE] 7} #=E FEQ P(e )= 2 2392 HYJT 4 At

Plel0)= ﬂ Jx(x;10)dz (2.39)
1=1
=3 woF ARFGEUESTFI} @) sHE, A (2.38)0 Wl AFSEUETSFE ol

f'(0)ao

m £yl 6)da
[ [ﬁfx(me)dx

—ooli=1

=kLO)f (6) (2.40)

J0)=
f'(0)ap

A71A k= A3 AL, LOE SEIFFE 247 A (241), A 242)2 AP

- { [ 1:[1 Fola0)f (G)de} _ (.4
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LO)= H Fxlz:10) (2.42)

o M
B A
b

o
P

Bayesian updating methodE ©]-&3te &AITE HulolEsy] A= s

(R
Lo

2

A7 5o wE damage ratiod] XS FTAFHOE FAHIIHoF It} USGSOI A
A3t AXAEE & F Ae T AFEY JMFe 50347001 A, o] F ~IAEYV}
0.10g7| k1 S == 408070+ Hsi7t A9 gk AGd F Jorg A3t
St AdEE

ol &ste], A HEE O.IngZﬂS Uro] AFEEE o] 83 damage ratio®]

rr

HE-TFEETE 0.1g01 3] Studs= F 954789k E4duelErt gl

—
0
N

o
2 2
LN

<3 230> FudFHE9 AN WE damage ratio?] HTEXE AlF

Sa (g) Median loss (%) Sigma COv
0.1 0.317 0.00002 0.00702
0.2 1.651 0.00033 0.01998
0.3 3.738 0.00093 0.02477
0.4 6.256 0.00169 0.02699
0.5 8.995 0.00253 0.02808

10
95th Percentile
——HAZUS Prior
g | [—=— Data_likelihood

—* — Posterior 0.3
— & — Posterior 0.01

&, A Posterior_0.0025

.8 — +— Posterior_0.001 4
2 — o — Posterior_0.0001 ///‘

& . | 5th Percentile -

E %~ xf

— ! f

a /¥

0 Pt R I -4 —_—
1 I I I ! I 1 I I

000 005 010 015 020 025 030 035 040 045 050

Spectral Acceleration (g)

2] &)

<71¥ 2.53> Wlo| A ¢k PHO|E o] H&H o

b

rpr

o
v
o
Y
P
o
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<9 2.53>2 Hlo]X| ¢k o’ S H-8H =43 (posterior function)

|

sl 1ol A posterior F & AFe] o] = prior function®] HAZUSEAT 9 5S4 A(
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ot G4 3-3-0O: AHEAZIRE WA SRS A

A

b

(1) =475 WA

olr

G 2-6-D (LAAHE T AXNEAE7E 7)o E =2H A&7 WA s
A5 AA 7] 8, E Ao United Stated Resiliency Council (USRC)O| A A A 3}=
WXEdsH7E S 83T USRCoAAME AFES UidsS dHbda ##d
safety, 552 AAZ &4 BHH damage, D=9 57717 #HH recovery= 37}

A& B3l Brigtoh. Z2be) yrlrlEe Al RH O R Istaroll A Sstars7FA] FEEC] o, 3
g7l AEES WX A5 E platinum, gold, silver, bronze 44AIZ &30}

N
N
X
ook
u[
m{o

Safety o5 Az A F A& oF=E Uzts W, ARl &) B deA AH

< B T A 7hHeA S stk offet o] sEAE FEEH.

<3t 2.31> Safety rating®l] 3 WA 525 A9

Rating Description
1.8.8.8.8.¢ o B B ETAE AT T AFAE B A4S 7heA Y AY /e BH
% %k Kk o AFATE AR BAAE dE TheA S Furgt

* %k o AFALe] Aol @S TheA ol 3ukg

* %  ASFE e dFA A AT A THsAd o] e

*  AZFE] BTl g3 A== WQlolA AGATE BT SEo] w5
(4} Damage

Damage s H< A T F AEs sy A & Ads wFstr] "o Bt

b whA e o foldl AA el HolHE ALWTh Damages Azlo] WS A T

2 AFES Wt==d 83k 882 repair costE AEFE2] hAIH] 8 replacement cost®E
Uie B = Bt &, damagevs A AT 2-6-D (84 R T3 AXNELAETL 7]
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HelA =29 stuidsee 48 T A= s #helt.

<3E 2.32> Damage rating®l] thg WA+ 42

Rating Description
2. 8.8.8.8 ¢ o 74w gt 3): repair cost’} FAFE2] replacement coste] 5%W|TF
L. 8. 8.6 ¢ o 2RI E: repair cost’t TAF=2] replacement coste] 10%7]| Tk
% K o RT3 repair cost’t 5E 2] replacement cost®] 20%7] Tk
* % o Ol 233l repair cost’} FAZFE2] replacement cost®] 40%W] Tt
* o AE%53: repair cost’} A5ES] replacement cost®] 40%°]7%

(th) Recovery

Recovery®= FE4AF &frF T AYA7E 289 75 f&l A& 292 + A&
A 2 AZERD B2t thsl] WA 5= H7Fske A3 o]th. Recovery Rating-

23 FEE F¥sta Fo A AFES AASL Aol ThsErIZtAle] Ha Ate
BH7|= 3t o] S5 7lee &S] AT AEE AQA-E F e o A=

B ge] &4 mE AE, AHT A% FH 59 84T OFAE gt

<3 2.33> Recovery rating®l] o3+ WX A 52+ A2

Rating Description
ke ko * Immediately to days: AFEE°] A&E3HA AFES ANYE 5+ 3, 9F 820
Agfsta |A Yo A A5 AHLE + A+
1. 8. 0.6 ¢ * Within days to weeks: THNA 2 F Wl ASES AAE & F S
* %k * Within weeks to months: & oA 2 & o] AFEES AAE & & A=
* * e Within months to a year: @ 2olA d W o AFES ANAE & F A=
* e More than one year: FASE AALE0] HoAT I @ o] Agte] £289
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(2) Damage Rating 7]t

(3-stars) 2 FI7HES & 4 UTH

2 AdFdAE A4 H 2-6-O (84aHKR S AEAF7E 7))
o] AR mE EHYTE o] &3t damage rating 7|¥F Sl
BrLslE o A9 F=PGA)A met gl EE2] damage ratio©ll
7t A3, PGA=0.3gol A= minimal damage (5-stars)E TFSSHA|NE,

3t damage ratingS-
PGA®| R 9|7}

0.4~0.6g° A1= moderate damage (4-stars), PGAS] W7} 0.7~1.0gol 4= significant damage

<& 234> AFARAUIEE Tl Aol FuAFEe S/ YA SAS B}
PGA (g) Damage Ratio Damage Rating
0.1 0.176% 5-stars
0.2 1.145% 5-stars
0.25 2.412% 5-stars
03 3.472% 5-stars
04 5.640% 4-stars
0.5 7.696% 4-stars
0.6 9.599% 4-stars
0.7 11.379% 3-stars
0.8 13.079% 3-stars
0.9 14.739% 3-stars
1 16.389% 3-stars
4 ANRT B 45
il A = 8
Al A 3 A 3388 | L7
- (CTE) R R i A8 A7) A%
TEA
. NEE 850 e Z2EEY 2d /g 94%
ZX
1 g (RO ARAEE HelEdels P AA ARG A, ]
Auzere [© 2 HA AWVASE 3AF 2adR BT | DTE
= T RAHGE Hb o)W A
At o I AAGE B
FEASrE AAARS] BRASTE 75 Asaa/ W o
9 EREE [FE 72A 2 HFERAY E4E JUh 44
2 g A 5% ASE &= H7L FudFEY 72 A= | A 2
AZRELAH7E A R vl FERA] A E S AXELAHTE 7Y
710 A Es} AA
EEEaE :
8% A 2 ZRA R AR A Hlo]Ejdo] 2~
1A= B, - -
=. ; ine7| HE E3} A RE=AH7E7|H o x
3 /\]——%—Z]—ﬂ]ﬂ- =, Ba}‘/eSlan lilpdatlng ]lﬂ = o ] R E'lé7]- ] H /\]i\‘E‘ﬂ _1_. -“EH; 2
AL SudSsEe AAH 4718 WA ST A ol 3l
W34 5A ’
A3 A A
S
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U AFEH 74 58 9 24s
Fr B e 2 E(%) Bl 1
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Al 2 2(3) (22 AA)
SCI - - _
%j] ;Hf% HISCI 2 1(3) (G = s B g7 5
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=] 2 14 E =
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_ A SCI o
Lk =2 seAy | 3 =y ANY |52 Ws
) 8 ) 18 paRe ik (SCI/HISCI) I

TEZASTHE BF o
ZE AEHe R 3k 2017.12.

T s ;4 AT 2E S AR 30 j 1] SCI 1229-3059

WA sH771E AN

Mainshock-Aftershock

Response Analyses of _

P Y Engineering | 7] % 3] 2018.6.1

FRP-Jacketed Columns o | 165 G = SCI 0141-0296

) o o Structures | A A| £ 5

in Existing RC Building

Frames
Development of
Marker-Free
Night-Vision —_—
Displacement Sensor Sensors | AEF] 18 29 SCI 27’ " 1424-8220
System by Using .

Image Convex Hull
Optimization

Experimental Study
and Analytical
Evaluation of

Rotational Constraint | Engineerin _

£ 8 nz3 165 9= SCI t | 0141-0296
on Steel Double-Beam| Structures

Systems Reinforced

with Beam-End
Concrete Panel
Sy
2) 3 2 FATE3 Y TR
EES W T EBEE wEA BE A | B | =9
Seismic Performance Assessment
of Steel Moment frame with
. . o Rhodos
various type of steel connection COMPDYN 2017 8+ | 2017.06.16 land Greece
islan
designed by Artificial Neural
Network

AF2AEGY S o] & 72E 2017 F=FANF 3] 735 _

e HY ; = ) ~© 2017.09.15 | _ o |@m =
Qe FEA 84 8} 22 3 5] Yesd
A&k Wste] e 20179 FIFAZF3H3] 735 .
ldsts el skl @A 2017.09.15 | _ ° 1 |di@e =
WAE 5 G} o} & 3 5] PR

AXNGR FAH By &9 2017 HFES LS -k .
e A ° o= o 2017.1020 | o gl =
oko] thE AT 3784 3] L

%ol wastddl G A3 e 5
zuﬂ c zzo 141%1;&*40 | @wEae e 2017.1102 | _ 7 R

RC BEHIE =% 8587 Ao sz s o8
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e 8 3= EEEE BEA BE AN | AR [ =9
A=A g 35 2017 FF
5783 ASZAYE FxE9Y | AT 2IEE ASE| 20171117 [EHA gz A=
AQAGEA ) B AT AEHEA e
FEE HARD des} 2017 F
AfFESF AGdael rAe | AT EEEE EAE 2017.11.17 |(ERAZE AT
Pt & EAY E
FSAHCIHE 283 4% 2017 &
AIZEWUE Zx9 HFR AT EEETE]  ATF 2017.11.17 EWIA YR @R
EFEd AA I B AT SedEAYA E
_ 2018 FELATE | R LI
AR A AL EAEA _ _ W9 2018.02.27 _ Ll
= ] ]’—J— = o™ 1 Q]’%%EEH:Q] =T %Eﬂ‘g_}_]—_\l ﬂ] :—‘iL
&SN HAE e 2018 1)
ATz WALA NE FFALTEFRI olFI | 201842 0 :m o gl =
A A7 =03 T
R RARARRG L e s 2018 re)
AoZazeF2E FHALTEFHS AT 201843 O gy A
FF=H 7} A7 =1 3] ST
35 A FE=9 34 2018 )
el w7t S7bEE Mgl | dmzsdTEEss] EA4E 201843 Hﬂiﬂ:ﬂlﬂ o &Rl =
A= IFHT A71stE 3] ST
The Hualien earthquake of ) ) e
Feb 06. 2018 feld COmputational Design A4 201844 2 o5k =
ebruar , . fie . ) ) 2 4. =1
. . Y in Engineering 2018 = A A A E
investigation of damaged structure
Successive seismic performance co tational Desi 29
o mputational Design } el -
assessment considering structure A8tE | 20184.4 gl =r
'g in Engineering 2018 ° AWl A A E
damaged by mainshock
7152 S rcE 13 5 5
R(l:jﬂ E-L_:/]zg] A x]v]_;HEi_}:I: 2018 k=2 Ae] B3 gq o) A 2018.5.3 2 o gkl =+
I st o BRE L E R R
R |
o|=1H 3TFAIn Zzo B gX
]gx% }\i; }jjyﬁjo _?,]fs].—r 2018 k2 e] £33 A2 2018.5.4 ce o 3l =+
L_v—Av——(?—L—E‘EE T %i%tﬁﬂ o o oI Zﬂqﬂﬁ/‘\lEll o
F3ea 34
A4 ANBE AL 98 A7 2018 FF A £} 2d
o e AW 2018.5.4 y =k
Aok FH AP 2 sy 2404 4 ¥
. . . The Westin
Fragility Analysis of a School 11th National Los
g - Bonaventure
Building before and after Seismic Conference on ATt 2018.6.26 Hotel & Angles,
ote
Retrofit Earthquake Engineering . UsS
Suites
. . . The Westin
Experimental Evaluation for a 11th National Los
- Bonaventure
Novel Concrete Masonry Wall Conference on FHAA | 2018.6.27 Hotel & Angles,
ote
without Mortar Paste Earthquake Engineering Suit uUsS
uites
. . ) The Westin
Successive Seismic Performance 11th National Los
) - Bonaventure
Assessment Reflecting Damaged Conference on A8+E | 2018.6.27 Hotel & Angles,
ote
Structure Earthquake Engineering . UsS
Suites
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