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ABSTRACT :

Earthquake ground motions are strongly affectedelgyonal and local site conditions. Theeimhediate ar

long period ground motions are especially sensitivéhe basin effects. The most recent set ohattor
equations, the Next Generation of Attenuation (NGAave recognized the basin effects and devised
parameters to account for such effects. Howekerbaisin formulation in thdGA equations does not capt

the special complexity of any individual conditionsThe particular detail of how a basin affectsum
motions can have dramatic effects on ground motamts therefore on the damage potential of earthepiak
In view of this, we have conducted a study on thgdi basin and its effects on earthquake lossdsije
region. We used the available detail informationTaipei basin response to ground motions to egtitha
damage and loss potential of earthquakes.
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1. INTRUDUCTION

The strong influence of site conditions that affgaiund motion has been recognized and studiedefeeral
years (Field, 2000). Many researchers have idedtifie correlations between strong ground motioarpaters
and geology/site classifications. During the ldstade, many authors have studied and documenged th
effects of basins on earthquake ground motion. yTave developed complex numerical models to sitaula
the complex natures of the strong-motion wave mapan in basin (Graves, 1998; Day et al. 2006)réVMo
recently, Lee and others (Lee et al, 2008) simdla@e3D amplification effect in the Taipei basin bging a
composite Finite-Difference method. The March 2002 Hualien, Taiwan earthquake demonstrated the
importance of the basin, local soil conditions, agritically reflected seismic-wave from the Moho on
earthquake ground motions and damage potentiahénTaipei region. The Hualien, Mw 7.1 earthquake
caused only minor damage near its epicenter ateajdnificantly greater damage in the Taipei regimughly

100 kilometers from the epicenter. In this study demonstrate industrial loss variation due torbdsipth
and site effects, using a stochastic 10k simuldtaigvan earthquake catalog and loss simulation algos
developed at AIR Worldwide Corporation.

2. TAIPEI BASIN AND VARIATION ON GROUND-MOTION AMPLIFICATIONS

The Taipei metropolitan area is located on top mfalluvium basin filled with Quaternary unconsotieth
sediments overlying the Tertiary basement (seer€ifja). Previous analysis of site effects in thgdi basin
showed that amplification at long and short perioda be correlated to the areas of sedimentatidnnaar
basin edges, respectively (Chen 2003). Sincediesade, the Central Weather Bureau (CWB) of Taihash
employed a nationwide strong-motion network, whadturately recorded the 2002 Hualien earthquake in
northern Taiwan. As shown in Figure 1b, recordedkPGround Acceleration (PGA) values around theé&iai
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basin vary by a factor of four (Chen 2003; Loh et2803). For this event, the Taipei basin exhibitarge
amplifications caused by critically reflected S-wavfrom the Moho and amplification of soft shallow
sediments, as well as basin effects. Figure lbpeoes a typical attenuation relation developedoftshore
events by Atkinson and Boore (2003) and Youngd,ef1897) with the recorded ground motion of thé®20
Hualien earthquake.

3. RECENTLY DEVELOPED EMPIRICAL ATTENUATION RELATIONSAND RESULTSOF A
NUMERICAL BASIN EFFECT SIMULATION

Ground motion attenuation relations play an imptrtale in regional hazard analysis. In this studyuse the
“Next Generation of Ground-Motion Attenuation Mogle(NGA) relations for ground motion analysis. The
NGA project developed new ground motion predictielations through a comprehensive and highly ictera
research program. The NGA ground motion models vadeneeloped for shallow crustal earthquakes in the
western United States and similar active tectoegians worldwide. These models are based on amédgga
database of recorded ground motion, and benefih fam exhaustive effort to make the set of equations
scientifically robust. NGA equations address thsue of basin effects by implementing the mostntece
numerical simulation results by Day and others (Bigl, 2006) who carried out a comprehensive s@fi&-D
basin response simulations for deep sedimentarjdas southern California (Power et al, 2008). Fuoe
Taipei Basin, Lee and others, using a composité grethod, demonstrated that the complex Taipeinbasi
geometry and fairly low velocity of the Songshamniation resulted in extraordinarily strong shakizgd
amplification in the western part of basin (Le@le2008).

4. TAIPEI-BASIN EFFECT ON INDUSTRIAL LOSSVARIATION

We conducted a study to evaluate the earthquakedas the Taipei region with and without considgrihe
basin effects. We evaluated the importance ofdétail of the basin effects on loss analysis inp&ai In
order to keep a realistic spatial distribution mdiustry exposures, all AIR industrial exposured dipei basin
have been redistributed into a fine grid expostir@.? kilometers within the Taipei basin (20km xk&¥). The
NGA attenuation equation accounts for a sedimemdi(¥) depth variation as well as local site condsi First,
we conducted a loss estimation analysis using thi@yNGA relation without considering the Taipeiibaaffect.
In the second trial, Taipei sediment depth varretjaeported in the Lee study, are considered. ovioeg to
Lee et al (2008), Taipei basin depth varies frofeva meters to eight—-hundred meters in the westarh qf
basin (Figure 2). We found that the level of presticground motions by NGA show an overall basiecffor
this region and, according to Campbell and Boza&@8008), the basin depth effects are almost dimsmity
up to 3 kilometers (Figure 3). In order to captesdraordinary Taipei basin amplifications that hdeen
guantified for short and long periods as factor aind 3 by Lee et al (2008) for a narrow band @stern
Taipei basin, we defined a band that makes the mmaxi contribution for abnormal ground motion
amplification. Furthermore, we applied a variatmfnbasin amplification factors keeping ratio beséwenigh
and low frequency factors constant, to predictedigd motion by the NGA. Since Taipei basin amgdifion
factor is function of input ground motions, we apphsin factors for intermediate and large magmisughich
have a potential contribution for creating consitée losses in the region. Figure 4 shows the apati
distribution of average annual industrial lossesthe Taipei Basin using the NGA relations. For easy
interpretation, the Taipei basin depth-contour nispncluded in the figure. Using reported basird an
Songshan formation amplification factors in the t@as Taipei basin with some variation (Lee et. 2008); we
find that there is a significant increase in averamnual loss distributions in the western Taipasim
Following Table shows results of each scenarioianeffects on average annual loss variation fisr ribgion.
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Table 4.1 Basin amplification factors for narromntan western Taipei basin used in this study
Scenario| Basin Factor (High- & low frequencies)Average Annual Loss Factor

1 NGA (no basin Factor) Base case (1)
2 (2.0; 3.0) 7.6
3 (1.7; 2.5) 4.3
4 (1;1.5) 15

5. RESULTS AND DISCUSSIONS

It has been well recognized that local site condgi and young sedimentation played a major rolenwhe
deriving abnormal levels of ground motion in intedifate to long structural periods. During the pasi
decades, numerous of studies have explained th&galhypehavior of basin and local site conditionject to
weak and strong seismic waves. However, therellisistertainty in quantifying basin effects on sogariation
due to the basin’s geometry, local soil variatiand earthquake source characteristics. In thisystiading
advantage of the most recent empirical ground mot@ations (NGA) and the results of numerical gubu
motion simulations for basin effects, we have cateld a loss analysis study for the Taipei regioDue to a
depth-to-sediment variation less than 800 metevsratl basin effects captured by NGA relations @inn
address very high amplification trends in the narmest band of Taipei basin. This abnormal ampaifimn
appears in the region with a basin depth of 20@metwith a very low velocity of Songshan formati&milar
anomalously amplification concentrated in Santa M@nbasin in California during the 1994 Northridge
earthquake suggesting that the basin substructwsed localized amplification of seismic waves bguking
the seismic-wave energy. However, the geometry aidcities of the geological structure are uncartai
therefore, the empirical relations as well as ti@ANcould not able to account for a special locaiabnormal
basin amplification. Using most recent Taipei basformation, we captured the spatial distributafraverage
annual industrial losses in the Taipei region. lremnore, we applied variations on levels of expmkcte
amplifications for short and long structural pegdtat address uncertainty in basin location amdngéry. The
guantitative basin amplification factors, which lide surface waves generated from S-wave and the
northwestern edge of the basin boundary and focugmsh the deepest part of the basin, represent
large-amplitude waves due to basin reverberatidtis moticeable wave radiation toward the east andhsof
Taipei basin. We found that the average annualdagsbution from the 10k stochastic catalog foe Taipei
region (the western part of Taipei basin) increasigdificantly by a factor of 1.5 to 4. This empizas the
importance of basin and local site effects on $ist@apicture of the seismic hazard in the Taipwitropolitan
area.
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The 2002 Hualein, Taiwan Earthquake
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Figure 1. Location of the study area and obsergeel lof ground motion due to the 2002 Hualien epréie in
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Figure 2. Depth variation of the Taipei Basin aisdaimplification with respect to a) the layeredsplce, b)
the Taipei basin structure and c) the Songshanatomwith the basin structure models. (Lee at24l08).
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Basin Amplifcation in Campbell &
Bozorgina, NGA Relation
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Figure 3. Variation of the Basin Effect in empitiadétenuation relations derived by Campbell andd3gaia
2008.
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Figure 4. Average annual industrial loss distribotusing the NGA relationship. The Taipei basintdep
contours are shown in the yellow thin lines. Theedine shows the deepest part of the Taipei bagiich is
west of the Taipei metropolitan area.
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