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ABSTRACT

A geographical information system (GIS) based soil dynamics database was
developed and one-dimensional dynamic site-response analyses were performed for the
northern coast of Izmir Bay area soils in this dissertation. Seismicity, tectonics and local
soil conditions are taken into account for deterministic microzonation study. Close and
long distance seismic sources have been determined with their uncertainties for the city
of izmir. Probabilistic approach was used in order to obtain risk levels for deterministic
microzonation study. Large number of geotechnical data was put into soil dynamics
database. Contributions have been made in development of GIS based dynamic
interface software DISO 7.0 constructed for a research project. Dynamic soil parameters
needed for site-response analysis were computed with DISO 7.0. One-dimensional
dynamic site-response analyses were performed using EERA software based on
equivalent linear method. Liquefaction analyses and post-liquefaction settlement
calculations have been also performed using DISO 7.0. Dynamic analyses have been
performed using records of 16.12.1977 Izmir Earthquake (M=5.3) related to critical
close distance seismic source (Izmir Fault) and 10.04.2003 Urla Earthquake (M=5.6)
originated from critical long distance seismic source (Karaburun Fault). The scenario
earthquakes with a magnitude of 6.5 for both critical seismic sources have been also
evaluated in dynamic analyses. Dynamic site-response analyses have been repeated
using records of 02.05.1983 Coalinga (M=6.4) and 18.10.1989 Loma Prieta (M=6.9)
earthquakes to enrich the acceleration spectrum graph. Results of dynamic analyses
have been discussed according with regards to national seismic hazard code. Surface

models of dynamic parameters have been prepared using ArcView 3D Analyst.

Keywords: microzonation, database, GIS, soil dynamics, Izmir, site-response,

liquefaction



OZET

Bu doktora tezi ¢aligmasinda, cografi bilgi sistemi (CBS) merkezli zemin dinamigi
veri tabami gelistirilmis ve Izmir Koérfezi kuzey kiyist zeminleri igin tek-boyutlu
dinamik yo6resel zemin davramgi analizleri gerceklestirilmistir. Y6renin depremselligi,
tektonigi ve yerel zemin kosullari deterministik mikrobélgeleme ¢aligmasinda dikkate
almmstir. Izmir kentine yakin ve uzak mesafelerdeki deprem kaynaklari, kent igin
olusturduklar1 riskler ile birlikte belirlenmiglerdir. Deterministik mikrobdlgeleme
calismast icin risk seviyelerini elde etmek amaci ile probabilistik yaklagimdan
faydalanilmustir, Zemin dinamifi veri tabanmna g¢ok sayida geoteknik veri
kaydedilmigtir. Bir arastirma projesi kapsaminda gelistirilen CBS merkezli dinamik
arayliz yazahmi DISO 7.0’ gelistirilmesine katkida bulunulmustur. Yéresel zemin
davrams1 analizleri igin gerekli dinamik zemin parametreleri DISO 7.0 ile
hesaplanmigtir. Tek-boyutlu dinamik y&resel zemin davranigi analizleri esdeger lineer
yontem esas almarak ve EERA yazilimi kullanilarak gerceklestirilmistir. Sivilagma
analizleri ve stvilasma sonrasi oturma hesaplari da DISO 7.0 kullanilarak yapilmistir.
Dinamik analizler, kritik yakin mesafe deprem kaynag: (Izmir Fayi) ile ilgili oldugu
diistiniilen 16.12.1977 Izmir Depremi (M=5.3) ve kritik uzak mesafe deprem kaynagimn
(Karaburun Fay1) olusturdugu 10.04.2003 Urla Depremi (M=5.6) kayitlar1 kullanilarak
gerceklestirilmigtir. Her iki kritik deprem kaynagi {izerinde olusabilecek 6.5
bitytikliigtindeki senaryo depremleri de dinamik analizlerde degerlendirilmistir. Ivme
spektrum grafigini zenginlestirmek amaciyla dinamik zemin davranigsi analizleri
02.05.1983 Coalinga (M=6.4) ve 18.10.1989 Loma Prieta (M=6.9) depremlerinin
kayitlan kullamilarak tekrarlanmustir. Dinamik analiz sonuglari ulusal deprem
yonetmeligi cercevesinde tartisilmistir. Dinamik parametrelerin ylizey modelleri
ArcView 3D Analyst kullanilarak hazirlanmigtir.

Anahtar kelimeler: mikrobdlgeleme, veri tabani, CBS, zemin dinamigi, Izmir, yoresel

dinamik zemin davranisi, stvilagsma
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‘CHAPTER ONE
INTRODUCTION

The geotechnical earthquake engineering professional is interested with the
effects of earthquakes on people and their environment. The engineer of this young
discipline is in charge of reliable estimation of ground motion characteristics and
response of both soil layers and foundation systems to this motion. While doing this
the geotechnical engineer is expected to report associated uncertainties inherent in

the computed results.

Today’s growihg population of metropolitan areas increasingly forces local and
national authorities to take risks in their decisions of new urbanization area
designations in seismically active regions. Alluvial sites in or nearby coastal regions
have traditionally been known high-risk areas of seismicity. Historically, pedple
avoided urbanizing on such grounds as much as possible. However, technological
advances in construction technologies combined with the growing need for more
living and industrial buildings resulted in dense population on marginal lands. The

city of Izmir demonstrates major examples of this kind of urbanization.

Following the great 1999 Marmara Earthquake and some other smaller scale
events, an interest and fear has grown in nationally regarding the safety of buildings
and facilities on alluvial sites of seismically active regions: This interest fed by fear
originating from inadequate knowledge about soil and structure- behavior provoked
several speculations regarding safety éf buildings on marginal lands. Unfortunately,
well-engineered structures were also affected by such speculations sometimes losing

their economic value significantly. .



Today the need for reliable microzonation is greater than ever in metropolitan
_areas like Izmir. City officials are mostly uninformed and subject to easy
manipulation regarding their decisions for prospective urban areas on thick alluvial

soil deposits.

Microzonation, on the other hand, can be performed using one of several methods
available in the literature. Generally speaking, there are two approaches for

microzonation: the probabilistic and the deterministic methods of analysis.

The engineer is left at this point with the critical decision of preferring
deterministic approach over the probabilistic one or vice versa while establishing the
ground motion characteristics, which constitute the backbone of any microzonation
study. This is because these two different methods have advantages or disadvantages
depending on the problem of interest. For exaniple, there are serious doubts about the
use of probabilistic method alone in the design of critical facilities especially because
of distribution models being used in the analysis. The current trend of performance-
based analysis in structural engineering promotes the deterministic approach in the

establishment of ground motion.

However, deterministically established ground motions inevitably -carry
uncertainties even for a defined fault system as part of a deterministic study. It
appears that hybrid approaches fit better to current needs of civil engineering
profession: the structural engineer desires to see nonlinear response of the structure;
the geotechnical engineer wants to perform site- specific, if possible parcel specific,
site response analysis in order to come up with more rational liquefaction risk
determinations and foundation solutions; the decision maker on the other hand likes
to see the associated risk of such deterministic based analyses results so that they
could be located within national seismic code provisions. From this point of view
probabilistic methods can address uncertainties inherent in the ground motion
parameters computed using a numerical - site response technique utilizing the

reference motion.



The goal of this dissertation is to develop a soil dynamics database consisting of
appropriately developed ground motions and geotechnical data to be utilized in
microzonation of alluvial sites in metropolitan Izmir area. Emphasis has been given
to the establishment of ground motions, which are called as reference motions in this
dissertation, and an-attempt was made in the development of a new strategy for the
combined use of deterministic and probabilistic methods. The dissertation study has
several other products that are briefly explained in the following of this introduction

chapter.

The second chapter deals with seismicity for the city of Izmir and este{blishment
of the reference motion. The literature review about general fectonics of the Aegean
Region is given, firstly. Active faults and fault zones in the neighborhood of Izmir
are then explained. Historical (pre-instrumental period) and instrumental period
earthquakes affecting the city of Izmir are summarized and damage occurred in the
city center following these earthquakes is also given in this chapter.

Establishment of the reference motion for the city of Izmir is significant for
dynamic site response analyses. The seismic risk of a site should be determined to
obtain reliable results of dynamic analyses. Seismic hazard analyses using
- deterministic and probabilistic approaches are summarized following the seismicity
of Izmir. Critical decision of preferring one method to another is discussed.
Deterministic method using site response technique is adopted in this dissertation.
This technique requires reliable and site dependent acceleration time histories related
with the estimated seismic risk of the city. Computation of both deterministic and
probabilistic seismic hazard levels provides the reliability. For- this reason,
deterministic and probabilistic approaches are first summarized, and generation of
deterministic acceleration time history is then explained in detail following this |

summary.

Site-specific soil profile characteristics can be taken into account in deterministic

approach. Probabilistic method is used for computing uncertainties in seismic risk



analysis. Findings of some probabilistic analyses for the city of Izmir are presented

in the second chapter.

Seismicity for the city of Izmir is investigated in order to decide critical rupture
locations. The effect of close and long distance earthquakes to study area is evaluated
depending on the dynamic soil characteristics. Probabilistic analyses are then
pei'formed to obtain probability distribution of potential rupture locations at closest
distance(s) to the site. Critical close and long distance rupture locations for the city of
Izmir are decided following these steps. Izmir Fault is evaluated as a critical close
distance seismic source for the city since epicenters of destructive carthquakes in
historical period occurred close locations to this fault. The RADIUS team performed
a scenario based deterministic risk analysis of the city of Izmir considering that the
scenario motion would take place on the Izmir Fault. The probabilistic risk of a
scenario motion in microzonation study was determined for.the Izmir Fault. The
spatial uncertainty was calculated for various segments of the Izmir Fault. Central
and western segmerits of the Izmir Fault have been found to be more critical for
Bostanli region. Attenuation relationships were used in order to estimate maximum
bedrock acceleration values for diﬂ’érent locations of the study area. Appropriate
relationships were determined with comparison of the estimations of maximum
bedrock accelerations. Long distance critical seismic sources have been investigated
for seismicity and occurring damage in the past earthquakes. The Karaburun Fault
was evaluated as a critical long distance seismic source. The spatial uncertainty
caiculations for the Karaburun Fault were also performed. The center segment of the

Karaburun Fault was determined as most critical long distance seismic source.

The actual acceleration record nearby the Izmir Fault has been obtained during
December 16, 1977 Izmir Earthquake (M=5.3). Corrected record of this event has
been used in one-dimensional dynamic site-response analysis. The corrected record
of 1977 lzmir Earthquake was modified for Izmir Scenario Earthquake (M=6.5).
Frequency content was not changed during modification. The actual acceleration
record of 2003 Urla Earthquake (M,=5.6) has been used as a sample of long distance
earthquakes. The 2003 Urla Earthquake caused also widespread damage in Bornova /



Manavkuyu region. The record of 2003 Urla Earthquake was modified for Urla
Scenario Earthquake (M=6.5). Two strong ground motion records (02.05.1983
Coalinga and 18.10.1989 Loma Prieta) were added into acceleration time history
database due to the geological similarities between IZIIIII’ and California. Records of

these earthquakes were also used in dynamic analyses.

Chapter Three deals with geological and geotechnical characteristics of northern
coast of Izmir area soils. General geology of Western Anatolia was summarized,
firstly. Alluvial geomorphology in the vicinity of Izmir was given. Variation of
bedrock elevations in the study area was defined. Geotechnical characteristics of

soils in the study area were given in this chapter.

Construction of the dynamic soil database is explained in Chapter Four. Sources
of the geotechnical data stored in fhis database are given. Quality of the boring logs
in geotechnical investigation reports has been evaluated depending on log data.
Spatial variability of geotechnical characteristics were determined and given in

" Chapter Four. Manipulation of database was explained in this chapter of dissertation.
Data manipulation was necessary in ofder to produce dynamic soil parameters, which
are not available experimentally. Calculations of dynamic soil parameters for site-
response analysis were explained briefly in Chapter Four. Necessary equations are
given for computation of dynamic soil parameters. Computations are performed with
the use of DISO 7.0 software. This software has been developed in a parallel study
and contributions to its development are made in this dissertation. In this software,
data manipulation options are available, and links to the dynamic soil database in
ArcView 3.2 GIS environment are provided. Liquefaction and post-liquefaction

settlement analyses can be also performed using DISO 7.0.

Chapter Five deals with resuits of one-dimensional dynamic site-response
analyses and discussions. Sample analyses based on 1977 Izmir Earthquake (M=5.3)
and 2003 Urla Earthquake (My=5.6) have been performed using DISO 7.0. Izmlr
Earthquake is a critical close distance seismic event, and Urla Earthquake is a critical

long distance earthquake for the city of Izmir. Maximum bedrock accelerations were



estimated in study area using proper attenuation relationships. One-dimensional
dynamic site response analysés based on equivalent linear method have been
performed using EERA software. Values of shear modulus and damping ratio for
different shear strain levels have been determined, and modulus degradation and
damping curves have been obtained for each standard penetration test depth in a
borehole. Ground surface motion has been estimated as a result of dynamic site
response analysis. Maximum ground surface and bedrock accelerations,
amplification ratio, maximum ground surface and bedrock spectral accelerations,
spectral acceleration ratio, lowest factor of safety against liquefaction in a profile,
and total posf-liquefaction settlement values are put into a table in constructed
database. Recorded results in the table of database are then felated with geographic
coordinates in ArcView 3.2 GIS platform. Surface models of computed site response
parameters and post-liquefaction settlements have been generated using ArcView 3D
Analyst. Influence of local soil conditions on ground motion parameters for 1977
[zmir Earthquake and 2003 Urla Earthquake has been obtained. Dynamic site
response analyses have been repeated for the Izmir Fault and Urla scenario
earthquakes using EERA software. Acceleration spectrum graph were plotted for
scenario earthquakes. Acceleration records of Coalinga and Loma Prieta earthquakes
have been added into strong ground motion database in order to enrich spectrum
graph in terms of frequency content. Dynamic site response analyses have- been
repeated for idealized soil profiles given in Chapter Three using Izmir Scenario, Urla
Scenario, Coalinga and Loma Prieta earthquake records. Discussions on results of
dynamic analyses have been performed according with regards to national seismic

hazard code.

Conclusions are given in the sixth chapter. Results of the dissertation and

recommendations have been presented in this chapter.

Details of dynamic analyses results, surface models of dynamic parameters,
attenuation relationships, general geology of California region and ground water

boring logs are included in related appendices.



CHAPTER TWO
THE REFERENCE MOTION

2.1 General Tectonics of the Aegean Region

The seismic activity of Western Anatolia is under the control of interacting
tectonic plates of the eastern Mediterranean region and its adjacent areas. Four major
plates govern the tectonic structure controlling the seismic activity in the area:
Anatolian, Arabian, African and Eurasian plates. The quite large deformation zone
including our country was formed with the relative movements of those plates. The
westward motion of Tiirkiye relative to Eurasia is said to be related to the collision of
Arabia and Eurasia in the Caucasus and eastern Tiirkiye in the mid-Miocene age
generating a thickened crust in the eastern Tiirkiye. This mechanism provides the
gravitational potential energy or buoyancy force driving Tiirkiye westwards
(Taymaz, 1997). While the westward motion of Tiirkiye is taking place relative to
Eurasia, it is thought that Hellenic Trench stays stationary (McKenzie, 1972). This is
briefly illustrated in Figure 2.1. |

Main fault zones capable of producing strong earthquakes déveloped at the
boundaries of those plates. North Anatolian Fault Zone (NAFZ) and East Anatolian
Fault Zone (EAFZ) are two major fault zones in this manner. NAFZ represents the
boundary between the west-moving Anatolian (southern) Plate and relatively stable
Eurasian (northern) Plate. Most of the above mentioned gravitational potential

energy and westward motion is accommodated by these major faults.

Western Anatolia is one of the most active tectonic regions of Tirkiye. This
region has a complex formation from the kinematical and dynamic points of view.

Crust deformations, driving mechanism towards the Hellenic Arc, block movements,



and subduction zones were investigated by several researches (McKenzie, 1970;

Dewey & Sengdr, 1979; Rotstein, 1984; Jackson & McKenzie, 1988; Jackson, 1994),
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Figure 2.1 Major tectonic plates and neotectonic structures of Tiirkiye
(Barka & Reilinger, 1997)

The Anatolian block is driven towards the Hellenic Arc with counterclockwise
rotational movement along the collision zone of the Arabian and Eurasian plates
(Seng6r & Yilmaz, 1981; Sengtr et al., 1985). The African pléte is divided into the
Anatolian-Aegean Block along the Hellenic and Cyprus Arcs. Hellenic and Cyprus
arcs intersect on the Isparta Angle (Barka et al., 1995).

The counterclockwise rotation of the Anatolian plate and the Aegean block is
shown clearly with the velocity vectors in Figure 2.2. Velocity of the rotational
movement is about 23 mm/yr along the NAFZ (Oral, 1994; Oral et al., 1995). The
velocities increase in Western Anatolia, reaching approximately 35 mm/yr in the
southern part of the Aegean Region (Tokséz et al., 1999). The velocity vectors



display a north-south extension in the western part of Tiirkiye and the Aegean Sea,
consistent with the widely observed normal faulting mechanism, local geology, and
earthquake focal mechanisms in the region. Based on GPS measurements internal
block deformations are estimated to be larger in Western Anatolia and Aegean Sea
than those in the central Anatolia (Oral, 1994).

‘ 7
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. AFRIGAN PIETF*-

% 2
Figure 2.2 Velocity vectors in the Western Anatolia and Aegean region
(Barka & Reilinger, 1997)

Current investigations give two possible major mechanisms of rotational
movement in the western part of Tirkiye: First mechanism is the collision of Arabian
and Eurasian plates in the Eastern Anatolia and the movement of the triangular
Anatolian block wedge away from the compression zone in the east. The other
mechanism is development of the NNE-SSW directional extension in the Western
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Anatolia and the Aegean Sea due to the subduction of the African plate into the
earth’s mantle, and resulting' movement from the Hellenic Arc towards south
(RADIUS, 1999). It appears that complex interactions between these two separate
mechanisms triggered further investigations regarding the tectonics of Aegean
Region, which in turn provoked discussions among scientists. For instance, the
north-south extension in the Western Anatolia and Aegean Sea was related to the
compression in the Western Marmara along the Northern Anatolian Fault, which
results in compression in the east-west and extension in the north-south directions
(Dewey & Seng6r, 1979). However, opposite arguments and mechanisms were also
proposed by other investigators (McKenzie, 1978; Le Pichon & Angelier, 1979,
1981; Kogyigit, 1984, Tayniaz et al., 1991; Barka & Reilinger, 1997) indicating that
kinematical characteristics and dynamic phenomena regarding deformations and
faulting mechanism in Western Anatolia are very complex, and more research is

needed in this subject.
2.2 Active Faults and Fault Zones nearby Izmir

Many E-W directional graben systéms were developed in Western Anatolia due to
the extensional tectonic regime. Major graben systems in the middle part of the
Western Anatolia are Gediz and Biiyiik Menderes grabens (Figure 2.3). Normal
faults developed parallel to these major graben systems. ‘

The closest seismic area in the neighborhood of Izmir is located in the west end of
the Gediz Graben System. The common tectonic structures are normal faults in this
system. Neotectonic period structures outside the Gediz Graben System bear strike-
slip fault characteristics. Normal faults take place in the sduth and east of the Izmir
Bay (Izmir Fault, Manisa Fault, Bornova Fault). NE-SW directional strike-slip faults
are also potential seismic sources in the north and south of Izmir (Tuzla Fault and
Foga-Bergama Fault Zone). The NNW-SSE directed Karaburun Fault on the west
end of Izmir Bay has normal fault characteristics. Some details of the critical faults
(Figure 2.4) in the vicinity of Izmir are given in the following sections.
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Figure 2.4 Critical faults in the vicinity of izmir
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Izmir Fault: This fault generated earthquakes causing some damages in Izmir.
The E-W directional Izmir Fault is located in south of the Izmir Bay. This fault
consists of two segments and its length is approximately 35 km. The western portion
lies on the southern coast of Izmir Bay, and it is a contact plane - between the
Quaternary sediments and the base rocks. Dip angle of this fault is close to 80°
(Koca, 2004).

The eastern portion of the Izmir Fault is located in the southeast of Izmir and is
the extension of the Kemalpaga normal fault. The eastern segment is consists of two
small segments in the same direction close to Piarbagi. The fault exhibits a 5 km
long sudden shift nearby Kadifekale. The segment on the west lies between
Ugkuyular and Giizelbahge. Alluvial fans were formed along this segment. A delta
was developed on the hanging wall of this fault between Balgova and Narlidere. The
fault trace shows a steep slope angle in the vicinity of Balgova (the south-west of
Izmir Bay). Cretaceous Bornova flysch, Paleocene sandstone-shale, Neogene lake
sediments, and Quaternary alluvium layers have been encountered along the fault

zone. Normal faulting and hot water springs are observed clearly in Balgova region.

Izmir Fault is assumed to be an active normal fault because of the destructive
earthquakes took place along this fault in the historical period. Epicenters of 1688,
1739 and 1778 earthquakes were estimated to be at or close to the Izmir Fault.
Knowledge about this fault is very limited, because there are not enough seismic
data, and geological investigations are restricted due to the heavily populated city
area (RADIUS, 1999; Emre & Barka, 2000). It is highly likely that 1977 Earthquakes
were also generated by this fault when coordinates of their epicenters and absence of

any other major fault to generate such strong effects are taken into consideration.

Tuzla Fault: This fault is located in southwest of Izmir and extends in northeast-
southwest direction. The fault is about 35 to 40 km long. The southwest portion of
the fault starts from the Aegean Sea reaching to the coast in Doganbey. Length of
this portion is approximately 15 km. The fault consists of three segments in this site.
The northeast segment of the Tuzla Féulf intersects. the Cumaovasi Fault in south of
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Izmir. The 1992 Doganbey Earthquake occurred on this fault segment between
Doganbey Gulf and Cumaovasi. The town of Seferihisar and its neighborhood faced
significant damage during this earthquake. Tuzla Fault has the characteristics of a
right-lateral strike slip fault (RADIUS, 1999). Paleozoic metamorphic rocks, Early
Miocene aged conglomerate and clayey limestone, Middle-Late Miocene aged
volcanic rocks exist along this fault zone (Giiner, 1994). Springs and hot water
sources have also been observed in the Tuzla-Cumali region. The fault is most likely
developed in the Late Miocene (RADIUS, 1999).

Karaburun Fault: The north-south directional fault runs parallel to the eastern
coastline of the Karaburun Peninsula reaching to the west of the Seferihisar Gulf in
the south. This portion of the fault is about 15 km long on the land. The fault
direction changes to NW-SE in the northeast of the peninsula and the fault extends to
the Aegean Sea. Karaburun fault has normal fault characteristics. Major earthquakes
that occurred on this fault caused damage: in the Izmir Bay and the Karaburun
Peninsula in the past (RADIUS, 1999). Paleozoic basement rocks, Middle Miocene
aged volcanic rocks (andesitic lava and tuff), sandstone-shale formations, Jurassic
aged serpentine-limestone, Neogene éged clayey limestone, and Quaternary alluvium

layers can be observed along this fault zone (Orbay et al., 2000).

Foga-Bergama Fault Zone: The northeast-southwest directional fault zone
clongates between Bergama and Foga. The southwestern portion of the fault zone
reaches to the Aegean Sea near Aliaga. The fault zone has been source of the major
earthquakes in north of Izmir. The epicenter of the Dikili Earthquake (1939), which
was the strongest earthquake in the northern part of Izmir, is estimated to be on this
fault zone. The fault zone is evaluated as a left-lateral strike-slip fault (RADIUS,
1999). Middle Miocene aged andesitic tuff-lava volcanic units, sandstone formations,
and Neogene aged tuff-lava volcanic formations are observed along the fault zone
(Altunkaynak & Yilmaz, 2000).

Manisa Fault: The northwest-southeast directional Manisa fault bears normal
fault characteristics,- and it is located between Turgutlu and Manisa. This fault is

approximately 25 km long. Dip angle of the fault plane changes between 50° and
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65°. Steep surface formations are observed along the fault zone. Western segment of
the fault meets E-W running Kémalpasa fault. East portion of the fault takes place in
Quaternary sediments, The western segment, however, has a contact between
Neogene rocks and Quaternary sediments (RADIUS, 1999; Emre & Barka, 2000).
Cretaceous limestone, Paleocene aged volcanic rocks, Neogene limestone units,
Quaternary breccias and alluvium layers exist along the fault zone. Landslides and
rock falls may be encountered in the fault region (GDMRE, 2001).

Kemalpasa Fault: This fault is approximately 20 km long. Kemalpasa Fault
intersects the Quaternary sediments in the eastern segment, and it has a contact
between Neogene and Quaternary sediments in the west. Morphotectonic evidences
indicate that this fault was active during the Holocene Era. Kemalpasa Fault has

normal fault characteristics (Emre & Barka, 2000).

Bornova Fault: This fault is located in the northeast Izmir Bay, and its direction
is in northwest to southeast. This fault is formed in the neotectonic period, and has
normal fault characteristics. Information about its activity is very limited; however,
its characteristics are similar to those of the izmir Fault (RADIUS, 1999).

Dumanhdag Fault: The northwest-southeast running normal fault zone in north
of Menemen is known as the Dumanlidag Fault Zone. The zone crosses Miocene
aged volcanic units, and is located in the Dumantidag volcanic formations. Direction
of the zone follows west segment of the Manisa Fault. Detailed data are not available
about the activity of this fault in the Quaternary Era. However, it can be mentioned
that this fault can be active due to its young morphology (RADIUS, 1999).

Cumacovas1 Fault: This fault is located in the southeast Izmir. The general
direction of the Cumaovast Fault is northeast to southwest. This fault has right-lateral
strike-slip fault characteristics. The fault plane can be observed in the southwest of
Kemalpaga. Seismic activity data are not available for the activity of this fault in the
Holocene Era. The epicenter of 1928 Torbali earthquake is reported to be on this
fault (RADIUS, 1999).
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2.3 Major Historical (pre-instrumental period) Earthquakes in Izmir

Izmir and its neighborhood were exposed to destructive earthquakes from
historical ages to recent times due to the tectonic activity in Western Anatolia. The
most ancient reported earthquake took place in the year AD 17 (Tiirkelli et al., 1994).
This catastrophic earthquake caused severe damage in 13 major ancient cities
including modern time Turkish provinces of Izmir, Manisa, and Aydin (Guidobani et
al., 1994). The 1688, 1739 and 1778 earthquakes caused destructive effect in the
vicinity of Izmir (Ambraseys & Finkel, 1995). A list of major historical earthquakes
affected Izmir and its neighborhood is given in Table 2.1. The dates, epicenter
coordinates, intensities inﬁMSK (Medvedev-Spoonheuer-Kénﬁk) scale, eduivalent

magnitudes, and approximate locations of the earthquakes are given in this table.

Table 2.1 Major historical earthquakes in izmir (KOERI, 2003)

- Date Latitude | Longitude (inmﬁgi(ﬁzé;(fe) l%gg;;%e;; Approximate Location
AD 17 38.40 27.50 X 6.9 [zmir, Manisa, Aydm
110 37.00 2.6.00' IX 6.9 Izmir, Efes
177 3840 | 27.10 X 6.9 Tzmir, Sakiz Island
688 38.40 27.00 X 6.9 {zmir
20.03.1389 38.40 26.30 X 6.9 [zmir, Sakiz Island
10.07.1688 3840 | 2720 X 75 . {zmir
04.04.1739 3840 27.20 X 6.9 Izmir
03-05.07.1778 | 3840 | 2720 X 6.9 fzmir
01.02.1873 37.75 27.‘00 IX 6.9 | Sisam Island, fzmir’
29.07.1880 3860 |[. 27.10 X 6.9 Menemen, {zmir
03.04.1881 | 38.25 26.10 X 7.5 ' Sakiz Island, Izmir
25.10.1889 39.30 26.30 X 6.9 | Midilli & Sakiz, {zmir

July 10, 1688 Izmir Earthquake was a locally destrucﬁve earthquake. Much of the
destruction was seen in the coastal ‘area of the city and generally east walls of most
buildings were collapsed. Three-quarters of the houses and public buildings were
collapsed and more than 15,000 people died. Most of the dead people were Turkish,

and some life loss among Europeans was also reported although the major damage
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was in the European district. Three out of seventeen large mosques were left
standing. The main shock sparked a fire spreading from the coastline to the east.
Entrance of the Izmir Bay (named as Sancak Cape) was considered as the epicenter
~ of the earthquake. The port defense castle and its surrounding area sunk below the
ground level at this location. Following the main shock, coastline geometry changed
towards the land. The ground surface sunk about 60 cm, and water ejected from
fissures along the coastline. A small-scaled tsunami was reported (Ambraseys &
Finkel, 1995; Oikonomos & Slaars, 2001).

April 4, 1739 Izmir Earthquake occurred in the Izmir Bay. This earthquake caused
major damage in the city, and about 80 people died. Some portion of the Gecﬁz River
delta submerged following this earthquake. Heavy damage was also reported in the
castles and mosques of Foga. Damage was reported along the coastline of Izmir,

especially in the European district. Several clock towers and six minarets collapsed
(Ambraseys & Finkel, 1995).

Izmir was destroyed once more by the earthquake of July 3, 1778. Ground
shaking continued about 15 seconds. Several houses collapsed. Smaller scale
shakings were reported for 24 hours, and a second strong earthquake occurred on
July 5th. Surviving houses after the first main shock were damaged, and a fire burned
half of the city in 36 hours. More than 200 people died in both earthquakes.
Aftershocks continued for 6 weeks (Ambraseys & Finkel, 1995; Oikonomos &
Slaars, 2001). ‘

Karstyaka and Bornova regions were heavily damaged by another earthquake
apparently took place nearby Menemen in the year of 1880. [zmir-Turgutlu railway
was destroyed and ruptures were observed on the ground surface (Pmar & Lahn,
1952; Erdik & Yuztigiillt, 1992; Tirkelli et al., 1994).
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2.4 Major Instrumental Seismic Period Earthquakes in izmir

Major earthquakes occurred during the instrumental seismicity period (from 1900
to present) in Izmir and surrounding areas. The 1928 Torbali (M=6.5), 1939 Dikili
(M=6.5), 1949 Karaburun (M=6.6), 1974 Izmir (M=5.5), 1977 Izmir (M=5.3), 1992
Doganbey (M=6.0), and 2003 Urla (M=5.6) earthquakes caused some damage in the
adjacent areas of Izmir. The earthquakes that occurred in the instrumental period are
listed in Table 2.2. The dates, epicenter coordinates, locations, surface wave
magnitudes, intensities in MSK scale, and focal depths of the earthquakes reported
amounts of life loss and damaged buildings are presented in this table.

Table 2.2 Major instrumental seismic period earthquakes in Izmir
(KOERI, 2003)

Date Latitude | Longitude Location M,

Io H | Life | Damaged
(MSK) | (km) | Loss | buildings

31.03.1928 | 38.09 27.35 Torbali-lzmir | 6.5 IX 10 | 50 2500

22.09.1939 | 39.05 | . 26.93 Dikili-Izmir 6.6 IX 10 | 60 1235

'23.07.1949 | 38.55 2627 | Karaburun-izmic | 6.6 | IX | 10 | 7 865
06.04.1969 | 38.47 26.41 | Karaburun-izmir | 5.9 | VI | 16 | - 1360
01.02.1974 | 38.50 | 27.20 [zmir 55| vl | 24 | 2 47
16.12.1977 | 38.41 27.19 tzmir 53| v | 24| - 40
06.11.1992 | 38.16 26.99 | Doganbey-lzmir | 6.0 | VII | 17 | - 55
10.04.2003 | 38.26 26.83 Urla-lzmir | 5.6 | vl | 10 | - 36

The 1928 Torbali Earthquake caused heavy damage in Torbali, and slight damage
in Izmir and the towns south of Izmir. Epicenter of the earthquake was close to the
town of Torbali (Pmar & Lahn, 1952; Tirkelli et al., 1994), This earthquakeA caused
damage in alluvial sites (Alsancak and Halkapinar districts on the south coast of
[zmir Bay). Openings and fissures were observed along the coastline in Alsancak.
Buildings were cracked and roof of the Clock Tower at the Konak Square fell down
(Erdik & Yiuziigtllt, 1992).

The 1939 Dikili Earthquake affected the regions in close distance to the epicenter

such as towns of Dikili and Bergama. Surface ruptures were observed on the ground
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surfaces between Dikili and Bergama, and some thermal springs occurred following
the earthquake (Salomon-Calvi, 1939; Pmar & Lahn, 1952; Tirkelli et al., 1994).
Some coastline villages of Dikili faced heavy damage due to liquefaction. These

villages, however, were relocated to the north band of the Izmir-Canakkale highway.

The 1949 and 1969 Karaburun Earthquakes, on the other hand, caused slight
damage in Izmir. Heavy damage was reported in Karaburun, Cesme, and their
villages. Ground water levels were shifted up in the thermal spring of Cesme, and
some rivers dried out following the earthquake (Pmar & Lahn, 1952; Erdik &
Yiiztigiillti, 1992; Tiirkelli et al., 1994). '

The epicenter of Izrmr Earthquake on February 1, 1974 was in the north of Izmir
Bay 15 km away from the city center. Forty-seven buildings were damaged, two
people died and seven people were injured in this earthquake. Major settlements of
multi-story buildings located on alluvial areas were reported. Alsancak, Konak and
Karsiyaka were heavily affected locations. Shear cracks on walls and damages on
columns at the ground floor level were observed in the older buildings of Alsancak.
The heaviest structural damage was oBserved in the Akkum apartment building. This
building is on the coastline close to Karsiyaka Stadium. Heavy damage was detected
on columns of ground floor (Erglinay et al., 1974). Peak ground accelerations ‘were
measured as 0.13g on alluvial formation in Alsancak and 0.06g on andesite
formation in Hatay, respectively. Seismic deformations at these locations were
recorded as 16 mm and 7 mm, respectively (Erglinay et al., 1974; Erdik &
Yiiziigiillt, 1992; Dadak & Tolay, 2002).

Izmir experienced two successive earthquakes in a week on December 9 and 16,
1977. Magnitudes of these earthquakes were measured as 4.8 and 5.3, respectively.
The second earthquake affected buildings located in Alsancak, Hatay, Buca,
Karsiyaka, Giiltepe, Giirgesme, and Yenisehir districts. Total of 40 buildings were
damaged and 20 people were injured during this earthquake (Eyidogan et al., 1991,
Dadak & Tolay, 2002). These earthquakes were not large scale. However their

epicenters were very close to the city center. A desk study on a regional map reveals
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that all affected regions in this earthquake were approximately at a distance of 5 to
15 km to the epicenter. Peak ground accelerations were calculated in these regions
using appropriate attenuation relationships. It was found that they were close to each
other possibly explaining wide spread and almost equal distribution of the damage in

the city area.

November 6, 1992 Doganbey-Seferihisar Earthquake was strongly felt in alluvial
sites of Izmir. Peak ground acceleration was recorded as 0.039g on the surface of the
alluvial site in Bayrakli. This earthquake affected Alsancak, Karsryaka and Bornova.
However, significant damage was not reported in these regions. Heavy damage
occurred in the towns of DoZanbey, Seferihisar, Urkmez and Glim{ildiir outside the
city center (Erdik & Yuziiglli, 1992). Locations of these towns were very close to
the epicenter of the earthquake. It was observed that intense damage was mostly
observed in 2 to 3 story high RC buildings that were either not designed according to
codes or not build properly (Erdik & Yiziigiilli, 1992; Altn, 1993; Tirkelli et al.,
1994)..

The 2003 Urla Earthquake caused relatively heavy damage in the villages of
Seferihisar, and medium to slight damage in Izmir. The epicenter of the earthquake
was locatéd between Urla and Seferihisar (KOERI, 2003). Although 36 buildings
were damaged heavily in villages close to the epicenter, more buildings were
reported to be affected on the alluvial sites of Bornova-Manavkuyu district.
Considering the distance of this district to the earthquake epicenter the response of
these recently constructed tall buildings (7 to 10 stories) to the relatively small
magnitude earthquake was somehow unexpected. Detailed analysis of this
earthquake in Bornova-Manavkuyu district will be given in the fifth chapter of this

dissertation.

Epicenters of the above mentioned instrumental period earthquakes are presented .
in Figure 2.5. One may note that epicenters of these earthquakes are in good

agreement with the tectonic structure of the region and location of major faults.
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2.5 Establishment of the Reference Motion

Seismic hazard analyses involve the quantitative estimation of the risk of a site
either using deterministic methods when a particular earthquake scenario is assumed
or probabilistic approaches where uncertainties in earthquake size, location, and

occurrence time are in question.

The engineer is left with the critical decision of preferring deterministic approach
over the probabilistic one or vice versa while studying seismic hazard of a particular
site. This is because these two different methods have advantages or disadvantages
depending on the problem of interest. Finally, uncertainties inherent in the computed
ground motion parameters ﬁsing a numerical site response technique utilizing the

reference motion need to be addressed.

Serious hesitations regarding utilization of probabilistic approaches in the seismic
hazard analysis of critical structures originate from the fact that there are inherent
difficulties in the use of Gutenberg-Richter earthquake magnitude and recurrence
relation in seismically active regions. Corrections proposed to overcome these
difficulties such as paleoseismic evidences to infer characteristic earthquakes,
estimation of slip rates bear additional uncertainties (Krinitzsky, 1998). Instead,
deterministic method has been credited as more reliable and dependable since
temporal dimension is not incorporated in this approach. It should be noted that
similar arguments might also be made for seismic hazard analysis of a particular site.
From the geotechnical engineering point of view, foundation design is greatly
affected by the level of maximum ground acceleration and response spectra obtained
through seismic hazard analysis. Every site where a pérticular structure to be
constructed holds characteristic properties. Liquefaction analyses are generally made
using semi empirical methods where geotechnical characteristics of the soil profile
and maximum ground surface acceleration are two major parameters. Since decision
for the existence of liquefaction risk in the site would increase foundation cost
considerably or even prohibits construction of the building, deterministic site specific

analysis may be justified. On the other hand, there is an increasing trend towards
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performance-based analysis and design of structures where nonlinear structural
behavior is investigated in the time domain. This requires representation of the
ground motion in time histories, which may be achieved using either deterministic or .
probabilistic methods (Somerville, 1998). However, similar questions regarding the

choice of the proper method arise.

Various researchers have already studied seismic risk of the city of Izmir. Such
previous 'studies utilized both deterministic and probabilistic methods separately.
Risk levels are well established and seismic sources are known as given in the above

sections.

Subsequent seismic hazard risk assumptions of this dissertation are mostly based
on previous studies performed for the city of Izmir. However, seismic hazard
evaluations of this thesis study are made using deterministic method using site
response technique, which requires reliable and site dependent eairthquake
acceleration time histories that are in accordance with the expected seismic risk of
the city and national seismic code requirements. Therefore, it is reasonable to relate
acceleration time histories to both deterministic and probabilistic seismic hazard
levels. It is aimed to reduce possible shortcomings of the probabilistic approach
without completely abandoning it in order to relate findings of the deterministic
analysis to the national seismic code where probabilistic method is followed

inevitably.

In what follows, deterministic and probabilistic approaches are summarized first,
and then deterministic acceleration time history development is explained in detail.
Some historical evidence has been used in the determination of seismic sources that

could produce the reference motion.

2.5.1 Deterministic Seismic Hazard

Deterministic earthquake can be defined as the level of ground motion generated
by the maximum magnitude earthquake that could ever take place in a region

independent of the time scale. Evaluation of deterministic earthquake risk is
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warranted especially when seismic hazard analyses are desired based on a scenario
motion pertinent to the region. Therefore, such deterministic seismic hazard analysis
involves development 'ofé particular scenario consisting of the postulated occurrence
of an earthquake of a certain size occurring at a certain location (Kramer, 1996).
This, however, requires detailed study of the tectonics and seismicity of a region.
Essential steps of the deterministic seismic hazard analysis are given in the following

items. The procedure is also shown in Figure 2.6.

1) Earthquake sources that can produce a significant ground motion at the
interested site are identified and characterized defining the source geometry

and thential of earthquake generation.

2) Source-to-site distance parameter is selected for each source zone. The shortest
distance between the source zone and the interested site is preferred, generally.
The measure of distance may be selected as epicentral distance or hypocentral

distance depending on the applied predictive relationship.

3) The controlling earthquake, Wlﬁch can be defined as the earthquake that is
expected to produce the maximum level of shaking, is selected in terms of a
ground motion parameter. The shaking levels produced by the earthquakes
identified in step 1 occurring at the distances defined in step 2 are compared,
and the earthquake giving maximum level of shaking is selected as the
controlling earthquake. The size (magnitude) and distance from the interested

site are required parameters in order to describe the controlling earthquake.

4) The seismic hazard at the site is expressed in terms of the ground motions
produced by the controlling earthquake. The ground motion parameters such as
peak acceleration, peak velocity, and response spectrum ordinates are used in

order to characterize the seismic hazard.
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Figure 2.6 Steps of a deterministic seismic hazard analysis (from Kramer, 1996)

2.5.2 Probabilistic Seismic Hazard

There are certain uncertainties in seismic hazard evaluations. These uncertain

parameters can be listed as:

a) Earthquake size
'b) Earthquake location
¢) Occurrence rate

d) Spatial factors.

The above given factors influence ground motion characteristics such as peak
ground acceleration, frequency content, and spectral acceleration. Probabilistic
seismic hazard procedures enable engineers to combine and express influence of

these factors in a systematic manner.

Similar to deterministic seismic hazard evaluation, probabilistic procedures can be

summarized in four steps (Kramer, 1996). These steps are also shown in Figure 2.7.
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1) Earthquake sources nearby the site are identified similar to the deterministic
approach. However, the probability distribution of active fault locations in
these sources should be characterized, additionally. The distributions are then
combined with the source geometry to calculate the probability distribution of

source-to-site distance.

2) The temporal distribution of earthquake recurrence within the source is
characterized utilizing a recurrence relationship. The relationship gives the
average rate of recurrence for a known size of earthquake. The rate :of
recurrence may also be calculated for the maximum size earthquake in addition

to smaller scale events that are accounted for in probabilistic methods.

3) The ground motion generated by any size of earthquake at any point in the
source zones of interest should be calculated with the use of predictive
relationships. The uncertainty inherent for the predictive relationship is also

determined in the probabilistic seismic hazard analysis.

4) The uncertainty parameters of earthquake size, earthquake location, and ground
motion parameter prediction are finally combined to obtain the probability of.

exceedance for the ground motion parameter in a certain time interval.
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Figure 2.7 Steps of a probabilistic seismic hazard analysis (from Kramer, 1996)
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2.5.3 Generation of the Reference Motion for the Soil Dynamics Database

It is well known that local soil conditions play a crucial role on seismic ground
motion parameters that would directly govern structural design (Seed et al., 1987 &
1990; Ansal et al., 2001). Computation of these parameters such as maximum ground
surface acceleration, amplification ratio and spectral acceleration in local scale forms

the basis for microzonation studies.

Microzonation can be performed either using attenuation relationships or
conducting appropriate numerical site response analyses. The latter procedure can
better take local soil characteristics into consideration. The success of numerical site
response analyses largely depends on the reference motion defined at the bedrock of
the soil profile. The probabilistic nature of ground motion parameters, however, may
not be present in numerically computed data if the reference motion is taken
arbitrarily harming the reliability of the results achieved in numerical analyses. This
aspect of microzonation studies has been already took attention of researchers
(Marcellini et al., 2001).

It appears that best answers to the above-explained problem can be provided by
means of the combined use of deterministic and probabilistic methods (McGuire,
2001). Such an approach can be called as recursive analysis, where a seismic hazard
analysis is performed first, identifying dominant seismic sources. This step is
followed with the generation of more sophisticated models of significant hazard

sources.

The seismicity of the region plays an important role in the decision making
process whether to give more weight to the deterministic method. Return period of
earthquakes on major faults in seismically active regions may correspond to 4735
years. In most cases' this may represent the largest magnitude earthquake on the
closest fault to the site. It may be quite reasonable to investigate influence of ground
motions emanating from the fault producing the scenario earthquake on sites at close

distances. It is desirable to base liquefaction, dynamic amplification and directivity
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effect analyses on deterministic approach since it is physically more sound and can
account for site specific soil profile details. Probabilistic methods, however, should

be recalled in order to find out if the assumed event is reasonably probable.

The ground motion time history is usually obtained through artificial generation
of seismograms by means of Green’s function or a similar approach taking into
account general characteristics of the fault in deterministic analysis. This is somehow
a complex process and involves many uncertainties such as the data necessary for the
velocity of crustal layers. In the presence of actual ground motion records that are
representative for the fault, on the other hand, such difficulties are mostly overcome.
Proper selection of scaling factors for the amplitude and frequency content of the

target motion would enable use of actual ground motions.

A flow chart summarizing stages of the above-mentioned procedure suggested for
generation of the reference motion to be utilized in site response/microzonation
studies is given in Figure 2.8. One should note in the provided flow chart that the
general soil characteristics such as thg thickness of the alluvial soils and fundamental
period of the soil profile are taken into consideration prior to the decision for the
deterministic controlling earthquake(s) since overall characteristics of the reference
motion at the bedrock may be greatly affected by the distance between the source
and the site governing the design basis ground motion parameters at the surface.
Although coupling between local soil parameters and bedrock ground motion may be
accounted for in certain attenuation relationships (Abrahamson & Silva, 1997; Boore
et al., 1997; Campbell, 1997; Sadigh et al., 1997; Spudich et al., 1997), they may not
be sufficient to capture details of the soil profile. Such geological details, however,
would play an important role in the design and analysis of iﬁpoﬂmt structures, in the
study of scenario earthquakes, in modeling near-field effects, and site-specific
ground motion analyses (Marcellini et al., 2001; Ansal & Slejko, 2001).
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2.5.3.1 Probabilistic Risk of the city of izmir

Probabilistic risk of the city of Izmir has been studied by several researchers
(Erdik et al., 1985; Ansal, 1995; Onur, 1997; Bagci, 2000). These studies all yielded
similar results except some minor details. Researchers employed both historical (pre-
instrumental period) and instrumental earthquake records. The city of Izmir is rich in
historical earthquake catalogue since it has long been a major port and trade center.
Local and foreign historians, journalists, and merchants all captured even relatively
small-scale seismic events. In the following paragraphs details of the Ansal’s
probabilistic risk analysis are given in order to show use of certain assumptions and

available seismicity database specific to the city of Izmir in a sample study.

Ansal (1985) defined a seismotectonic region between 26.00°-28.00° E longitudes
and 37.50°-39.50° N latitudes in his probabilistic seismic risk analysis. These
coordinates correspond to a circle area with a radius of 100 km. The earthquake
database that he used consisted of 408 earthquakes for a time period between 50 BC
and 1990. The intensities recorded for historical earthquakes were transformed to
magnitude values. Risk calculations were performed using magnitude values. Anéal
states that the information acquired through historical data, however, is only reliable
for destructive earthquakes since consensus regarding extent of the damage could be
reached only for such earthquakes. Thus, historical earthquake records having
intensities greater than VI were used in Ansal’s risk analyses. The intensity,
magnitude and occurrence number of historical ¢arthquakes given by Ansal are

summarized in Table 2.3.

Table 2.3 Historiéal Earthquakes for Probability Calculations (Ansal, 1995)

Intensity (Ip) v VIII IX X
Calculated ) '
Magnitude (M) 5.6 6.4 6.9 7.5
Number of 68 13 13 5
Occurrence

Instrumental period (1900-1990) earthquakes with M>4.0 were classified for
various magnitude intervals in Ansal’s study. The distribution of these earthquakes
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with respect to number of occurrence is given in Table 2.4. Note that earthquakes
with an average magnitude 6.7 took place 6 times in a 90 years period in the
neighborhood of Izmir. Earthquakes with an average magnitude of 6, on the other

hand, occurred 9 times in the same time interval.

Table 2.4 Instrumental Period Earthquakes for Probability Calculations

(Ansal, 1995)
Mﬁ%é?ﬁf" 4.0-5.0 5.0-5.7 5.7-6.3 6.3-7.0
h?a‘;iatﬁceie 4.4 53 6.0 6.7
Number of ' ~
Occurrence 222 33 9 6

Return periods and probability of exceedance values were calculated using
historical and instrumental period earthquake data. Results of these calculations are
presented in Table 2.5. The service lifetime of structures was assumed as 50 years in

probability calculations.

It can be concluded based on Table 2.5 that return period of large earthquakes is
shorter in historical period than those recorded in instrumental period. Probability of
exceedance, on the other hand, is smaller for the instrumental period compared with
that of the historical period. Such variations are natural consequences of the quality

of records in historical and instrumental periods.

Table 2.5 Return Periods and Probability of Exceedance (Ansal, 1995)

Magnitude Return Period (year) | Probability of Exceedance (%)
M>7.0 (H.P.) 181 24.0
M<7.5 (H.P.) 312 15.0
M>7.0 (LP.) 1134 43
M<7.5(P) 2523 2.0

H.P.: Historical Period, I.P.: Instrumental Period
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Considering such differerices Ansal gave more weight to the instrumental period
data (60%) and calculated weighted averages for return period and probability of
exceedance for earthquakes with magnitudes being greater than or equal to 7.0 and
less than or equal to 7.5, separately. Resulting seismic risk can be tabulated as in
Table 2.6.

Table 2.6 Weighted Averages for Return Period and Probability of Exceedance

_(Ansal, 1995)
Magnitude Return Period (year) | Probability of Exceedance (%)
M>7.0 753 12.2
M<7.5 ' 1639 7.1

Conventional seismic risk criteria regarding probability of exceedance is defined
as 10%. Therefore, Ansal established magnitude of the design basis earthquake as
in Izmir in order to satisfy an average acceleration value of 0.4g calculated for a 10%
probability of exceedance using an attenuation relationship with a standard deviation
value of 25%.

As mentioned in the first paragraph of this section studies other than Ansal’s risk
analysis yielded similar results. For instance, Erdik et al. (1985) and Onur (1997)
also performed statistical calculations. They obtained equal-intensity or equal
acceleration maps with probabilistic approach. Equal intensity maps were prepared
for 225, 475 and 10000 year-return-periods using regional intensity attenuation
relationships. Equal-intensity was calculated as VII in the vicinity of Izmir for a time
period of 54 years between the years 1928 and 1982 by Erdik and his fellows. They
reported a significant increase in the equal-intensity values réaching to X for a return
period of 10000 years in the same reference. The average probabilistic intensity
corresponding to a return period of 475 years (10% probability of exceedance in 50
years) was estimated as VIII in Izmir using probabilistic equal-intensity maps
generated during RADIUS analyses (1999).
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Equal-acceleration maps were prepared using Campbell (1997) and Boore et al.
(1997) attenuation relationships in a study by Onur (1997). These maps yielded
equal-intensity values ’gaking probability of exceedance as 10% for a period of 50 and
100 years. For example, Onur calculated the maximum horizontal bedrock
acceleration as 0.5g using Campbell (1997) relationship for stiff soils assuming a
period of 50 years. On the other hand, the maximum ground surface acceleration in
RADIUS analyses was estimated as 0.25-0.40g for stiff soils and 0.30-0.50g for
soft/loose. soils using Joyner & Boore (1988) relationship for the same return period
and probability of exceedance (i.é. 475 years and 10% of exceedance in 50 years,

respectively).

General Directorate of Disaster Affairs related with Ministry of Public Works and
Settlement prepared the earthquake-zoning map of Tirkiye in 1996 using the
probabilistic approach. It was assumed that an ordinary building with a service
lifetime of 50 years could not be subjected to larger than the expected maximum
acceleration values with 90% possibility in the return period of 475 years. The
maximum acceleration values should be separately calculated for the important
buildings or constructions having lohger economic life according to the Seismic
Code of Tiirkiye (1998). Izmir and its adjacent area takes place in the First Degree
Earthquake Zone, and the effective ground acceleration coefficient for dynamic

calculations is recommended as 0.4 in the code.

Bagc1 (2000) calculated return periods and probabilities of occurrences in the
vicinity of Izmir using Poisson model and Gumbel extreme value distributions. The
magnitude of M>4.0 earthquakes occurred in a period of 1900-1999 was used in his
probabilistic analyses. Bagct defined the seismic activity in this region as high
depending on his magnitude-frequency relationship. The probability of occurrence
for M>6.0 earthquake in 20 years was calculated as 82% with Poisson model and
97% with Gumbel-I and Gumbel-IIT models. The return period for such magnitude of
earthquake was found as 14 years with Poisson model, 10 years with Gumbel-I
model and 13 years With Gumbel-III model. Poisson and Gumbel-III models yielded

similar results in Bagc1’s study.



33

2.5.3.2 Determination of Critical Seismic Sources

Decision for the most critical rupture location(s) for a site can be made following
some steps. This proc.ess has been also included in Figure 2.8 where the decision
making process for the reference motion is given. Firstly, the seismicity for the city
is investigated, and seismic sources surrounding this ci‘gy are determined. During this
stage, dynamic soil characteristics in the site need to be determined. The effeét of
close and long distance earthquakes to the site is criticized depending on the dynamic
soil characteristics. Then, probabilistic analyses are performed to obtain probability
distribution of potential fupture locations at closest distance(s) to the site. Critical

close and long distance rupture locations are decided following these stages. ’

The city of Izmir was subject to major destructive earthquakes from historical
ages to recent times. These earthquakes occurred at major rupture locations. Major
seismic sources producing destructive earthquakes in the vicinity of Izmir can be
defined as Izmir Fault, Tuzla Fault, and Karaburun Fault. A seismic risk area can be
defined to determine critical seismic sources nearby Izmir. The risk area was
identified as a circle with a radius of 50 km, and the center of the circle is located at
the city center (Utku et al., 2001). Izmir and Tuzla faults are located within this circle
whereas Karaburun Fault is at the west boundary. The risk area and major faults in

the vicinity of Izmir is shown in Figure 2.9.

Seismic sources in the risk area may be evaluated as close and long distance
sources. It is well known that directivity effects and local soil conditions are of great
importance for both close and long distance earthquakes. The Mexico City
Earthquake occurred in 1985 is an example for long distance earthquakes (Seed et
‘al., 1987) where local soil conditions played important role on structural behavior.
The records of this earthquake at various sites of the city indicated that there were
significant differences in the ground motions recorded on deep soft clay deposits and
_on rock/stiff soil layers. The effect of local soil conditions on ground motions
recorded at differént sites is shown in Figure 2.10. The greatest amplification was

determined at deep soft clay deposits during this earthquake.
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The predominant period of an incident motion of a close distance earthquake is
relatively less than that of a long distance earthquake at the bedrock level of the same
site. Close distance earthquakes generate seismic waves with higher frequency
harmonics. Waves generated by long distance earthquakes may have harmonics of
lower frequencies, and the predominant period of such earthquake motions may be
close or equal to the fundamental period of deep alluvial soil profiles. The resonance
condition may develop in this case for relatively tall structures causing significant
damage in such structures located on alluvial sites of the city. The April 10, 2003
Urla Earthquake is an example for long distance earthquakes that could be damaging
in the city of Izmir. This recent earthquake caused significant damage in
Bornova/Manavkuyu region due to local soil conditions and general building
characteristics. Although directivity might also have played some role on the
observed damage, there is not enough evidence and accumulated knowledge about
directivity effects in Urla Earthquake. Based on both theoretical and field evidences,
one may conclude that determination of critical long distance seismic source is

essential for the city of Izmir in deterministic seismic hazard analysis.

[zmir Faulf, Tuzla Fault and Karaburun Peninsula faults are major seismic sources
as mentioned in the above sections. There is not enough evidence regarding the
threat that would originate from the remaining faults could be greater than these three
faults. The Dumanlidag fault system, on the other hand, deserves more attention for
future seismic hazard studies. In this dissertation, Izmir Fault is considered as a
major seismic source that would impose significant impact on the city in close
distance. Karaburun Peninsula faults and Tuzla Fault are handled as long distance
seismic sources capable of generating major amplification in alluvial sites of Izmir.

In the following paragraphs, detailed assessments of these faults are presented.

2.5.3.2.1  Evaluation of the Izmir Fault as a Critical Seismic Source

[zmir Fault is located south of izmir Bay. fzmir Fault is evaluated as a critical
seismic source for the city since epicenters of destructive earthquakes in historical
period occurred at or very close to this fault. Information regarding 1688, 1739 and
1778 earthquakes was given previously. Damage reported at Sancak Cape and small-
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scale tsunami in the 1688 earthquake is a strong evidence for the activity of this fault.
Following a long silence period, earthquakes in the year of 1977 might have been
related with this fault. A simple geometrical analysis of epicenter and hypocenter
data of the 1688 earthquake can be considered as another indication for their

relevance to the Izmir Fault as shown in Figure 2.11.

Sancak Cape
(Estimated epicenter of the 1688 Earthquake)

Figure 2.11 Epicenter analysis of the 1688 earthquake

It can be seen in the figure that hypocentral depth is assumed as 10 km, which is a
reasonable assumption for the 1688 Earthquake. It should also be noted that same
hypocentral depth was given for the scenario earthquake of the RADIUS study for
the Izmir Fault. The distance of the epicenter to the edge of the fault near Balgova is‘
found as 1.8 km from the geometry. The actual map distance of Sancak Cape to the
Izmir Fault, however, is approximately 3 km. Therefore, keeping in mind that
considerable ground deformation and subsidence towards the sea bottom as large as
80 cm was reported at the Sancak Cape, it is indeed highly likely that epicenter of the
1688 earthquake was very close to the Sancak Cape. Similar conditions also apply
for the 1977 earthquakes as well. Epicenters of these earthquakes were reported
nearby the Kadifekale District of the city. Hypocentral depth for these earthquakes
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was reported as 24 km. Similar simple geometrical analysis confirms the fact that
Izmir Fault generated these earthquakes. Therefore, it may be concluded in the light
of the analyses of both historical and modern time earthquakes that Izmir Fault is an

active critical seismic source for the city.

The RADIUS team performed a scenario based deterministic risk analysis of the
city of Izmir considering that the scenario motion would take place on the Izmir
Fault. The scenario earthquake for the city of Izmir was set as an earthquake that
would occur on the Izmir Fault with a magnitude of 6.5 in RADIUS study. The fault
rupture has been estimated to trigger during such an earthquake with a normal
faulting mechanism 20 km wide at a depth of 10 km. |

Although it is not necessary to take probability of a scenario earthquake into
account in deterministic analysis, it would be appropriate to know the probabilistic
risk of such a motion in microzonation and performance based structural analysis
studies. It is even better to conduct deterministic analyses with probabilistic
information available so that results could be related to the national and/or regional
seismic code requirements. This aspéct of the reference motion has already been
explained in Section 2.5.3 and Figure 2.8. Probabilistic dimension is assigned to
ground motion characteristics due to insufficient information about earthquake
characteristics such as temporal activity, rupture location, source to site distance,

basin effects and soil conditions.

Review of the historical earthquake data reveals that seismic events with an
intensity of X corresponding to magnitude 7.5 would take place approximately every
1000 years on the land area faults at or near the city center (Table 2.1). Probability of
exceedance for M>7.0 events in Izmir area has been reported as 12.2% in a return
period of 753 years (Table 2.6). RADIUS study, on the other hand, stated that
earthquakes with an intensity of VIII (corresponding to M=6.5) would occur with a
10% of exceedance in a 475 years( return period. Therefore, one may consider that
deterministic analyses based on the Izmir Fault would be compatible with seismic

code requirements.
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Although compatibility of a certain deterministic analysis such as a microzonation
study with dynamic site response analysis based on the ground motion produced by
the Izmir Fault can be shown to be compatible with the probabilistic risk calculations
and seismic code réquirements, such an approach can be harmed by other
uncertainties explained in below paragraphs. The engineer should report his

assumptions and inherent uncertainty about these parameters.

Izmir Fault is the closest seismic source to Bostanli region where dynamic site
response analyses have been performed. The west and central parts of the Izmir Fault
take place on the opposite site of this region. Therefore, rupture location, hanging
wall, and source to site distance effects gain importince for Bostanli region.
Directivity effect is said to be focused over the edge of the fault for normal and
dipping faulfs (Sommerville, 1998). Therefore, such an effect is not expected to be
active over Bostanli region. However, hanging wall effect would take place on the
northern part of the Bay Area (i.e. towards Bostanl). It is reported that hanging wall
effect might amplify the ground motion as much as 1.43 times (Sommerville, 1998).

Unfortunately there is no data about hanging wall effect in Izmir.

The length of fault rupture is related with the magnitude of earthquake occurred.
The length of rupture for 1977 Izmir Earthquake (M=5.3) and for scenario
earthquake (M=6.5) can be estimated using the empirical relationship developed by
Wells & Coppersmith (1994). The relationship developed for normal faults is given

in the following equation:
log L=0.5 M -2.01 2.1

In this equation, L is the length of the fault rupture and M, is the moment
magnitude. The above relationship is based on fifteen seismic events generated on
normal faults, and the standard deviation is given as 0.21 for this equation. The
length of the fault rupture is.caléulated as 4.4 km for 1977 Izmir Earthquake
(M=5.3), and 17.4 km for the scenario earthquake magnitude (M=6.5).
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The relationship developed for all fault types in the above-mentioned reference is

given in the equation below:
log L.=0.69 M, —3.22 ‘ (2.2)

- In this equation, L is the length of the fault rupture and M, is the moment
magnitude. The above relationship was developed evaluating seventy-seven seismic
events for all fault types, and the standard deviation is given as 0.22 for this equation.
The length of the fault rupture is calculated as 2.7 km for 1977 -Izmir Earthquake
(M=5.3), and 18.4 km for the scenario earthquake magnifude (M=6.5). These
calculated values are in agreement with those estimated in thé deterministic analysis
performed in the RADIUS project.

The pro‘babilistic approach can be used to obtain the probability of potential
rupture locations at closest distances to the site of interest. The uncertainties in
source-to-site distance and earthquake magnitude were calculated in order to achieve
this goal.

Approximate location of the Izmir Fault is given in the map of the city of Izmir in
Figure 2.12. Locations of the epicenters of the 1688 earthquake and December 16,
1977 earthquake are shown in this figure. The recording station in Poligon (Hatay

region) is also marked on the same figure.

The spatial uncertainty was calculated for the Izmir Fault as a critical rupture
location in very close distance to Bostanli region. Izmir Fault consists of three major
segments as can be seen in Figure 2.12. The west segmeﬁt elongates between the
west end of the fault and Balgova region. The medium segment is located between
Balgova and Kadifekale, and the east segment runs between Kadifekale and the east
end of the fault rupture. The medium segment is the shift portion between the east
and west segments. Minimum source-to-site distance values are 10, 8.5 and 7 km for

the west, center and east segments of the Izmir Fault, respectively.
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Earthquakes occurred in a certain seismic source zone are generally assumed to be
uniformly distributed. Non-uniform distributions can be used only when sufficient
information is available for potential earthquake locations (Kramer, 1996).
Therefore, in this study, spatial uncertainty is explored using uniform distribution
method.

The spatial uncertainty assuming uniformly distributed seismic events over the
length of the fault is given below for the [zmir Fault. The spatial uncertainty can be

described by a probability density function as in the following equation (Kramer,
1996):

fR (@ =1/ Lt @)’ ] 2.3)

In the above equation,

fr (r): Probability density function for the variable r,
r: Source-to-site distance, :
Ls: Length of the fault,

I'min: Minimum source-to-site distance
Spatial uncertainty calculation results for the Izmir Fault are giveh in Table 2.7.

Table 2.7 Spatial Uncertainty for the Izmir Fault

Probability Density Function, fg () (%)
Fault Segment | rp;=10km, | rpp;=8.5km, | 1y ;=8.5 km, Imin=7 Km, I'min=7 ki,
r=11 km r=10 km =9 km r=10 km r=12.5 km
West
12.0 9.5 152 - -
(Le20 km)
East
~ “ - 15.2 7.0 6.0
(L¢#20 km)

The maximum probability depending on source-to-site distance has been obtained
for the center segment as can be seen from the above table in the middle column. The
center segment can also be regarded as the intersection of the west and east portions

of the fault. The calculated value of probability for the center segment is found to be
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15.2%. This is greater than 10% probability of exceedance, which is a commonly
accepted risk level in many seismic codes. The center segment is the closest one to

Bostanli region yielding highest risk level.

One may conclude from Table 2.7 that central and western segments of the Izmir
Fault has been found to be more critical for Bostanli region compared with the
eastern segment from the uniform distribution of rupture locations over the fault
point of view. One should keep this finding in mind and report associated risk

properly when conducting dynamic analysis.

The maximum acceleration at bedrock level of a particular site can be estimated
by means of attenuation relationships for a given fault to site distance. These
relationships define ground motion as a function of the magnitude, distance, type of
faulting, and site conditions (i.e. hard rock, soft rock, firm soil, soft soil, shallow soil,
deep soil, etc.). Properly estimated maximum bedrock acceleration values can then

be used in the scaling of acceleration records.

Moment magnitude (My,) is generally used to define magnitude of earthquake in
attenuation relationships. The use of moment magﬁitude is better compared to the
other magnitude types due to its direct relation to the seismic moment of an
earthquake. ' |

Various definitions of source-to-site distances can be made in order to use in
attenuation relationships. Commoniy used distance measures are abbreviated as Trup,
Tseiss Tjb, and Ipypo. Distance measures used in attenuation relatibnships are shown in
Figure 2.13 for vertical and dipping faults. It can be seen in this figure that closest
horizontal distance between the vertical projection of the rupture and the site is called
as Joyner-Boore distance (rjp). The shortest distance between the site and the rupture
surface is known as rupture distance (rnp). Distance between the site -and the
hypocenter of the earthquake is hypocentral distance (rnypo). The closest distance
between the site and seismogenic rupture surface is defined as seismogenic distance
(rseis). Seismogenic depth is the depth from ground surface to the top of the

seismogenic part of the earth’s crust.



43

Ground surface ‘ A Site

Seismogenic depth

Vertical
Fault

Hypocenter (

Ground surface o /\0 Site

Seismogenic depth

e e v ey o e e E e — m— — w me e — e G —— - -

N\ Hypocenter

Figure 2.13 Source-to-site distance measures for normal and dipping faults

Seismogenic part can be determined by mapping surface trace of the fault rupture;
spatial distribution of aftershocks; inversion of strong ground motion recordings,
crustal velocity profiles, local geodetic\and geologic data. The upper 2-4 km of the
fault zone is assumed generally as non-seismogenic. This shallow part of the earth’s
crust is not significant to ground motions at vibration periods that are interested by
engineers (Campbell, 1997). Seismic distance cannot be less than seismogenic depth;
however, it can be greater than seisinogenic depth if specific geometry of the fault is
known. Minimum seismogenic depth values are given in Campbell’s study

depending on moment magnitude, rupture width and dip angle.
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Recent attenuation relationships (Abrahamson & Silva, 1997; Boore et al., 1997;
Campbell, 1997; Sadigh et al., 1997 and Spudich et al., 1997) have been used in this
dissertation. Details of the referred relationships are given in Appendix A. Model
parameters such as magnitude, distance, type of faulting, and hanging wall effect are
taken into account separately for each relationship. Although general forms of
expressions are similar, differences in selection of model parameters are available in

relationships developed by above researchers.

Most of earthquake data used in these relationships are obtained from earthquakes
generated by strike slip and reverse faults. Small numbers of events generated from
normal faulting take place in strong motion databases. It is mentioned in some
studies (Abrahamson & Shedlock, 1997; Sadigh et al,, 1997) that differences
between strike slip and normal faulting earthquakes are not significant statistically,
and normal faulting events may generate ground motions in the same level as strike

slip events.

Different distance measures are used in each model. Therefore, source geometry
for studied fault rupture should be sbeciﬁed in order to make reliable evaluations.
For example, simple geometry of the izmir Fault and Bostanl: site is sketched in
Figure 2.14. Distance measures are also given in this figure. Seismogenic depth is
assumed as 10 km for the Izmir Fault (Utku, 2004).

Maximum bedrock acceleration values estimated using studied relationships are
given in Table 2.8 for different locations. Estimates that are based on earthquakes for
which acceleration records could be obtained are given at top of the table. Five
earthquakes occurred in the time period of 1977-2003 are taken into consideration in
attenuation relationshiﬁs. Maximum bedrock accelerations for earthquakes occurred
in the period of 1928-1974 are also estimated using same relationships. One may
infer from Table 2.8 that Abrahamson & Silva relationship can be used for various
values of magnitude and distance. However, other relationships have restrictions for
the magnitude and distance. Abrahamson & Silva and Spudich et al. relatiénships

yielded smaller estimates compared to other relationships for a magnitude of M < 5.5
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and close distance earthquakes. This result is in agreement with general trend shown
in Figure 2.15 for vertical ‘strike slip earthquakes in rock sites. However,
Abrahamson & Silva and Spudich et al. relationships resulted in greater estimates
compared to others for the same level of magnitude and long distance earthquakes.
For large magnitude earthquakes (i.e. magnitudes of 6.5-7.0), Boore et al. and
Spudich et al. relationships tend to give smaller estimates compared to other
relationships for close distance earthquakes. This trend was noticed for maximum
bedrock acceleration estimations in Bostanls site for scenatio earthquake of the Izmir
Fault (M=6.5). Accelerations were estimated as 0.20g on the average for Boore et al.
and Spudich et al. relationships, and values greater than 0.30g for other relationships
were obtained. Campbell and Boore et al. relationships yielded larger estimations
compared to other relationships for large magnitude and long distance earthquakes.
This trend can be seen in Table 2.8 and Figure 2.15. Bedrock accelerations estimated
for the scenario earthquake originating from Karaburun Peninsula Fault System were
also in agreement with Figure 2.15. In the light of these evaluations, average values
of Abrahamson & Silva, Campbell, and Sadigh et al. relationships can be used in the
estimations of maximum bedrock accelerations at close distances for the 1977 Izmir
Earthquake (M=5.3). The average value was estimated as 0.13g for Bostanh site éﬁd

0.21g for Poligon recording station using associated distances to the epicenter.

Balcova Bostanli
I Tin = Fam ~ 9.5 kIn I

deeis ~ 10 km —====-FF - oo e
{zmir
Fault Thyoo ~ 26 km
Aiwoo ~ 24 km O

Figure not to scale

Figure 2.14 Source geometry and distance measures for the izmir Fault
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Figure 2.15 Comparison of attenuation relationships for vertical strike slip
earthquakes of magnitude 5.5 and 7.0 in rock sites
(Abrahamson & Shedlock, 1997)

Peak ground accelerations for a scénario earthquake with a magnitude of 6.5 can
be conservatively estimated using Campbell (1997) and Sadigh et al. (1997).

attenuation relationships for west, center and east segments of the Izmir Fault.
Source-to-site distance of 10 km has 10% probability of exceedance. Other distance

parameters used in above attenuation relationships are 12.5 km for west segment and

15 km for east segment. Results of calculations are given in Table 2.9.

Table 2.9 Estimated peak ground accelerations for bedrock motion in Bostanh

Attenuation Relationship | PGA for bedrock motion in Bostanl: (g)
- =10km | r=12.5km r=15 km
Campbell (1997) 0.34 0.29 0.23
Sadigh et al. (1997) 0.32 0.28 0.23

Campbell (1997) and Sadigh et al. (1997) relationships yielded close values for

various distances to Bostanli site. Maximum bedrock acceleration values were

obtained for the center segment (i.e. source-to-site distance is 10 km). One should
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note that Campbell and Sadigh et al. (1997) relationships result in quite conservative
estimates of the bedrock level acceleration. It would be more appropriate to take the
average of estimations of all attenuation relationships for the center segment of the
Izmir Fault to obtain a more reasonable value that can be utilized as a scaling factor
for acceleration records to be used as reference motions. One can see in Table 2.10
that estimations of three relatidnships are larger than 0.30g whereas Boore et al.
(1997) and Spudich et al. (1997) relationships gave 0.21g and 0.19g, respectively. An
appropriate weighted average value of the maximum acceleration at the bedrock
level in Bostanlt area for a scenario earthquake (M=6.5) originating from the Izmir
Fault can be taken as amaxscn, = 0.25g.

Table 2.10 Estimations of.bedrock level maximum accelerations in Bostanl:
for the M=6.5 Izmir Fault Scenario Earthquake

Attenuation Relationship

Sadigh etal. | Campbell | Abrahamson & Silva | Booreetal. | -Spudich et al.

Qmax 0.32¢g 0.34g 0.34g 0.21g 0.19¢

2.53.2.2  Evaluation of Long Distance Faults as Critical Seismic Sources

Tuzla Fault is located southwest of Izmir. The most recent major earthquake
occurred on this fault was 1992 Doganbey Earthquake. Heavy damage was reported
in the towns very close to the epicenter of the earthquake (Erdik & Yiizligiillli, 1992).
Tuzla Fault extends along northeast-southwest direction. Damage observations
showed that directivity effects probably played some role on distribution of damage.
The zones damaged during this earthquake can be seen in Figure 2.16. Dashed areas
in this figure show aftershock areas. The northeast end of Tuzla Fault extends to
Bornova region, and an earthquake occurring nearby the northeast end of the fault
may well be very damaging. However, such an event would be considered as a close
distance earthquake. It would be more appropriate to take the [zmir Fault as a close
distance critical seismic source since it covers the entire city area and is also capable

of imposing similar effects over the Bornova region. Site observations and the
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structural response in the city area during the 1992 Earthquake showed that Tuzla

Fault might not be as critical as a long distance source.

Although Dumanlidag and Bornova faults are located close to Bostanli region,
only a smaller scale event (February 1, 1974 Izmir Earthquake) was reported nearby
the Dumanlidag Fault. Besides, there are no major destructive historical earthquakes
in the earthquake catalogues (KOERI, 2003; GDDA-ERD, 2003). Therefore, these

faults are considered neither close nor long distance critical seismic sources.

The other long distance seismic source region is the Karaburun Peninsula where
the Karaburun Fault and other active normal faults are located. The Karaburun Fault
is known to have produced destructive events (see Table 2.2 and Table 2.8). This
fault takes place at the boundary of the risk area shown in Figure 2.8. The southern
segment of the fault reaches to the west of the Seferihisar Gulf, and the northern
segment reaches to the Aegean Sea at the east coast of the peninsula. Major
earthquakes occurred on this fault (1949, 1953 and 1969 earthquakes) affected
western coastline of Izmir and towns located on the peninsula (RADIUS, 1999).
Bostanli region takes place at the oﬁposite site to the Karaburun Fault. Following
short period micro activity observations after the 1992 Doganbey Earthquake, Akinci
(2000) stated that the Karaburun Fault has been triggered and was highly active for a
certain time period.

Based on both historical and modern time earthquake activities it would be
appropriate to evaluate fhe Karaburun Peninsula Faulting System as a critical long
distance seismic source. One should note that the epicenter of the 2003 Urla
Earthquake was also on the peninsula and this earthquake. generated considerable
damage on several buildings located on alluvial sites indicating presence of

dominating long period harmonics during the earthquake.

Similar spatial uncertainty calculations were made for the Karaburun Fault as a
representative critical long distance seismic source in the peninsula. Results are

given in Table 2.11.
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Table 2.11 Spatial Uncertainty for the Karaburun Fault

Probability Density Function, fz (r) (%)
Fault Segment Ipin=235 km, Tmin=36 km, Crin=36 km,
=50 km r=38km | r=45km
North
(L=25 km) 4.3 - -
Center
(L=25 km) - 17.5 -
Center & South ) ) 77
(L=45 km) )

The center segment of Karaburun Fault is the most critical long distance rupture
location for Bostanli site as can be seen in the table. The risk level for center segment
has been calculated as 17.5% being larger than 10%. Therefore, it can be said that
associated seismic risk level of the Turkish code is exceeded if the hazard analyses of
Bostanli area are based on the center segment. Other portions yield smaller risk
values. The direction of the north segment is northwest to southeast, and this segment
may be more critical for Foga and north of Karaburun Peninsula than it is for
Bostanli and Kargiyaka regions (Figure 2.4 and Figure 2.9). The center segment is

expected to be more critical for the northern coastline of [zmir Bay area.
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Figure 2.16 Damage distribution and seismic activity during and following the
1992 Doganbey Earthquake (Erdik & Yiiziigiillii, 1992)
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Bedrock level maximum acceleration values for a scenario earthquake (M=6.5)
originating from the center segment of the Karaburun Fault were estimated using
various attenuation relationships. The approach is same as the one applied to the
Izmir Fault Scenario Earthquake. Results are provided in Table 2.12. Average
maximum bedrock acceleration was found as amax.sen. = 0.087g for the Karaburun

Fault as a critical long distance seismic source.

Table 2.12 Estimations of bedrock level maximum accelerations in Bostanh
for the M=6.5 Karaburun Fault System Scenario Earthquake

Attenuation Relationship

Sadigh etal. | Campbell | Abrahamson & Silva Booré etal. | Spudichetal.

Amax 0.088g | 0.092g 0.094g 0.081g 0.08g

2.5.3.3 Acceleration Time Histories of the Reference Motion

Two major faults (i.e. the Izmir Fault and the Karaburun Peninsula Fault System)
can be considered as critical seismic sources based on foregoing evaluations of the
fault systems nearby the city of Tzmir. As shown in preceding sections such a .
consideration has scope from both deterministic and probabilistic points of view.
Associated risk levels and inherent uncertainty are available to the engineer who
would already be aware of the assumptions made during uncertainty calculations.
The approach does not conflict with the seismic code requirements and stays either

on the safe side or coincides with the given risk level of the code.
2.5.3.3.1 Acceleration Time Histories from the Critical Seismic Sources

The Izmir Fault is expected to impose larger level of hazard in close distance.
Seismic events originating from this fault would include higher frequency harmonics,
and should be taken into consideration in this manner. Short period structures,
whether industrial or housing type, would experience deeper impact during this
earthquake in several districts of the city. Any seismic analyses within the city area
should preferably utilize earthquake motions representative for the Izmir Fault.

Similar to other seismic areas in Western Anatolia, recorded earthquake data are
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quite scarce for the activity of the Izmir Fault. The only known acceleration record
nearby this fault has been acquired during December 16, 1977 [zmir Earthquake
(M=5.3). Given the coordinates of the epicenter of this earthquake ' provided by
seismic data resources (KOERI, 2001; GDDA-ERD, 2001) it is highly likely that
Izmir Fault generated 1977 events.

The acceleration record of the 1977 Izmir Earthquake was downloaded from the
National Strong Motion Database of Tiirkiye (GDDA-ERD, 2001). The recording
station in Poligon (Hatay) district provided a strong motion record on the rock site. .
The location of the station was quite close to the Izmir Fault and a few kilometers
away from the epicenter of the 1977 events. The seismogram was mounted on the
ground floor level of a single-story building in the Izmir Meteorology Directorate
area. Outcropping bedrock (andesite) exists below the foundation level. The building
is founded on shallow foundation. This recording station, however, was shut down in
1991. The maximum acceleration value on outcropping bedrock was recorded as
0.39g during the 1977 Izmir Earthquake (GDDA-ERD, 2001). The record has been
corrected later and is available in the European Strong-Motion Database (Ambraseys
et al., 2001). The corrected version of the record has been used for one-dimensional
dynamic site response analyses performed within the context of this dissertation. The
maximum acceleration at outcropping bedrock of the corrected version is 0.21g. The

acceleration time history of the corrected record is given in Figure 2.17.
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Figure 2.17 Acceleration time history of the corrected record of
16.12.1977 Izmir Earthquake (M = 5.3, ap,x= 0.21g)
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The frequency histogram of Izmir Earthquake on outcropping bedrock is shown in
Figure 2.18. The histogram shows the variation of Fourier amplitudes with frequency
for bedrock motion. The amplitude distribution has peak values over 6-15 Hz band,
and the fundamental frequency was determined as 9.91 Hz. The higher frequency

harmonic content of the histogram is an indication for the possible use of the 1977

Earthquake motion as a close distance event record.
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Figure 2.18 Frequency histogram of the corrected record of
16.12.1977 Izmir Earthquake (M = 5.3, f,=9.91 Hz)

The outcropping motion can be described by parameters such as peak ground
acceleration, peak ground velocity, predominant period of motion, and response
spectrum. In order to obtain the acceleration time history of rock outcropping motion
at the site of interest where microzonation analyses to be performed, a reasonable
record of earthquake motion is selected and modified using appropriate scaling ratio.
The scaled acceleration time history of an actual earthquake record can be used as
the acceleration time history of the target earthquake (for instance scenario-
earthquake, maximum credible earthquake or operation basis earthquake).

The corrected record of 1977 izmir Earthquake was modified for Izmir Scenario
Earthquake (M=6.5). The frequency content of the corrected record was not changed,

and the amplitudes of acceleration were scaled up with a factor of 0.25g as described

previously.
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Thus, this approach made it possible to obtain acceleration time histories for the
Izmir Scenario Earthquake at various regions depending on the distances between
Poligon recording station and the site of interest. For instance, one can estimate
bedrock level accelerations in Bornova, and base his site response analyses on the

scaled motion.

The actual ground motion of 2003 Urla Earthquake (My=5.6) was recorded by an
instrument located in a building of the Faculty of Agriculture in the Ege University
Campus in Bornova. The bedrock was spotted at 210 m below the surface by
examining ground water boring logs (SU-SAN, 1986). The maximum acceleration
was recorded as 0.079g at the ground surface. The idealized soil profile for this
location is given in Figure 2.19. Deconvolution of the record at ground surface was
performed for that profile using one dimensional site-response analysis software
EERA (Bardet et al., 2000), and the maximum acceleration at the bedrock was
calculated as 0.031g. Maximum bedrock accelerations estimated using Sadigh et al.,
Spudich et al. and Abrahamson & Silva (1997) attenuation relationships are in good
aggreement with the calculated value. The average of the estimated values given in

Table 2.8 is 0.032g.

The 2003 Urla Earthquake was responsible for the widespread damage in
Bornova/Manavkuyu .region. Geotechnical characteristics of this region are quite
similar to Bostanli area. Both districts of the city are located over thick saturated
alluvial deposits. Therefore, the acceleration time history of this record as shown in
Figure 2.20 can be used as a representative long distance strong 'motibn record for the
alluvial sites of the city where resonance condition and major amplification are likely

to occur when they are hit by long distance earthquakes.

Frequency histogram of the 2003 Urla Earthquake at bedrock is shown in Figure
2.21. The histogram shows the variation of Fourier amplitudes with frequency for
bedrock motion. The amplitude distribution give maximum value on 0.4-2.8 Hz band
and the fundamental frequency is found as 0.78 Hz. The frequency histogram is
typical for long distance earthquakes with low frequency content.
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Figure 2.19 Generalized soil profile for the recording station in
Ege University Campus at Bornova
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. Figure 2.20 Acceleration time history of the record of 10.04.2003 Urla -

Earthquake (M = 5.6, amax = 0.031g) at bedrock in Bornova
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Figure 2.21 Frequency histogram of the 10.04.2003 Urla Earthquake
M =5.6, fop=0.78 Hz)

2.5.3.3.2 Acceleration Time Histories from Additional Sources

Although the above given acceleration records belong to Izmir area and reflects
the tectonics of the selected critical seismic sources, it would be appropriate to
support the time history database of the reference motion with more records in order
to cover a wider frequency range. Since the national seismic recording database_ is
especially scarce in terms of large-scale normal faulting events, one is forced to scan

additional databases believed to contain representative seismic motions for Izmir.

It has been stated by earthquake specialists that geological structure of Anatolia
and California are similar in nature, and earthquake database for California may be
used to increase the number of strong motion recordings in the vicinity of Izmir
(Kagawa, 2002). For instance seismicity and general structure of the North Anatolian
Fault (NAF) have attracted attention of earthquake researchers in the United States
due to considerable resemblance between NAF and San Andreas Fault of California.
However, similarities between geological sections and fault characteristics of two
regions need to be demonstrated so that one can utilize California strong motion

records in seismic hazard analyses of Turkish provinces.

‘ The Califomia Strong Ground Motion Database is reach in normal, reverse and
strike-slip fault recordings. However, ground motion records from the California

Database should belong to normal faults since critical seismic sources for Izmir are
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normal faults as described in above sections. Focal depths and magnitudes of the
earthquakes in California should be close to those of Izmir scenario earthquakes.
Besides, ground motions should be recorded on rock outcrops “at distances
comparable to those valid for the city of Izmir (i.e. within the seismic risk area

denoted in Figure 2.9 by a circle with a radius of 50 km).

Information regarding geological structure of California region may be acquired
from geological survey bulletins. Geological formations of ocean side San Diego
coastal Area are described in two categories: pre-tertiary igneous / metamorphic
rocks and sedimentary rocks (Hertlein & Grant, 1954). Hertlein & Grant said that
Cretaceous and younger sediments were deposited upon pre-tertiary ignéous and
metamorphic rocks, which form the base rock formation in San Diégo coastal area.
The base rock formation generally encountered 1300 m below ground surface.
includes andesitic and trachytic flows, agglomerates, tuffs, metamorphosed
conglomerates, sandstones, and shales. Sedimentary rocks, on the other hand, consist
of unmetamorphosed Cretaceous, Eocene, Plioceng and Pleistocene formations. The
topmost layer is the Quaternary age alluvium, which is said to be 100 m thick. A

sample geological columnar section from San Diego County is given in Appendix B
(Figure B.1).

A study about the seismicity of Imperial Valley in Southern California showed
that focal depths for earthquakes in the valley were between 4 and 8 km (Johnson &
Hill, 1981). The crustal zone underlying younger sedimentary formations is 10 to 12
km thick and consists of Miocene and younger age sedimentary rocks. P-wave
velocity of the crustal zone increases from 1.8 km/s at the top to 5.85 km/s at a depth
of 5.8 km. This zone is underlain by the metasedimentary basement rock with P-
wave velocities varying between 6.8 and 7.2 km/s (Fuis et al., 1981). Profile models
across Imperial Valley are provided in Appendix B (Figure B.2). Johnson & Hill
concluded that earthquakes in the Imperial Valley took place in sedimentary and
metasedimentary rocks younger than 4 mﬂlion years. Faulting in Los Angeles Basin,
on the other hand, is said to take place through metamorphic basement rocks and
shallower sedimentary rocks (Woodford et al., 1954). A block diagram of west side
of Los Angeles Basin can be seen in Appendix B (Figure B.3).
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As explained in the foliowing chapter in detail, near surface Quaternary age
alluvial deposits are underlain by Miocene age volcanic rocks in Izmir. Neogene age
sedimentary rocks exist under this formation. The upper Cretaceous-Paleocene age
Izmir-Ankara suture zone extends down to 3 km depth. Paleozoic age metamorphic
rocks of Menderes Massif forms the basement. Although no detailed field
investigations and detailed sections are available to date, it is highly likely that focal
depths of earthquakes in Izmir area are mostly located within the Menderes Massif.
One can notice upon investigation of the columnar, section of the Los Angeles basin
given in Figure B.4 of Appendix B that similar geological formations exist in

California area as well.

It is not possible for the time being to investigate the mechanism of each fault in
California to demonstrate their geological similarities and differences with those in
Izmir and western Anatolia based on above discussions. However, it can be said that
two regions are not completely dissimilar and strong ground motions from California
Database may be utilized until more strong ground motion records in Izmir and west

Anatolia become available to the engineering society.

Among available database sources the collection of Pacific Earthquake
Engineering Research Institute has been found as well organized and eé.sy to réach.
Scanning of this database resulted in two strong ground motion records (02.05..1983
Coalinga and 18.10.1989 Loma Prieta) produced by normal faulting earthquakes
with magnitudes 6.4 and 6.9. The fault-to-site distances for these earthquakes were in
the desired margin of 50 km. Close inspection of the records indicated that it would
be more appropriate to consider them as close distance earthquakes based on their
fault-to-site distances and relatively high frequency contents. Details of these

acceleration time histories are given below.

Maximum bedrock acceleration of the acceleration record of the 02.05.1983
Coalinga Earthquake (M=6.4) was recorded as 0.16g in Parkfield site where closest
distance to fault rupture is given as 24 km. Acceleration time history of this record is
given in Figure 2.22.
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Figure 2.22 Acceleration time history of the 02.05.1983 Coalinga
Earthquake (M = 6.4, amax= 0.16g) at bedrock in Parkfield

Frequency histogram of the Coalinga Earthquake at bedrock is shown in Figure
2.23. High-energy carrying frequency values are between 0.25-2.8 Hz, and the
fundamental frequency is determined as 2.39 Hz for Coalinga Earthquake. It can be
noticed that this record carries lower frequency components when compared with the
trace of the 1977 lzmir Earthquake. Therefore, use of this record in dynamic analyses
would help to close the frequency gap between Izmir Earthquake and Urla
Earthquake records; | '
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Figure 2.23 Frequency histogram of the 02.05.1983 Coalinga Earthquake
(M =6.4, fy =2.39 Hz)
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Maximum bedrock acceleration during 18.10.1989 Loma Prieta Earthquake
(M=6.9) was recorded as .0.41g. in Gilroy recording station where closest distance to
surface projection of rupture is given as 10.5 km. Acceleration time history of this

record is given in Figure 2.24.
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Time (sec)

Figure 2.24 Acceleration time history of the record of 18.10.1989 Loma
Prieta Earthquake (M = 6.9, apa.x= 0.41g) at bedrock in Gilroy

Frequency histogram of the Loma Prieta Earthquake at bedrock is shown in
Figure 2.25. High energy carrying frequency range in this record is wider (i.e.
between 1.2 Hz and 4.8 Hz. The fundamental frequency of the record is 2.64 Hz. It
would also be appropriate to utilize this record as close distance earthquake motion

in dynamic site response analyses.
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Figure 2.25 Frequency histogram of the 18.10.1989 Loma Prieta Earthquake
M =6.9, f,=2.64 Hz)
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CHAPTER THREE
GEOLOGICAL and GEOTECHNICAL

 CHARACTERISTICS

3.1 General Geology of Western Anatolia

Four major paleotectonic units were developed during historical period in Western
Anatolia. These units can be ordered from north to south as Sakarya continent, izmir-
Ankara suture (Mesozoic) zone, Menderes massif, and Lycian nappes (Sengdr et al.,
1985; Sengér, 1987; Yilmaz, 1997).

Sakarya continent has a basement unit being composed of metamorphic and non-
metamorphic Paleozoic units. The Mesozoic and Senozoic units overlay this
basement unit. [zmir-Ankara suture zohe takes place between Sakarya continent and
Menderes massif. This zone consists generally of ophiolitic melange and peridotites.
[zmir-Ankara suture zone had subjected to metamorphism at some places; the period
of metamorphism was estimated between Late Cretaceous and Early Miocene. This
geologic unit is named as Bornova schist or melange close to Izmir (Kaya, 1981;
Yilmaz, 1997). Melange consists‘ of deformed volcanic sedimentary units. These
units include Basic lavas, shales, and sandstones. Limestones, sérpentines, and
marble blocks can also take place within the melange unit. Age of the melange was

estimated as Late Cretaceous examining red colored limestone.

Menderes massif is the most important metamorphic unit in Western Anatolia.
This unit is located between Izmir-Ankara suture zone and Lycian nappes. Menderes
massif has complex lithology and structure. Age of the massif is determined as 35+5
million years (Sengor et al., 1984). Lycian nappes were located between Menderes’

massif and Mountains of Bey. Obduction of oceanic crust on the Anatolid-Torid
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‘platform were developed dui'ing subduction along Izmir-Ankara suture zone in Late

Cretaceous period. Then, accretionary complex was developed during continental
collision in Late Palocene-Early Eocene period. Combination of both events in
different stages has been considered as the origin of Lycian nappes (Sengér &
Yilmaz, 1981; Sengdr et al., 1984; Ersoy, 1990; RADIUS, 1999). Major
paleotectonic units were combined together before Mid-Miocene period.

Fundamental geological units in Western Anatolia are shown in Figure 3.1.
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Figure 3.1 Fundamental geologic units in Western Anatolia
(Seyitoglu & Scott, 1996)
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The Western Anatolia takés place among the most rapidly deformed regions of the
world; the rate of N-S extension is about 30-40 mm/yr. The current seismicity is an
evidence of that movement. Faulting, hot water springs and volcanic activity are the
main characteristics of the region. The geomorphology in present is consisted from
E-W directional major graben systems (Bakircay, Simav, Gediz, Kiigiik Menderes,
Biiyiik Menderes, and Gokova) and cross-directional grabens running in northeast-

southwest direction (Westaway, 1990; Taymaz et al., 1991; Paton, 1992).

Geological map of the Western Anatolia is given in Figure 3.2 (GDMRE, 1964).
It can be seen on this ﬁgu:re that alluvial sediments cover the northern coasts of Izmir
Bay. Generalized map of geology in Izmir and its neighborhood is presented in
Figure 3.3.- .

3.2 Alluvial Geomorphology in Izmir and its Neighborhood

Crustal movements in the Neotectonic period in the vicinity of Izmir formed
fundamentals of geomorphological units. During the first stage of this period, Izmir-
Ankara suture (Mesozoic) zone were broken and extensions were occurred in fhe
directions of NE-SW and NW-SE. This stage followed the rise of Menderes massif,
and Miocene lakes filled the basins between rising blocks. The severe volcanism also
. occurred during this period. Depth of developed depressions increased, and new
broken elements were formed in the E-W direction starting at the end of Miocene.
The présent morphology was formed with this faulting and breaking process.
Kemalpasa-Izmir branch of the Gediz graben is an evidence of these E-W directional
young depressions. Bottom of this branch filled with terrestrial deposits in Post-
Miocene, and alluvial sediments overlaid terrestrial deposits (Kayan, 2000).

Alluvial sediments along the coasts of Izmir Bay covered the terrestrial deposits
with continuous tectonic movements since Pliocene. Rivers from high levels of the
mountains to the plains transported coarse-grained materials, and deposited materials
rose together with mountain blocks by tectonic movements. Finer materials, on the

other hand, were deposited in the middle part of the plains.
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Rising blocks then abradéd and transported material to later formed lower basin.
Eroded lands can be seen on fhe northern hills of Karsiyaka and Bornova. Coarse
volcanic blocked or limestone fragmented sediments exist in the northern part of
Izmir Bay. These formations cannot be encountered further south of the Bay.
Thickness of this geological unit progressively gets deeper in Bornova plain towards
south (Kayan, 2000).

Bornova is not a typical delta plain, because there is no river bypassing the plain.
However, three major streams empty into the Bay on the coastline of Bornova plain.
They just stem from neaiby surrounding mountains. These streams are named as
Kocagay, Gokdere (Arap Cay1) and Manda Cay1. Kocagay forms Bornova alluvial
sediments; Gokdere (Arap Cay1) crosses the alluvial region in the south of Bornova,
and Manda Cay1 (Kavaklidere) forms the sediments in the eastern part of the
Bornova plain. The eastern part of the plain is higher than the western part, resulting
in a decrease in the amount of deposited materials from the west to the east. As a
result of the above conditions, typical delta development cannot be seen along the

coastline of Bornova (Kayan, 2000).

Although they were formed over the same terrestrial deposits, alluvial plains
surrounding [zmir Bay exhibit differences depending on their geomorphological
development. Kargiyaka is located on a typical alluvial delta front of the Yamanlar
mountain blocks. The old Gediz River Delta, which is on the northwestern part of
Kargtyaka/Bostanli area, was formed by sedimentation of alluvial deposits
transported by Gediz River in the Quaternary Era (Figure 3.4). The Gediz River Bed
was directed towards northwestern part of Izmir Bay until late nineteenth century.
This area has become a densely populated region of the city for about 30 years.
High-rise buildings, regular apartment buildings, and industrial facilities have been .
located on the alluvial delta soils. The continental, brown, stiff to very stiff clayg are
generally over-consolidated in this region. The Quaternary aged alluvial soils of old
Gediz River Delta were deposited éver continental soils. These sedimentary deposits
are generally normally consolidated or under-consolidated. Continental deposits are

underlain by andesitic bedrock. The complex geological and geomorphological
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structure of the delta caused horizontal discontinuities on the stratification of soils
even in close distances. The discontinuities in short distances cause total and
differential settlement problems for high-rise and apartment buildings (Kayalar,
1991; Ozden, 2000).

AV MY N VOV Y VY Y Yy
VYV V ¥V V VWV v v vy v

Old Gediz
River Delta

Figure 3.4 Location of the old Gediz River Delta and Bostanh site (Ozden, 2000)

3.3 Variation of Bedrock Elevations along the Study Area

Bedrock elevations in the study area show variability between Cigli and Bornova
coastline regions. The depth of bedrock has not been generally determined in boring
logs in geotechnical reports at sites of deep alluvial locations; however, a few reports
nearby outcropping andesite locations include information regarding bedrock
elevation. As an example, bedrock elevation was reported at 23 m in Alaybey region
(Cakici, 1999) and at 54 m at a location very close to Karsiyaka stadium (Cakaici,
1998). Ground water investigation boring logs usually provide more satisfactory data
on bedrock. elevations since their borehole depths reach to deeper elevations.

Variation of bedrock elevation at different sites in the study area is given in Figure
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3.5. Bedrock elevations obtained from available geotechnical and ground water

investigation reports are also tabulated in Table 3.1.

Yamanlar M.

: 20m  « . 250m
Old Gediz 250m - * 270m
. River Delta — ,

Balgova

bl

Figure 3.5 Variation of bedrock depth in study area

Table 3.1 Bedrock Elevations

Bedrock Elevation | Type of Bedrock Location Source of Information
(@ - - :
200.0 Andesite Cigli AOLZ GEOSAN (1998)
250.0 Andesite Cigli AOIZ GEOSAN (1998)
250.0 Andesite " Mavisehir DELTA (1997)
270.0 Andesite Mavisehir DELTA (1997)
54.0 Andesite Kargiyaka Stadium Cakici (1998)
23.0 Andesite Alaybey Cakict (1999)
9.0 ~ Andesite Bayrakl Cakic1 (1997)

AOIZ: Atatiirk Organized Industrial Zone

Relatively deep alluvial soils are located in Cigli and Mavisei]ir regions within the
old Gediz River Delta. Bedrock elevation was determined from ground water
investigation borehole records in these locations. Boring iogs obtained from Cigli
AOIZ and Mavisehir regions are given in Appendix C. In general, bedrock elevations
vary in 200-250 m depth interval. The depth of bedrock decreases gradually from
Bostanl: to Karstyaka. Bedrock elevation was determined at 54 m below ground
surface nearby Karsiyaka Stadium. The depth of bedrock is at 23 m in Aiaybey
region. However, the elevation suddenly decreases down to 50-60m in the coastline
of Alaybey (Cakicit, 2004). The depth of bedrock is at 9 m deep at the site very close

to outcropping andesite formation in Bayrakli. Bedrock elevation increases in
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alluvial formations along Béyrakh coastline. The bedrock level reaches to 150 m
below the surface in this areé. The depth of bedrock increases towards Bornova
coastline reaching to 200 m. The bedrock depths in Bayrakli and Bornova coastlines
are estimated from distance between study area and andesite formation in the

northern coast of Izmir Bay.

3.4 Geotechnical Characteristics of Soils in the Study Area

Geotechnical characteristics of sedimentary soils in the northern coast of Izmir
Bay area have been studied by various researchers (Giiz, 1970; Kayalar, 1991,
Ozkan, 1991; Kayalar et al., 1992; Ozden, 2000). Geotechnical investigation reports
of many engineering projects prepared by Dokuz Eylil University Geotechnicai
Engineering Department and some private firms were utilized to idealize the soil
profile in the study area. Geotechnical engineering reports were necessary because of
difficulties in the idealization studies due to the irregularities of stratification. Soil
layers may have differences in terms of stratification due to the deposition and flow
regime characteristics of the old Gediz River. Geotechnical data were acquired from
the reports at early staged of this thesis and Geotechnical Properties Database was
constructed in order to manipulate the data to enable their use in dynamic site
response analyses. The scope of the construction of the database, properties and its
use in dynamic site response analysis will be given in detail in the following chapter.
Geotechnical characteristics of alluvial soils, continental soils and bedrock along the

study area are summarized in this chapter.

Geotechnical characteristics and idealized soil profiles of five major regions in the
study area are presented in the following sections. These regions can be given as
Cigli Atatiirk Organized Industrial Zone, Bostanli Mavigehir High-Rise Buildings .
Area, Karsiyaka Coastline Area, Bayrakli Coastline Area, and Bornova Coastline
Area. Index and engineering properties of site soils are summarized in tables, and

idealized soil profiles are developed for each region.
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3.4.1 Cigli Atatiirk Organized Industrial Zone

Cigli Atatiirk Organized Industrial Zone (AOIZ) is located on the réclaimed area
of lagoons of old Gediz River Bed northwest Bostanli. Geotechnical reports were
. used for this zone prepared by GEOSAN (1998), Cakici (2000d), and Kayalar &
Ozden (2002). Twenty-three borings were drilled in the region. The maximum boring
depth is 52 m. The idealized profile is generated using geotechnical data stored and
classified in the database. Ground water level is between 0.7-2.0 meters; average
level being 1.5 m. Although not exact, bedrock level is approximately at 200~250 m
below ground surface. Available ground water logs and distance of the study area
from andesite hilltops and outcrops enabled estimation of bedrock depth. General
index properties and some engineering properties of soils in the zone are given.in

Table 3.2 and Table 3.3, respectively. Idealized soil profile is presented in Figure 3.6.

Table 3.2 Index Properties of Cigli Atatiirk Industrial Zone Soils

Depth -No4 | -No.200 wi, Wp I W Yn G, | USCS

(m) (%) (%) ) | | B | % | W&m)]| - -

0.0-10.0 100 57-100 44-65 | 18-30 | 21-35 {20-69 18 2.70 | CL/CH

10.0-20.0 100 52-160 | 40-67 | 21-32 .| 18-35 |26-63 18 2.70 | CH/CL

20.0-30.0 100 53-100 | 44-59 | 20-27 | 21-33 |22-55 19 2.70 | CH/CL

30.0-50.0 100 55-75 50-62 | 23-29 | 26-34 |41-48 19 2.70 CH

50.0-52.0 | 92-100 2647 NP 19 20 265| SM

I

Table 3.3 Engineering Properties of Cigli Atatiirk Industrial Zone Soils

Depth | SPT-N Cy Qu CuT ¢ | USCS
(m) - &N/m”) | (&N/m?) | &Nm?) | ) -
0.0-10.0 2-4 10-40 40-80 20-30 | 28 | CL/CH

10.0-20.0 2-8 20-40 40-100 25-30 28 | CH/CL

20.0-30.0 | 21-28 -30-60 60-120 30-40 28 | CH/CL

30.0-50.0 | 7-19 50-120 | 100-240 - 30 CH

50.0-52.0 | 36-37 - - - 32 SM
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0.0
' GWT=1.5m
CLAY v=18 kKN/m? , =25 kN/m?, N=3
(Sand is available in some locations at 5.0-9.0 m interval) ‘
10.0 |
CLAY vo=18 kN/m’, =30 kKN/m?, N=5
20.0 ‘
CLAY v=19 kKN/m?, =50 kKN/m?, N=25
30.0
CLAY =19 kKN/m’, ¢,=80 KN/m?, N=15
50.0
SAND vo=20 kKN/m®, $=32°, N=45

52.0 End of Borehole

Figure 3.6 Idealized Soil Profile for Cigli Atatiirk Organized Industrial Zone
3.4.2 Bostanh-Mavisehir Region

Bostanli-Mavisehir region was located on the old Gediz River Bed. The region is
located northwest Karsiyaka. Geotechnical reports in this zone were prepared by
TOKER (1990), ZETAS (1994), Ulker (1997), Saglamer (1997 & 1998b), and Ozden
et al. (2000). One hundred twenty one borings were drilled in the region. Maximum
boring depth is 55 m. The idealized profile is prepared using geotechnical data
collected in the database. Ground water level varies between 0.2-2.1 m in the region.
The average GWT can be taken as 1.2 m. It can be said upon examination of gfound
water boring logs (DELTA, 1997) that bedrock level is approximately at 250 m
below ground surface. General index properties and some engineering properties of
soils in Bostanli-Mavigehir area are given in Table 3.4 and Table 3.5, respectively.
Idealized soil profile for this region is given in Figure 3.7.



Table 3.4 Index Properties 6f Bostanli-Mavisehir Area Soils

Depth -No.4 - No.200 Wy Wp L Wy Ya G; | USCS
(m) (%) (%) (%) (%) %) | %) | (Nm) | - -
0.0-5.0 100 90-100 53-75 | 29-34 | 24-38 |42-59 17.5 2.70 CH
5.0-8.0 100 9-42 NP 19-32 18 2.65 SM
8.0-22.5 100 81-100 56-84 | 26-34 | 27-43 |49-68 17 2.70 CH
22.5-30.0 | 56-60 9-32 44-50 | 2126 | 2225 |27-43 18.5 2.65 SC
30.0-45.0 | 94-100 50-77 . 39-43 | 17-19 | 21-26 |16-23 20 2.70 CL
45.0-55.0 | 70-80 40-45 NP 19 20 2.65 SM
Table 3.5 Engineering Properties of Bostanli-Mavisehir Area Soils
Depth SPT-N Cy Qu CyT ) USCS
(m) - KN/w’) | (Nm’) | @Nm’) | () -
0.0-5.0 2 10-20 20-40 20-25 28 CH
5.0-8.0 10-15 - - - 30 SM
8.0-22.5 2-8 20-60 40-120 30-35 28 CH
22.5-30.0 | 29-49 - - - 30 SC
30.0-45.0 | 13-38 100-150 | 200-300 . - 32 CL
45.0-55.0 | 23-50 - - - 34 SM
0.0
. GWT=1.2m
CLAY v=18 kN/m®, =10 kN/m?, N=2
5.0 .
SAND v=17.5 kKN/m’, $=30°, N=12
(including thin Silt layers)
8.0 : ,
CLAY vo=17 kN/m®, =40 KN/m?, N=5
22.5
SAND v,=18.5 kN/m’, $=32°, N=38
(including thin Gravel layers)
30.0
CLAY =20 kKN/m’, =125 kN/m?, N=22
(including thin Sand layers)
45.0 .
SAND v=21 kN/m?, 0=34°, =50
(including Gravel layers)
55.0 End of Borehole

Figure 3.7 Idealized Soil Profile for Bostanh-Mavisehir region
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3.4.3 Karstyaka Coastliﬁe Region

Kargiyaka Coastline region elongates between Bostanli and Alaybey districts of the
city. Geotechnical reports prepared by Yiiksel Proje (1984), Kayalar & Yilmaz (1984),
Cakic1 (1998), Kayalar & Ulkiidas (1998) and GEOTEST (2000) were used during the
idealization study. Fifty-one borings were drilled in the region, and the maximum bdring
dépth is found to be 54 m. Ground water level changes between 0.0-1.2 m in the region.
The average level is about 0.6 m. Bedrock depth varies between 55-100 meters. ‘The
estimation of bedrock depth was made using available ground water logs and distance of
the study area from andesite formation. General index properties and some engineering

properties of soils in the zone are given in Table 3.6 and Table 3.7, respectively. The

idealized soil profile for Karstyaka Coastline region is given in Figure 3.8.

Table 3.6 Index Properties of Karsiyaka Coastline Area Soils

Depth | -No.4 -No.200 \ Wp I Wy | Ya G; | USCS
(m) (%) (%) (%) (%) %) | (%) | @) | - -
0.0-8.0 | 68-100 4-44 NP 22-40f 185 |[262| SM
8.0-19.0 | 90-100 | 70-100 56-85 | 23-49 | 1543 |43-62| 165 |260| OH
19.0-25.0 | 51-99 6-41 . NP 12-36 18 2.61 SM
25.0-35.0 | 89-100 24-77 54-91 | 24-35 | 22-59 |14-32 19 2.65 | SC/CH
35.0-40.0 | 91-100 36-79 55 26 29 121443 19 270 | CH
40.0-47.0 | 40-45 1-5 - - - 19-25 21 265| GC
47.0-51.0 | 96-100 51-66 45 25 20 14-32 20 265| CH
51.0-54.0 - - - - - 22-28 21 265| GC

Table 3.7 Engineering Properties of Karsiyaka Coastline Area Soils

Depth | SPT-N cy G Cot ¢ | USCS
(m) - N | (N | () | ()

0.0-8.0 | 342 - - - 30 | SM
8.0-190 | 19 10-20 2040 | 1520 | 26 | OH
19.0-25.0 | 9-50 - - - 30 | SM
25.0-35.0 | 16-50 | 80-120 | 160-240 - 30 | SC/CH
35.040.0 | 19-35 - - - 30 | CH
40.047.0 | 31-50 - - - 34 | GC
47.0-51.0 | 33-50 - - - 30 | CH
51.0-54.0 | 50 - - - 34 | GC
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0.0
: GWT=1.2m
SAND =18 KN/m?, ¢=30°, N=22
8.0 . '
CLAY v=16 kKN/m’, =20 kN/m?, N=5
(including organic content)
19.0 ‘
SAND v=18 kN/m?, $=30°, N=5
25.0
CLAY v=19 kKN/m’, =100 kN/m?, N=30
(Sandy)
35.0
CLAY =19 kN/m’, =120 KN/m?, N=27
40.0
GRAVEL y,=21 kKN/m’, 0=34°, N=40
(Clayey)
47.0
CLAY vi=20 kN/m?, ce=125 kN/m?, N=42
51.0
GRAVEL 7,21 kKN/m’, 0=34°, N=50
End of Borehole

Figuré 3.8 Idealized Soil Profile for Karsiyaka Coastline region
3.4.4 Bayrakli Coastline Region

Bayrakli Coastline region was located northeast Izmir Bay. Geotechnical data
were obtained from the reports prepared by Cakic1 (1996, 1997), Kayalar & Ulkiidas
(1996, 1997), Ozkan & Caligan (1998), and IMO Izmir (1998). Thirteen boreholes
were drilled in the coastline area. The maximum boring depth is determined as 35 m.

Ground water level varies between 1.0-1.2 m depth interval in the region.

The average ground water level is 1.1 m below ground surface. Bedrock depth -
varies between 10-150 m depending on distance of the study area from andesite
formation in the region. General index properties and some engineering properties of
soils in the zone are given in Table 3.8 and Table 3.9, respectively. The idealized soil

profile for this region is given in Figure 3.9.



Table 3.8 Index Properties of Bayrakli Coastline Area Soils
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Depth | -No4 | -No200 | wy Wp L Wy Ya G, | USCS
@ | B | B | W[ W | B ||| - | -
0.0-5.0 85-100 5-25 NP 20-28 18 265 -SM
5.0-12.5 100 90-98 55-65 | 25-30 | 30-36 |44-55 16 2.68 OH
12.5-18.5 { 95-100 55-65 50-58 | 27-31 | 24-30 |38-49 17.5 2.67 CH
18.5-25.0 | 94-95 24-28 NP 20-25 18.5 2.65 SM
25.0-35.0 | 95-100 15-20 NP 18-22 18 2.65 SM

Table 3.9 Engineering Properties of Bayrakh Coastline Area Soils
Depth SPT-N Cu Qu CuT ) USCS
(m) - &N/m®) | (Nm’) [ 6Nm?) | () -
0.0-5.0 20 - - - 30 SM
5.0-12.5 4 10-20 20-40 20-25 - 26 OH.
12.5-18.5 16 75-125 150-250 80-90 28 CH
18.5-25.0 30 - - - 30 SM
25.0-35.0 22 - - - 30 SM
0.0
GWT=1.1m
SAND ¥,=18 kKN/m’, 6=30°, N=20
5.0 *
CLAY =16 kKN/m?, =20 kKN/m?, N=4
(including organic content)
12.5 |
CLAY v=17.5 KN/m’, =100 kN/m?, N=16
18.5
SAND v=18.5 kN/m?, $=30°, N=30
(including Gravels)
25.0
SAND =18 kN/m®, $=30°, N=22
35.0 - End of Borehole

Figure 3.9 Idealized Soil Profile for Bayrakli Coastline region






