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Abstract

The National Science Council and the Department of
Industrial Technology, MOEA, adopt the HAZ-Taiwan
system as a decision support tool in the seismic disaster
mitigation and loss estimation in 1998. Analysis modules
of seismic damage assessment and loss estimation as well
as collection of relevant inventory database and analysis
parameters are the bases in development of HAZ-Taiwan
program. It is also essential to test the software modules
and to calibrate site-dependent parameter values, in order to
simulate earthquake scenarios more accurately. The main
purpose of this paper is to introduce the methodology and
the related researches in HAZ-Taiwan program in the
aspect of seismic hazard analysis, soil liquefaction potential
estimation, fragility analysis of buildings and bridges, and
direct economic loss estimation of buildings.

B

5 P B4R 2 ‘?{Tﬁﬁ?ﬁﬁﬁrﬁﬁfllt’ﬁbw[ﬁwﬂ
+ = FJ]:% HAZ-Taiwan =5k » [EEL 2R E‘L’?E
PRI 1 o BB IR (050 PP R o
Fog F'lizﬁ%l HAZ-Taiwan 5ffUELRE « tﬁblﬁfﬁgj}—?ﬁﬂz*ﬁgﬁ
ﬁiﬁ‘—f}ﬁi‘ﬁﬁﬁﬁ"*%fﬁg' I puz "‘ﬂ%?’lﬁﬁ"ﬂ ~EYiEE
L e RN s
HYVEIZ o AT PPV A1 S5 VF’ HAZ- Talwan TR
SR B TR~ A
S I3 B SEN FOA
e

j[ﬁﬁj

1. HAZ-Taiwan f{ i}

M A 2 EREE[FT %’7 FIASE PR 32 o
F'\[ ERECIFEE [ES"F"T’F_EBEFW%%‘E?EH‘\FQ I‘Ff[—F?ﬁ
HAZUS ° "1#@E[|77—JI"§FE‘3:E3]‘:F ) /J 4“‘& E‘aﬁqlﬁj
Risk Management Solutions ’* fi 1% Ef; HAZUS p455 ff7
R R [ PR AR ) AR
5 A e T OB R
o M E R HAZ- Talwan o

s

Fgf{ FREA b FAI e = g %}FJ%? [ﬁlgéiﬁﬁd
RS 20153 AR T Y
08| ER MR B AR R S5
553 BT ﬂ #ﬂ B s L AR A
T, 5 l[—:[»[ FAERE 585 T [ TEH*E@FU
BT ol e SR T
FLIBSEP AR PR MR B

Eh— e SR PF;I%F ﬂ\nﬁj*ﬂﬁﬁ'[—di AR o
T Il Ay B i o it F#E T Rl



14 o B T

¥ R R
|3 3B — | 3 Rk

B L
I Tl I e o
2Ry |[2exs | @in| [ in
I 2
AIELERAS R g R
y v v ¥
‘kg‘ ‘ﬁ‘ﬂ#"‘ ‘kﬁé“HWﬁﬁ“*Hiﬁ-@?&:}ﬁﬁ‘

¥ % 5 AN 4

& 1 HAZ-Taiwan ¢ 3" ¥ {20
Fig. 1 Framework of methodology in HAZ-Taiwan
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Earthquake Events Used for Attenuation Law Regression
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Fig.2 Epicenter of earthquake events used in
attenuation law analysis
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Table 1 Coefficients for the Campbell attenuation law

Case b, b, bs by bs

PGA 0.0036944 1.7537666 2.0564446 0.1221955 0.7831508
A\ 0.0097360 1.7348416 2.0857212 0.1136533 0.8003162
S 0.0027914 1.7730463 2.0419005 0.1154175 0.7713924
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Table 2 Conditional liquefaction probability under seismic magnitude 7.5 and ground water depth 1.5
meters, threshold of PGA to induce liquefaction, proportion of liquefied area, and settlement of
each liquefaction susceptibility category defined in HAZUS

AR P [Lsc|PGA =] (PGA), P Vgl (m)
i 9.092 - 0.82 0.09g 0.25 0.30
il 7.67a - 0.92 0.12g 0.20 0.15
fli 6.67a — 1.00 0.15g 0.10 0.05
B3 5.57a—1.18 0.21g 0.05 0.02
Hi % 4.16a - 1.08 0.26g 0.02 0.00
= 0 N/A 0.00 0.00
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Fig. 7 Liquefaction susceptibility category map
in Taipei city



20 BB TN T ST D N -

(a) F B[O S B
(a) for each circular region of borehole

e [ SR

(b) I'JFTEIES ]E&‘fngufm“;rr—&;;lﬁju

(b) for each administrative region (chun-1i)

& 8 Tl HFE AR
Fig. 8 Liquefaction susceptibility category map
in Taipei city

33 RIS
PIERS e Y M

FER L SR (AR A AN TS
FOT ST BAPLAT PGA Bhk W=l PLEYRY
%’@ﬂ%ﬂmf@ﬁ@W%%T&¢@#$Wﬁ
il o G PYRHIRL 7.5 By R BOE LS A PUIRRE
o PR SRR Py o ST PGA AR
CIRERNE e ﬂj%éélﬂ_'ﬁf?“rfﬁﬁ'lfiﬁl AR 3 B
Ao PRI R o i TR > P
PGA pu@[fjrﬁ o FUID A - a3 3 o

WP 3 it A0 ST o T BB pAs
;‘/ P, 38 PGA JURERHIFl - Y pvEER =T

A PR B AR [ o [ i 528

R Ia=N: 3 SV R 1 D2

l@?fﬁ[hgf’@‘ﬁlﬁﬂ (™ i’?“:f ?“Eir P =PRI
1 PGA FlJrjﬁg[ FFYp
P, =(aM+B)a+y (6)

il M A a 55 W SR PGA > o~ B A1 yER 3]‘
Y REe ‘< e (™ %TW@‘?%IH[ AL L A 8 5T MR

”OL B Ay %m"i4° r;{:j { | BB (R N
W#mﬁ$sﬁmr@@EWw&IW%m
I
(PGA), = YET (7)

EatiEoilk G E"'**B%*f“rﬁ@'ﬁ [ 3k (= AT R
e FUOAIF (7Y S)fE " BRA IO -

4. Bng e T m

4.1 *"‘]7‘ PR I F W

FIEB AL ST (6]« B (S
gx@j_l/@’#a:; F;,l Iy ?ﬂj—c B 2 % 4 T '”'ﬁfi;ﬁn JH’E:\
,?[ ER o H o R T R l/,%,ﬁ;ﬁ i
IR ) S Elw“k H et J = Rl
4% 61 '/é"flif‘fI'Jtﬁj > [y e A R

10 = 15 TVE All;-f blapw —&@ﬁ,: L e
ITJ T [;’{:— A AR AR AR 0 F{J
IR VAN NG RC]%] WY f}%ﬂy[ ] 1/2B ﬁ}%{t b %{Bﬁzjf
%I S NE Pl%[-{;pﬁgﬁ[g“ﬁﬁ—] [/7"\{ ﬁlz_P ARy
ERCE PV ARIER]ZE > T PIRTE 9 HlFfm e
LU PR PO BRSO 10 fl
mﬂwwwéf9+bmw*@mﬁ@@w@%w
BRI« DISHCPRS, -~ g ) e i)

—sgt It i’[[ﬁ?ﬂl 11 H[Fﬁﬂ = P[fl °



S - BRI - W QTG0 B HAZ Taiwan FIEETEHHILRE ffFk 21

A3 YT nEEAGE ) B ek Ng" P hAn PGA *:ﬁ'?ﬁ" FARER L, i Bt %2 '
Table 3 Linear relationships of P, and PGA under different seismic magnitudes
Brgnesil| M=55 M=6.5 M=15 M=85
Wi 105.1a - 13.8 158.3a-13.4 192.54-9.5 282.3a - 11.1
E'IJ 84.3a—-19.2 125.4a - 18.1 179.5a - 17.9 236.2a - 16.8
H 69.7a - 20.3 103.3a—-19.2 146.7a — 18.7 197.2a - 18.1
B3 423a-13.8 73.2a-16.3 96.6a — 14.1 133.6a - 14.3
iy [ 25.4a—-9.3 48.1a—12.4 63.7a —10.7 87.3a—-10.6

*d4 RACHERE P AR MR YA PGA

VERF AR B

Table 4 Coefficients of empirical formula for
estimation of P; as function of seismic

magnitude and PGA

o B Y
i 56.4 218.0 -11.0
B 51.0 205.0 -17.3
i 422 168.6 -18.6
(% 28.5 115.6 —14.4
Hiy (% 19.1 78.8 -10.5
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Fig. 10 Typical plan layout of condominium and

commercial building
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Fig. 13 Load-deformation relations for different failure mechanisms
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Table 5 Damage states and limit value of building structure

Performance level Slight damage Moderate Extensive Complete
damage damage damage
Moment resisting frame 0.005 0.010 0.020 0.025
Moment frame with in-filled
Story drift ratio non-structure walls (L & M) 0.004 0.008 0.012 0.016
% ith in-
(%) Moment frame with in-filled 0.004 0.008 0015 0.025
non-structure walls (H)
Dual system 0.004 0.008 0.012 0.016
0.04 1.00 1.00
L 0.75 0.75 -
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Fig. 15 Distribution of the spectral displacement and I? 4 RCAIF 3 42 [I1I

corresponding cumulative distribution for
earthquake data recorded in Taipei basin
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Fig. 16 Fragility curve represented by exceeding
probability of story drift and demand
parameter PGA for a high-rise RC

building with in-filled non-structural walls
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