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What’s SHA?




E Earthquake Hazard and Risk
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B Hazard:

Potential for earthquake related natural |
phenomena
®Ground motion (V) PGA, PGV, PGD, Sa, la
®Fault rupture
® L iguefaction
® L andslide
® Tsunami

Key guestions:
®How severe is the ground motion?
®How often does it happen?




Earthquake Hazard and Risk

M Risk: Probability of loss to society due to
hazards and vulnerability

GEM (Global Earthquake Model)

TEM (Taiwan Earthquake Model)

TELES (Taiwan Earthquake Loss Estimation
System)




Seismic Hazard Analysis

B Quantitative estimation of ground motion at a site
—> Design earthquake (response spectra)

B SHA involves the following steps

[1Seismic Source Characterization: Evaluate all potential
earthquake sources close to the site
® Earthquake activity rate
® Fault slip rate
® Location, orientation, and style of faulting
® Magnitudes
® By geologists and seismologists




What iIs Seismic Hazard Analysis?

Two Components:

(1) Earthquake Forecast

logN=a-bM
Probability in time and
space of all M>5 events

(2) Ground-Motion Estimation

N

Experience Simulation
Intensity Measure Full
(PGA, Sa) Regressions| waveform
modeling




Variables that Influence
Strong Ground Motion

Earthquake Source Site Response (100 m)

* Fault Size, Slip Distribution,  Soil Depth & Type
Rise Time, Style-of-Faulting « Wave Velocity

* Rupture Propagation « Non -Linearity
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% Uncertainties in SHA

B Uncertainties considered in SHA

LA fault is active or not (include or exclude from further
consideration)

[1Possible magnitudes
® Rupture the entire fault or part of the fault
LILikelihood of occurrence of a given magnitude
earthquake during the life span of structure -- How

often does the earthquake occur? (earthquake
recurrence rate)

[1Distance to the earthquake source (location of source)
® Areal source (random location)
® Rupture location along the fault



% Uncertainties in SHA

B Uncertainties encountered when conducting
SHA (cont)

Variability of ground motion
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% Two Approaches to SHA

B Deterministic (DSHA) & Probabilistic (PSHA)

B Use the same source characterization and
attenuation relation
M Differ in the way uncertainties are handled

C1Deterministic: Pick a conservative value

L1Probabilistic: Explicitly treat all the possible scenarios
and pick the design motion based on acceptable hazard
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% Deterministic Seismic Hazard Analysis

B Make a conservative
selection of Source

Active fault (Late Pleistocene)

® Taiwan: 100,000 yrs (Taiwan,
CGS’s active fault map)

®Japan: 100, 000yrs

®Caltrans: 70,000 yrs

®Cal. state fault map: 11,000 yrs
®COE: 35,000 yrs

®USBR: 100,000 yrs

magnitude and distance

®Rupture the entire mapped fault
length

®Rupture %2 the mapped fault
length
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% Deterministic Seismic Hazard Analysis

Selection of GMPEs 1
] d' ®
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% Deterministic Seismic Hazard Analysis

M \Who makes the decision? How?
Consultants: precedence and expert’s opinion
owners
Regulatory agency
Safety/performance and cost

®MCE, DBE, OBE
B The level of conservatism iIs not quantified
Don’t know if design motion 1s reasonable
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Why PSHA?
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The “Worst-case” Ground Motion

B PGA of 2 standard deviations (o) above median
can and do occur

B But not very often e
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Motivation To Conduct a PSHA

B Need to back-off from the worst-case
motion and select a ‘reasonable’ design
motion

OSelection should be based on the joint
consideration of ‘rate of occurrence’ and
performance goal

* More safety
 More economical

OPSHA Is a methodology that provides
Information needed for such rational
selection
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What is Probability Seismic Hazard Map?
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PSHA METHODOLOGY

The probability (P) of exceeding ground motion amplitude (Z) in a
given period of time (T) is related to annual frequency of
exceedance v(z) by the equation:

P(Z > Z‘T) :10_e_v(z) T < V(Z) T < Poisson Process

T=50yr, P=10% -> v(2)=1/475 =-> return period 475yr

T=50yr, P= 2% -> v(z)=1/2475 -> return period 2475yr

N m; =m,, rj:rmax
v(z)=>" D Za(m)-| D] Pn(Rzrj‘mi)-P(Z>z|mi,rj)

n=1 m;=m;, r;=0

M There are N sources n=1~N
W/, (m;) is the annual frequency of n'" source in magnitude bin m.

Bm; from lower bound magnitude m, to upper bound magnitude m,,
BP, (R=r;m;) is the probability density function of n" source within r; while magnitude m,
WP (Z>z|m; 1)) is the probability of ground motion Z exceed z at m; and ;. 18



Lesson Learned form Chi-Chi Earthquake
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Hangingwall Effect

Strong Ground motion is higher in HW

Intensity map of Chi-Chi Eqgk.
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Hangingwall Effect

5 Hanging wall effect(Northridge) I Fault Rupture
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mM,
m M,
mM,,

Magnitude of
Chi-Chi Eqgk.
mM, 7.3(CWB)

BMw/.60r7.7
(CMT, USGS)
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% Scaling With Distance: Distance Metric

Vertical Faults

B Hypocentral distance —
outdated (X)

B Closest distance to the Dipping Faults

fault ()

surface projection of
fault — Joyner-Boore
Distance (V)

Figure 3. Comparison of distance measures. Souwrce: Abrahamson and Shedlock [1997].



Previous PSHA Model in Taiwan

(Tsai et al., 1986)
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Fig. 7a. Seismogenic zoning of Taiwan (shallow zone).



Previous SHA Model in Taiwan

6 (Cheng, 1996)
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PSHA After Chi-Chi earthquake (rock site)

Without Faults Consideration of Fault Activity
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Taiwan Building Code Revising Progress

1997
(before Chi-Chi Egk)

2000
(after Chi-Chi Eqk)
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Taiwan PSHA Model
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Flow Chart for Probabilistic Seismic Hazard Analysis (PSHA)

Source model and zonation GIS Data base Strong ground motion attenuation

i . Sa(T
« Active fault Strong motion data Site classes (M)
+ Area sources « Crustal earthquakes & A
+ Subduction ) fel) i
Ar{m R Bouguer anomaly Subductionzone earthquakes
+ Response spectrum attenuation
Structure relationship for period (T|~Ty)

Period T, Period Ty

Active fault Note : Sa(T;) is the acceleration

response spectrum of period T;.

DEM

my~msis earthquake magnitude.

Earthquake Catalog

Characteristic Earthquake Earthquake catalog analysis Period T

« Adopt M, magnitude | probability -~ P(Z>z|m; )
+ Remove foreshock and L/ Calculate the probability of
« Fault slip-rate . ground motion Sa(T) exceed z, z-
; . after shaock o using  reponse  spectrum
+ Bartheauke « Test for Poisson Model: attenuation relationship at
Occurrence rate period T, magnitude m; and
distance 7;

+ Source geometry

. + Test for completeness *
+» Max. Earthquake of catalog

Deaggregation Use logic tree method to handle the uncertainty of parameters and models
« Examine the contribution of every source to hazard Uncertainty range of hazard for 5%~95% Structure of logic tree
Structural period T
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EUR Eurasian plate
PSP Phillipine Sea plate

Plate Tectonics
In Talwan




Seismotectonic framework of Taiwan

(1900—-2007)

o 8>M>7
o 7>Mp>6
« 6>M>5
. B5>Mp >4
4>Mp >3 <o
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1.Central Weather Bureau(CWB)

2.Institute of Earth Sciences, Academia
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Geology of
Talwan

M Taiwan orogeny started at Late
Miocene and is presently active.

B The Central Range consists of
metamorphic complex and a
Paleogene slate belt.

M Bordering the Central Range is the
Western Foothills, consisting of
Neogene sedimentary formations,
and the Eastern Coastal Range,
which is also made of Neogene
sedimentary strata.

B The Longitudinal Valley located
between the Central Range and the
Eastern Coastal Range is the suture
zone between two plates.
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Earthguake Sources

. Earthquake
e Categorles Solirfez Goumstny Recurrenoée model

B Shallow Crustal Sources%

B Deep Sources

Regional/
Areal Sources

B Subduction Zone Sources

1 Interface sources
[ Intraslab sources <

B Active Faults

Truncated Exponential
Model

U Planar/3D
1 Sources

Characteristic Egk.
Model
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Shallow crustal sources (depth=<35km)# 25)
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Illustration of Subduction zone system
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Intraslab

R,

Interface

190km
170km
150km
130km
- @ 10km
90km
o ] 70km

"'2 &l S0km
N

Interface | (™3

&

eMWESTD @MwIOTS @Mwisso @Mws0ss

oMwWES-7T0 @Mw70-75

35km

123

@®1wisso @rwaoss



119° 120° 121° 122° 120° 121° _ 122° _ _
B R T | 2R L
E ey B 1857 . E A g
EFICENTER. MAF OF .0 .u EFICENTER. MAF OF

SHALLOW EARTHQUAKES IMN TAIWAN =T
1661-2001 Hypercenter Depth<=35 Km

# 3 B8+ — & (2002)

[u] &0
[ =

=% (Kilometers) a

DEEF EARTHQUAKES IN TAIWAN
1973-2001 Hypercenter Depth=35 Kim

25° 25° o E LB AL — S (2002)

u} 50
[ =
£ B (Kilometars)
o
=
aa %
o

B

A

éh J.? (§ L%}J& |
£ i - - 4 g
WA b
-3
i@ y
’
i
= " : )
= "
L] F L]
a : & 4
} g -]23¢ 237 5
B {¢ LEGEND B f# LEGEND
I M HiE M,
3-4 " 34
4-5 s 4-5 a
5-6 ) 56 ]
6-7 9] 6-7 O
s O O
(=l
1972&“20:11;@2 O FEEIS-SIRE ()
=
.| 1900-1972:FKH0E (O EEs0-RE O
- (M =5} 22° og FE0022 @ |2
1661-1899F A 4bE @ FEL0-1502E @
‘“"ﬁ;’;g ~ FE-1500E @

122¢



Completeness of Catalogue

Adopt the earthquake catalogue 1900~1999
Egk. Magnitude convert to M,,

Catalogue divided into four stages
(Yehetal., 1995 and Tsai, et al., 2000)

Seismic Monitoring Network
v distribution density of instrument
v'accuracy of instrument
(1) 1900~1935 : whole region M, 6.0 ;
(2) 1936~1972 - inland M, 5.0 > offshore M 5.5 :
(3) 1973~1991 : inland M, 3.5 > offshore M 4.0 :
(4) 1992~ > inland M, 2.5 - offshore M 3.5 -
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% Foreshock and Aftershock Removal
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Estimate fault activity / recurrence rate
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Characteristic Earthquake Model

for Interface/Active Fault Sources

fault01+02+03 in S04 fault04 in S04 fault05 in S05
5 5 5
Recurrence interval= 543 yr Recurrence interval= 1352 yr Recurrence interval= 567 yr
4 b=080, slip rate= 2.0 mm/yr 4 b=080, slip rate= 04 mm/yr 4 b=092, slip rate= 05 mm/yr
iy Mo =037E+24 dyne-cm/yr o Mo =027E+23 dyne-cm/yr i, Mo =0.19E+23 dyne—cm,/yr
a Char. Earthquake Mw=7.0 o Char. Earthquake Mw=865 a Char. Earthquake Mw=62
- 3 —_ 3 = 3|
o D Observed in S04 o D Observed in S04 o D Observed in 505
5} Char. E.Q. Model [} Char. E.Q. Model 5} Char. E.Q. Model
g g g
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Magnitude, Mw Magnitude, Mw Magnitude, Mw  § T T
fault07 in S05 fault08 in S05 fault39 in S14 fault40 in S14
5 5 5 5
Recurrence interval= 733 yr Recurrence interval= 385 yr Recurrence interval= 623 yr Recurrence interval= 387 yr
4 b=092, slip rate= 1.0 mm/yr 4 b=092, slip rate= 15 mm/yr 4 b=084, slip rate= 1.5 mm/yr 4 b=084, slip rate= 20 mm/yr
Mo =0.18E+24 dyne—cm/yr Mo =021E+24 dyne—cm/yr Mo =023E+24 dyne—cm/yr M, =026E+24 dyne—cm/yr
3 Char. Earthquake Mw=6.9 3 Char. Earthquake Mw=6.8 3 Char. Earthquake Mw=6.9 3 Char. Earthquake Mw=6.8
& Observed in 505 & Observed in 505 & Observed in 514 & Observed in S14
Char. E.Q. Model Char. EQ. Model Char. E.Q. Model Char. EQ. Model
21 21 21 21
H a H g

Cumulative Annual Number, log
Cumulative Annual Number, log
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Cumulative Annual Number, log

(Fault Area= 643 sqr km) (Fault Area= 475 sqr km) (Fault Area= 520 sqr km) (Fault Area= 433 sqr km)
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Magnitude, Mw Magnitude, Mw Magnitude, Mw Magnitude, Mw




Summary of Active Faults in Taiwan

7 =
w et g E
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g £ Sl an|® & o U;E S g 85| =B [sR |3 _:'f; E |z i< 2 > e,
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- 2 el E |5 |F 2 (2% s 3 SE| Soc |EE|EE s 22| =z | 2 g
Z B s1® % |7 E & =5 e | 2E= (g8 |EE|RE (25| 8 | 2 g
~ = |2 | E| & | s| B |ER| B |Zaliz|iE|El|l :
2 g 3| 2% || E O |%F|TT et |FR| %
= ® E 2 & Na ¥
1| Huangchi | 1 |NNE| SE | 6 | Normal | 600+ | Tolocene ? 10 ? ? 71 [ 71 | 132 A |1
Alluvium
. L. Pletstocene
9 9 9 9 9
2 | Hsiaoyukeng | I [NNE| SE 6 Normal ] Voleanic cone ] ] ] ] 51 5.1 10 AN
. Normal & Holocene
3 Sanchiao I |NNE| SE 18 .. 700 . 20 10 2 Vi 7.0 T.0 305 A 123
Sinisiral Alluvium
4 Nankan | T [NNW|Nw | 2o |[Nomal&] 1q 9 120 9 9 9 9 9 7 |456.7.8
Dextral
5 | Shuanglienpo | II |ENE | SE 11 Reverse Vi 1T 2 Vi 50 Vi Vi Vi Vi Vi B 56,789
[ Yangmei II |ENE|NW | 19 Reverse 7 LT 10 33 0.3 7 7 7 7 B |5,6,7.8,9
7 Hukou II | ENE |50SE| 32 Thrust 300 LT 25 33 0.8 9 9 9 9 B 15,6,7,8,9,10
8 Hsinchu II |E-W | 558 | 27 Thrust 700 | ToukoshanF. | 700 1000+ 0.7 Vi Vi Vi Vi B [11,12,13,14
9 Tapingti II |NNE| SE 15 Thrust 9 LT 9 33 9 9 9 9 9 B |6,14,16
10 Chutung II | NE | SE 13 Reverse 500 ]_3"1“’«3 Vi 10 Vi Vi Vi Vi Vi B [6,11,12,13,14,15,1¢6
11 Hsincheng II |IN4OE[40SE| 21 Thrust 700 LT 7 33 9 7 7 7 7 B 16,11,12,13,14,15,16,17
12 | Touhuwanping | II |E-W | 90 24 Dexiral 600 FT Vi 10 Vi Vi Vi Vi Vi B 16,7.11,12,13,14,15,17,18
13 Seztan I |NIOE|75W | 35 Reverse Vi Ground surface I_;izosﬁ 0 Vi Vi 7.1 71 64 A 1920
14 | Shinchoshan | I [N10E| E 16 Reverse Vi Ground surface| V=0.6 0 Vi Vi Vi Vi 64 A 1920
15 | Tuntzechiao 1 [N6OE| 20 20 Dextral Vi Ground surface ;jl)g 0 Vi Vi 7.1 71 64 A 19,20
16 Sanyi III |INNE | 15E | 18 Thrust Vi Toukoshan F. Vi Vi Vi Vi Vi Vi Vi ? 21,22,23,24,25,26,27
17 Chelungpu I | N-S|30E | 90 Thrust Vi Ground surface V=18 0 Vi Vi 7.6 T.6 3 A 5,616,225




Summary of Active Faults in Taiwan (Lee, 1999)

18 | Changhua II |[NNS| ? 85 Thrust 7 LT 25-145 ? ? ? ? ? 7 15.6,16,25,28

19 Tm"g‘i;‘;llg{s‘“‘a“ IM | N-S | 55B | 50 | Thrust | 5000 | ToukoshanF. | ? | Pleistocene ? ? ? ? 2 [5.6,16,25,29

20 | Shuilikeng | II [N-S| E 32 Thrust | 5000 FT 207 ? ? ? ? 7 16,50

21 | Chenyulanchi [ III [ N-S | E 34 Thrust | 5000 ? ? ? ? ? 7 |30

22 | Chiuchiungkeng| I [NNE| 30E | 24 Thrust 1200 FT ? <10 ? ? ? ? A [31,59

23 Kukeng II | NW | 0 9 Sinistral 7 ? ? ? ? ? ? ? A |31

24 Meishan I [NTS5E|l 90 | 13 | Dextrtal 7 |Ground swface Vi%g 0 ? 7.1 7.1 93 AA 32,3335

25 Chukou II | NE [ 60E | 65 Thrust | 3000 | ToukoshanF. ? ? ? ? ? ? A [36,37,38

26 Muchiliao III |[NNE| SE T Thirust Vi Taman F.? Vi Holocene Vi Vi Vi Vi ? 6,16,33,34

27 Liuchia I |[NNE | SE 10 Thrust 10 Livshuang F. 10 |M.Pleistocene ? ? ? ? ? 139

28 Hsinhua I |[NTOE| 90 6 Dextrtal | 0.76 |Ground surface gzgg 0 ? 6.3 6.3 53 A (40

29 Tsochen IO | NW | 90 9 Sinistral ? ? ? ? ? ? ? ? 7 16,1641

30 | Houchiali |IIO [NNE| W | 11 Normal | =307 | TainanF.? =307 | Holocene ? ? ? ? 7 16,16,42

31 |Hsiackangshan| IIT (NNE | SE 9 Reverse 7 Tainan F.? ? Holocene ? ? ? ? ? 16,42,43

32 Chishan I | NE | W | 60 Thrust 7 ? ? ? ? ? ? ? A 16,16,36,42 4450

33 Yuchang Il | NE ? T Reverse ? Holocene S.7 ? Holocene ? ? ? ? ? 6,16,43

34 Yenwu ION | NW | 7 5 Reverse Vi Holocene 8.7 ? Holocene ? ? ? ? ? 6,16,43

35 Fenshan IoI | NW | 2 13 Reverse 7 Holocene 8.7 87 Holocene ? ? ? ? ? 6,16,43

36 Liukuei III | NE | ? 20 | Reverse | 3000 Liukuei F. ? Pleistocene ? ? ? ? 7 16,16,36,50

37| Chaochou |[IT [N-S| E 110 | Reverse | 6000 LT ? 30=x ? ? ? ? A [6,16,45,46,50

38 Hengehun IO [NNW| 70E | 17 Reverse 7 Kenting F. 7 |M.Pleistocense ? ? ? ? ? 16,42,43,47,48,49

39 Ilan IM | NE | SE | 30 | Normal 7 ? ? ? ? ? ? ? 7 |50

40 Chiaochi Il | NE | SE | 24 | Normal 7 ? ? ? ? ? ? ? 7 |50

41 Lishan IO |[NNE| ? 110 | Normal ? ? ? ? ? ? ? ? 7 150,51

2| Meiln 1 [N30E| 6B | >12 [REV &1 2170 |Ground surface| B 20 0 9 71 | 7.1 | 38 | AA [52.53,5455
Sinistral V=1.2




Summary of Active Faults in Taiwan

43 | Fenglin Bast | 1 [N30E| som | 45 |Revere&| o ? ? ? 9 ? ? ? 7 | AA 1655
Sinistral

A4 Yali 1 [N30E| 60 | 48 [BEY & 9 |Ground surface| 16 0 9 | 30 | 73 | 73 | 38 | AA [6.16,54,55.56
Sinistral V=13

45| Chihshang | I |N25E| 60E | 30 Rgi‘l"ﬁzfaf‘ 7 |Ground swface| 7 0 9 20 | 73 | 73 | 38 | AA [6.16,54,5556

46 Yuli West I INNE| 7 44 Reverse ¥i Ground swrface 7 0 i 7 7 7 7 A |16

47 Luyeh I [NS| 2 | 17 | Reverse | 2 FT 9 9 9 9 9 9 9 A [5557

48 Lichi 1 |Ns|60m | oa |[REVese &l o FT 9 9 9 9 9 9 9 | AA 1651
Sinistral

49 Chimei I [N40E| 80E | o5 |Revese &| FT ? 45 9 9 50 | 52 | 27 | aa |58
Sinistral

*Note: 1. LH: Lateritic Horizon, Middle to Late Pleistocene. 2.LT: Lateritic Terrace, Late Pleistocene. 3..FT: Fluvial Terrace, Holocene.
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Weighting inside the parentheses

(0]
s | 2 o ~E £ Characteristic
~| 82| E|=]| ¢ 5 3, Earthquak
@ S el s | = | & % € g ~ % g = reaéur?::cee
e . [} o & | = &a = - =) S @
= ] = ¥ G | 38 2 | é'a_) ? S3 9 interval(year)
° > S o = £ = | ®© = o | ® Q> 0 2= 0
- - z = 8 2 2 g’ i ) £ o T = < c = =
= +— - he] = —_ = =
£l z = a2 E |2 318 z2 285 g% 5 e ||
> L K 5 E = el 2|12| 5 F 83 =3 3 s | 3|5
o) T ) 3 S|lale] 2| 2| = 25a .o wEwl S| =
x L < | o S = i) . 2 3 S0 59 ol o <
“lFle|l 3 |°)| & g2 =) a7 3|
y— Q A ey
e < < 35 | g3
A
01+02-+03] Huangehi + Hsiaoyukeng e laose | 6o | Noma& | oot o ] 17 | 18| 624 | 1.00.2)2006)3002) | 6802 7006 7202 | 43| 746 | s68
< + Sanchiao Sinistral
& 1&
04 Nankan NNW [8ONW | 80 ngzf‘al 220 ]10] 10 |07]223] 0200.2)0.4086) 0600.2) | 6302 6.50.6)6.70.2) | 1352 |1896 | 1492
05 Shuanglienpo ENE [50SE | 50 | Reverse | 12 |2 | 10| 10 | 0.4] 125 | 0.2(0.2) 0.5(0.6) 0.8(0.2) | 6.0(0.2) 6.2(0.6) 6.4(0.2) | ~ 567 1036 | 831
06 Yangmei ENE [50NW | 50 Reverse 202 ] 10| 10 | 0.8 261 | 0.2(0.2) 0.5(0.6) 0.8(0.2) | 6.4(0.2) 6.6(0.6) 6.8(0.2) | 1082 |1704 | 1334
07 Hukou ENE [45SE | 45 Thrust 320 ]| 12| 17 | 1.5| 543 | 0.5(0.2) 1.0(0.6) 1.5(0.2) | 6.7(0.2) 6.9(0.6) 7.1(0.2) 733 |1362 | 1041
08 Hsinchu E-W [455 | 45 Thrust 2810 | 12| 17 | 1.4| 475 | 0.8(0.2) 1.5(0.6) 2.3(0.2) | 6.6(0.2) 6.8(0.6) 7.1(0.2) 395 | 832 639
09 Tapingti NNE [45SE | 45 Thrust 150 | 12| 17 | 0.8 | 255 | 0.3(0.2) 0.6(0.6) 0.9(0.2) | 6.3(0.2) 6.5(0.6) 6.8(0.2) 653 1378 | 1080
§ 10 Chutung NE |50SE [ 50 | Reverse |14 |0 | 12| 16 | 0.7 ] 219 | 0.3(0.2)0.6(0.6)0.9(0.2) | 6.3(0.2) 6.5(0.6) 6.7(0.2) | ~ 760 [1249 | 983
11 Hsincheng N40E [45SE | 45 Thrust 220 | 12| 17 | 1.1 373 1.0(0.2) 2.0(0.6) 3.0(0.2) | 6.5(0.2) 6.7(0.6) 7.0(0.2) 267 | 532 | 412
12 Touhungping E-W |80S 80 Dextral 270 | 12| 12 | 1.0 329 | 1.3(0.2) 2.5(0.6) 3.8(0.2) | 6.5(0.2) 6.7(0.6) 6.9(0.2) 242| 392 | 304
13 Szetan N10OE|75W | 75 Reverse 3510 ] 12 12 | 1.3 | 435 | 1.3(0.2) 2.5(0.6) 3.8(0.2) | 6.6(0.2) 6.8(0.6) 7.0(0.2) 259 | 471 | 362
14 Shinchoshan N10E [60E 60 Reverse 160 | 12| 14 | 0.7] 222 | 1.3(0.2) 2.5(0.6) 3.8(0.2) | 6.3(0.2) 6.5(0.6) 6.7(0.2) 180 | 302 | 238
14BT | Miaoli blind thrust |N10E|30E | 30 ReD‘;exr;gl& 372 | 15| 26 |26 962 25025006 7502 | 7.002) 7.20.6)7.402) | 223 | 397 | 208
15 Tuntzechiao N6OE |90 90 Dextral 20| 0| 15| 15 | 0.9 300 | 1.3(0.2) 2.5(0.6) 3.8(0.2) | 6.4(0.2) 6.6(0.6) 6.8(0.2) 226 | 368 | 287
16 Sanyi NNE [40E 40 Thrust 220 |15 23 | 1.5 513 | 0.5(0.2) 1.0(0.6) 1.5(0.2) | 6.7(0.2) 6.9(0.6) 7.1(0.2) 940 |1313 | 1005
17 Chelungpu N-S |40E 40 Thrust 90 [ 0 | 20| 31 | 6.8 2800 8(0.2) 15(0.6) 23(0.2) | 7.5(0.2) 7.7(0.6) 7.9(0.2) 182 | 268 | 194
g 18 Changhua NNS [30E | 28 Thrust 85| 2 | 15| 28 | 5.4(2354| 8(0.2)15(0.6)23(0.2) | 7.4(0.2) 7.6(0.6) 7.8(0.2) 153 | 226 | 165
wn
19 Tamopu-Hsuangtung| N-S |45E 45 Thrust 70 |0 | 15| 21 | 3.8|1485| 0.4(0.2) 0.8(0.6) 1.2(0.2) | 7.2(0.2) 7.4(0.6) 7.6(0.2) | 2282 |3306 | 2444
20 Shuilikeng N-S |50E | 50 Thrust 32|00 | 15| 20 | 1.8 627 | 0.3(0.2) 0.6(0.6) 0.9(0.2) | 6.8(0.2) 7.0(0.6) 7.2(0.2) | 1810 |2495 | 1898
21 Chenyulanchi N-S |50E | 50 Thrust 36| 0| 15| 20 | 2.0 705 | 0.4(0.2)0.8(0.6) 1.2(0.2) | 6.8(0.2) 7.0(0.6) 7.3(0.2) | 1207 [2023 | 1533
39 Ilan NE |60SE | 60 Normal 300 15| 17 | 1.5| 520 | 0.8(0.2) 1.5(0.6) 2.3(0.2) | 6.7(0.2) 6.9(0.6) 7.1(0.2) 623 | 882 | 675
< - -
s 40 Chiaochi NE |60SE | 60 Normal 250 | 15| 17 | 1.3 | 433 | 1.0(0.2) 2.0(0.6) 3.0(0.2) | 6.6(0.2) 6.8(0.6) 7.0(0.2) 397 | 587 | 452
m -
4la Lishan(a) NNE|60E | 60| Normal |[30|0 [15]| 17 | 1.5 520 | 0.8(0.2) 1.5(0.6) 2.3(0.2) | 6.7(0.2) 6.9(0.6) 7.1(0.2) | ~ 623 | 882 | 675
41b Lishan(b) NNE |60E | 60 Normal 25| 0| 15| 17 | 1.3 433 | 0.6(0.2) 1.2(0.6) 1.8(0.2) | 6.6(0.2) 6.8(0.6) 7.0(0.2) 666 | 978 | 753
% 41c Lishan(c) NNE [60E 60 Normal 30| 0[a15| 17 | 1.5] 520 | 0.5(0.2) 1.0(0.6) 1.5(0.2) | 6.7(0.2) 6.9(0.6) 7.1(0.2) 940 (1323 | 1013
41d Lishan(d) NNE |60E | 60 Normal 30(0 | 15| 17 | 1.5] 520 | 0.5(0.2) 1.0(0.6) 1.5(0.2) | 6.7(0.2) 6.9(0.6) 7.1(0.2) 940 [1323 | 1013




Cumulative Annual Number, logN

Cumulative Annual Number, logN

Truncated Exponential Model

for Regional/Areal, Intraslab Sources

3 3
5 ob g mo=3.5 mu=6.6 5 oo g mo=2.5 mu=7.0
2] SEVES p=0.849(4 0.118) 2 SEVES b=0.800(4 0.084)
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Characterization of Shallow Crustal areal Sources

INn Northern Taiwan Depth less than 35km

| AL
;;v_(s)?%"’; 5| Source m, N(m,) (iO'N(mo)) b(xop) (Associagg Weights in T.Z:?;ii:t
'5‘2, S No. Parentheses) M
e So1 35 1.343(£0.218) 0.849(x0.118) | 65(02) 6.6(0.6) 6.7(0.2) 6.2
' S04 2.5 3.796(0.532) 0.800(+0.084) 6.4(1.0) 5.6
S05* 2.5 7.038(+0.507) 0.916(+0.059) 5.0(1.0) 7.1
S06* 2.5 18.550(+1.144) 0.740(z0.035) 6.5(1.0) 7.6
S09* 2.5 2.959(+0.441) 0.577(+0.066) 6.5(0.0) 6.7
S13 3.0 1.247(+0.266) 0.689(+0.076) 6.3(0.2) 6.5(0.6) 6.7(0.2) 5.8
S14A* 2.5 4.378(0.657) 0.638(+0.067) 6.5(1.0) 6.5
S14B 3.5 2.385(+0.338) 0.593(+0.056) 7.4(0.2) 7.6(0.6) 7.8(0.2) 75
S15 3.5 9.262(+0.8031) 0.658(+0.045) 7.4(0.2) 7.6(0.6) 7.8(0.2) 6.6
S16* 35 9.885(+0.828) 0.644(+0.039) 7.0 (1.0) 8.2
S17A* 35 1.328(+0.293) 0.520(+0.086) 6.5(1.0) 7.2
S17B 35 3.790(+0.516) 0.681(+0.070) 73(02) 75(0.6) 7.7(0.2) 7.2

*There was at least one active fault within the areal source. Any magnitude of events were larger
than m, (maximum magnitude) would be triggered by active faults as characteristic earthquakes.
Therefore, magnitude of event bellow mu assumed as background earthquakes.
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Characterization of deep areal Sources in Northern Taiwan
Depth large than 35km

Source ) My The largest
NG Mo | N(My) ESym,)) b(xon) (Associated Weights in recorded
' Parentheses) Mw
D01 35 3.311(+0.543) 1.043(+0.132) 6.5(0.2) 6.6(0.6) 6.7(0.2) 6.0
D02 3.0 3.808(+0.373) 0.896(+0.080) 6.5(0.2) 6.6(0.6) 6.7(0.2) 6.0
D04 35 1.702(+0.244) 0.734(+0.090) 7.0(0.2) 7.2(0.6) 7.4(0.2) 6.7
DO5* 35 5.312(+0.436) 0.707(x0.049) 6.8(02) 7.0(0.6) 7.2(0.2) 6.3
DO6 35 2.107(+0.275) 0.764(+0.081) 6.8(0.2) 7.0(06) 7.2(0.2) 6.3

Note: D05 and S16 are located in the same Top-View place, but their focal depth are
different. Focal depth of D05 is greater 35km and S16 is bellow 35km.
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Characterization of Subduction Zone Sources

INn Northern Taiwan

HMInterface Earthquake source

Sliprate | Dip-angle | Seismogenic The largest
NO Name Mg (mm/yr) (degree) depth b my rec:/lrded
30(0.2) 18(0.3) 7.8(0.2)
To1* | Interface | 65 | 40(0.6) 20(0.4) 10~40km | 0.7 | 8.0(0.6) 8.2
50(0.2) 22(0.3) 8.2 (0.2)

» TO01 interface source is within regional source S16. The earthquakes would be assumed as interface source while
the magnitude is grater than MW6.5.

» The dip-angle of interface-plate was illustrated by the depth distribution of seismicity.

» The slip-rate was estimated by Kao et al.(1998) and Kao et al.(2000).

Hintraslab Earthquake sources

The largest
NO Depth Range my | N(Mo) (0 )) | b(xow) my ecorced
NP1 | 35-50km 4.0 3.000(x0.318) 0.884(x0.077) | 7.6 (0.2) 7.7 (0.6) 7.8(0.2) 7.4
NP2 | 50-70km 4.0 2.441(x£0.294) 0.826(+0.085) | 7.6 (0.2) 7.7 (0.6) 7.8 (0.2) 6.2
NP3 | 70-90km 4.0 1.313(x0.214) 0.778(x0.097) | 7.6 (0.2) 7.7 (0.6) 7.8 (0.2) 7.2
NP4 | 90-110km 4.0 0.576(x£0.133) 0.797(x0.068) | 7.7 (0.2) 7.8 (0.6) 7.9 (0.2) 7.3
NP5 | 110-130km 4.0 0.309(x0.103) 0.824(x0.071) | 7.7 (0.2) 7.8(0.6) 7.9 (0.2) 7.6
NP6 | 130-150km 4.0 0.282(+0.0998) 0.861(x0.071) | 7.7 (0.2) 7.8 (0.6) 7.9(0.2) 6.0
NP7 | 150-170km 4.0 0.409(x0.118) 0.801(x0.070) | 7.7 (0.2) 7.8(0.6) 7.9 (0.2) 7.6
NP8 | 170-190km 4.0 0.410(x0.114) 0.894(+0.070) | 7.7 (0.2) 7.8(0.6) 7.9 (0.2) 5.4 54
NP9 | 190km~ 4.0 0.870(x0.174) 0.884(x0.067) | 7.7 (0.2) 7.8 (0.6) 7.9 (0.2) 5.9




Cumulative Annual Number, logN

faults 1n S06

To summary the annual number

P

|

|

$  Observed in S06
Exponential Model jof S06
Total Char. E.Q. quel in S06

b=0.740(+ 0.035) |
31 N(mo)=18.550(+1.144)

Trun. Exp. Model

<

/ of all active faults within areal
source S0O6.

To avoid double counting the

rate of seismicity:

M>6.5, Char. Eqk. Model, related
to active fault

M<=6.5, trun. Exp. Model, related
to background seismicity

Magnitude, Mw




% Ground-Motion Estimation after Chi-Chi

B Chi-Chi earthquake and its after shock
provide a great number of ground motion
data recorded by TSMIP.

M Site Classification VVs30

Average shear-wave velocity of the top 30m of
soll NEHRP’s drilling of TSMIP stations

Site categories B, C, D, E, F (Lee et al., 2001)
M Near fault ground motion data are very

valuable for developing ground motion
prediction model.
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Site Classification for TSMIP Stations (Lee et al, 2001)
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PEAK GROUND ACCELERATION(G)

Crustal Sources
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% Comparison of PGA Attenuation Relations

Subduction Zone Sources
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L_ogic tree used in the PSHA for handling the

uncertainty of parameters and models

Attenuation Earthquake magnitude . Slip rate / Maximum  (m)
Source Model Source Depth istributi Dip of fault b value Earthquake u
Model P distribution P recurrence N(my) | €arthquake
—so1
| s
Shallow and deep |—S03— T
: runcate
area sources DO1 . 0.811 19.515
exponential model (0.185)
. D03 LOH98 ° Random 0.855
(Regional D04 (1.0) (1.0 (0.63)
Source) : 0.899
(0.185) (0.185)
%3 Characteristic 075 Y
Fault source NO.5 earthquake model 0.2)
NO 17 LOH98 Bottom 2pkm 12 mmiyr
(Planar source) : (1.0) (1.0 (1.0) (0.6)

Subducting plate
interface source

(Planar source)
North-east

subducting plate
intraslab sources

18 mm/yr

0.2)

Aleatory Variability (random)
Epistemic Uncertainty (scientific)

Truncate

_ﬁjs_é_ TWYG02 Top 70km exponential Model o)

NP3 (Intraslab) Bottom 9okm ' La13
(Planar source) y (1.0 (1.0) (1.0) (10-56237)
South subducting (0.185) (0.185) 0.2)
plate intraslab Truncate . 2.315 0.713
source TWYG02 Top 35km exponential

SP1 o (naslab) o Bottom 70km Model

(1.0) (1.0 (1.0)

(Planar source)

(0.185)
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PSHA Result (Fault Sources are Important)
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Subduction zone
attenuation relationship
need to be considered
individually

120.5° 121.0° 121.5° 122.07

122.5°

Using subduction zone source.
attenuation relationship |

&40
1 7 Q
7 ﬁ
Q- (\é&"’
‘g' Tglpel

"""""""" 023 FOES  aaaee

—————————————————————————————————————————

25.0°

24.5°

120.5° 121.0° 121.8° 122.0°

Without using subduction zone

Q:I'lari‘p‘#ej

25.0°

24.5°




£y & &
m.h o3~ =
BRI o o
heeee .ﬂe h
oy | o o
2 =%} 2
S
g

< 5, R
> Lo ~
o N~ <

in 50yr return period
10% in 50yr return period
2% in 50yr return period =

[,
Q.
o
-
e
D
>

=
[{o]
I I _.___L
WG ov 0 oz aiog% W & o oz aiegh O gc ov os oz oWRy%
PIDZOH O} UOWNGQLIU0DY, PIDZDYH O} UCHNGLIU0)Y, PIDZRY O} UOUNQUIU0YY,
N
o ~
— T T T ] 7:::f 7 MTTTT T ] i::‘f 7 TITT T T 1 —
_nla s 8 5 | | )
— = © | | /7
= (o) NN} )
O T Eg m ° f f ’ m
(T 2 S—c 22 4 o<
o S 8238333 | |
= HhFEzL<nn® | |
i ©
A 3 1 I .
o
2 _ I
5 A~
_ > I [ @)
o | | [ o >
o)
al o | | O
s f a
€ | <
) f o
2 o
ﬂé’ — Oy ...l...l...l\..v
(s Yol -
o - N
= — i - - — .
] o
- R R P PR R PP PR R TN o
L ) - Y e - _
e -
[ :\11} .ﬁ:::f 7 j::_f 7 L o
o — N ™ < 0 ©
o o o o o o
S S S S S S
H W LLJ L LLJ L
— — — — — —
99ULePa3IX3 JO ANjIgeqold [enuuy




Future Tasks

Next Generation of
Talwan Earthquake Hazard Map
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% Future Tasks

B Revision of Seismogenic/Areal Source

M Develop the spatial and temporal relationship of mainsock
and aftershock

M Analysis the completeness of earthquake catalogue

M Historical earthquake research

B Development of Taiwan GMPEs (TNGA)

B Max magnitude of Subduction zone (Mega-thrust)

B Active fault parameters (geometry, slip rate) updating

B Time-dependent earthquake probability models (WGCEP,
NIED)
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- With Distance-

Scaling of Spectral Acceleration With Distance, Mw=7, Hanging-wall, Rock site

% Scaling of Spectral Acceleration
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% Scaling of Spectral Acceleration

- With Magnitude -

Scaling of Spectral Acceleration With Magnitude, R=50km, Hanging-wall, Rock site
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Spectral Acceleration (g)

Scaling of Spectral Acceleration

-With Tectonic Environment -

M=6, R=50km, Rock site, Depth=30km
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B Assume you have not seen the die, but you have
seen the results of four previous rolls
02,3,3,4

B \What is the model for this die?

[J Assume this is a standard 6 sided die
Sparse data (4 observations) do not rule out this model

L1 Empirical approach
Assume five sided die, loaded so that 3 comes up
most often
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AT R 7

Roll

Model 1

Global
Analog

Model 2
Region

Specific

Model 3
Region

Specific
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Seismic Hazard Analysis (Cont)

L1Estimate likely motion from each potential earthquake
source (Mag,Dist,Soil)
® Use attenuation relation; sometimes simulate motion
® Consider uncertainty
® Evaluate potential site effects

OConduct site specific 1-D site response analysis (if not
generic rock/soil captured by attenuation relation)
(SHAKE, RASCALYS)

OSedimentary basin, topography (FE or FD)
[1Consolidate all scenarios and select design motion
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Annual Rate, logN(m,)

Characteristic EQ, M, =7.6 .
Exponential Model

Recurrence Interval = 180y

°] Rupture area, A= 2800km? ,
Slip-rate S=15mm/yr " _ bN(m,) -exp(=£(m, —m,)) - My(m,)
A\ N _ M 0 - ﬂAf S -
Moment rate = 1.0e25 (c—b)@-exp(—L(m, —m,)))

h b=0.74

w 1s the rigidity, A; is fault rupture area, S is fault slip-rate,

m, is upper bound earthquake, m, is lower bound earthquake, 8
= bIn10.

Characteristic Earthguake model

N(m):NeeXp(—ﬂ(m—mo))—eXD(—ﬂ(mu—1/2—mo))+Nc for mo<mem -t
1-exp(-p(m,-1/2-m,)) ' o 2

N(m)=nN¢ ="

f L.
17 or m,--<m<m, ,

=1|\]e bIn10-exp(—A(m, —3/2—my))

NC

2 (1-exp(m, —1/2-my))
Te 1A S(L—exp(=p(m, —m, —1/2)))
N = —c/2 —c/2 '
Ch(lelunlgpulfau!t | B S A L e

2 3 4 5 6 7 8 9
Moment Magnitude, M,, Youngs and Coppersmith $8985)



|_-r=, Traditional Method Uniform Hazard Response Spectrum
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SR EIRH BN ZEE RN —ER (Lee et al, 2001)

v e NN AR
TR AT E=3/5 B2 o,
f@ CERERE IR Iny =-3.25+1.075M,, -1.723 In(R+0.156 exp(0.62391M,,)) 0.577
R SR B R
R AR ENE  Iny =-3.20+1.115M,, -1.773 In(R+0.206 exp(0.62888 M,,)) 0.582
T gt B R
mﬁ'&?ﬁ%w{t 2ETE  Iny=-3.55+0.925M,, -1.383 In(R+0.066 exp(0.66884 M,,)) 0.543
R SR B R
MR ETRRREOEENE  Iny =-3.40+0.945M,, -1.433 In(R+0.116 exp(0.65946 M,,)) 0.552
T gt B R
PR T EHEEEEE  Iny =-2.5+1.205M,, -1.905 In(R+0.51552 exp(0.63255)M,,))+0.0075H 0.526
i st B =X
PR TR ERREC  Iny =-0.9+1.000M,, -1.900 In(R+0.99178 exp(0.52632)M,,))+0.004H 0.627
% st B X
PR EEERE  Iny =-2.5+1.205M,, -1.905 In(R+0.51552exp(0.63255)M,,,))+0.0075H+0.275 0.526
i st B =X
BRSBTS EFA  Iny =-0.9+1.000M,, -1.900 In(R+0.99178 exp(0.52632)M,,))+0.004H+0.31 0.627
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% Chi-Square Test of Mainshock Catalogue
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% Uncertainties in SHA

B Uncertainties considered in SHA

1A fault is active or not (include or exclude from further
consideration)

[1Possible magnitudes
® Rupture the entire fault or part of the fault

LILikelihood of occurrence of a given magnitude
earthquake during the life span of structure -- How often
does the earthquake occur? (earthquake recurrence rate)

[1Distance to the earthquake source (location of source)

® Areal source (random location)
® Rupture location along the fault
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Uncertainties in SHA

ntal Comp

(g) - Ave Horizo
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Peak Aﬂcgeration
[=]

pERfE, log(r)

B Uncertainties encountered when

conducting SHA (cont)
[0 Variability of ground motion
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% Improvement on Taiwan Seismic Hazard Map

B Saturation of local magnitude (M) :
L1 Chi-Chi earthquake M, 7.3>M,, 7.7
L1 local magnitude is saturated at a large magnitude.

B Significant hanging wall effect: It shows much higher ground
motion amplitude at hanging wall than at footwall.

B The need to emphasize the fault source: fault slip rate
(activity) and geometry.

B The need to use the closest-distance to fault plane for ground
motion attenuation prediction.

B What’s Is the “Worst-case” Ground Motion, PGA> 1.0g ?

L1 Apply PSHA for engineering design
B PGA is not only one ground motion parameter for seismic

design.

L] Prediction of spectral acceleration (Sa) at various periods for seismic

design is needed.
91
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Quaternary Deposits
Unconsolidated stream and floodplain deposits of sand, silt, and gravel and terrace deposits of similar composition. Also includes landslide debris.

Cenozoic Rocks and Deposits
marine except for the Plio-Pleistocene Paso Robles Formation which underlies the greatest amount of terrain southwest of the San Andreas fault.

Courtesy of N. Abrahamson

Poorly to well indurated predominantly clastic rocks including sandstone, siltstone, and conglomerate of several formations. Most rocks are

Mesozoic Rocks
Moderately to well indurated marine rocks including predominantly sandstone, silton
abundant in Franciscan assemblages. Also includes tabular and lenticular bodies of s




Motivation To Conduct a PSHA

B Why don’t we design for the “worst-case” peak
acceleration (> 1.2 g)?

ex. 2004 Parkfield earthquake in CA. (PGA> 1.2 g)

B Because 1t 1s “‘unreasonable”

Occurrence of “worst-case” motion 1s too rare AND
It Is too costly to design for
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