International Journal of Engineering & Applied Sees (IJEAS)
Vol.5, Issue 2(2013)18-37

APPLICATION OF DETERMINISTIC SEISMIC HAZARD ANALYSISON THE AREA OF
1970 GEDIZ EARTHQUAKE

Sule Gurb@a® and Giilcan Sarp

& Akdeniz University, Department of Geological Emgiring
® Suleyman Demirel University, Department of GealabEngineering
E-mail address sulegurboga@akdeniz.edu.tr

Abstract

Deterministic seismic hazard analysis is used @luate the effects of potential earthquakes. Bpgushis approach,
approximate peak ground acceleration (PGA) valuas loe estimated for the area of interest. In tieisetarch, the area
which was severely affected by the 1970 Gediz gaatke has been studied to assess the PGA distiibuetailed

geological characteristics and scientific paramstéunit distribution, fault locations and attenuati relationships) are
the main input for the results. Four main fault esrare used for modeling and according to markskpeEarthquake
magnitude generated from the fault zones and typgeological units are the main interest for thedton of the

settlements.

Keywords. Deterministic seismic hazard, 1970 Gediz earthguBK A, scenario earthquakes.

1. Introduction

Seismic hazard studies have become increasinglye nmaportant for earthquake engineering
applications all around the world. It is possibte rhitigate the damages of earthquake for the
constructions by using engineering techniques.ndeidhiazard assessment is commonly used to
define and classify the susceptible areas anderptaparation of seismic zonation maps. The main
purpose of the seismic hazard mapping is to oljemind motion distribution in any place. The
ground motion parameters include peak ground a@tela, peak velocity, peak displacement, and
response spectral values or histories of acceberatielocity and displacement gained from past
earthquakes.

As it is known that Turkey is one of the susceptibbuntries for the earthquake damages. There are
a lot of active faults, faults zones and fault syst creating large magnitude earthquakes. For that
reason, seismic hazard assessment approachesrgnenpertant. The map given in Figure 1 was
prepared based on peak ground acceleration (PGoth@ogy estimated by means of probabilistic
seismic hazard approach considered for a returiogpesf 475 years. Furthermore, Turkey is
categorized into five different seismic zones: Mpeach of which has specific PGA (peak ground
acceleration) values of >0.4 g, 0.3-0.4 g, 0.2¢).8.1-0.2 g and <0.1 g, respectively. 43 % okesiti
are located in zone I., whereas 28 % of them iredanThese settlements are highly populated and
industrialized; therefore they play important raleg€ountry’s economy.

In this research, deterministic seismic hazard @ggr has been applied for the determination of
PGA values. According to Figure 1, study area ¢ated on the |. degree earthquake zone. Historical
and recent earthquakes similarly prove that tha er&ery vulnerable for future earthquakes. Fer th
reason, this area has been chosen to apply detstimiapproach. This research aims to show the
importance of geological units, distance betweenaofaults and settlements.
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Figure 1. Earthquake zoning map of Turkey. Rectrgliows the study area (after Ministry of Publicrigoand Settlement of Turkey, 1996).
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2. Background on Deter ministic and Probabilistic Approaches

Seismic hazard mapping are done by two differept@gches; a) deterministic and b) probabilistic.
In deterministic seismic hazard analysis (DSHA)trepuake scenarios are evaluated separately. For
each sources (single faults or fault zones), aatemrarthquake is defined by magnitude, distance
between source and area, style of faulting andmescases rupture direction. The ground motion
for the scenario earthquake is usually estimateddiyg attenuation relationship, but is sometimes
estimated using seismological simulations of theugd motion [1]. DSHA is based on geology and
is attenuated to physical reality in nature.

A typical DSHA can be described in four-step predes

1. Identification and characterization of all egubke sources capable of producing significant
ground motion at the site. Source characterizatioludes definition of each source’s geometry and
earthquake potential (Figure 2).

2. Selection of a source-to-site distance parametezdoh source zone. In most DSHAS, the shortest
distance between the source zone or point anditthefsinterest is selected. The distance may be
expressed as an epicentral distance or hypocelistance, depending on the measure of distance of
the predictive relationship(s) used in the follogvstep.

3. Selection of the controlling earthquake (i.ee tharthquake that is expected to produce the
strongest level of shaking), generally expresseteims of some ground motion parameter. The
selection is made by comparing the level of shakirgluced by earthquakes (identified in step 1)
assumed to occur at the distances identified ip &eThe controlling earthquake is described in
terms of its size (usually expressed as magnitadé)distance from the site (Figure 2).

4. The characteristics of hazard are usually desdrby one or more ground motion parameters
obtained from predictive relationships. Peak growawteleration, peak velocity and response
spectrum ordinates are commonly used to charaetdre seismic hazard (Figure 2).
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Figure 1. Diagrams showing four steps of deterrtimg&eismic hazard analysis [3].
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Probabilistic seismic hazard analysis (PSHA) isenaymplicated than deterministic analysis and is
often seen as a “black box” by practicing engineEos this reason, PSHA seems to be less reliable
than DSHA. In the past 20 to 30 years, the usedbabilistic concepts has allowed uncertainties in
the size, location and rate of recurrence of eadhkgs and in the variation of ground motion
characteristics with earthquake size and locatmibe explicitly considered in the evaluation of
seismic hazards. PSHA provides a framework in whitchse uncertainties can be identified,
qguantified and combined in a rational manner tovig® a more complete picture of the seismic
hazard. The PSHA can be described as a procedtwarafteps [2].

1. The first step, identification and characteimatof earthquakes sources, is identical to th&t fir
step of DSHA, except that the probability distribatof potential rupture locations within the saairc
must also be characterized (Figure 3).

2. Next, the seismicity or temporal distribution edrthquake recurrence must be characterized. A
recurrence relationship, which specifies the average at which an earthquake of some size can be
exceeded, is used to characterize the seismici#adh source zone. The recurrence relationship may
accommodate the maximum size earthquake, but & dotlimit consideration to that earthquake, as
DSHA often do (Figure 3).

3. The ground motion produced by earthquakes ofpmsgible size occurring at any possible point
in each source zone must be determined with theotiggedictive relationships. The uncertainty
inherent in the predictive relationship is alsosidared in a PSHA (Figure 3).

4. Finally, the uncertainties in earthquake loaggtiearthquake size, and ground motion parameter
prediction are combined to obtain the probabilitsttthe ground motion parameter can be exceeded
during a particular time period (Figure 3).

The proper performance of a PSHA requires carefténaon to the problems of source
characterization and ground motion parameter ptiediand to the mechanics of the probability
computations. But in the application of probabitishpproach, there are many uncertainties. So,
probabilistic method should never be used for (Ljtiple expert opinion, (2) logic tree, and (3)
deaggregation. On the other hand, it can be use fgreliminary evaluation, (2) for an operating
basis earthquake, (3) for risk analysis, and (Ap&sign of non-critical construction [4].
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Figure 3. Diagrams showing four steps of probaixliseismic hazard analysis [3].

In the 1960s and 1970s, the DSHA was used as tiretgpe of seismic hazard analysis, but it has
been gradually replaced by the PSHA. For the pastdecades, the discussions are based mainly
deciding which method can predict hazard of fumethquakes more accurately. The probabilities
of occurrence for the “worst-case” in DSHA can l@wlow. This means that the construction of
facilities designed for the worst hazard can bg esipensive. On the other hand, the PSHA has been
discussed in different aspects such as used dlgoand damage of historical earthquake. But they
cannot succeed properly to imitate the earthquakeation, damage of historical earthquake and
the accurate ground motion [5].

Therefore, probabilistic approach needs more in&tion; moreover, some assumptions have many
inputs. In the case of many assumptions, the amsafmiincertainties might be increased. PSHA is

just a large number of deterministic analyses vatlded feature such as recurrence interval,
computer applications, standard deviation and defiattenuation relationship. Simpler decisions

and well-understood seismicity and tectonics ptintleterministic representations [6]. There are

more discussions about the probabilistic and detestic approaches, but they are beyond the scope
of this study. Additionally, DSHA is based on theotpgical features of the site [7 and 4] whereas
PSHA is focused on earthquake statistics and nealaralculations [8, 9 10, and 11]. Because of the
reasons and substantial input data, determinigiico@mch has been chosen to apply preparation of
seismic hazard map in this study.

DSHA is used to calculate distribution of PGA imstivork because, geological characteristics of the
area collected from field work is much more thareded data to apply PSHA. Deterministic
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approach is aimed to find maximum possible groumdion at the site of interest, and then the size
of the largest possible earthquake is estimateceéoh of the previously defined seismic sources.
The underlying philosophy behind, also termed as"#tenario” ground motions procedure [12] is:
(i) "scenario earthquake” is both scientificallyasenable and estimated to produce most severe
strong ground motion at the site, (ii) the publencbe informed about the possible earthquake
hazards and (iii) a wide audience can fully be essbto the safety of important structures andaaiti
facilities even for the largest possible seismiergs [13].

4. Input data

The results of all analysis to prepare the mapédoncept of deterministic seismic hazard analysis
are extremely dependent on our knowledge aboutsthirce (faults), units and attenuation
relationship. Data defining the structural modelsl aeismic sources must be properly defined and
assigned to the area [14].

In the first step of seismic hazard map analysasthgquake sources have to be described based on
their characteristics such as line, point and arehlengths. The main inputs for this applicatiom a
the earthquake sources. In the study area, therefoar line sources as fault zone named as
Muratdgsl, Simav, Saphane and Ydova fault zones and one point source which icemtier of
previous earthquake information (1970.03.28 Gedithguake). Detailed geological mapping have
been done by Gurlga [15]. Lastly, formula of attenuation relationstpppposed by Ulusay et. al.
[18] for Turkey is used for calculations.

4.1. Fault zones and epicenter of 1970 Gediz earthquake

Two types of DSHA have been performed in this stuthey are the line sources (fault zones) and
point source (1970 Gediz earthquake). Four mapbnfersources and one map for point source have
been produced. Although, 2 large earthquakes oedurr the 1944 and 1970, there is no reliable
epicentral information about the 1944 earthquakee B this restriction, the epicenter of the 1970
Gediz earthquake could only be used for PGA distitim.

To analyze the seismic hazard of the study areatamitinity, earthquake sources (fault zonesj tha
may affect the area have been defined regardingnéia tectonic structures. There are four main
fault zones in this part of Akhir-Simav Fault System (ASFS) that may createelaighquakes and
hit the study area sternly. These fault zones dela number of single faults; however, they are
being represented and evaluated separately agla Bive. The demonstration of fault zones has also
very important variable for the estimation of magde. In this point of view, fault segmentation has
to be done properly. For example, it was commouos® 1/3 to 1/2 of the total fault length for the
estimation of earthquake magnitude [19]. Laterfanlt segmentation studies on well-studied faults
have replaced [1]. But in this study, all singlelfa in each fault zones were connected to get as
single line (Figure 4). The main reason of thisuagstion is that the study area is not very large, s
in case of an earthquake they may move togethé&invitach fault zone at once. Briefly, these four
fault zones are not limited with the study arearibgithe calculation of peak earthquake total langt
of them are considered.
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Figure 4. Locations of the four fault zones aroshdly area.

4.2. Estimation in magnitudes of scenario earthquakes

The next step after the description of sourceddime earthquakes is to define the magnitude of the
scenario earthquake. For these sources, estimatddgarthquakes so called “scenario earthquake”
here are clarified by using the surface ruptureggtlenWells and Coppersmith [20] proposed a
relationship between rupture length and variousnitade values such assMVl,, Mg, M. and M,.

For the calculation of earthquake magnitudes fakish earthquakes, the relation proposed by [21]
was chosen. According to this research, fault mgplength versus M21] and fault rupture length in
logarithmic scale versus Mrelations were described [22].
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Before going to explain the determination of &hd M, by using the surface rupture length of the
faults, the explanations and relationships of theéous types of magnitudes are briefly clarified
below:

There are different magnitude types to determimesize of an earthquake. They can be done by
using the seismogram rather than on the amountwfade. To obtain different magnitudes of an
earthquake, different parts of the radiation pattdrearthquake waves (body or surface waves) are
used. The concept of earthquake magnitude, avelaize scale based on measurements of seismic
phase amplitudes, was developed by K. Wadati ari¢hter in the 1930s, over 30 yrs before the
first seismic moment was calculated in 1964 [23]Je General form of all magnitude scales is given

by
M=log (AIT) +f (A, h) + G+ G (1)

where A is the ground displacement of the phasavloich the amplitude scale is based, T is the
period of the signal,is a correction for epicentral distandg and focal depth (h), ds a correction

for the siting of a station (e.g., variability imalification due to rock type), and & a source region
correction. Magnitudes are obtained from multigkgtiens to overcome amplitude biases caused by
radiation pattern, directivity, and anomalous patbperties. Four basic magnitude scales are in use
today: M, m,, Mg and M,. M_ local magnitude known as Richter magnitude wagesigd by
Richter [24]. Richter observed that the logarithimmaximum ground motion decayed with distance
along parallel curves for many earthquakes.

M. = log A — 2.48 + 2.76l0g) )

where A is the displacement, afdds epicentral distance. Nk also very useful scale for engineering
applications. Many structures have natural peradse to Wood-Anderson that is a seismometer for
the observation of seismic waves. Furthermore, rtiagnitude type can be used for an earthquake
that has magnitude bigger than 6.0 and distancéesrttzan 700 km. mis the body wave magnitude
which is based on the few first cycles of P-wavéval and given by

my = log (A/T) + Q (hA) 3)

where A is the actual ground-motion amplitude icnmmeters and T is the corresponding period in
seconds, Q (h) is the correction for depth and distance. Whemsrmeasured, it is usually for the
largest body wave (P, PP, etc.)siBlsurface-wave magnitude that is measured beymm&@0-km-
long-period and used on M>6.0 earthquakes. Thigprigper for the magnitudes of shallow
earthquakes, because deep earthquakes cannottgaheraurface-waves. The equation for surface-
wave magnitude is given by

Ms= log Ay + 1.66lo@\ + 2.0 (4)
where Ayis the amplitude of the 20-s-period surface wavaicrometers.

My, called as moment magnitude was derived by Kanaf@b}i The equation of moment magnitude
is given by

My = (log Mo/ 1.5) — 10.73 (5)

where Myis seismic moment that is a better measure ofiteecs a large earthquake [23]. Moment
magnitude (M) is being increasingly used for moderate and l@aghquakes all around the world.
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The reasons for this result are (1) it is very gupcocess to calculate the, My using the modern
instruments and analytical techniques; (2) itesl tiirectly to physical parameters such as fael,ar
fault slip and energy, rather than to amplitudespafticular seismographic records in particular
frequency bands; (3) geodetic, field-geology andnsegraphic methods are used to estimation of it;
(4) this magnitude is adequately suitable for tegneation of size of large earthquakes [26]. In
addition, the best scale for scientific and engimgepurposes is the moment magnitudeg,fdcale
since it is related to the rupture parameters.

Because of the appropriate scientific and engingarsage for magnitudes, moment magnitudg) (M
was selected in this study for the constructionseismic hazard map. Moment magnitudes of
scenario earthquakes sourced from different famtez in an interested area can be calculated by
using equations of Wells and Coppersmith [20], Aydal] and Ulusay et al [18]. To provide a
uniform and reliable scale for attenuation relatiup, the database from the Turkish strong motion
stations, developed by Ulusay al (2004) have been used to determine thefildm Mg values for
Turkish earthquakes. The relationship and conversguations between 4 My, Mp — My, Mg —
Mw, and M — M,, which were also derived by Ulusay al [18] by considering the Turkish
database, are given in Figure 5. Before definirg Np, Msvalues have to be found by using the
probable surface rupture length of earthquake ssufEigure 6 from [22]). As it is mentioned
before, there are four different fault zones. Byngsthe surface length of these faults, possible
rupture lengths are estimated and their relatiamengin Figure 6 are used to find the maximum
magnitude (M) of an earthquake.
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Figure 5. Correlations between,Mnd M, My, Mq and M values for Turkish earthquakes (r:
correlation coefficient; S.D: standart deviatioh$].
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Figure 6. Relation between surface magnitude (Ms) surface rupture length (L) based on
the Turkish earthquakes [22].

Finally, the reference point to determine the maxmmagnitudes for each fault zone is their total
lengths. The most important issue is to find owirtlactual lengths. In this study, all earthquake
sources cut through of the study area. Althoughptirés of the faults that are outside of the study
area are not considered in the topic of this woeblggically, they have to be included in all
calculations because of their affects in case ddathquake. By means of the total lengths, prababl
Msand then N values and then can be calculated.

4.3. Determination of PGA values

The best way to estimate expected PGA is by ingaitg instrumental data of past strong
earthquakes in interested area. This was not deswibthis study, because, last strong earthquake
took place in March 28, 1970 and at that time theas no strong motion station. In such cases
different approaches are used to estimate.

PGA (peak ground acceleration) values can be akdilby using the ly] distance between line for
faults or epicenters for previous earthquakes ardtp assigned by the gridding on the map, and
attenuation relationship equation. Attenuationtreteship is a very controversial issue all aroumel t
world. Because of the dissimilar applications (PSBFADSHA), special site conditions, different
countries and authors, a number of attenuationioekhips were proposed and each of them were
used for different purposes. There are some stddrethe calculation of PGA values by using the
database of large Turkish earthquake [18, 19 ahdT2@ equation suggested by Ulusztyal. [18]

was used in this research.

We need to know WM for each fault zones by means of their total lengind & and $ (site
conditions) values. S= S = 0 for rock (basement and volcanic rocks) (Figlkesys =1 and §=0

for soil (Miocene sediments) (Figure 8), and S0 and § = 1 for soft soil (Plio-Quaternary and
alluvial deposits) (Figure 9) are used [18]). Alese input data have been evaluated by ArcGIS 9.3
computer programme. The calculated values aye .7 for Saphane Fault Zone, M 6.6 for
Simav Fault Zone, e 6.6 for Muratdgl Fault Zone and e 6.5 for Yeilova Fault Zone. Then,
the study area was separated into equal intergalgrical and horizontal lines (gridding). Thisdgr
system is composed of 2667 points. For each pfiistly, S and $ site conditions were assigned.
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Secondly, attenuation relationship suggested faki$hn earthquakes by Ulusay et al., [188] was
employed for this analysis.

0.0218(33.3N, — R. + 7.84273 + 18.9282§
PGA=2.18¢ ( ) (6)

Figure 7. Close up V|ew of the basement (a) andamd: rocks (b) (= SB 0).

Figure 8. General view of the tilted Miocene linme® beds (§= 1 and §= 0).
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AR o T Y

Figure 9. Close up view of the Plio-Quaternarya@a) alluvial deposits (b) 45 and $=1).

All unknown parameters have been determined sutbtalslength of faults (earthquake sources) for

maximum magnitude, gridding of the study area dmel distance between center points of all

gridding square and faults, site conditiong &8dSg), and attenuation relationship. Later on, the

study area can be analyzed by using the compubgram for each fault zone. It means that four

different maps for four scenario earthquakes haenltproduced. Additionally, one more map has
also been produced by using the epicenter of ti@ Bediz earthquake as a point source. And then,
these five maps have been compared to each other.

5. Flow Chart of the Deter ministic Seismic Hazard Mapping

Scenario-based deterministic approach is more agppte and it allows the user to a realistic
definition of PGA in scenario-like format to be aagpanied by the determination of advanced
hazard indicators. The steps which can be apptigde deterministic approach have been explained
before. According to this flow chart, the geolodicaap of study area has been prepared as
containing main rock or soil types (Figure 10). Meyg is significant to determine the ground
motion (shaking) in case of a scenario earthquake different scenario earthquakes have been
arranged for the deterministic approach. First snthe reactivation of fault zones. Second is the
previous events which gave huge damages on the stteh, taken as a reference earthquake
(28.03.1970 M= 7.2 Gediz earthquake) to create scenario earkiequiagives approximately 9 km
surface rupture length and can yield ~ 6.§ tat is calculated by total length of the faulheoln

this study, type of faulting is not considered lre tusage of the attenuation relationship. In some
recent studies [27, and 28], the attenuation moldal® different ground motion from reverse and
strike-slip earthquakes.

29



Gurbgga, S., and Sarp, G.

1) Detailed geological mapping (Figure 10) have beepared during field work,
2) The map have been gridded (Figure 11) for the watii&, and S,

3) Sa and $ values for each point have been assigned,
4) Shortest distance between fault line and assignadsphave been calculatedJR

5) M, values have been determined for each fault lite1®70 Gediz earthquake,
6) Lastly, by using the PGA formula suggested by Ujustaal., [18] have been applied.

In summary,
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Figure 10. Geological map of the study area. aystalline limestone, b. volcanic rocks, c.

limestone-marl intercalation, d. travertine, erdee deposits, f. alluvial deposits.
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6. Results of the DSHA

According to 2667 point locations (Figure 10), leswof the DSHA have been submitted. For each
point, S and $ values were described by considering the rockstypel the closest distance to the
source fault have been calculated. Based on thendis, zonation of PGA values has been
performed for four faults. The results for MuragtdgFigure 11), Simav, (Figure 12japhane
(Figure 13) and Yglova (Figure 14) fault zone have been presented.

The detailed examination of these results indictitasthe PGA values changes in the range of 0.233
— 0.366 g. The peak values are observed in theplatiere major fault zone and alluvium exist.
Oppositely, volcanic and metamorphic rocks yieldyMew PGA values.

One more deterministic seismic hazard analyseu(€id5) has been applied for point source as
epicenter of 1970 Gediz earthquake (red star inr€id5). When it was examined in detail, the result
is exactly the same as the result okidva Fault Zone. Because, the epicenter of thrithgaake is
very close to Ysilova Fault Zone and their products are coincided.
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calculated PGA values:

M0 3510366 03220306 [EJ02920306g [T]026302769 535547
03370350 g [I]0.307-0321¢ [[]0.277-0201g 02480262 T

Figure 11. Deterministic seismic hazard map shownogind
motions (PGA) expected from 6.7 scenario earthquake
sourced from Muratda fault zone. 32

Figure 12. Deterministic seismic hazard map shownogind
motions (PGA) expected from V6.6 scenario earthquake
sourced from Simav fault zone.
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calculated PGA values:

I 0351-0.366 g [I0.322-0336 ¢ [[]0.292-0,306g [_]0.263-0276 g [Jozss0247

[ 0.337-0,350 g [[0]0,307-0,321g [_0,277-0291¢g [__]0,248-0262¢g

Figure 13. Deterministic seismic hazard map shownogind
motions (PGA) expected from 5.6 scenario earthquake
sourced fronSaphane fault zone.

Figure 14. Deterministic seismic hazard map showogind
motions (PGA) expected from V6.5 scenario earthquake
sourced from Ysglova fault zone.
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calculated PGA values:

03510366 g [J0.322-0,336 g [ ]0,292-0306¢g [ ]0,263-0,276 g [Jo233.0247
0337-0350 ¢ [I0.307-0,321¢ [[]0277-0,291g [ ]0.248-0,262 g T

Figure 15. Deterministic seismic hazard map showogind
motions (PGA) expected from W.2 1970 Gediz earthquake
(red star is the epicenter of the earthquake).

Lastly, the comparison between computational resulhe 1970 Gediz earthquake (Figure 15) and
izoseist distribution (Figure 16) after the eartakg shows some differences because of the scale
disparity. But, general trend of the high PGA valubetween Yenigediz and Akcgalan is
approximately N-S in trend. In Figure 16, sameggatis observed for intermediate and intermediate

to high intensity area.
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Figure 16. Izoseist map of the 1970 Gediz earthe(i28].

6. Conclusion

Rock and soil type mainly control the damages. Pdigtribution of the study area shows that
clearly. Figure 15 has been prepared by the Geatthguake with M 7.2 magnitude. Comparison
between Figure 15 and Figure 16 indicates thatceqamate high PGA values are almost N-S in
trend.

The deterministic approach gives a clear and ttaekaethod of computing the distribution of PGA
whose assumptions are easily discerned. This i$irtftestep for the preparation of seismic hazard
mapping. Addition to this step, site effect and snamher input must be included such works.
Therefore, the users of these PGA distribution staquld be chary. Because, hazard is controlled by
many factor. This research includes only geolodealures and attenuation relationship.
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