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A GEOTECHNICAL EARTHQUAKE ENGINEERING INVESTIGATION
FOR SOILS OF SOUTHERN COAST OFiZMiR BAY

ABSTRACT

In this thesis study it is aimed to investigate tymamic behavior of soils of
south coast ofzmir Bay in terms of Geotechnical Earthquake Engjimg. izmir
Fault has been the most critical earthquake sdordemir city. Thus, a project was
evaluated by RADIUS team at 1999. This projectudels an earthquake scenario
which is due tolzmir fault. However, both the unique acceleratienords which
belongs to the 197zmir Earthquake (M=5.3), 2003 Urla Earthquake (M¥%and
2005 Urla Earthquake (M=5.9), aridmir Scenario Earthquake (M=6.5) that has
been modified foizmir Scenario Earthquake from the unique accetmratécords
have been used in computations.

The geotechnical database has been establisihegivarious geotechnical reports
that have been prepared on the investigation area.

In the study, one dimensional site responsdyaas method has been used. The
equivalent linear model and dynamic site respomsdyaes have been performed by
using the EERA computer program (Bardet et al.,02@h 1977 Izmir Earthquake
(M=5.3) 2003 Urla Earthquake (M=5.6), 2005 Urla thguake (M=5.9) and its
scenario earthquakes.

The liquefaction analyses based on the SPRINeg are made for each boring
locations separately. The liquefaction risk compates of the study area are made
by two different methods within upper 15 meter tiepthe analyses are done for
three different earthquakes and three scenarichqaakes. In the liquefaction

analyses, the “PGA” values are obtained from thersisponse analyses.

Keywords: 1IZMIR Bay, south coast soils, critical earthquake smusite response

analysis, equivalent linear method, EERA, liquatatpotential



IZMIR KORFEZ1 GUNEY KIYISI ZEM INLERT ICIN BIR GEOTEKNIK
DEPREM MUHEND iSLiGi ARASTIRMASI

Oz

Bu calgma kapsaminda, geoteknik deprem miherglisticisindan, izmir
korfezinin guney kiyisin dinamik zemin davrgarinin aratirilmasi amaclanngtir.
[zmir Fayi, izmir sehir icin en onemli deprem kaygiaolmustur. Bu yiizden,
RADIUS projesi kapsaminda, 1999 yilinda bir progaigiiriimistir. Bu proje,izmir
icin Izmir fayinin olgturabilecgi M=6,5 buyukliEinde bir deprem senaryosunu
icermektedir. Bu nedenle, 197Zmir (M = 5,3), 2003 Urla (M = 5,6) ve 2005 Urla
(M = 5,9) depremine ait ivme kayitlarinin yani sidimir Senaryo Depremi (M =
6,5) icin de bu kayitlar modifiye edilerek hesapédanda kullanilmytir.

Geoteknik veritabani, atama alani icin daha dnceden yapdgnulan caitli

geoteknik raporlar kullanilarak kurulmgtur.

Calsmada, tek boyutlu dinamik zemin tepki analiz yontekallaniimistir.
Esdeger dagrusal model, EERA bilgisayar programi (Bardet ves.,di2000)
yardimiyla olgturulmus ve 1977izmir Depremi (M = 5,3) 2003 Urla Depremi (M =
5,6), 2005 Urla Depremi (M = 5,9) ve senaryolannigemin tepki analizleri

yapiimstir .

Sivilgma analizleri, SPT-N derlere bgh olarak her sondaj ve derinlik icin ayri
ayri yapilmstir. Bolgenin sivilama riski 15 metre deririe kadar iki farkl yontem
kullanilarak hesaplansgtir. Analizler, ¢ farkli deprem ve ¢ senaryo aegpricin
yapiimstir. Sivilggma analizlerinde, dinamik zemin tepki analizlerinddde edilen

"PGA" dezeri kullaniimstir.

Anahtar Kelimeler: izmir Korfezi, giiney kiyi zeminleri, kritik depremaynagl,

dinamik zemin davragi analizi, gdeger lineer yontem, EERA, sivdaa potansiyeli
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CHAPTER ONE
INTRODUCTION

1.1General

The human beings have been in need of hodlsrogghout history. With the help
of technological advances, housing styles have gdgwmnd multi-storey buildings
have been constructed. This has brought withutcsiral security issues. Especially,
the 1999 Marmara earthquake has become an imponilgtone for building safety
issues in Turkey. The importance of soil-structureraction has emerged in a
painful way. The behavior of structures under dyitaeiffects directly depends on
the ground properties. Same structure may showrdift behavior on different soil
profiles. Therefore, to determine the behavior @f s very important in terms of
structural security. At that point the necessitydefermining the dynamic behaviors

of soil layers down to the bedrock has aroused.

In this study it is aimed to investigate thymamic behavior of soils of south coast
of Izmir Bay in terms of Geotechnical EarthquakegiBeering. This region
possesses important historical, industrial andspartation structures in addition to

residential buildings.

Izmir Fault has been the most critical eartilgusource for Izmir city. Thus, a
project was evaluated by RADIUS team at 1999. Artheaake scenario due to
Izmir Fault has been included in the study. The wmigcceleration records which
belongs to the 1977 Izmir Earthquake (M=5.3), 2Q0& Earthquake (M=5.6) and
2005 Urla Earthquake (M=5.9) have been used instbdy. The records that are
modified for lzmir Scenario Earthquake (M=6.5) werkosen as the reference

ground motion.

In the computation of dynamic analyses, omeedlisional site response analyses
method has been used. The equivalent linear maad@l dynamic site response

analyses have been performed by using the EERA wmprogram (Bardet et al.,

1



2000) on 1977 Izmir Earthquake (M=5.3) 2003 Urlatkguake (M=5.6), 2005 Urla
Earthquake (M=5.9) and its scenario earthquakeapteh two includes structuring,
geology, tectonic of the study area and the soun€egotechnical data. In chapter
three, site response analyses methods, determninaifo maximum bedrock
acceleration, explanation of EERA computer progeard the findings and results of
site response analyses have been given. Evaluattibguefaction potential, results
of liquefaction analyses, and the liquefaction pbo& of the study area have been

presented in chapter four.

Results and general discussions in terms ofegénical earthquake engineering
have been given in the last chapter. Soil profithgyamic soil properties and the

results of analyses have been given in appendices.

1.2Scope

Recently, earthquake is unchangeable reaiour lives. After the Marmara 1999
earthquake, peoples have seen that, geotechnsmdrolhes and improvements are
significant and necessary as well as structuraineeging. Izmir is the third biggest
city of Turkey. Approximately, 3.5 million peoplerealiving in the city center.
Therefore, medium/strong earthquakes affectingcityeof Izmir may cause hazards

in some buildings and economical losts.

In this study, dynamic site response analysege been done for the soils of
southern coast of Izmir Bay. Through this aim, gsssmicity of the region and
critical earthquake source were investigated. |zakes place on the important faults
which are able to produce strong earthquakes. Tmgortant faults producing
medium/strong earthquakes are the lzmir Fault, & ikdult, Karaburun Fault, and
Gulbahce Fault. The record of 1977 Izmir Earthqugk&=5.3) as the only
acceleration record relating to the Izmir Faultydhdeen used for analyses. Besides,
records of the 2003 Urla Earthquake (M=5.6) clase¢ht Gulbahce Fault and the
2005 Urla Earthquake (M=5.9) nearby the Tuzla Fduate been used in the

analyses.



Geotechnical database have been constructedcdtculation of dynamic

parameters of soils for site response analyses.

The study area has been introduced; geologyteatonics of the study area have
been explained and the sources of geotechnicalahataheir distribution over the

study area have been presented in the followingteha



CHAPTER TWO
STUDY AREA AND GEOTECHNICAL DATA

2.1 Location of the Study Area

The southern coast of Izmir Bay contains msil buildings and important
cultural / entertainment centers of the city of iznfhe center of the city (Konak)
has been located also in this region. There arergavental buildings, the city hall,
historical trade centers such as the Kemeraltidrahastorical places and mosques,
and the clock tower as the symbol of Izmir are fedan Konak district. Historical
Asansor building, theatre and cultural centers @mtert halls of Dokuz Eylil and
Ege universities take place in the city center. dddition, main artery of
transportation which connects the west and eagtssad Izmir is located in this
region. Dense population of the city is living also this region. Therefore the

southern coast of the Izmir Bay was selected asttity area for dissertation.

A geotechnical earthquake investigation fa& southern coast of Izmir Bay has
been performed in this study. Geotechnical eartkejuavestigations related with
this case were done for the northern and southeastasts of Izmir Bay (Kuruu,
2004; Yalcin, 2008). Importance of the region (@em®pulation, governmental,
historical, traditional and cultural buildings, amdain transportation artery) and
being critical faults in the vicinity of Izmir haproved the requirement of the
geotechnical earthquake investigation at the stamba. This study is therefore
necessary for overcoming the lack of geotechnicatthguake engineering

investigation in the southern coast of ibkmir Bay.

The study area is located between Konak, CuydtuSquare and Gizelbahce.

This location of the study area is shown inFigauke
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Figure 2.1 View of the study area and the IzmirlFan the satellite photograph @mir
Bay

2.2 General Tectonics

Izmir Gulf is a marin basin controlled by NE-NW, d8d EW trending faults.

There have been intensive earthquake acBviiehe city beginning the from the
historical period. The main graben system which lbara source to this intensive
earthquake activity is the Gediz Graben System (RAD 1999). Lots of normal

faults are present as parallel to this major graystem (Figure 2.2).

Gediz Graben System is located at the edghuf Bay and the common tectonic
structures of this graben system are normal fallesides this system, there are
neotectonic period faults which have the charastierof strike slip faults which are
at the south and east of Izmir Bay (RADIUS, 1999).
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Figure 2.2 Major grabens and fault systems in tomity of [zmir
(RADIUS, 1999)

The source of the reference earthquake mosidha Izmir Fault and the location
of this fault is very close to the study area ie thty center. Therefore, the Izmir
Fault is more important than the other faults ie #tudy area for this research
(Fig.2.3).

The Izmir Fault is located at the southernt mdirizmir Bay with east to west
direction and the location of fault takes placeairdistrict of a maximal urban
population. Because of this, the earthquakes pemtilry this fault have caused
serious damages to the city. The fault lies fronz€liahce to the east of Kemalpasa
Fault for 35 kilometers (RADIUS, 1999). Since tl&3&, 1739 and 1778 earthquakes
were on or very near to this fault, the Izmir Fads been accepted as an active fault.
Since, this fault located in a very populated asead a limited geological
investigation could be held, there are not enowgénsc data (RADIUS, 1999). The
epicentral coordinates of 1977 Izmir earthquakes carite near to the Izmir Fault
Zone and there are no other main faults at thimneip make such an impact.



Figure2. 3 Risky earthquake generatindt$ for the study area

Because of these reasons it is a high possibiligt the cause of the 1977
earthquakes is Izmir Fault (Kuruoglu, 2004).

The other two risky earthquake generatingt$aare NE-SW trending Tuzla
Fault and NS trending Karaburun Fault. The locetiof these faults are also shown
in Fig. 2.3. Earthquakes of these two faults hdse been used analyses.

2.3. Examples of earthquake series and major historical(pre-instrumental

period) earthquakes in the region
Chios-Karaburun-Aegean Sea Earthquakes:

Earthquake serial of this region which staite@®6.05.1984 was effective till the
end of June. First of all, the earthquake with th@gnitude of M = 5.0 affected
Chios, Izmir, Lesbos and its surrounding areash d7tlune dated earthquakeyM
5.0) was effective in Samos, Lesbos, Edremit Bawpjid and again Chios . At 26th of



June an earthquake of,®¥1.9 took place and seismic effectiveness wentavrmaf
while (UDIM, 2005).

Aegean Sea — Karaburun Earthquakes:

November 12, 1992 dated Aegean-Karaburun pmhtearthquake (M4.4)
affected Lesbos, Chios, Karaburun, Izmir and itsaundings. 6 earthquakes with
the magnitudes of between 4.1 and 4.5 took pladghignregion. Event continued
intensely till December (UDIM, 2005).

Aegean Sea — Karaburun Earthquakes:

This earthquake (Mb=5.0) started at 24th May 1994l the serial continues with
two other earthquakes with magnitudes,=M5.0 and M=4.8. Earthquake
effectiveness went on till August (UDIM, 2005)

Chios Open Seas — Aegean Sea Earthquakes:

November 14, 1997 dated earthquake (M=5.8) wastafte especially inizmir,
Edremit, Buraniye, Akcay, Ayvalik, all Aegean andalvhara Regions. After this
earthquake, intense aftershock occurred, (UDIM5200

Major Historical (pre-instrumental period) Earthgkes in/zmir:

Izmir and its neighborhood were exposed to destrmictarthquakes from
historical ages to recent times due to the tectaniwvity in Western Anatolia. The
most ancient reported earthquake took place ily¢he AD 17 (Turkelli et al., 1994).
This catastrophic earthquake caused severe danmde3 imajor ancient cities
including modern time Turkish provinces laimir, Manisa, and Aydin (Guidobani et
al., 1994). The 1688, 1739 and 1778 earthquakesedadestructive effect in the
vicinity of Izmir (Ambraseys & Finkel, 1995). A list of majorshirical earthquakes
affected izmir and its neighborhood is given in Table 2.1eTdates, epicenter
coordinates, intensities in MSK (Medvedev-Spoonhé{anik) scale, equivalent
magnitudes, and approximate locations of the easakes are given in this table
(Kuruoglu, M., 2004).



Table 2.1 Major historical earthquakedamir (KOERI, 2003)

Date Latitude| Longitude -Intensity, b Equivf'zllent Approximate Location
(in MSK scale) | Magnitude
AD 17 38.40 27.50 IX 6.9 Izmir, Manisa, Aydin

110 37.00 26.00 IX 6.9 izmir, Chios

177 38.40 27.10 IX 6.9 izmir, Efes

688 38.40 27.00 IX 6.9 zmir
20.03.1389 38.40 26.30 IX 6.9 [zmir, Chios
10.07.1688 38.40 27.20 X 7.5 [zmir
04.04.1739 38.40 27.20 IX 6.9 [zmir

03- ,
05.07 177¢ 38.40 27.20 IX 6.9 [zmir
01.02.1873 37.75 27.00 IX 6.9 Samdgmir
29.07.1880 38.60 27.10 IX 6.9 Menemelgmir
03.04.1881 38.25 26.10 X 7.5 Chio$zmir
25.10.1889 39.30 26.30 IX 6.9 Lesbos&Chiokzmir

2.3.1.5 Considerable Earthquakes of the regiomenlast Century

Considerable earthquakes of the region in theckastury are listed in Table 2.2.

Table 2. 2 Considerable earthquakes in the regidin|M, 2005)

Date Place Magnitude
May 2, 1953 Karaburun Ms=5.6
February 1, 1974 [zmir M=5.2
December 16, 1977 zmir M=5.3
June 14, 1979 Karaburun Ms=5.7
November 6, 1992 Seferihisar Ms=6.0
November 14, 1997 Chios-Agean Sea M=5.8
April 10, 2003 Urla Mw=5.6
October 17-21,2005 Urla Mw=5.9
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2.4 Establishing Geotechnical Database

In the scope of this study, firstly, geotedahidatabase is required to perform
dynamic analyses of the southern coast of Izmir. Béne geotechnical database has
been established using the data given in varioogegknical reports that have been
done on the investigation area. These geotechrapalts are Final Boring Report of
Gumriuk—Uckuyular Coast Road by Ege University (199Republic of Turkey
Ministry of Public Works and Settlement Generalddiorate of Highway$zmir—
Urla—Ceme Motorway Boring Report and Boring Report inchgliBalgcova and
Inciralti borings which has been done for TUBITAKsRarch Project (TUBITAK-
106G159, 2008). The information such as name optbgect, number and depth of
borings, sources of in-situ and laboratory testsualbhe data sources are given in
Table 2.3.

The SPT depth, the SPT-N blow count, sievdyara, consistency limits, unit
weight, specific gravity, USCS group symbol ancemsgith parameters are recorded
individually for each borehole location. Geoteclahidatabase are given in Appendix
A.

The database was established after controtlveggeotechnical test results in
reports and uploading all of the geotechnical tathe database. While the database
has established, errors in some test data havedhe@nated by investigating logs of
borings and controlling the test results.



Table 2.3 Sources of the geotechnical data

11

) Number Depth
NO Projet of Intervals Source of the Source of the
Name ] In-Situ Tests Laboratory Tests
Borings (m)
Final Boring Final Boring Report of
Gumrik - Report of Gumrik — Gumriik — Uckuyular
1 | Uckuyular 10 21.00-35.95| Uckuyular Coast Coast Road by Ege
Coast Road Road by Ege University (1982)
University (1982)
ikiztepe - Republic of Turkey Republic of Turkey
Konak Ministry of Public Works| Ministry of Public
Halkapinar and Settlement General| Works and Settlement
2 izmir- 11 36.50-49.95| Directorate of Highways| General Directorate of
Urla- Izmir — Urla — Ceme Highwaysizmir — Urla
Cesme Motorway Boring Report — Cesme Motorway
Motorway (1992) Boring Report (1992)
TUBITAK- DAUM (2009) DAUM (2009)
3 | 106G159 3 60.00-120.0d
project

There are three geotechnical reports thatagoribtally 24 boring logs related
with the study area. After controlling SPT and teata, totally 13 boring locations
have been selected for site response analyses.niiyrsdil parameters have been
determined using the geotechnical data uploadedhéo established database.

Computation process of dynamic soil parameters baea explained in detail in the

following chapter.



CHAPTER THREE

SITE RESPONSE ANALYSES

3.1 Stress- Strain Behavior of Cyclic Loaded Soils

Soils which have been subjected to cyclic $oaxhibit quite complex behavior.
Determination of cyclic soil behavior needs easy swdeling because of this
situation. But, accuracy of model is very importast well as its easiness. For
example, equivalent linear modeling, cyclic noren modeling and advanced
constitutive modeling are the most important madgliypes. Although, equivalent
linear models are the simplest and useful modaksy aire not enough for perfect
dynamic modeling of soil due to not considering afl the soil behavior and
properties. On the other hand, advanced consttutiodels are too complex for

solution in spite of including more dynamic soibperties (Kramer, 1996).

Before investigation of the stress-strain nigdpresentation of some mechanic
behavior of granulated materials will be usefulvé&al important aspects of low-
strain soil behavior can be illustrated by consigthe soil as an assemblage of
discrete elastic particles (Kramer, 1996). Idemtspderes behavior of radius (R) that
had been applied normal force (N) had been resedrahd demonstrated with below
equation by Hertz (1881):

_ 2v26R°/2 3/,
~ 301-v) N

(3.1)

Where; G and: Elastic constant of spheid&,: Difference between spheres center

In case of uniaxial loading, average norme¢sst §) is calculated by dividing

normal force (N) to dependent area. The sphereareaaged in cubic form.

N N
= (2R)? = m (32)

o

12
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Tangent modulus in case of the uniaxial logdin

(3.3)

2

_do_ Wpe 1 anv 3] 26 173 1

Etan = 32 =@y, = 2rasy ~ 2130 ?
2R N

When a tangential force, T, is applied, etadistortion causes the centers of the
spheres to be displaced perpendicular to theirir@igaxis. 6; is a nonlinear
function of T (Kramer, 1996).

5 = [1 ~(1- 1)2/3l PR -wa+[E2N r<pn @a)

N 4E 4E

Where; f. Coefficient of friction between spbg

When T becomes equal tdl, gross sliding of the particles constaoscurs
(though slippage of part of the contact can ocafiotte this point). This gross sliding
iIs required for permanent particle reorientatioonsequently, volume changes
(drained conditions) cannot occur excess pore pregsndrained conditions) cannot
be generated when gross sliding does not occur.shkar strain corresponding to

the initiation of gross sliding (Kramer, 1996);

_ 6r(T=fN) _ 2-v)(1+v) 2/
w =T = 208 R 35)

Deformation is calledrolumetric threshold shear straify,) during starting
the total collapse.
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Figure 3.1 Cubically packed assemblage of sphembgected to normal stress, and share

stress, that produce interparticle contact forces®ll T (After Dobry et al., 1982).

While practically confining pressure is ab@s-200 kPa, volumetric threshold
shear strain is about 0.01 and 0.04%.

Undoubtedly, soil particles do not have umiapheres, but the existence of the
threshold shear strength very close to that predidty equation (3.5) has been
observed experimentally for sands under both dda{Penevich and Richart, 1970;
Youd, 1972; Pyke, 1973) and undrained (Park andefil1975; Dobry and Ladd,
1980; Dobry et al, 1982) loading conditions. Expemtal evidence suggest that
volumetric threshold shear strain increases widistitity index (Vucetic, 1994).

However, volumetric threshold shear stray) (is smaller than linear cyclic
volumetric threshold shear straig) as 30 times approximately. Soils behave
linearly under the; value (Vucetic, 1994).
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3.1.1 Equivalent Linear Model

Soils behave as shown in Fig. 3.2, if symmatyiclic loading is applied under the
geostatic conditions. This behavior forms a loogt tis called as hysteresis loop.
Generally, the most important properties of thetdérgsis loop are tangent and width
of loop shape. Loop tangent depends on stiffneggedeof soils that describes
modulus of tangent shear {@. This value changes on each point of loop thatle
seen from below figure easily. But modulus of séd&k.) describes the general
inclination of the hysteresis loop.

_Tc
Gsec -

. (3.6)

Wherex.: Shear stresse: Shear strain amplitude
T A

GSEC

Tc

v

Gtﬂ n

Ye '\{

A4

Figure 3.2 Secant amdjéant shear modulus

Width of hysteresis loop is related to theaar€his area is measured energy

dissipation. This can conveniently be describeddyping ratioJ).
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( — Wp __ i Aloop (37)

B 4mwg “om GsecVé

Where; w: Damped energy, v Maximum deformation energy, . Area of

loop, Gecand(: Equivalent linear material parameters.

Equivalent linear modeling is an approximatetinod for determination of non-
linear real soil behavior. Equivalent linear modiehply that the strain will always
return to zero after cyclic loading and since adinmaterial has no limiting strength,
failure cannot occur. Nevertheless, the assummtidimearity allows a very efficient
class of computational models to be used for grorgshonse analyses and it is

commonly employed for that reason (Kramer, 1996).

3.1.2 Shear Modulus

Soils stiffness depends on cyclic strain amplitwdad ratio, average principal
effective stress, plasticity index, over consoiidiatratio and number of cyclic

loadings.

Secant shear modulus is high in low strainldgoge. But secant shear modulus is
decreased while strain amplitude is increased. Peatt of different loop of various
cyclic strain amplitudes forms the backbone (skeleturve (Fig. 3.3 a). Tangent of
this slope (its slope at the origin, ©=0, y=0)) is maximum value of shear module
(Gmay (Fig. 3.3 a).

The modulus ratio G/ drops to a value of less than 1 at greater cygth@in
amplitudes. In formula G/Gx , shear module (G) is secant shear modulg)(GThe
variation of the modulus ratio with shear straidéscribed graphically by a modulus
reduction curve (Fig. 3.3 b), (Kramer, 1996).
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3.1.3 Maximum Shear Modulus (Gmax)

Gnax €can be calculated as below by shear wave velseciig

— 2
Gmax =p X Vs (38)
(a) (b)
A
T Gmax \
GG / Range of Geophysical Tests
1.0
Gsec
< >
Ye ¥ Gowo || —
Guax i
|
|
|
i
i L.
10 Te 3

Log ¥

Figure 3.3 (a) Backbone curve ang(Xb) Variation of the modulus ratio.

Computation of Gy for all types of soils has been presented in féan®u8 that
is the most reliable method. However, shear wavecites (&) may not be

determined. Then, fx Vvalue for clay can be determined as;
Gmax = 625F (e)(OCR)XPI"(a,,)™ (3.9)

Where; F(e): Function of void ratio [F(e)=1880.7€) Hardin, 1978; and
F(e)=1/&¢* Jamiolkowski, 1991], OCR: Over consolidation ratig,: Average
principal effective stresps,, = (o, + 0, + 03)/3], n: Stress exponent ( Generally,
n= 0.5), B Atmospheric pressure (Its unite must be same wjth and G.ay,

K: Coefficient of over consolidation ratio (It deps on plasticity index, (Table 3.1))
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Table 3.1 Plasticity index and K value relationsttiardin and Drnevich, 1972)

Pl K
0 0
20 0.18
40 0.30
60 0.41
80 0.48
> 100 0.50

Maximum shear modulus can be calculated fodsas;
Gmax = 1000K,  (0,,)°" (3.10)

Where; Kmax Coefficient which depends on void ratio (e) datiwe density ()
and, unite obs,, is Ib/f (Table 3.2).

Table 3.2 Void ratio, relative density and, 5 relationship (Seed and Idriss, 1970)

e Kamax Dr (%) K 2max
0.4 70 30 34
0.5 60 40 40
0.6 51 45 43
0.7 44 60 52
0.8 39 75 59
0.9 34 90 70

Note: Komax Value changes from 80 to 180 for gravels typically
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Maximum shear module can be determined usitagtipity index, over
consolidation ratio and undrain shear strengthiasngin Table 3.3 for fine grain

soils.

Table 3.3 G./S? values (Weiler, 1988)

Pl OCR
1 2 5
15-20 1100 900 600
20-25 700 600 500
35-45 450 380 300

Where; §: Value of undrained shear strength from triaxési t

Gnax can be determined from in-situ test results (T&xp. Lots of relations are
improved empirically. Determination of £ can be complex due to velocity and
time affects (Anderson and Woods, 1975, 1976; Asaterand Stokoe, 1978;
Isenhower and Stokoe, 1981). Velocity can cause@sing of Gax With increasing

strain. Stiffness changing with time is describsg a
AGmax = Ng(Gmax)1000 (3.11)

where; AG,,.,: Increasing value of G versus at any logarithmic time,
(Gmax)1000: Gmax Vvalue thereafter 1000 minutes from completed pryma

consolidation.

N value increases with increasing plasticity indemd adecreasing over
consolidation ratio (Kokusho et al, 1982)c Wan be calculated by the below given

equation (Anderson and Woods, 1975).

N, = 0.027+/PI (3.12)
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Table 3.4 Relationships betweep zand in-situ test values (Kramer, 1996)

In-
) ) Soil o
situ Formulation Source Description
Type
Test
Ohta and
<Pt Gma=20000(N)s**Yom )%° Sand Goto, 1976 Unite of Gpayandop,
Gina=325N;,>-68 Sand Seed et al, Ib/ft?
1986
) Unite of Gyay G ando,
Grmax=1634(q)**op, )°3"° Sand of Rixand KPa
" " Stokoe, 1991
CPT quarts M d
ayne an ,
Gma=406(q) %% 1130 Cla Unite of ando
max— (@) y Rix, 1093 Grax G v
KPa
Baldi et al, o
GmalEg=2.72+0.59 Sand 1086 From calibration test
Gma/Eg=2.200.7 Sand ) From in-situ test value
DMT Vo sand. sl Belloti el al, Unite of Gy, P
and, si nite o
Grmat o L0 T KSZS(P 0,)°5 1986 .
(0v/Pa)>*> 2.7~ and clay _ ando, is same
Hryciw, 1990
Gy c: Corrected
Bellotti et al, )
Sand 1086 modulus of unloading-
max an
- 3.6 < (2 urc) <48 loading
G, Secant modul
Gmax = 1.68 G“’/ap Sand Byrne et al, v
a: Factor from theory
1991
and test

The damping ratio for the cohesive and colmesgs soils can also be estimated

by using equation (3.13).

—0.01451p*

{ = 0.3331— [0 586

)2 — 1.547 (3.13)

max max

3.2 Calculation of the Maximum Bedrock Acceleratiorfor the Study Area

In site response analyses the fault mechaassthe source of the earthquake, and
the movement of shear waves from the bedrock tathiace are modeled. With the
help of this model, the effect of the soil conditiabove the bedrock on ground

motion is determined. However, in reality the fangt mechanism is much more
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complicated and the energy variation between tlie and the source of the
earthquake is undetermined (Kramer, 1996).

To determine the ground motion; primarily tim@aximum bedrock acceleration,
soil properties between the bedrock and the surfand the effects of this soil
conditions to the ground motion should be deterhirk®r the determination of the
effects of soil conditions on the ground motiomstfy the method must be chosen

and the parameters which will be used in this neégtwuld be calculated.

The maximum bedrock acceleration is predicted using the attenuation
relationships related to fault conditions in a defl region. In the prediction of
bedrock acceleration, recorded acceleration vadwesused and on the other hand
magnitude of the earthquake, fault mechanism andcasoditions are also important
(Kramer, 1996).

The maximum bedrock accelerations have beégrdmed for The 197 Tzmir
Earthquake (M=5.3), 2003 Urla Earthquake (M=5.6) 2005 Urla Earthquake
(M=5.9) by using the Campbell attenuation relatropgCampbell, 1997) given in
Equation 3.14. In using the attenuation relatigpshthe maximum and minimum
distance of the earthquake epicenters to the sargp were used. Also, the
maximum bedrock accelerations have been deternforescenario earthquakes by

same attenuation relationships.

Campbell attenuation relationship was considerdaetappropriate for prediction
of free field amplitudes from earthquakes of whisbment magnitude (Mw) greater
than 5.0 and seismogenic distancgiJrcloser than 60 km. The seismogenical
distance cannot be lower than seismogenical depibhwis defined as a depth of
upper level of seismogenical part of earth’s cr@stismogenical depth must not be
lower than 2-4 km (Campbell, 1997).
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The general form of the equation is givendiews:

IN(An) = -3.512 + 0.904 M - 1.328 In [sqrtdefs + [0.149 exp(0.647 Mj}] +[1.125
- 0.112 In (g - 0.0957 M] F + [0.44 - 0.171 Ing] Ssr +[0.405 - 0.222 In (9]
Sir+ e (3.14)

Where, A: PGA (in g), e: Random error term, F=0 for striftip faults, and F=1
for reverse, thrust, and reverse oblique faultg=8 for soft rock, and SSR=0
otherwise
Syr=1 for hard rock, and SHR=0 otherwise, the standarmk ¢) estimation is given
by:e=c/2

Where,c = 0.889-0.0691 M for M < 7.4, = 0.38 for M>7.4

Various source-study area distance definitittasye been made for use in
attenuation relationships. The mainly used distasy®bols are fp, rseis fip, and
'ypo These distance symbols are given symbolicallyFigure 3.4. The nearest
horizontal distance between the vertical projectadnfault and site is called as
Joyner-Boore distancejfy. The shortest distance between the rupture surdac
site is called as rupture distancefr The closest distance between the
seismogenical rupture surface and site is seismogatistance ;). Seismogenical
depth is the distance between the surface andpperibase of the seismogenical
crust of the earth (Campbell, 1997), value has been taken an average distance
between boring location and earthquake center fam@k-Uckuyular coast road
borings. |, value has not been taken as the average vallgafgova borings due to

the close distance between borings.
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Figure 3.4 Seismogenical distances

The maximum bedrock acceleration values hasenlbcalculated for recorded
earthquakes and scenario earthquakes by the Cdmpb@ed7) attenuation
relationship. The 197Tzmir Earthquake (M=5.3), 2003 Urla Earthquake (M635.
the 2005 Urla Earthquake (M=5.9) location and dists between these earthquake
epicenter and study areas have been shown in Big8rd to 3.10. Also,
computations of the maximum bedrock acceleratiore lteeen presented in Table 3.5
and Table 3.6. Type of rock is andesite in the \staicka. Shear wave velocity of
andesitic rock has been taken as 2400 m/s in EE¥#det et al., 2000) program

calculations for site response analyses.

Table 3.5 Computation of seismogenical parametertl§kuyular-Giimruk coast road borings

Location M r d I seis F | SrR| Sk | © £ a maxr
km | km km - - - -

- - - g
[zmMIR 1977 | 5,3 5,00 | 10,04 11,18| 0,50 O 1 |0,53 0,27 0,179
URLA 2003 | 5,6/ 37,00/ 12,20| 38,96| 0,00, O 1 |0,51 0,26 0,031
URLA2005 | 5,9 43,00(10,00| 44,15| 1,00 O 1 |0,49 0,25 0,038
[ZMIR 1977

) 6,5| 5,00 10,00 11,18( 0,50 O 1 |0,45 0,22 0,360
Scenario
URLA 2003

) 6,5|37,00(12,20| 38,96| 0,00 O 1 | 0,45 0,22 0,066
Scenario
URLA2005

) 6,5|43,00(10,00| 44,15 1,00 O 1 | 0,45 0,22 0,059
Scenario




24

Table 3.6 Computation of seismogenical parametarBdlcova borings

Location M| rp d lreis | F | Ssr| Sir | © £ amax,r
km km km - - - -

- - - g
izZMIR 1977 5,310,00/ 10,00 | 14,14/ 0,50 O 1 |0,53 0,26 0,127
URLA 2003 5,6 28,50/ 10,00 | 30,20{ 0,00 O 1 |0,51 0,25 0,045
URLA 2005 5,9 39,50/ 10,00 | 40,75/ 0,00 O 1 | 0,490,245 0,037
IZMIR 1977

) 6,5/10,00( 10,00 | 14,14) 0,50 O 1 |0,44 0,22 0,279
Scenario
URLA 2003

) 6,5(28,50| 10,00| 30,20, 0,00 O 1 |0,44 0,22 0,095
Scenario
URLA 2005

] 6,5/39,50( 10,00| 40,75/ 0,00 O 1 |0,44 0,22 0,061
Scenario

Figure 3.5 Average distance of epicentefzmhir 1977 earthquake between research area Gumriik-
Uckuyular coast road borings
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Figure 3.6 Average distance of epicenter of Urle®8arthquake between research area Gimruk-
Uckuyular coast road borings

Goo.g'[ej.”

Pointer 38° i z = elev 514'm Streaming’ [I[]1[1]11:10 " Eyealt 50746 /km

Figure 3.7 Average distance of epicenter of Url@3®28arthquake between Gumriik-Uckuyular coast
road borings
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Figure 3.9 Distance of epicenter of Urla 2003 eprttke between Balgova borings
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Figure 3.10 Distance of epicenter of Urla 2005tearake between Balgova borings

3.3 Description of EERA

The EERA (Bardet et al., 2000) software serasdcomputational kernel for
dynamic analyses. The one-dimensional equivalemali method based EERA
(Bardet et al., 2000) software was preferred faraahgic analysis since manipulations
and data input can be made easily in spreadsheeafoAdvantages of using EERA
software are the ability for development of nonHed number of soil models. It is
stated in the study of Eker (2002) that similaruless of dynamic site response
analyses performed by EERA and SHAKE can be ohddimethe same profile.
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The EERA program is formed by 9 main worksbedthese are earthquake,
profile, material, iteration, acceleration, straiamplification, Fourier, spectra
worksheets, respectively. Earthquake data input @dwee in the earthquake

worksheet. The data include recorded accelerafi@amhquake versus time.

The properties of the soil layers are deteeghiim the profile worksheet. These
properties are number of soil layers, thicknessthwd layers, maximum shear
modulus, unite weights, shear wave velocities, ltept middle of layer and vertical

effective stress, respectively.

In the material worksheets, damping ratio wershear strain and shear modulus
versus shear strain curves are given. Main calouniatare done in the iteration

worksheet.

Time history of acceleration, velocity and plécement are given in the
acceleration worksheetghe strain worksheet includes the time historytodss and
strain of soil layers. Amplifications between edwlo sub-layers are given in the

amplification worksheet.

Fourier amplitudes versus frequency of eardlkquare presented in the Fourier
worksheet. Spectra worksheet includes the respgpesetira. These work sheets are

summarized in Table 3.7.

Typical EERA input and output graphics frohe tanalyses results have been
presented in Figure 3.11 to Figure 3.21.
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Table 3.7 Types of worksheets in EERA and theiteots (EERA manual book)

Worksheet Contents Duplication Number of input
Earthquake Earthquake input time history No 7
) Dependent on
_ Material curves (G/Gmax and )
Material ) _ ) Yes number of soil
Damping versus strain for material type)
layers
Dependent on nhumber
Profile Vertical profile of layers No of data points per
material curve
Iteration Results on main calculation No 3
) Time history of
Acceleration _ T Yes 2
acceleration/velocity/displacement
Strain Time history of stress and strain Yes 1
Amplification | Amplification between two sub-layers Yes 4
) Fourier amplitude
Fourier ] Yes 3
spectrum of acceleration
Spectra Response spectra Yes 3
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Figure 3.11 EERA acceleration versus time plgsa(a) Original earthquake data, (b) Scaled

acceleration, (c) Filtered acceleration.
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Figure 3.12 EERA (a) Shear wave velocity versugtdgp) Unit weight versus depth graphs
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Figure 3.14 EERA (a) Maxim$hear strain versus depth, (b) G{G3atio versus depth, (c) Damping ratio versus dgpdiphs
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displacement versus time graphs.
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3.4 Studies of Site Response Analyses

Bedrock depth of the study area is quite signifigaerameter for site response
analysis. Drillings had been continued uthiéy reach bedrock in the exploration at
Balcova. The depth of the bedrock had been fouridl8sm. And this value of depth
has been considered in the calculations at Balgegen. In the other regions, the
depth of bedrock, to be determined by drilling tepias been accepted as the
bedrock depth.

Primarily data base has been created accordingformation obtained from
drillings. Using this database, the dynamic paransetof the soil have been

calculated and the site responses of the soils Ibese analyzed.
3.5 Results of Site Response Analyses

Site response analyses findings have beeepied below;

a. Gumrik-Uckuyular Coastal Road afkiztepe-Konak-Halkapinar Road

For 1977izmir earthquake, (M=5.3) with an epicentral distamt 5 km., the
ground surface acceleration n@9 value is between0.09-0,22 (g), and the
amplification value is between 0.49- 1.23.

For 2003Urla earthquake, (M=5.6) with an epical distance of 37 km., the
ground surface acceleration @) value is between 0.03-0,13 (g), and the
amplification value is between 1.02- 4.06.

For 2005 Urla earthquake, (M=5.9) with an eptcal distance of 43 km., the

ground surface acceleration (@) value is between 0.06-0,13 (g), and the

amplification value is between 1.57- 3.49.
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For 1977izmir scenario earthquake, (M=6.5) with an epicéntistance of 5 km.,
the ground surface accelerationnd@ value is between 0.16-0,45 (g), and the
amplification value is between 0.45-1.24.

For earthquake 2003 Urla scenario earthquélkks6.5) with an epicentral
distance of 37 km., the ground surface accelergiggd value is between 0.07-
0,20 (g), and the amplification value is betwedd812.99.

For 2005 Urla scenario earthquake, (M=6.5hwvah epicentral distance of 43
km., the ground surface acceleratiop.(a value is between 0.07-0,15 (g), and the
amplification value is between 1.13-2.61.

b. Balcova Borings

For 1977izmir earthquake, (M=5.3) with an epicentral distawdé 10 km., the
ground acceleration values is between 0.30-0.3%(uy), the amplification value is
between 1.68-1.94.

For 2003 Urla earthquake, (M=5.6) with an epical distance of 28.5 km., the
ground surface acceleration (@9 value between 0.13-0,15 (g), and the

amplification value is between 4.14-4.94.

For 2005 Urla earthquake, (M=5.9) with an epical distance of 39.5 km., the
ground surface accelerationn(@J value is between 0.11-0,12 (g), and the maximum

amplification value is between 2.81-3.29.

For 1977izmir scenario earthquake, (M=6.5 with an epicentiiatance of 10
km., the ground surface acceleratiop.(a value is between 0.49-0,65 (g), and the

amplification value is between 1.35-1.82.
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For 2003 Urla scenario earthquake, (M=6.5nvaith epicentral distance of 28.5
km., the ground surface acceleratiop.(a value is between 0,26-0.34 (g), and the

amplification value is between 4.00-5.17.

For 2005 Urla scenario earthquake, (M=6.5hvah epicentral distance of 39.5
km., the ground surface acceleratiop(@ value is between 0.16-0,19 (g), and the

amplification value is between 2.77-3.29.

It can be said that dynamic site responseyaisaresults for Balgcova boring
locations give more realistic results than the othaing locations. Because, deep
borings were done in Balgcova and bedrock was datedrnn the area. However, in
other boring locations, boring depth has been dedeas the depth of bedrock and
the earthquake motion has been accepted at thegodepth.

Solil profiles, values of maximum ground suefaceleration (@xJ9, maximum
bedrock acceleration fa), ratio of @axs and @&ax, maximum ground surface
spectral acceleration & s), maximum bedrock spectral acceleratiop.($®), ratio
of Snaxsand Saxs dominant period of soil (T(s) ) and natural perafdearthquake
motion (To(s)) of the study area are given in Appendix Cwieer, computed
spectral acceleration graphics and Elastic despgcteum for Z4 type of soil

(Seismic Code of Turkey, 1998) have been presantdgpendix D, comparatively.



CHAPTER FOUR
LIQUEFACTION

4.1 Liquefaction Analyses

Liquefaction is, one of the most importantngdex and controversial topic of the
geotechnical earthquake engineering. Various reBees have proposed different
terminologies, procedures and analysis methodsicquefaction (Kramer, 1996).
Shortly, one can say that, liquefaction is an éffecstress reduction of soils under
any cyclic loads due to increasing pore water pressuddenly. This also leads to a
decrease in shear strength. The first questiondbiaites to mind might be “which
soils are liquefiable?”. Previous researches hdnmved that liquefaction can take
place in clean sands. However, recent studies ghatvliquefaction potential has
been demonstrated in clayey and silty soil. Thestien contains liquefaction
analysis according to Youd and Idriss, 2001. Alssgent liquefaction analysis
method that was prepared by Earthquake EngineR&sgarch Center (Seed, R.B. et
al., 2003) has been used in calculations and eekaite been compared.

According to Youd and Idriss (2001), to ilkege the influence of magnitude
scaling factors on calculated hazard, the equdtorfactor of safety (FS) against

liquefaction is written in terms of CRR, CSR, an&Mas follows.

Seed and Idriss formulated the following etprator calculation of the cyclic
stress ratio (Youd and Idriss, 2001) .

CSR= 0.65x (""'“T“) X 22 % 1y (4.1)

= 1-0.4113£5+0.0405220.0017532-5
d ™ 1-0.4177£5+0057292-0.00620545—0001212

(4.2)

In the original development, Seed et al. n@edpparent increase of CRR with
increased fines content. Whether this increase agsed by an increase of

liquefaction resistance or a decrease of penetraisistance is not clear. Based on

43
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the empirical data available, Seed et al. developBdR curves for various fines

contents reproduced in Fig. 4.1(Youd and Idris§120

The following equations were developed by I.1ttiss with the assistance of R.
B. Seed for correction of\¢)so to an equivalent clean sand valus;)§q. (Youd and
Idriss, 2001) .
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N160cs= 0 + B X N1go (4.3)

190

(72 965 < FC < %35 (4.4)

a=5 FC>%32 a=¢e

FClo

B=12FC> %32 B = (0.99+ (m)) %5 < FC < %35  (4.5)

At the University of Texas, A. F. Rauch in 89®pproximated the clean-sand
base curve plotted in Fig. 4.1 by the following agon (Youd and Idriss, 2001) .

1 N1 60cs 50 1
RR;5 = ' - = 4.
CRR;s 34—N1,60CS+ 135 T (10xN1gocst45)2 200 (4.6)

Magnitude scaling factor values have deterchiwéh interpolation according to
Idriss in Table 4.1 (Youd and Idriss, 2001) .

_ CRRys
F= SR X MSF 4.7)



46

Table 4.1 Magnitude scaling factor values defingddrious investigators (Youd and Idriss, 2001)

Seed Arango Andrus Youd and Noble
Magnetude and | Idriss* | Ambraseys Distancel Energy| and
Idriss based | based| Stokoe PL<20%) PL<32%) PL<50%
M 1982 1988 1996 1997 1997
5.5 143| 2.20 2.86 3.00 220 2.80 2.8p 3.42 4.44
6.0 1.32| 1.76 2.20 2.00 165 210 1.98 2.35 2.92
6.5 1.19| 144 1.69 1.60 1.40 1.60 1.34 1.66 1.99
7.0 1.08| 1.19 1.30 1.25 1.10 1.25 1.0p 1.20 1.39
7.5 1.00| 1.00 1.00 1.00 1.00 1.00 - - 1.0p
8.0 0.94| 0.84 0.67 0.75 0.85 0.80? - - 0.78?
8.5 0.89| 0.72 0.44 - - 0.65 - - 0.56p
Note: ? Very uncertain values
* 1995 Seed Memorial Lecture, University of Caliia at Berkley I.M.Idriss, personal
communication to T.L. Youd,1997)

The other liquefaction analysis method suggesby Seed et al.,, 2003 is

summarized below.

Liquefaction susceptibility of silty and clayey sisnis given in Table 4.2f fine-
grained soil (silt and clay) particles control #wl behavior , in other words separate
corse grains from each other the soil must be rastip or must have low plasticity
(P1<10-12%) for liquefaction (Cetin and Unutmaz, 2004)

Soils with sufficient fines that the fines tanh their behavior, and falling within
Zone A in Fig. 4.2, are considered potentially spgible to “classic” cyclically-
induced soil liquefaction. Soils within Zone B faito a transition range; they may in
some cases be susceptible to liquefaction (espedidheir in situ water content is
greater than about 85% of their Liquid Limit), kehd to be more ductile and may
not “liquefy” in the classic sense of losing a krfyaction of their strength and
stiffness at relatively low cyclic shear strainbe$e soils are also, in many cases, not
well suited to evaluation based on conventionalsiin- “penetration-based”
liquefaction hazard assessment methods. These ¢yseds usually are amenable to
reasonably “undisturbed” (e.g.: thin walled, ortbBtsampling, however, and so can
be tested in the laboratory. It should be rementhévecheck for “sensitivity” of
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these cohesive soils as well as for potential cydjuefiability. Soils in Zone C are
generally not susceptible to “classic” cyclicalhyduced soil liquefaction, but they

may be “sensitive” and vulnerable to strength legth remolding or large shear
displacements (Seed et al., 2003).

Table 4.2 Liguefaction susceptibility of silty aolhyey sands (Seed et al.,2003)

Liquid Limitl < 32 Liquid Limit>32
Further Studies
Clay Conterft _ _ o _
Susceptible Required (Considering plastic non-clay
< 10%

sized grains — such as Mica)

Further Studies Required

Clay Conterft (Considering nonplastic clay sized .
] ] Not Susceptible

>10% grains — such as mine and quarr

tailings)

Notes:

Q) Liquid limit determined by Casagrande-type pssion apparatus.
(2) Clay defined as grains finer than 0.002 mm.
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(o)}
o
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Figure 4.2 Recommendations Regarding Assessméhtopfefiable” Soil Types

In the recent method (Seed et al., 2003), Formdlasdused for computation of
CSR but, § formula is different (Formula 4.8 and 4.9)value is defined depending
on the d, M, @naxand Vs 1om

*
rd(d; Mw; Amax) Vs,lZm)

—23.013 — 2.949a,,,4, + 0.999M,, + 0.0525V; 151,
[1 + 16.258 + 0.201¢0-341(-d+0.0785V; 15, +7.586) ]
= [1 . —23.013 — 2.949a,,,,, + 0.999M,,, + O.OSZSV;lZm]

16.258 + 0_201e0.341(0.0785V;12m+7.586)

d<20m (4.8)

*
rd(d; Mw; Amax) Vs,lZm)

—23.013 — 2.949a,,,4, + 0.999M,, + 0.0525V¢ 15,
[ 16.258 + 0.2010-341(=20+0.0785V; 15, +7.586) ]
= [1 —23.013 — 2.949a,,,4, + 0.999M,, + 0.0525Vs’f12m]

16.258 + 0.201¢°341(0.0785V5 5, +7.586)
— 0.0046(d — 20)

d>20m (4.9)
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In these equations d: depth,, MVloment of earthquake magnitude, V4, 12m

average shear wave velocity for the first 12 m.

4.2 Liquefaction Results

Liquefaction analyses have been done and tsesidve been presented

comparatively in Appendix E. The results have shdhwat although there is no

liuefaction according to Seed and Idriss (200G)efaction is possible according to

recent method for the same profile (Seed et al.3R0n example has been given in

Tab 4.3.

It can be said that there is a certain liqcigda risk for some boring locations in

the study area. Minimum safety factor values foeatthquakes have been presented

in Appendix F according to boring locations.

Table 4.3 An Example Of Analysis Different Reswlt fwo Different Liquefaction Calculation

method
ID Boring Name | Depth USCS [ZMIR 1977 Scenario M=6.5
F
; ] m ] |ES>|§iEst,A;l(§)o1 Seed et al., 2003
3 1.25 SP No Liguefaction No Liquefaction
8 3 5.75 SW No Liquefaction 0.66
3 6.25 Sp 0.66 0.45
9 4 2.70 SP 0.49 Absent Data
SK-5 9.25 CH No Liguefaction Absent Data
11 SK-5 10.75 CH No Liguefaction Absent Data
SK-5 12.25 CL No Liguefaction No Liquefaction
SK-5 13.75 ML No Liguefaction No Liquefaction




CHAPTER FIVE
CONCLUSION

The aim of this study is to investigate the geotésdl earthquake engineering

behavior of soils of southern coast of Izmir Bay.

For this study, geotechnical reports wereemddid from Dokuz Eylul University
Department of Civil Engineering and private soitestigation firms. A geotechnical
database has been developed by using geotechateahdhese reports.

In the scope of the study, firstly Alsancalgnigk, Karatg and Halil Rifat Pga,
Balgova coastal regions have been evaluated. Tinly $ias been achieved by using
24 boring data. One dimensional dynamic site respamalysis and liquefaction

analyses have been performed using these dataapdaperties.

In the site response analyses, the 1977 |Haithquake (M=5.3), 2003 Urla
Earthquake (M=5.6),the 2005 Urla Earthquake (M=%u8) scenario earthquake of
all of them have been analyzed as the reference.

Bedrock acceleration has been determined dippgbell attenuation relationship
(Campbell, 1997). One dimensional dynamic soil belraanalyses have been done
by using the EERA computer program which is basedquivalent linear method. It
has been seen that, while the bedrock depth igasorg, peak ground acceleration
value decreases. The peak ground accelerationh@ndnplification values for the

earthquakes obtained are summarized below.

50
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a. Gumrik-Uckuyular Coast Road anikiztepe-Konak-Halkapinar Road
Boring Locations

For the 1977 Izmir Earthquake, (M=5.3) withepicentral distance of 5 km., the
ground surface acceleration nf@9 value is between0.09-0,22 (g), and the
amplification value is between 0.49- 1.23.

For the 2003 Urla Earthquake, (M=5.6) withegmicentral distance of 37 km., the
ground surface acceleration @) value is between 0.03-0,13 (g), and the
amplification value is between 1.02- 4.06.

For the 2005 Urla Earthquake, (M=5.9) withegmicentral distance of 43 km., the
ground surface acceleration nf@) value is between 0.060,13 (g), and the
amplification value is between 1.57- 3.49.

For the 1977 lzmir Scenario Earthquake, (M¥&Bh an epicentral distance of 5
km., the ground surface acceleratiop.(a value is between 0.16-0,45 (g), and the
amplification value is between 0.45-1.24.

For the 2003 Urla Scenario Earthquake, (M=&i#) an epicentral distance of 37
km., the ground surface acceleratiop(@ value is between 0.07-0,20 (g), and the

amplification value is between 1.03- 2.99.

For the 2005 Urla Scenario Earthquake, (M=&if) an epicentral distance of 43
km., the ground surface acceleratiop(@ value is between 0.07-0,15 (g), and the

amplification value is between 1.13-2.61.
b. Balcova Boring Locations
For the 1977 Izmir Earthquake, (M=5.3) with epicentral distance of 10 km.,

the ground acceleration values is between 0.30(@)38nd the amplification value
is between 1.68-1.94.
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For the 2003 Urla Earthquake, (M=5.6) withepicentral distance of 28.5 km.,
the ground surface accelerationh{a) value between 0.13-0,15 (g), and the

amplification value is between 4.14-4.94.

For the 2005 Urla Earthquake, (M=5.9) withepicentral distance of 39.5 km.,
the ground surface accelerationnd@ value is between 0.11-0,12 (g), and the

maximum amplification value is between 2.81-3.29.

For the 1977 Izmir Scenario Earthquake, (M=Gith an epicentral distance of 10
km., the ground surface acceleratiop.(& value is between 0.49-0,65 (g), and the

amplification value is between 1.35-1.82.

For the 2003 Urla Scenario Earthquake, (M=6vBh an epicentral distance of
28.5 km., the ground surface acceleratign(a value is between 0,26-0.34 (g), and

the amplification value is between 4.00-5.17.

For the 2005 Urla Scenario Earthquake, (M=6vBh an epicentral distance of
39.5 km., the ground surface acceleratign{a value is between 0.16-0,19 (g), and
the amplification value is between 2.77-3.29.

Findings of site response analyses have bessepted in Table 4.1.

According to the Seismic Code of Turkey, eifee ground acceleration
coefficient, Ao, which are to be used for the deieation of spectral acceleration
coefficient, A (T), is taken as 0.4 (for the Z4gdagrounds). This value is exceeded
for the scenario earthquakes in the study regitwerdfore, for the calculation of the
earthquake forces affecting structures, the datairddd from dynamic soil analysis

should be used. Seismic Code of Turkey may be fiegerit in that repect.

In spite of big amplification values for somarthquakes, values of PGA are
considerably small.
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Table 4. 1Site response analyses results

Gumrik-Uckuyular Coast Roag
andikiztepe-Konak-Halkapinaf Balcova Borings
Road Borings
PGA . PGA S
Amplification Amplification
(Bnax.) P (Bax.) P

1977izmir Earthquake 0.09-0.22 (g 0.49- 1.23 0.30-@B5( 1.68-1.94
2003 Urla Earthquake 0.03-0.13 (g) 1.02- 4.06 @15 (g) 4.14-4.94
2005 Urla Earthquake 0.06-0.13 (@) 1.57-3.49 @1P- (g) 2.81-3.29
1977izmir Earthquake Scenario0.16-0.45 (g) 0.45-1.24 0.49-0.65 (g) 1.35-1.82
2003 Urla Earthquake Scenario  0.07-0.20 (g) 1.082 | 0.26-0.34 (9) 4.00-5.17
2005 Urla Earthquake Scenario  0.07-0.15 (g) 1.83-2. | 0.16-0.19 (g) 2.77-3.29

Another finding is about the liquefaction paial of the study area. The
liquefaction analyses based on the SR{§-Malues are made for each boring
locations separately. The liquefaction analysesvade using two different methods
within upper 15 meter depth. The analyses are doyethree different real
earthquakes and three scenario earthquakes. ligtiegaction analyses, the “PGA”
values obtained from the site response analyses liesn used. The study has shown
that the study area has certain liquefaction rigks the scenario earthquakes.
Liguefaction safety factor values have been detegohio be in between 0.1 and 11.

Future studies and recommendations:

Even if Urla 2003 and 2005 scenario earthquiada have been generated with
assumed M=6.5 value, Tuzla Fault and Karaburun tFaubbably generate
earthquakes with different magnitudes. Actuallysige earthquake magnitudes of

these faults should be obtained by detailed ingagtin and analyses.

In addition, bigger earthquake magnitudes e to M=6.5 of RADIUS may
be expected considering major historical earthgsiakézmir.

In liquefaction analyses PGA values from sésponse analysis have been used
and g reductions have been applied. Instead, shearsstedges obtained from the

site response analysis may be directly used irefaqtion analyses.
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Table C.1 EERA results fdemir 1977 earthquake

[ZMIR 1977 M=5,3
D | Bmaxs| @naxr | Bmaxd@naxr | S@haxs| S@naxr | ShaxdSamax: | T(S) | To(S)
g g - g g - S S
110,18| 0,18 0,99 0,59 0,61 0,96 0[3B09
41 0,19| 0,18 1,07 0,81 0,61 1,34 0/3910
81 0,15| 0,18 0,83 0,65 0,61 1,08 0j4211
9 0,22| 0,18 1,20 0,75 0,61 1,23 0|0m11
111 0,11| 0,18 0,61 0,41 0,61 0,67 1,02,10
12( 0,18 | 0,18 0,99 0,78 0,61 1,28 0,55,10
13( 0,18 | 0,18 1,02 0,70 0,61 1,15 0,65,10
14| 0,09 | 0,18 0,49 0,39 0,61 0,64 0,65,10
15| 0,13| 0,18 0,71 0,40 0,61 0,66 0,50,12
16| 0,22| 0,18 1,23 0,47 0,61 0,78 0,76,11
23] 0,35| 0,18 1,94 1,41 0,43 3,27 0,50,10
241 0,34| 0,18 1,91 1,11 0,43 2,56 0,76,09
25(0,30| 0,18 1,68 1,11 0,43 2,56 0,63,10
Table C.2 EERA results for Urla 2003 earthquake
URLA 2003 M=5,6

ID | @nax.s | Bnax. | 8maxdBmaxs | S@naxs| Sanaxr| S8naxdSanaxr | T(S)| To(S)
g g - g g - s| s
110,07 0,03 2,21 0,30 0,09 3,29 0/3848
41 0,09| 0,03 2,76 0,37 0,09 4,05 0|4255
8| 0,07| 0,03 2,24 0,31 0,09 3,37 037,48
9 0,03| 0,03 1,02 0,09 0,09 1,01 0[{0®/80
11| 0,06| 0,03 2,05 0,35 0,09 3,83 1,02,25
12| 0,09 | 0,03 3,07 0,35 0,09 3,89 0,55,58
13| 0,09 | 0,03 3,02 0,42 0,09 4,66 0,63,80
141 0,05| 0,03 1,62 0,22 0,09 2,38 0,65,80
15| 0,09| 0,03 3,05 0,40 0,09 4,41 0,50,56
16( 0,13 | 0,03 4,06 0,32 0,09 3,55 0,73,80
23| 0,13 0,03 4,14 0,55 0,13 4,14 0,50,54
241 0,15 0,03 4,94 0,60 0,13 4,48 0,78,80
251 0,13 0,03 4,27 0,57 0,13 4,26 0,63,55
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Table C.3 EERA results for Ur203 earthquake

URLA 2005 M=5,9

ID amax,s amax,r amax,Jamax,r Sanax,s Saﬂnax,r Saﬁnax,JSanax,r T(S) TO(S)

g g - g g - S S

1(0,07| 0,04 1,82 0,35 0,12 2,83 0/3851

41 0,10| 0,04 2,61 0,56 0,12 4,44 0|4255

81 0,07| 0,04 1,81 0,35 0,12 2,81 0/3751

91 0,06| 0,04 1,57 0,20 0,12 1,62 0|0®B07

11| 0,09| 0,04 2,37 0,43 0,12 3,45 1/,02,15

12| 0,11| 0,04 2,93 0,48 0,12 3,87 0,55,64

13| 0,11| 0,04 2,83 0,53 0,12 4,23 0/63,88

14| 0,08| 0,04 2,07 0,37 0,12 2,98 0/65,15

15( 0,11| 0,04 2,83 0,51 0,12 4,11 0,/50,56

16| 0,13| 0,04 3,49 0,47 0,12 3,78 0,73,88

23| 0,12| 0,04 3,29 0,61 0,12 4,95 0/570,53

24| 0,11| 0,04 2,99 0,49 0,12 3,69 0,78,68

25(0,11| 0,04 2,81 0,62 0,12 5,04 0/63,55

Table C.4 EERA results fdemir 1977 scenario earthquake
IZMIR 1977 Scenario M=6,5

ID amax,s amax,r amax,!amax,r Sanax,s Satnax,r Saﬁnax,JSanax,r T(S) TO(S)
g g . g g . S S
11]0,32| 0,36 0,89 1,18 1,22 0,97 0,38| 0,09
410,30 0,36 0,82 1,28 1,22 1,05 0,39| 0,10
810,45]| 0,36 1,24 1,99 1,22 1,62 0,37/ 0,10
910,39| 0,36 1,07 1,39 1,22 1,14 0,06| 0,11
11| 0,20 0,36 0,54 0,78 1,22 0,64 1,02| 0,10
12| 0,31 | 0,36 0,85 1,36 1,22 1,11 0,55| 0,10
13| 0,34 | 0,36 0,93 1,31 1,22 1,07 0,65| 0,10
14| 0,16 | 0,36 0,45 0,73 1,22 0,60 0,65| 0,10
15( 0,22 | 0,36 0,61 0,64 1,22 0,52 0,51| 0,12
16| 0,22 | 0,36 0,61 0,73 1,22 0,60 0.51| 0,12
23| 0,64 | 0,36 1,79 2,77 | 0,95 2,93 0,57| 0,11
24| 0,65 | 0,36 1,82 2,32 | 0,95 2,45 0,76| 0,10
25| 0,49 | 0,36 1,35 1,91 | 0,95 2,02 0,63| 0,10
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Table C.5 EERA results for Urla 2003 scenario eprétke

URLA 2003 Scenario M=6,5
ID | @nax,s| 8maxs | BmaxdBmaxs | S@naxs | Shaxr | SanaxdSanaxr | T(S)| To(S)
g g . g g - S S
1] 0,15| 0,07 2,25 0,64 0,19 3,32 03848
410,17| 0,07 2,62 0,71 0,19 3,68 0/4256
8| 0,15| 0,07 2,26 0,65 0,19 3,38 0,37,48
91 0,07| 0,07 1,03 0,20 0,19 1,05 0)0B80
11| 0,13| 0,07 2,03 0,74 0,19 3,87 1/0R,25
12| 0,20| 0,07 2,99 0,71 0,19 3,69 0,53,57
13| 0,11| 0,07 1,74 0,54 0,19 2,79 0,68,80
14| 0,11| 0,07 1,60 0,57 0,19 2,93 0,65,20
15( 0,18| 0,07 2,70 0,68 0,19 3,54 0,50,72
16| 0,13| 0,07 1,91 0,51 0,19 2,64 0,73,82
23| 0,26 0,07 4,00 1,15 0,29 4,13 0,50,55
24| 0,34| 0,07 5,17 1,31 0,29 4,71 0,7®,80
25| 0,26 0,07 4,04 1,05 0,29 3,79 0,63,56
Table C.6 EERA results for Urla 2005 scenario epréke
URLA 2005 Scenario M=6,5

ID | @max,s| 8nax | Bmaxd@maxs | Saaxs| Sanaxr | SanaxdSanaxs | T(S)| To(S)

g g - g g - S S
1(0,11| 0,06 1,92 0,58 0,20 2,97 0/3B53

41 0,15| 0,06 2,54 0,82 0,20 4,19 0|4256

81 0,11| 0,06 1,90 0,57 0,20 2,91 0/3751

91 0,07| 0,06 1,13 0,24 0,20 1,02 0|0B56
11| 0,13| 0,06 2,28 0,63 0,2( 3,20 1,02,20
12| 0,11| 0,06 1,87 0,48 0,12 3,87 0,55,64
13| 0,12| 0,06 2,06 0,57 0,2( 2,92 0/65,15
14| 0,12| 0,06 1,99 0,55 0,2( 2,81 0/65,15
15( 0,15| 0,06 2,61 0,71 0,2( 3,64 0,/51,68
16| 0,13 | 0,06 2,23 0,58 0,2( 2,98 0,73,88
23| 0,19 0,06 3,29 1,03 0,2( 5,09 0/50,54
241 0,19 0,06 3,17 0,69 0,2( 3,41 078,90
25| 0,16 0,06 2,77 0,93 0,2( 4,58 0/63,55
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APPENDIX D

SPECTRAL ACCELERATION GRAPHICS

95



9€

ayenbyues /6T JOFPOLISd SNSISA UOIEISI8IIY [e1d9dST g 24nbi4

(00T ‘AHEA8Q) 0001 00T 010 100
]10S 0 9dA] {77 40} WNJ3I3AS USISAP D11SE|T mmmmm _ - _ ,
T —— e 000
[ T
Scal \
N
veal // 0c’o
A AN~ 0v'0
N\
91Q| == _ \\
\ G
Stal 090
71Q| = _
I 080
€1Q| =
C1Q| == ‘
uyl 00'T
11Q| = _
6Q| m— \ 0T'T
Y ov‘T
1Q| = 09T




97

aYenbylues £00Z BANPOLISd SNSIBA UONRIBI8IJY [endads z'q ainbiq

(2002 ‘AHEAgQ)
J10S 0 9dA] {77 40} WNJ3I3AS USISIP D11SE|T e

Seal
vedal
€cq|=——
91Q| =
Stal
v1Q|=—
€1Q| =
1Q| =
T1d|=—
6(| =
8Q| =
Q| =—

00°0T

100

000

0z'o

or‘o

090

080

00T

07T




98

axenbyue g0z BArpolad SNSIaA uoneis|a2dy [ed2ads £ ainbi4

(£00Z ‘AHEAGQ)
|10S J0 9dA1 $7 404 WNJ103dS USISOP D[1SE| T mmmmm

Seal

1244 S

€=

91Q| ===

S1Q|=——

V1Q|=—

€1q|=—

(1Q| ==

TTQ| e

8Q| =

T1Q| =

00'0T

100

000

0z'o

or'o

090

080

00T

0Tt




ayenbyye oueusdS / /6T JMOEPOLISd SNSISA UOIRIS|8IIY [es}dads °q ainbiy

(£00Z ‘AHgAQQ)
|10S 40 9dA 7 404 WNJ3IAAS USISIP D11SE|T e

Seal

vedal

€¢q|=——

91Q| ===

Stal

V1Q|e—

€1Q| ==

C1Q]| ==

TTQ| e

6Q| —

00°0T

0T‘0

100

—

8dl

Q| e—

TQ| e

000

0s0

00T

0S'T

00°C

0sC

00°€




10C

ayenbylre oleUSIS £00Z BRIPOLIAd SNSI9A UoNRIS|822Y [e10ads g ' ainbiq

(2002 ‘AHgAQQ)
[10S JO 9dA} 7 404 WNU3DDAS USISOP D11SE|T e

Scal

Q| e

€¢q|=——

91dl

00'0T

00T

010

100

S1Q| =

V1Q|=—

€1Q| =

C1Q| e

TTQ| e

6Q| m—

8Q| =

Q| e—

TQ| e

)

000

0z'o

or’o

090

080

00T

0T'T

o't




101

ayenbylre oleUSIS G00Z BRI POLIAd SNSI9A UoNRIS|822Y [e10ads 9'q ainbiq

(£00T ‘AHEAQQ)

105 J0 2dA] 7 40} WNJadS USISIP J115e|] mmmm  00°0T 00T 0T’0 100
P— _ 000
Scal
pzQl—— W\ -
" A 020
£7Q1 = 7 ( Mﬂ /]
N/
9T Q| s
ov'o
S1Q| =
—_— d |
rand e
\\ ‘
€1Q| = \\ 09°0
/
C1Q| =
T1Q| e 080
6| em—
8Q| = 00T
(| e—
TQ| e ON\._”




10z

sayenbyued jeay /°q

ainbi4

=========

=========

=========

_________

mmmmmmmmm

_________

mmmmmmmmm

=========

=========

=========

aaaaaaaaa

mmmmmmmmm

=========

NNNNNNNNNNN

00'0T

100

000

0z'o

0140

090

080

00T

0Tt

o't

09T




10¢

sayenbyue3 oueusds g'q ainbi4

(200 ‘AHEA8Q) 1105 Jo 2dAY p7 Joj win3dads uBIsaP dSe(3 SO VIHN
520150 ¥14n
20150 ¥Iun
£201 S0 V14N
9101 S0 V14N
101 S0 V14N
101 S0 V14N
£101 50 V14N
210150 V14N
10150 V14N

601 50 vI¥N
801 50 vIUN
01 50 vI¥N
11 50 vI¥N
5201 €0V 4N
201 €0V 14N
£201 €0 V14N
9101 €0 V14N
STQI €0 V14N
101 €0 V14N
£101 £0 V14N
2101 €0 V14N
101 £0 V14N
601 €0 VI¥N
801 €0 VIUN
a1 €0 V14N
a1 €0 VI¥N
5201 £L ¥Z)
201 L ¥Z)
€201 L ¥INZ)
9101 LL ¥IWZ|
ST01 L2 ¥INZ|
101 L2 ¥INZ|
€101 L2 ¥INZ|
T101 L2 WNZ)
1101 L2 ¥INZ|
601 LL YINZI
801 LL ¥INZI
¥al L4 ¥z

a1 LL ¥INZ!

00'0T

100

000

0S0

00T

0S'T

00C

0S'C

00°'€




104

APPENDIX E

LIQUEFACTION RESULTS



Table E. 1 Liquefaction Results fiamir 1977 Earthquake

105

ID Boring Name | Depth USCS IZMIR 1977 M=5.3
F
i ) m ) Seed and Idriss, 2001  Seed et al., 2003
1 3.25 SP No Liquefaction No Liquefaction
1 5.75 SP No Liquefaction No Liquefaction
1 1 7.25 SP 0.29 0.34
1 11.25 SP No Liquefaction No Liquefaction
1 12.75 SP 0.71 Absent Data
1 13.75 SP 0.41 Absent Data
2 2.75 SP 0.23 0.23
2 4.25 SP No Liquefaction No Liquefaction
2 5.75 SP No Liquefaction No Liquefaction
4 2 7.25 SP 0.58 0.60
2 8.75 SP 0.55 0.58
2 11.75 SP 0.36 Absent Data
2 13.25 SP 0.39 Absent Data
2 14.75 SP 0.16 Absent Data

Table E. 2 Liquefaction Results fiamir 1977 Earthquake

ID Boring Name | Depth USCS IZMIR 1977 M=5.3
F
i ) m ) Seed and Idriss, 2001  Seed et al., 2003
3 1.25 SP No Liquefaction No Liquefaction
8 3 5.75 SwW No Liquefaction No Liquefaction
3 6.25 SP No Liquefaction No Liquefaction
9 4 2.70 SP 0.89 Absent Data
SK-5 9.25 CH No Liquefaction No Liquefaction
11 SK-5 10.75 CH No Liquefaction No Liquefaction
SK-5 12.25 CL No Liquefaction No Liquefaction
SK-5 13.75 ML No Liquefaction No Liquefaction




Table E. 3 Liquefaction Results ftamir 1977 Earthquake
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ID Boring Name | Depth USCS IZMIR 1977 M=5.3
F

i ) m ) Seed and Idriss, 2001]  Seed et al., 2003
SK-2 10.75| FC=95.1% No Liquefaction No Liquefactio

12 SK-2 12.75| FC=76.6% No Liquefaction No Liquefactior
SK-2 14.25 SM-SC No Liquefaction No Liquefaction

SK-2 15.75 CL No Liquefaction No Liquefaction

SK-13 6.75 CL No Liquefaction No Liquefaction

13 SK-13 10.25 CL No Liquefaction No Liquefaction
SK-13 11.75 CL No Liquefaction No Liquefaction

SK-13 13.25 CH No Liquefaction No Liquefaction
14 SK-181 14.25 SC No Liquefaction No Liquefaction
SK-181 15.75 CL No Liquefaction No Liquefaction

L-1 3.75 GP-GM No Liquefaction No Liquefaction

15 L-1 6.75 ML No Liquefaction No Liquefaction
L-1 9.75 SM No Liquefaction No Liquefaction

L-1 10.75 CH No Liquefaction No Liquefaction

L-6 3.75 GP-GM No Liquefaction No Liquefaction

L-6 6.75 SM No Liquefaction No Liquefaction

16 L-6 9.75 SM No Liquefaction No Liquefaction
L-6 12.75 CL No Liquefaction No Liquefaction

L-6 15.75 CH No Liquefaction No Liquefaction

Table E. 4 Liquefaction Results fiamir 1977 Earthquake

ID Boring Name | Depth USCS IZMIR 1977 M=5.3
F

i ) m ) Seed and Idriss, 2001 Seed et al., 2003
SPT-3 4.80 Clay No Liquefaction Absent Data
SPT-4 6.30 Clay No Liguefaction Absent Data
SPT-5 7.80 Clay No Liguefaction Absent Data

22 SPT-6 9.00 Gravel No Liquefaction No Liquefaction
SPT-7 10.50 Gravel No Liguefaction No Liquefaction
SPT-8 12.30 SC 0.93 Absent Data
SPT-9 13.80 Sand 0.21 Absent Data




Table E. 5 Liquefaction Results fiamir Scenario 1977 Earthquake
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ID Boring Name | Depth| USCS [ZMIR 1977 Scenario M=6.5
F

; ] m ] SEED AT IPRISS. | seed etal., 2003
1 3.25 SP No Liquefaction No Liquefaction
1 5.75 SP 0.90 0.60

1 1 7.25 SP 0.16 0.12
1 11.25 SP No Liquefaction No Liquefaction
1 12.75 SP 0.39 Absent Data
1 13.75 SP 0.22 Absent Data
2 2.75 SP 0.15 0.10
2 4.25 SP No Liquefaction 0.84
2 5.75 SP 0.79 0.54

4 2 7.25 SP 0.37 0.26
2 8.75 SP 0.36 0.25
2 11.75 SP 0.23 Absent Data
2 13.25 SP 0.25 Absent Data
2 14.75 SP 0.11 Absent Data

Table E. 6 Liquefaction Results fiamir Scenario 1977 Earthquake

ID Boring Name | Depth USCS [ZMIR 1977 Scenario M=6.5
F
] ] m ] SEED AT IPRISS. | seed etal., 2003
3 1.25 SP No Liquefaction No Liquefaction
8 3 5.75 SW No Liquefaction 0.66
3 6.25 Sp 0.66 0.45
9 4 2.70 SP 0.49 Absent Data
SK-5 9.25 CH No Liquefaction Absent Data
11 SK-5 10.75 CH No Liquefaction Absent Data
SK-5 12.25 CL No Liquefaction No Liquefaction
SK-5 13.75 ML No Liquefaction No Liquefaction




Table E. 7 Liquefaction Results fiamir Scenario 1977 Earthquake
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ID Boring Name | Depth| USCS [ZMIR 1977 Scenario M=6.5
F
] ] m ] SEED AT IPRISS. | seed etal., 2003
SK-2 10.75| FC=95.1% No Liguefaction Absent Data
SK-2 12.75| FC=76.6% No Liguefaction No Liquefaction
12 SK-2 14.25| SM-SC No Liquefaction No Liquefaction
SK-2 15.75 CL No Liquefaction No Liquefaction
SK-13 6.75 CL No Liquefaction Absent Data
13 SK-13 10.25 CL No Liquefaction Absent Data
SK-13 11.75 CL No Liquefaction Absent Data
SK-13 13.25 CH No Liquefaction No Liquefaction
14 SK-181 14.25 SC No Liquefaction No Liquefaction
SK-181 15.75 CL No Liquefaction No Liquefaction
L-1 3.75 | GP-GM No Liquefaction No Liquefaction
15 L-1 6.75 ML No Liquefaction Absent Data
L-1 9.75 SM 0.26 Absent Data
L-1 10.75 CH No Liquefaction Absent Data
L-6 3.75 | GP-GM No Liquefaction No Liquefaction
L-6 6.75 SM No Liquefaction Absent Data
16 L-6 9.75 SM 0.22 Absent Data
L-6 12.75 CL No Liquefaction No Liquefaction
L-6 15.75 CH No Liquefaction No Liquefaction

Table E. 8 Liquefaction Results fiamir Scenario 1977 Earthquake

ID Boring Name | Depth USCS iZMIR 1977 Scenario M=6.5
F

] ] m ] SEED AT IPRISS: | seed etal., 2003
SPT-3 4.80 Clay No Liquefaction Absent Data
SPT-4 6.30 Clay No Liquefaction Absent Data
SPT-5 7.80 Clay No Liquefaction Absent Data

22 SPT-6 9.00 Gravel No Liquefaction No Liquefaction
SPT-7 10.50 | Gravel No Liquefaction No Liquefaction
SPT-8 12.30 SC 0.59 Absent Data
SPT-9 13.80 Sand 0.13 Absent Data




Table E. 9 Liquefaction Results for Urla 2003 Bguake
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ID Boring Name | Depth USCS URLA 2003 M=5.6
F
] ] m ] SEED AT IPRISS. | seed etal., 2003
1 3.25 SP No Liquefaction No Liquefaction
1 5.75 SP No Liquefaction No Liquefaction
1 1 7.25 SP 0.84 0.84
1 11.25 SP No Liquefaction No Liquefaction
1 12.75 SP 0.82 Absent Data
1 13.75 SP 0.47 Absent Data
2 2.75 SP 0.24 0.50
2 4.25 SP No Liquefaction No Liquefaction
2 5.75 SP No Liquefaction No Liquefaction
4 2 7.25 SP 0.62 No Liquefaction
2 8.75 SP 0.59 No Liquefaction
2 11.75 SP 0.38 Absent Data
2 13.25 SP 0.42 No Liquefaction
2 14.75 SP 0.28 No Liquefaction

Table E. 10 Liquefaction Results for Urla 2003 Bqttake

ID Boring Name | Depth USCS URLA 2003 M=5.6
F
] ] m ] SEED AT PRISS: 1 seed etal., 2003
3 1.25 SP No Liquefaction No Liquefaction
8 3 5.75 SW No Liquefaction No Liquefaction
3 6.25 Sp No Liquefaction No Liquefaction
9 4 2.70 SP No Liquefaction Absent Data
SK-5 9.25 CH No Liquefaction Absent Data
11 SK-5 10.75 CH No Liquefaction Absent Data
SK-5 12.25 CL No Liquefaction No Liquefaction
SK-5 13.75 ML No Liquefaction No Liquefaction




Table E. 11 Liguefaction Results for Urla 2003tBquake
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ID Boring Name | Depth USCS URLA 2003 M=5.6
F
] ] m ] SEED AT IPRISS. | seed etal., 2003
SK-2 10.75| FC=95.1% No Liguefaction Absent Data
SK-2 12.75| FC=76.6% No Liguefaction No Liquefaction
12 SK-2 14.25| SM-SC No Liquefaction No Liquefaction
SK-2 15.75 CL No Liquefaction No Liquefaction
SK-13 6.75 CL No Liquefaction Absent Data
13 SK-13 10.25 CL No Liquefaction Absent Data
SK-13 11.75 CL No Liquefaction Absent Data
SK-13 13.25 CH No Liquefaction No Liquefaction
14 SK-181 14.25 SC No Liquefaction No Liquefaction
SK-181 15.75 CL No Liquefaction No Liquefaction
L-1 3.75 | GP-GM No Liquefaction No Liquefaction
L-1 6.75 ML No Liquefaction Absent Data
15 L-1 9.75 SM No Liquefaction Absent Data
L-1 10.75 CH No Liquefaction Absent Data
L-6 3.75 | GP-GM No Liquefaction No Liquefaction
L-6 6.75 SM No Liquefaction Absent Data
16 L-6 9.75 SM No Liquefaction Absent Data
L-6 12.75 CL No Liquefaction No Liquefaction
L-6 15.75 CH No Liquefaction No Liquefaction

Table E. 12 Liquefaction Results for Urla 2003 Bqttake

ID Boring Name | Depth USCS URLA 2003 M=5.6
F

] ] m ] SEED AT PRISS: | seed etal., 2003
SPT-3 4.80 Clay No Liquefaction Absent Data
SPT-4 6.30 Clay No Liguefaction Absent Data
SPT-5 7.80 Clay No Liquefaction Absent Data

22 SPT-6 9.00 Gravel No Liquefaction No Liquefaction
SPT-7 10.50 | Gravel No Liquefaction No Liquefaction
SPT-8 12.30 SC No Liquefaction Absent Data
SPT-9 13.80 Sand 0.54 Absent Data




Table E. 13 Liquefaction Results for Urla 2003 SsemEarthquake
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ID Boring Name | Depth USCS URLA 2003 Scenario M=6.5
F

] ] m ] SEED AT IPRISS. | seed etal., 2003
1 3.25 SP No Liquefaction No Liquefaction
1 5.75 SP No Liquefaction No Liquefaction

1 1 7.25 SP 0.23 0.26
1 11.25 SP No Liquefaction No Liquefaction
1 12.75 SP 0.56 No Liquefaction
1 13.75 SP 0.32 No Liquefaction
2 2.75 SP 0.17 0.17
2 4.25 SP No Liquefaction No Liquefaction
2 5.75 SP 0.89 0.91

4 2 7.25 SP 0.42 0.43
2 8.75 SP 0.40 0.41
2 11.75 SP 0.26 Absent Data
2 13.25 SP 0.29 No Liquefaction
2 14.75 SP 0.19 No Liquefaction

Table E. 14 Liquefaction Results for Urla 2003 SsenEarthquake

ID Boring Name | Depth| USCS URLA 2003 Scenario M=6.5
F
] ] m ] SEED AT PRISS: 1 seed etal., 2003
3 1.25 SP No Liquefaction No Liquefaction
8 3 5.75 SW No Liquefaction No Liquefaction
3 6.25 Sp No Liquefaction No Liquefaction
9 4 2.70 SP No Liquefaction Absent Data
SK-5 9.25 CH No Liquefaction Absent Data
11 SK-5 10.75 CH No Liquefaction Absent Data
SK-5 12.25 CL No Liquefaction No Liquefaction
SK-5 13.75 ML No Liquefaction No Liquefaction




Table E. 15 Liquefaction Results for Urla 2003 SsemEarthquake
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ID Boring Name | Depth| USCS URLA 2003 Scenario M=6.5
F
; ] m ] SEED AT IPRISS. | seed etal., 2003
SK-2 10.75| FC=95.1% No Liguefaction Absent Data
SK-2 12.75| FC=76.6% No Liguefaction No Liquefaction
12 SK-2 14.25| SM-SC No Liquefaction No Liquefaction
SK-2 15.75 CL No Liquefaction No Liquefaction
SK-13 6.75 CL No Liquefaction Absent Data
13 SK-13 10.25 CL No Liquefaction Absent Data
SK-13 11.75 CL No Liquefaction Absent Data
SK-13 13.25 CH No Liquefaction No Liquefaction
14 SK-181 14.25 SC No Liquefaction No Liquefaction
SK-181 15.75 CL No Liquefaction No Liquefaction
L-1 3.75 | GP-GM No Liquefaction No Liquefaction
L-1 6.75 ML 0.91 Absent Data
15 L-1 9.75 SM 0.57 Absent Data
L-1 10.75 CH No Liquefaction Absent Data
L-6 3.75 | GP-GM No Liquefaction No Liquefaction
L-6 6.75 SM 0.93 Absent Data
16 L-6 9.75 SM 0.64 Absent Data
L-6 12.75 CL No Liquefaction No Liquefaction
L-6 15.75 CH No Liquefaction No Liquefaction

Table E. 16 Liquefaction Results for Urla 2003 StémEarthquake

ID Boring Name | Depth| USCS URLA 2003 Scenario M=6.5
F

] ] m ] SEED AT PRISS: | seed etal., 2003
SPT-3 4.80 Clay No Liquefaction Absent Data
SPT-4 6.30 Clay No Liguefaction Absent Data
SPT-5 7.80 Clay No Liquefaction Absent Data

22 SPT-6 9.00 Gravel No Liquefaction No Liquefaction
SPT-7 10.50 | Gravel No Liquefaction No Liquefaction
SPT-8 12.30 SC No Liquefaction Absent Data
SPT-9 13.80 Sand 0.27 Absent Data




Table E. 17 Liquefaction Results for Urla 2005 Bqttake
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ID Boring Name | Depth USCS URLA 2005 M=5.9
F
; ] m ] SEED AT IPRISS. | seed etal., 2003
1 3.25 SP No Liquefaction No Liquefaction
1 5.75 SP No Liquefaction No Liquefaction
1 1 7.25 SP 0.63 0.72
1 11.25 SP No Liquefaction No Liquefaction
1 12.75 SP No Liquefaction No Liquefaction
1 13.75 SP 0.89 No Liquefaction
2 2.75 SP 0.37 0.38
2 4.25 SP No Liquefaction No Liquefaction
2 5.75 SP No Liquefaction No Liquefaction
4 2 7.25 SP 0.94 0.97
2 8.75 SP 0.90 0.93
2 11.75 SP 0.59 Absent Data
2 13.25 SP 0.64 No Liquefaction
2 14.75 SP 0.27 No Liquefaction

Table E. 18 Liquefaction Results for Urla 2005 Bqttake

ID Boring Name | Depth| USCS URLA 2005 M=5.9
F
] ] m ] SEED AT PRISS: 1 seed etal., 2003
3 1.25 SP No Liquefaction No Liquefaction
8 3 5.75 SW No Liquefaction No Liquefaction
3 6.25 Sp No Liquefaction No Liquefaction
9 4 2.70 SP No Liquefaction Absent Data
SK-5 9.25 CH No Liquefaction Absent Data
11 SK-5 10.75 CH No Liquefaction Absent Data
SK-5 12.25 CL No Liquefaction No Liquefaction
SK-5 13.75 ML No Liquefaction No Liquefaction




Table E. 19 Liquefaction Results for Urla 2005 Bqttake
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ID Boring Name | Depth| USCS URLA 2005 M=5.9
F
] ] m ] SEED AT IPRISS. | seed etal., 2003
SK-2 10.75| FC=95.1% No Liguefaction Absent Data
SK-2 12.75| FC=76.6% No Liguefaction No Liquefaction
12 SK-2 14.25| SM-SC No Liquefaction No Liquefaction
SK-2 15.75 CL No Liquefaction No Liquefaction
SK-13 6.75 CL No Liquefaction Absent Data
13 SK-13 10.25 CL No Liquefaction Absent Data
SK-13 11.75 CL No Liquefaction Absent Data
SK-13 13.25 CH No Liquefaction No Liquefaction
14 SK-181 14.25 SC No Liquefaction No Liquefaction
SK-181 15.75 CL No Liquefaction No Liquefaction
L-1 3.75 | GP-GM No Liquefaction No Liquefaction
L-1 6.75 ML No Liquefaction Absent Data
15 L-1 9.75 SM No Liquefaction Absent Data
L-1 10.75 CH No Liquefaction Absent Data
L-6 3.75 | GP-GM No Liquefaction No Liquefaction
L-6 6.75 SM No Liquefaction Absent Data
16 L-6 9.75 SM No Liquefaction Absent Data
L-6 12.75 CL No Liquefaction No Liquefaction
L-6 15.75 CH No Liquefaction No Liquefaction

Table E. 20 Liquefaction Results for Urla 2005 BEqttake

ID Boring Name | Depth| USCS URLA 2005 M=5.9
F

] ] m ] SEED AT PRISS: | seed etal., 2003
SPT-3 4.80 Clay No Liquefaction Absent Data
SPT-4 6.30 Clay No Liquefaction Absent Data
SPT-5 7.80 Clay No Liquefaction Absent Data

22 SPT-6 9.00 Gravel No Liquefaction No Liquefaction
SPT-7 10.50 | Gravel No Liquefaction No Liquefaction
SPT-8 12.30 SC No Liquefaction Absent Data
SPT-9 13.80 Sand 0.45 Absent Data




Table E. 21 Liquefaction Results for Urla 2005 StemEarthquake
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ID Boring Name | Depth USCS URLA 2005 Scenario M=6.5
F
] ] m ] SEED AT IPRISS. | seed etal., 2003
1 3.25 SP No Liquefaction No Liquefaction
1 5.75 SP No Liquefaction No Liquefaction
1 1 7.25 SP 0.30 0.33
1 11.25 SP No Liquefaction No Liquefaction
1 12.75 SP 0.73 No Liquefaction
1 13.75 SP 0.42 No Liquefaction
2 2.75 SP 0.19 0.19
2 4.25 SP No Liquefaction No Liquefaction
2 5.75 SP No Liquefaction No Liquefaction
4 2 7.25 SP 0.48 0.50
2 8.75 SP 0.46 0.47
2 11.75 SP 0.30 Absent Data
2 13.25 SP 0.33 No Liquefaction
2 14.75 SP 0.14 No Liquefaction

Table E. 22 Liquefaction Results for Urla 2005 StemEarthquake

ID Boring Name | Depth| USCS URLA 2005 Scenario M=6.5
F
] ] m ] SEED AT PRISS: 1 seed etal., 2003
3 1.25 SP No Liquefaction No Liquefaction
8 3 5.75 SW No Liquefaction No Liquefaction
3 6.25 Sp No Liquefaction No Liquefaction
9 4 2.70 SP No Liquefaction Absent Data
SK-5 9.25 CH No Liquefaction Absent Data
11 SK-5 10.75 CH No Liquefaction Absent Data
SK-5 12.25 CL No Liquefaction No Liquefaction
SK-5 13.75 ML No Liquefaction No Liquefaction




Table E. 23 Liquefaction Results for Urla 2005 StemEarthquake
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ID Boring Name | Depth| USCS URLA 2005 Scenario M=6.5
F
] ] m ] SEED AT IPRISS. | seed etal., 2003
SK-2 10.75| FC=95.1% No Liguefaction Absent Data
SK-2 12.75| FC=76.6% No Liguefaction No Liquefaction
12 SK-2 14.25| SM-SC No Liquefaction No Liquefaction
SK-2 15.75 CL No Liquefaction No Liquefaction
SK-13 6.75 CL No Liquefaction Absent Data
13 SK-13 10.25 CL No Liquefaction Absent Data
SK-13 11.75 CL No Liquefaction Absent Data
SK-13 13.25 CH No Liquefaction No Liquefaction
14 SK-181 14.25 SC No Liquefaction No Liquefaction
SK-181 15.75 CL No Liquefaction No Liquefaction
L-1 3.75 | GP-GM No Liquefaction No Liquefaction
15 L-1 6.75 ML No Liquefaction Absent Data
L-1 9.75 SM 0.31 Absent Data
L-1 10.75 CH No Liquefaction Absent Data
L-6 3.75 | GP-GM No Liquefaction No Liquefaction
L-6 6.75 SM 0.88 Absent Data
16 L-6 9.75 SM 0.33 Absent Data
L-6 12.75 CL No Liquefaction No Liquefaction
L-6 15.75 CH No Liquefaction No Liquefaction

Table E. 24 Liquefaction Results for Urla 2005 SsemEarthquake

ID Boring Name | Depth| USCS URLA 2005 Scenario M=6.5
F

] ] m SEEDATD IPRISS. | seed etal., 2003
SPT-3 4.80 Clay No Liquefaction Absent Data
SPT-4 6.30 Clay No Liquefaction Absent Data
SPT-5 7.80 Clay No Liquefaction Absent Data

22 SPT-6 9.00 Gravel No Liquefaction No Liquefaction
SPT-7 10.50 | Gravel No Liquefaction No Liquefaction
SPT-8 12.30 SC No Liquefaction Absent Data
SPT-9 13.80 Sand 0.22 Absent Data
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APPENDIX F

SAFETY FACTORS AGAINST LIQUEFACTION, BORING LOCATIO NS AND
CROSS-SECTIONS
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