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Response Spectrum
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Earthquake and Ground Motion
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‘ Influence factors in seismic hazard potential

* Magnitude

 Source M. emi
. fm (m) Seismic
» Geological C. Hazard =>» A or Z
« Path (Attenu.) PGA=f (R, Ana|ysis
ML)
« Site Condition
V., =2-C- W
£.Q. * Damping = A -S55(T, 5 M
 Td, Freq.
» Period
. Si, Sz, Ss, Elastic
o Response => S,
Damping = Spectrum
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The SHA is usually to develop ground motion for seismic design
and earthquake loss estimation. Hazard curves are presented in
terms of annual probability of exceedance versus IM.
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| Ex. Of DSHA
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Tectonic Provinces and ze

Largest Earthquakes:

The tectonic provinces ®
classified by

BECHTEL (1992). 24
The largest
earthquakes of each
province are pointed
out in the map.
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R.P.=1/Freq
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AR = 0.002 (2x10-3)

Once the design probability of
exceedance is chosen, it is
assumed that design for the
corresponding level of ground
motion will provide an
acceptable level of risk.




Input Models for PSHA

O Elements: Seismic Source Characterization(SSC)
Ground Motion Characterization(GMC) ~ Uncertainties

0 Results: Hazard Curves

GMC

Ground Motion
Characterization

ﬁ Step 1: Zonation

m_/

(ﬁ_‘* level PUA (om/mnt/see )
H 3 i 3
s . J
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y

—————

a
A
e 00

Step 3: Attenuation
[Shaded area = P(PGA > GIM,D)|

Step 2: Recurrence

SSC

Seismic Source
Characterization

Hazard
Calculations

|
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ANSI/ANS-2.29-2008
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Earthquake Source Model

[ Area source --- Poisson Process

O Active fault --- Characteristic Eq.

The spatial and temporal randomness of earthquake occurrences

Source model

Spatial model

Temporal model

Area source

Zoneing Scheme

G-R Relationship

(Poisson Process)

Active fault

known
(Type I)

Characteristic Earthquake
(Time-Predictable)
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Seismicity data of Taiwan
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Determination of Source Parameters |
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Paleoseismological study \

1 2CII"30'

O Estimated the intervals between
earthquakes and earthquake
recurrence probability on specific
faults

® trenching studies

Shihkang fault

® paleoearthquakes investigation
® The Coefficient of Variation, CV

Chelungpu fault

¥
This study Vo=

&m| the average offset=1.5 m | the average offset=3.6m

(Fig.2) < e
ChoshuiRiver | w2 ?
Chyshap ﬂ"!
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e 2
=0. = = i
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Earthquake recurrence is
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highly variable; S D

probabilities hard to assess s 2

# location of TCDP borehole % earthquake epicenter {a) — trench site

Tajianshan fault

other thrusts = == blind thrust
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== Chichi earthquake rupture
4 Segment boundary

Chen et al., 2007
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Paleoseismological study

00 5

O A key parameter in time

varying probability estimates
is include the uncertainties of
the paleoseismological study

3 The recurrence interval time

is about 360 years, COV is
about 0.37
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O The Chelungpu fault

® The hazard contributed
from the CLP fault is very
low due to the short elapse
time and long mean-
recurrence time. The
constant rate characteristic
earthquake model is not
able to get a reasonable
results.

® Based on the seismicity
distribution in Taiwan, the
seismic hazard exhibits an
east trend. So, the hazard
for distance of 50km is
highest than other site.

Case study — CLP fau

50yrs.)

3
o

LifeTime Probability of Exceedance, Pef (Tp

1x10?

1x10° o

T T T T T J
Case: CheLonPu Fault, Tr=300 Yrs. |]
Te=6 Yrs., Tp=50 Yrs. 1
ffffff Constant Rate Model
Time-Predictible Model

0.24g

0.45g
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PGA-Attenuation Curve, GeoMean[EW,NS)

PGA attenuation analysi

= In the stage one
analysis of reference
attenuation law, do not
take the site conditions
into consideration.

Y, = f(M,R)

Geo-Mean (EW, NS)

A=,/(EW)x(NS)

Peak Ground Acceleration, [g]
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PSHA models: case study

Steps in Probabilistic Seismic Hazard Analysis
(2) Recurrence

(1) Sources

Zoning Schemes

Typel - Typelll

Log # Quakes = M

Magnitwde M

(4) Probability of Exceedance

Hazard Curve

Attenuation laws

foue A

Peak Acceleration

Tk
- 4
L]

Distance

Probability of Exceedance

Giround Motion Parameter
a FEMA  iutnictionst Materisl Complaranting FEMA 457, Deskgn Exarmples Selsmic Hazard Anabysls 5a .3, 08

Final Hazard Curve --- weighting

Catalogs(1900/01~2003/05)

‘ Zoning Scheme ‘ Attenuation Law ‘

Lone A

04
Zone B

EQUCWE) .2
CAD3icamper « / EQDIUS Mmax=7.5)
032] N\ EQuUSMWIML)

JH{IEIJIIEHW & Raors™ ¥)
0.24

=3
Fad

=
LF ]

Table 4-2 Weighting Factors for Final SHA Curve
1. Zoning Schemes *

Zoning Scheme ZA ZB zC
"
ﬂ 41 J'Rnlh"w- Rick Site’ s} Factor(Z=1.00) 0.24 0.42 0.34
¥
[Lzz 2. Attenuation Forms *
: CA03 JB03 JR03 KAO03
Attenuation (Campbell’s (Joyner & (Japan Rock (Kanai’s
Kf‘ﬂ3 T Form Form) Boore’s Form) | site’s Form) Form)
I \kanal &)
Factor
(£=100) 0.32 0.24 0.22 0.22
.22
Zﬂ n E (‘ 3. Earthquake Catalogs
EQO03 EQO3U5 EQO3UW
Barthquake (1900-200305) | (1900-200305) | (1900-200305)
Catalog CWB (Mmax=7.5) | (MwaML)
Case 1 0.2 0.3 0.5
Fartar F




Ground Motion Intensity, Sas (g)
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- ‘ Seismic Force Requirements in Taiwan

Design

0 ZEH&EXK ?’*‘ﬂ»%i‘)ﬁi@ Eart\hquake

o B3E 1 V =0.1W
e B3E 2" K A V =ZKCW
- 71#6" =& V =ZKCIW
e 78#5% s A(rg) 75F11"15p = £, M =6.8

¢
e 8657 B A ZI [C]W

F)

V=——+
1.40:y

« 88#£12% sxA 88#£97 21lp ¥ 7, M =73 y

WX IC

Ve 04 & 17 5% "UHRS, seismic microzonation

Sp
b

" JE

PAERTE RS RZAE

-0 eETE
TANEL TR l'rf.f'ﬁ.ﬁ‘_mm
AL e, BT WAL
Tl EREL B, SRl SRR
g e TS
S, A, TR, (LI, =

0 1974

el , R, LT,
S S, G, M
W, R, L7, IR, B,
RRE O BT R
Sl

9
120° 121 122 L
£
= g g
25 °| & | : BELE
%S > B, AL
 r SRR AHA, A
\L (O 4 A B, HT, S, S,
- ki, C5, AN, ELLAL iS00,

S,g Py M, BT, S TS

g N, ST T, R

; R [ ML WUREL M
VTEINS, BN, LYW, BTN, DT,
R, N, (0, LIRMG, C L

@ i RIHE RS RO O S

2R RE§ kA

0 1999

0 1982

b




"

Kty R B8R =8 v #&—475yrs

Code06'_475yr_SDS

NN osg

Code06'_475yr_SD1

SN oasg

Y ML>4.5(D<35km)
% ML>4.5(D>35km)
— LR A& (2007)

| I I IR oL Ko BT (2000)
I P e 7R M7 A (2007)

REEs 7 9 X-p
VEE




"

N » Vs v/ 7 °
TRTR e
1. » 2451
e g R R A R o
2. WRE R
1o %@,}_im%«?}iﬁu’s °
3. i RK
%ﬁﬁﬁ‘ﬁ#%%" o
4., F ~ T AT

pBii——

1o - RETF®

" S
g 0 RN ) W A

1. P28 rasd

1A R IR D B B2 A A<

W AFLEgs > ¥k F > (300M?)
2. mERARH

Ty R D TUA L TS (SEUTA EEAR)
3. kP Rk (2 IR ¥ & B4

EEEER e o AR 2 i




" JEE

SR B A4

TP RFRTH A
(10> 055) % A #E @

© ATHA 15 etk

d 475 2 25004 = GF 2 Bk fr- §)
4 #(0.8 » 0.45)%

d 79 & 1 n(1km)2 iT 87k 3 5] 5 2
HEFHEDSHAM R R 5 DR
R EEDSHAR & F2 B ik -

Fit b Uh LR B B RS

—

i

BTk R.P.

i) ey
S 350

AR L T

ST Y- A 700
A5 #T R 1500
Z RUTK 1500
= 0 EER 1500
8 L ET 1500

07 ] 475year, NA

orrection Factor@2km

c
© 06 —| (0.8*N,/ DSHA)

7| |#—¢— Code'05

O 05 — |4 == % This Study
- In(CF) = -0.1544 * In(R.P.) + 0.6899

7 100~300 100~300 100~300 /
. ML6.3 ML6.7 ML7.1
I

1000

@
S
S

@
<}
5}

IS
S
S

N
o
3

I I I
HHA MSN LV

§) 1 w7k
<7 gk
AL L ST R

o

Return Period(R.P.),year

v ¥R

1030 death

¥ Lee etal.(1975)

Tons 1O2LY
15

di| 1700

Y #RA198T)
K Ax&R

W% km(1969) A

1848 F R E P S BB EME - RBELE ~F ~ T~ KK
Data Source : #%+' s BRR B AR RG L  F AR e B AR FRRGE
LEER) BVTECLYRRAAXMBEZIEAME -

b




224
%7

SN Ja NN

B3K v fF# 350 #

(GPSEH i # F 3% H407& ~552# )

DSHA & 5

e L=79km, M, 7.3

PSHA A 4%

e M, =7.60~7.10
e time-varying model (1848yr)
e Poisson model

¥k %7 k% - R.P. ~350yr, ML7.1

N
e f **_
Ir"\-..
SO

B R2TEA B TS
(2500 ¥ (£ )

Spectral Acceleration, Sas [g]

_ R.P. 2500 yrs
2 T T T RIP |250|0 yrls T T 2 2 1 r T T T T T |y T T T =
i = C-T-T fault A T 09 C-T-T fault
o [ Sws=1.0N, 73 h o F ML=7.3 18
i R.P :350yrs: o STk R.P.=350yrs{ o
1.2 x%* . | % § = 1 EU
x &> 1Ly g %5F \ o
0 \ < o 04 >
L . Z ZosfF DSHA(NCREE, 2006) z
DSHA(N.CREE' 2906) — 05 < 0.2 (o & o PSHA'Time-Vérying model 108
0.4 | |{¢ & @ PSHA:Time-Varying model © 2 . _
[[6 & a E:{:Q;Poisson model . - g 0.1 :_A s E:::;Pmsscm mOdell SMl_IOSSNV E
0 T t T t ] | ] 0 (% 0 1 } 1 ] 0
0 4 8 12 16 0 4 8 12 16
Surface Rupture Distance, [km] Surface Rupture Distance, [km]
r<2km | 2km < r<5 km | 5km < r<8 km [ 8km < r<12 km | 12km < r<14 km r>14 km
Ny 1.33 1.18 1.10 1.05 1.00 AHEERIFEIER T
r<2km |[2km<r<5km|5km<r<8 km|8km<r<12 km|12km <r<14 km r>14 km
Ny
1.50 1.32 1.20 1.10 1.00 AEEROETERAF

Reference: J#i% %7 & R.P. ~350yr, ML7.1

b




FTH 85 K

N
™

\g:
-l

1E+0

=
m
[N

Observed PGA, (g9)
= =
m m
w N

1E-4
1E-4 1E-3 1E-2 1E-1 1E+0
Predicted Hard Site PGA, (9)

1E+0 3020331M6.8

960729M6.3

=
m
=

990921M7.3

Observed PGA, (g)
= =
m m
w N

1E-4
1E-4 1E-3 1E-2 1E-1 1E+0
Predicted Hard Site PGA, (g9)

TAPOS56
TAPOGG

25.15¢

25.05¢

25.001

25.10f -+

TAP022
TAPO089




121°20'0"E

121%30'0"E

121°4000°E

&
z
h
)
&
;.
ol
[ Adbsstitm_EL20m
| SEIL AR TS
P #i—
- 1o L
wIR_ L) il
— A=
—ha -
121°200"E 121°30'0°E 121°4000°E
" JEE
4 4 B £ 263
s B — e P p
Rupture Displacement of Liuchia and Muchiliao Fault System Rupture Displ t of Meishan Fault
1.8 ) i i . . : . 08 : - ; . . ;
H ------- D (MD_avg) ‘ —D (MD_avg)
—D (AD_avg) ——D (AD_avg)
8 o7
£ E 08
£ 12 e i
s s
[-9
@08 g
‘E. o3
é 0.6 o é
L NERERE W LLI
%2 005 04 015 02 025 03 035 04 045 05 %l “o0s 01 015 02 025 03 035 04 045 05

o
a
o

Rupture Displacement (m)
(=]

=

%% 005 01 015 02 025 03 035 04 045 05

Normalized Location along Fault Trace

pture Displ t of Hsinhua Fault

—D (MD_avg)
——D (AD_avg)

PR

wMicERE

MNormalized Location along Fault Trace

Normalized Location along Fault Trace

Rupture Displacement of Chelungpu Fault

4
——D (MD_avg)
—D (AD_avg)
35

Lo
L] 2] w

Rupture Displacement (m)
i

B AE iR I

05

© 005 01 015 02 025 03 035 04 045 05
Normalized Location along Fault Trace




5—.':
wp

-gg

DFHRAG aBPAL D> o
‘4%? 1&:%;203?'17* TR X
o) o

DETRAFRE- BARCERTGALT LD
. IM .vs. Freq. -

> RBEAFRRTARE L A TRPREL 2
B P

FREEEZ PR
T oamw PARYH

EXE# € E#F L # (heavy-tailed probability)
BALE R AR o
20044 I # (% 8) ~ 20083 1 # B ~ 2000 3 # B ~ 2011 AR B A -
20110 & i 3 B.(48) -

$ TR HA P A &

&b

\)

{51,
Hh %

It g

-

REE T REREER N E

http://www.ncree.org/ZH/DesignSpectra.aspx

BEE 88—
hiliu@ncree.narl.org.tw @




