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Abstract: The vulnerability assessment method, describédarcompanion paper [1], relies on a damage sedrieh
is compared with an appropriate cutoff value tantdg the buildings as “safe”, “unsafe” or “interdiate”.
The cutoff values are considered to be valid fanaging earthquakes and regions similar to Duzterev
the data were gathered. To generalize the procetheevariability of ground motion with respect goil
properties and the distance to source needs todoeporated. This was done by modifying the cutaffies
based on the above factors. Sites are classifiear@iog to the Turkish Seismic Code’s [2] definitiobased
on the shear wave velocity. Various attenuatioati@hs are used to account for the variation ofgioaind
motion with distance and the soil type.
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1. INTRODUCTION

This study focuses on modifying the vulnerability assessment procdduetoped based on the
structural characteristics of buildings located in the city d¢de. The procedure, which is described
in detail in the companion paper [1], relies on the damage cutoffsvdlgeloped using a statistical
analysis approach based on the damage data compiled from Dizcevakéhef 1999 earthquakes.
Some selected building attributes are entered into a relatiometitiiom discriminant analysis to
compute a damage score. This damage score is then comparedcwitlf &alue, which identifies
the buildings as “safe”, “unsafe” or “intermediate”.

The cutoff values recommended are considered to be valid for dameajitnguakes and the
regions that have similar distance to source and site conditiotigmttaof Diizce. To apply this
procedure to the sites, which have different distance to source apdogairties than Dizce, further
modifications must be made to improve the procedure that is presented in the companiat].paper [

2. PROCEDURE

The central point of the study is to capture the relative vamiaif the ground motion intensity
with the distance to source and the soil type. The spectral disglatealue was selected as the
damage inducing ground motion parameter, as it is a widely used giarafor expressing the
vulnerability of buildings. A typical damage curve expressed imdesf the spectral displacement is
shown in Figure 1 [3]. It is important to observe that the variation of gamvéh S follows the form
of an exponential function. This inference is used to link the changgantis change to be imposed
on the cutoff values obtained in [1]. The spectral displacement cafbthaned from elastic site



2 A.Yakut, V.Aydogan, G.Ozcebe, M.S. Yucemen

spectra computed using available attenuation relations. A numbedatibme, available in the
literature, can be employed to relate inelastic spectral dmplant to the elastic one. Although the
expressions seem quite different, their influence on the cutoff mailbins is shown to be
insignificant, especially in the range considered in this studjuatrated in Figure 2 [4,5]. For this
reason, equal displacement rule is considered to be adequate.
The proposed procedure is developed on the basis of several assumptions, which areolgted bel
- The earthquake magnitude in the region to which the method is apptigdilar to the one
that affected the reference site, i.e. Dlzce.

- Attenuation relations are believed to represent the variation of the ground motiptzde

- Construction practice does not show regional variations.

- Damage pattern observed in the reference site would be thefsawotber sites that have
same distance to source and soil type.
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Figure 1. A typical damage curve
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The steps involved in this procedure can be outlined as follows;

Step 1: Obtain site-specific response spectra using an appropriate attemaakibn

Step 2: Calculate spectral displacement at the fundamental periods ot.interes

Step 3: Plot spectral displacement/n as a function of the fundarpentad (or n), n representing
number of stories considered in the Dlizce study.

Step 4: Convert spectral displacement to a damage index (cutafé)vay assuming an
exponential relation.

Step 5: Normalize all damage indexes at different sites andndet with the damage index
obtained for the reference site, i.e. Dlizce.

Step 6: Modify DlUzce cutoff values by multiplying them with the cutoff modificecoefficients,
i.e. normalized values calculated in Step 4.

2.1 Site Classification

Two major parameters used for site classification are trstdfitie to source {d and the “soil
type (ST)". The sites were characterized by a pairs@ndl ST bins. Fivebins were selected in
view of the variation in the response spectra with the distaficbinS were determined based on the
shear wave velocity (Vs) of the soil types employed by theiSlurgeismic Code. Twenty different
site classes were obtained from the combination;@hd ST bins, which are illustrated in Table 1.
Note that type C2 represents the reference site (Diizce)wakjsany region with a certain dnd ST
is assigned a site class according to Table 1, excluding tedmitged farther than 50 km from the
source. The number of sites can easily be increased by incorpattergdistance ranges and soil
types (Vs>1000 m/s).

Table 1. Site classification

Soil Shear Wave Distance to Sour ce (km)

Type | Velocity (m/s) 0-4 5-8 915 | 16-25 | 26-50
A 701-1000 Al A2 A3 A4 A5
B 401-700 B1 B2 B3 B4 B5
C 201-400 C1 c2 C3 Cc4 C5
D <200 D1 D2 D3 D4 D5

2.2 Attenuation Models

Three attenuation relationships that are suitable for the soudgniesm of the North Anatolian
Fault were considered. The models developed by Boore et al. [6], GalicarKalkan [7], and
Abrahamson and Silva [8] were used to generate site-spedfionse spectra for all twenty sites
included in Table 1. Boore et al., and Gulkan and Kalkan are the mognientvones because they
use the shear wave velocity directly to account for the gudl. ifor Abrahamson and Silva, however,
NEHRP amplification functions were applied on the rock motion to oldae response spectra.
Since the uncertainty in attenuation models can be substantial, uargrdiattenuation models is
believed to give a better representation of the actual conditionngitihe ones selected, Gulkan and
Kalkan's model has been developed based on the local data recordedtay. Tiirese models are
compared at different distances as shown in Figure 3. Although at distahces Gulkan and
Kalkan's model suggest lower estimates as compared to othdas, distances the situation is the
other way around.
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Figure 3. Comparison of the attenuation models

Number of Story and Period Relationship

Since the reference cutoff values were obtained as a functidme difuilding height (number of
stories), modification factors were also intended for the disdnetght levels included in the
database. Hence, a relationship between number of stories and the futadlapegiod was

established based on the Turkish Seismic Code formulae. The meas wélthe period and the
number of stories obtained for the buildings contained in the Dizceicalamage database are
given in Table 2. Although the variation and dispersion of the periodnwittber of stories is large

for the buildings in the database, this would not significantly affect the iratitiih factors as will be

shown later.

Table 2. Period vs. number of stories for Diizce seismicatgrdatabase

Number of stories

Period (sec)

2

0.275

0.355

0.433

0.504

3
4
5
6

0.529
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2.4 Calculation of Spectral Displacement

A series of site-specific response spectra computed for a twdgri.4 earthquake and a shear
wave velocity of 350 m/s is shown in Figure 4. The variations insfectral ordinates were
considered insignificant within the distance bins that were sele@pectral displacement values
were obtained from the calculated spectral accelerations atiallpgiven in Table 2 for each of the
twenty site classes. The spectral displacement normalizédnwitber of stories (corresponding to
the building period) is plotted against the number of stories as shown in Figure 5.

This normalization was done to obtain a similar term that wouldianihe average drift. The
change of $with the site class is also evident from these plots. Wharearlregression is used to
represent data a constant line develops, this is the simplesteantb$t convenient choice because it
leaves out the number of stories. The trend of data implies a nartieleavior, so power function
was used as an alternative to represent the data as displayeigure 6. The modification
coefficients were developed for both cases. The influence of tkauatton functions on the
calculated response for site C3 is shown in Figure 7. Abrahamsonleadigids similar results to
that of Boore et al., Gulkan and Kalkan, however, provides lower estimatgatodilBperiods.
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Figure 4. Acceleration response spectra

25 Calculation of M odification Factors

Once Q values for all sites are computed, they are translated intaggarterms. In the
vulnerability assessment procedure developed for Diizce, themeverae relationship between the
cutoff value and the damage score of the evaluated building. In othids vas the cutoff value is
raised the number of “unsafe” buildings decreases. In view ofdl@sgan, the change of the cutoff
value (CV) with the normalized spectral displacement was assuim follow a similar trend
observed between damage agtHSFigure 1). Thus, the following function is assumed to reflect the
relation between the CV and the normalized spectral displacemént (S

ov= f[;} 1)

1- e—Sd/n
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Since the objective is to obtain cutoff modification coefficie@C) to be applied on the
reference cutoff values (G)V the variable of the function in Equation 1 can be used to get CMC
values. The CMC values are presented in Tables 3-6 for the three attenuation mptsisa:
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Figure 5. Normalized §versus Number of Story (Linear Representation)

Close inspections of these tables reveal that non-linear and foreaulations of the spectral
displacement versus number of story relation provide similar sallbe CMC can take values
between 0.78-3.90, 0.80-2.14, 0.83-3.03 for Boore et al., Gulkan and Kalkan, and Abrahamson and
Silva, respectively. Moreover, among all attenuation models, thdyiizulkan and Kalkan led to
narrower range of modification values, meaning that performanceratiffes of the buildings
between the sites would be less. The CMC value for referetecelass C2 is 1.0 because of the
normalization with respect to this site. Obviously, at better siteitions and farther distances cutoff
values should be larger. These CMC values were multiplied Wwehréspective reference cutoff
values to obtain the cutoff values for other site classes. Mddifieoff values are computed merely
from Equation 2, which can handle negative as well as positive values of refantftealues.

CV= CVR + ABS(CVR )*(CM-1) )
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Figure 6. Normalized §vs. number of story (non-linear representation)
3. AN APPLICATION OF THE PROPOSED PROCEDURE

As alluded to before, Istanbul is on the verge of being struck byasiding earthquake, similar
to the one that hit Diizce. Assuming that the construction practicBgiice and in Istanbul are
similar, the procedure would provide reasonable results when applisthbbul. To see the extent
and relativity of the expected damage or the layout of the rilkirwistanbul an exercise was
undertaken, in which, all buildings in Dlzce database were assumedtray dmrildings all over
Istanbul. In other words, a uniform exposure that is identical to theitahrdatabase for Dizce, is
assigned to all districts of Istanbul. The earthquake scenario IMddand shear wave velocity
estimates of JICA study [9] were employed to model the fault@ethssify the sites. The modified
cutoff values were applied and all buildings were identified afe"s“unsafe” or “intermediate” in
all districts of Istanbul. It should be pointed out that “safe” buildireggresent the structures that
would experience none or light damage states, “unsafe” buildings intlage that are expected to
suffer severe damage or would collapse, and “intermediate” buildimgjst encompass buildings
with all degrees of damage, which can not be clearly identified.
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Figure7. Influence of attenuation relation

Table 3. Cutoff modification coefficients (CMC) for Booré. al. [6]

LINEAR NON-LINEAR
Distance (km)

N | Vs(m/s) 0-4 5-8| 9-15| 16-25| 26+ 0-4 5-8| 9-15|16-25| 26+
0-200 0.778|0.824|0.928| 1.128/ 1.533 0.764 0.826 0.939207(1.72
201-400 0.864|1.000|1.240| 1.642| 2.414 0.876 1.000 1.239654|2.49

=3 401-700 0.970(1.180|1.530| 2.099 3.177 0.978 1.150 1.4&8010(3.10
701+ 1.082|1.360|1.810| 2.534/ 3.900 1.076 1.288 1.625329|3.64

0-200 0.778|0.824|0.928| 1.128/ 1.533 0.781 0.825 0.928125|1.53
201-400 0.864|1.000|1.240| 1.642] 2.414 0.865 1.000 1.242642|2.42

e 401-700 0.970|1.180|1.530| 2.099 3.177 0.970 1.182 1.5371063.20
701+ 1.082|1.360|1.810| 2.534/ 3.900 1.082 1.364 1.824552|3.94
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Table 4. Cutoff madification coefficients (CMC) for Gulkaand Kalkan [7]
LINEAR NON-LINEAR

Distance (km)

n | Vs(mls) 0-4| 58| 9-15|16-25| 26+| 04| 58| 9-15|16-25| 26+
0-200| 0.791| 0.840| 0.931| 1.083( 1.359| 0.748| 0.815| 0.926| 1.099(1.413

201-400| 0.932|1.000| 1.126(| 1.334| 1.706| 0.892| 1.000| 1.171| 1.431|1.896

401-700| 1.032| 1.113| 1.263| 1.508| 1.946| 1.006| 1.142| 1.355| 1.678(2.252
701+ 1.115| 1.207| 1.376| 1.652| 2.144| 1.106| 1.265| 1.514| 1.891|2.558§
0-200| 0.791| 0.840| 0.931| 1.083( 1.359| 0.799| 0.843| 0.932| 1.081(1.357

201-400| 0.932|1.000( 1.126( 1.334| 1.706| 0.939| 1.000| 1.121| 1.324|1.695

401-700| 1.032| 1.113| 1.263| 1.508| 1.946| 1.037| 1.110| 1.253| 1.492|1.927
701+ 1.115| 1.207| 1.376| 1.652| 2.144| 1.120| 1.201| 1.363| 1.630|2.118§

2-3

Table 5. . Cutoff modification coefficients (CMC) for Abramson and Silva [8]
LINEAR NON-LINEAR

Distance (km)

n | Vs(m/s) 0-4| 58| 9-15|16-25| 26+| 04| 58| 9-15|16-25| 26+
0-200| 0.826| 0.917| 1.084| 1.362( 1.887| 0.850| 0.967| 1.185| 1.554(2.288

201-400| 0.873| 1.000| 1.219| 1.575| 2.236| 0.870| 1.000| 1.240| 1.642|2.438

401-700| 0.919| 1.077| 1.341| 1.765| 2.542| 0.903| 1.055| 1.329| 1.783(2.676
701+| 0.999| 1.205| 1.539| 2.065| 3.032| 0.947| 1.125| 1.439| 1.957|2.97(C
0-200| 0.826| 0.917| 1.084| 1.362| 1.887| 0.825| 0.917| 1.085| 1.362|1.894

201-400| 0.873| 1.000| 1.219| 1.575| 2.236| 0.872| 1.000| 1.221| 1.574|2.241

401-700| 0.919| 1.077| 1.341| 1.765| 2.542| 0.919| 1.078| 1.344| 1.763|2.550
701+ | 0.999| 1.205| 1.539| 2.065| 3.032| 1.001| 1.208| 1.545| 2.069|3.046

2-3

4-6

Figures 8-10 display results obtained using Boore et al. [6]. In flgeses, results are presented
in the form of the ratio of the classified buildings to the total memof buildings. The visual plots
indicate some spotty areas, which reflect the local soil profie effect of distance to source is
clearly observed. The range of safe buildings varies from 38% tod&@nding on the site class.
Unsafe buildings constitute 1-40 % and buildings identified as inteatggdivhich represent
buildings that could not be clearly classified as safe or unsate, &share of 21-39%. Of the
indeterminate buildings, around 50% were moderately damaged, 38% hadrlightdamage and
10% were severely damaged in Diizce.

The JICA estimates of the heavily damaged building percentageshown in Figure 11. These
results were obtained based on the actual exposures extracted fraaigheleased by the State
Statistics Institute of Turkey; the apparent discrepancy is due to this fact.

4. CONCLUSIONS

It has been shown that vulnerability assessment procedures based ivedllsenage from a
particular region can be extrapolated to other sites having sicoifstruction practices and building
stock. The variation of ground motion parameters that have knowionslap to the damage of
buildings are captured using attenuation models that reflect the propertiesitdghiees the distance
to source and soil type. When the assumptions made are consideredotwibeig, which is the
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case for Istanbul, high-risk areas and vulnerable regions can mgiédkein a reliable way. This
would help determine the rank of regional vulnerability and the atitig priorities, especially for
the mega city of Istanbul for which a large earthquake is due.

This technique is a reasonable theoretical approach that usesbkviiols to predict the spatial
variation of ground motion. Further improvements to the procedure candss especially in the
intermediate steps, but the end results, which are the modificatiefficeents, would not be
influenced considerably. Besides, the assumptions and approximations aireadyced are far
beyond the accuracy that would be gained this way.
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Distribution of "Unsafe" Buildings ( Ratio of Total) - Boore et al.
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Ratio of Heavily Damaged Building : Model A Silivri
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0 2 4 6 8 10 Kilometers
e

1:200000

distfict_nam neld|
THE STUDY ON A DISASTER PREVENTION / MITIGATION BASIC PLAN =
IN ISTANBUL INCLUDING SEISMIC MICR OZONATION
IN THE REPUBLIC OF TURKEY

ity (MM)

:

Figure 11. JICA estimates of heavily damaged buildings (from JICA, 2002)

vl

UBWIBINA 'S\ 9003209 ‘UebopAy A ‘INeA’Y



