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Introduction : Attenuation (Q")
* The attenuation properties of the Taiwan orogenic structure
* The attenuation features within the Chelungpu fault zone

* The subsurface attenuation model of Taiwan (depth ~300 m)

* New Attenuation Relationship for normal faulting earthquakes in the
northeast offshore Taiwan
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The attenuation properties of the
Taiwan orogenic structure




Courtesy of J. Angelier

m T T T T Y T Y L4 T T
0 20 40 60 80 100 120 140 160 180 200

Kim et al. (2005)

Wang et al. (2010)



Q tomography

o Observed velocity Spectrum: » @?’-source model assumption:

Aij(f)=Si(f)Bii()Rj(f)1j(f) A4.() =24, 7 fzf e
A

(Eberhart-Phillips & Chadwick, 2002)

* Q tomography:
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fc : corner frequency
I Qy:spectrum plateau value
t* : whole-path attenuation operator




Short-term average (STA) over long-term
average (LTA) auto-picking algorithm
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two-steps of non-linear least-squares
spectrum fitting

observed I f
spec_:trum = f(X;b,,b,,b,)
8 LSQENPwmmmp -
\ 4 O [Y,—(X)P
* i=1 —
(Qo, fc, t*) o =0
o #
[ fix fc 'afl of, o, il
i+ ‘Y—f1 |ob b, ob,
.LSQENP v-f| % o %
( Qo t* ) ;7| % b
-5l o o 9,
| ob, b, ob,
B = P
P'Pd-P'B=0

4;() =27 ———

f2

d=(P"P)'P'B

N I )
considering
residual

nnnnnnnnnnn

100

sl | IS T | | |

|||||||||||

107"

10734

1074+

1CHY084 fc 3.315

10724V .-

ts* 0.084

NSI 0.0
misfit 0.0

1075

I TR L T T |
051 2 5 10 20 50
frequency (Hz)
' ' ' !tlmel(slecx) ' i 4
N S
o 5 10
100_.“.l | ol | |
1HWA026 fc 3.315
10_‘- A= ts* 0.073
E NSI_ 1.5
3 mlssﬁt02
10_2_5 o o '."‘ :. A
1073
1074~
1075 —— e I

051 2 5 10 20 50

frequency (Hz)



1999/10/18 M, 52 Focal dep.23.77 km  2000/06/19 M, 5.2 Focal dep.27.02km  2001/02/18 M _4.9 Focal dep. 17.67km  2002/09/30 M, 5.0 Focal dep. 8.12 km

| 23/

120° 121° 122 120" 121 122' 120"

L 24"

ts* value
O 015

0.07
0.05
0.03
0.01

+ 0000

1m‘ 1'2.




Model grid Initial Qp, Qs model
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Spread function
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Qp, Qs Tomography images
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Chelungpu Fault
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ngtung Plain
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® High Qp/Qs, low Qp, Qs are associated with the unconsolidated coastal
and estuarine sediments within fully fluid-saturated property of Pingtung Plain.
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How is the Q within the ruptured Chelungpu fault °» 2 « « = ~

zone?

_qafIsthe low Q related to the occurrence of Chi-Chi
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The attenuation features within

the Chelungpu fault zone
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The estimation of t*
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A selection of near-surface attenuation results in borehole (=100 m) studies in California.

Depth Range

Location (m) Op Qs Rock Type Authors
Oroville 0475 —_ 9 ophiolite Malin ez al. (1988)
Oroville 375475 — 11 ophiolite Malin et al. (1988)
Anza 0-150 6.5 9 granite Aster and Shearer (1991)
Anza 150-300 27 26 granite Aster and Shearer (1991)
Garner Valley 0-220 — 12 soil, weathered granite, and granite Archuleta et al. (1992)
Santa Clara Valley 10-35 — 10 Quaternary alluvium Gibbs er al. (1994)
Santa Clara Valley 40-115 — 15 Quaternary alluvium Gibbs er al. (1994)
Parkfield 0-200 6-11 8~19 Tertiary sediments Blakeslee and Malin (1991)
Parkfield 0-300 — 10 Tertiary sediments Jongmans and Malin (1995)
Parkfield 0-1000 L 37] Tertiary sediments Jongmans and Malin (1995)
Los Angeles basin 0420 45 — Pleistocene and Pliocene sediments Hauksson et al. (1987)
Los Angeles basin 4201500 [ 43 25 | Pleistocene and Pliocene sediments Hauksson ef al. (1987)
Cajon Pass 700-1500 36%11 24 16 Mesozoic crystalline basement Abercrombie (1997)

Table 2. Q as a Function of Depth Within the Varian Well:
From This Study and Jongmans and Malin [1995] Chelungpu fault:

L X . E s From J&M
DepthInerval,m 0~ Os  Emor Qs From Qs, (945-1110 m): 21-22

0-298 ~20  ~10 - 8 (7-9) . 27,

298-572 - - - 8 (7.7-9) Qp1 :27-35

298-938 30 31 25 -

572-938 55 . 30 65(53-94)

0&235)-938 [33 18] 30  37(3345) Qs, (1110-2000 m): 45
(Abercrombie, 2000) Qp4 : 85

Wang et al. (2012)

- The consistency implies that the existence of fluid, fracture and crack may dominate
the attenuation feature of the near surface materials around the fault zone rather than
the rock type.



The subsurface attenuation model
of Taiwan (depth ~300 m depth)




CWB borehole network
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CWB borehole data
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Qp of 18 sites: 0~90 (most sites < 15)
Maximum Qp : 86 (SNS) ; =Y
Minimum Qp: 3.5-4.9 (NWL ~ OWD)

CR Qp: 5~15 (NDT 24), lower than WF
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Attenuation applied in seismic
engineering




Strong ground motion prediction
® Ground motion simulation
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PGA & PGV compared with GMPEs

of NGA2008
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e A different choice of Vs30 can not help significantly to reduce the discrepancy.

Anderson et al. (2013)



Normal faulting
events:

BATS (1995-2013)
Mw>4.0
Rake:-60~-90
recorded by at least
20 station

Total events:13
Total records:1067
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TSMIP Dat baseline correction Pseudo-absolute acceleration
ata filter response spectrum

Attenuation model | (Casel):

=2>1In(PGA or Sa) =
C; + CoMw + C3In(Ryypo + CoeMY) + CoH; + C;
In(Vs3,/1130)

(Lin 2011, INER report)

Attenuation model Il (Case 3):
> In(PGA or Sa) = C; + C((MW —6.3) + 6358.5 — Mw)? +

(Cy + Cs(Mw — 6.3))In \/Rhypoz + (ef)? | +
Celn(Vs39/1130)

(Lin, 2009)



1067 records
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2011.02.01 Discrepancy between Casel & Case3 : hypocentral distance < 20 km = simulation
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Comparison with data recorded by less than 20 stations
EQ ID 200901241348
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2010.08.30 08:45 Mw 4.6 Dep. 11km
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Normal faulting earthquake generates stronger Sa.




PGA (9)

2010.08.30 08:45 Mw 4.6 Dep. 11km
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No difference between equations with and without considering fault mechanism.

The new GMPE for PGA do not reveal higher values for normal faulting
earthquakes with Mw 4~6.



summaries

The spatial variation |n»\’ka— and-
structural features and the structure heter
Chelungpu Fault, Pingtung Plain.

The low Qp and Qs beneath the Central Range coincides well with the observed
aseismic zone, and imaged high temperature. The low Q feature might be related to
the high thermal extension resulted from lower crust exnumation during collision
process.

The significantly low Qp and low Qs within the Chelungpu fault zone was attributed
to the existence of fluid, fracture and crack.

The high heat flow area in the Central Range exhibits low Qp values of the
subsurface Qp model.

The resultant attenuation relationship shows that the normal faulting earthquake
generates stronger Sa which is not adopted for attenuation equation that usually
used in Taiwan. The new GMPE for PGA do not reveal higher values for normal
faulting earthquakes with Mw 4~6.



FIN

Thank you for your attention~




