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Abstract

The city of Duzce in Western Black Sea Turkeys haexperienced of a destructive
earthquake with Mw=7.2 in 1999 Duzce earthquakeiargituated on the highly active
Eursasian plate. The North Anatolian Fault Zon®&KX) crosses through Turkey
from east to West; earthquake occured on thig faulAugustl?7, 1999 (Kocaeli) and
November 12, 1999 (Duzce). Regional geology andaililzonditions can change the
site charecteristics of ground motion. Thus, datgcthe soil magnification at the time
of occuring an earthquake, especiallyfor weak s@l€rucial subject for investigators.
In this research, one dimensional ground respoebauior analyses were exucuted for
Golyaka area utilizing the August 17, 1999 Duzceceord with arthquake strong
ground motion with DEEP SOIL software. Soil chaesstics and depth to engineering
bedrock at the Goélyaka sites are various ancobserved level of the constructional
hazard at Goélyaka region at the time of occurthg Duzce earthquake was different
as well. Findings revealed that higher magnifigaioatios occur at higher periods due
to soil behaviour. Result of this research revedled local geological conditions can
magnify ground motion at some periods and, acortbripe amplification, and obtained
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response spectra can exceed the suggested desirasp\s aresult, it is appearent that
local site conditions should be taken into consitlen for earthquake- resistant
engineering designs on soft soils.

1.Introduction

Turkey is situated on a one of area the Worldigomand the most dangererous
erathquake zone (Fig. 1). Moreff over, the Marmigion, that is a heavily

industrialized and populated area placed in thetiNastern Black sea in

Turkey. This region is subjected to devastatinghemiakes. The August 17,

Adapazari and Kocaeli 1999 and November 12, I992ce earthquake are
examples of recent destructive earthquakes. Edlyediee No vember 12, 1999

Duzce earthquake affected a large part of thee®and its environments. One
of the most important properties of hazards is)étation concerned defects of
structures, such as tilting, overturning and sigkiBuzce area is situated on
young flood-plain deposits of the allivium sedinmgeatound the Efteni Lake. For
this reason, soft soil- deposits are considerepldag a important role in these
damages. The amplitute of seismic waves goes ufe wifiey go trough weak

soil stratums near the earth’s surface. This lahdstudy is called the site

amplification. There are some investigators whoehaurveyed the effect of

local site conditions on structure defects inrditare [Cetin et al. 2002; Tezcan
et al. 2002; Sancio et al. 2002; Ozel and Sas&@@#; Firat et al. 2009].

Pertinent investigations have revealed that sfiecef may be noticed to detect
the behaviour of structures under the effect ofseienic load.

14 24 32 A

EURASIAN PLATE

o Bedcpocdia Buchonest A A oA
4

A Block Sea Caucasus

T

aRnkoro

ANATOLIAN

PLATE

& ko

%};s %
R \ e
= S 5
”ﬁqz?%ﬁ / 4 £ ARABIAN PLATE |32
Medﬂerfcneow AFRICAN § PLATE
eSS T
Seq ! o 200 4700 km

& Alewondea
iie DOk ot i, | 999
Lo

X))

Jgad 50

Fig. 1. Main tectonic properties of Turkey [Gulenet al.2000]
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Local ranges on the attributes of alluvial sedirméntDuzce come out to play
an importnat role in the occurance and non-occerafc ground defects and
joined structures. Basic judgement of site ddtars that type and width of
buildings has no clearly affect the degree of gooutefects. Neverthless,
localization of noticed displacements around stmes, the relatively scarce
notice of liquefaction in around, and the higheaeraf strong ground defects for
higher structures offers that ground strains gdin with soil- structure

interaction could have contributed to the trigggrand intensity of ground

defect [Sancio et al., 2002].

In this research, registered strong ground moteetum were utilized to detect
the soil magnification ratio in Duzce basin. Cependance in basin were
conducted by the help of the DEEPSOIL computegimm which is a capacity
of enabling one- dimonsion respons analysis. Irsgheorrespondances, the
confining pressure dependent model [Ishibashi arahg 1993] was utilized for
ground soil behavior response findings. The spklk#haviour acquired for the
profiles were compared with the original design ctpens offered in the
Turkishquake Code (2007) and the Eurocode 8 (CEM R0

2.Geology of the Adapazari Region

Duzce Basin was formed by the activities of thethNdknatolian Fault (NAF)
and the Duzce basin is bounded by the active Galgteni-Beykody Fault in
the south and the Cilimli-Konuralp Fault in the thorThe Cilimli-Konuralp
Fault is relatively less active than the GoélyaktakifBeykdy Fault according to
the historical and instrumemtal sources. Thesdadarke part of the south and
north segments of the NAF and they are the maimdires shaping the
morphology of the region. The Diuzce Plain has astdorming the mid-section
of the basin presents a low inclined topographyarals the southwest to Eftani
Lake. The drainage network which has developeddbasethe morphology of
the basin has NE-SW and E-W flows and leads to Meleek. The Kiguk
Melen River and Asarsuyu Creek flows the surfactergaof the basin into Lake
Eftani. The Blylk Melen River subsequently disckarghe waters of Lake
Efteni to the Black Sea with a S-N flowing directi¢Fig. 2). The hydrologic
and morphologic properties in the basin are thelt®®f the intense tectonic
activity that controls the basin structure and alleslope of the plain.
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Fig.2. Geological map of the Duzce [MTA, 2002]

The main area of the Duzce basin was occured wi#ttegnary alluvial deposits
containing gravelly and silty sand by the Asar kreed Kicik Melen creek
(Fig.2). These sediments contain low-plasticity ycland silt. Quaternary
formations are made of holocene alluvial depositthiw different startum
thicknesses, smooth gravel gradations, sand asd sil

3. Local Site Effects On Ground Motion

Local site effects has an strongly impact all o gignificant charecteristics,
such as amplitude, frequency content, and duradbrstrong ground motion.
Their level of effect due to the geometry andpeities of subsurface materails,
on topography of the region, and on the charetiegi®f the input motion
[Kramer 1996]. Charecteristics of an earthquake am role of fault
mechanism, distance to the earthquake epiceg@@pgical structures and
local soil conditions. The most important paramet® soil conditions are the
elavation of a soil stratum on the bedrock, défeees of the soil profile ans its
charecteristics with depth, lateral geological rmgenity and surface
topography [Birigen 2000]. If the thickness of theft soil stratums above
bedrock increases, prodominant periods of grouiftl tehvards higher periods.
More over, if shear wave velocity in soil layexcdeases, dominants period of
the soil shifts towards higher periods with Riglamplifications. As a soil
profile consists of various stratums, every straurmving various non-linear
stress strain behaviour, the response of soil rhbesamore complicated. Thus,
there are many investigators who have investigdted soil amplifications
phenomenon utilizing real earthquake records;giQm [1977], Biringen
[2000], Tezcan et al. [2002], Hasal and lyisan #pOralcinkaya [2004],
Hasancebi and Ulusay [2006] and Kutanis and B&I0E2.
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There is no important influence factor on the dwant ground frequency from
the point of view the the arrival angle of earthkpiavaves. But when only the
arrival angle increases, a small reduction in aioplion values is noticed.

From previous studies from the point of view situisual to accept that vertical
S-waves do not cautilize an important error [Ydl@ga 2004]. In the end, soll

behaviour to be subjected to earthquake loadirgtddhe soil layer thickness.
Thus, ground response analysis where non lineavii@lr of soils is taken into

consideration are crucial for a safe earthquakisteed design. In spite of the
distance to the epicentre at Duzce was longernthgimum horizontal peak

ground acceleration was traced around this ditearh be occured due to the
subsoil conditions.

4. Site Amplificationfactor in the Duzce Area

Three different locations, namely Duzce centre, d@uZftani lake, and Golyaka
area were selected sites where is different. Irssthelocations, buildings
subjected to heavy damage during the Augustd99 1Kocaeli and November
12, 1999 Duzce Earthquake. Anbazhagan and Sith§2809] offered that
shear wave velocity of 700 60 m/s is consirethdéathe trace of engineering
rock. Among these locations, Gdlyaka area has dteatest depth to
engineering bedrock at 180 m. Depths to base blkedns 80 m for the Efteni
Lake area, 60 m for the Duzce Centre locationramerded. Borehole logs
acquired and shearwave velocities recorded profileghese locations are
presented in Fig. 3 and 4. These soil profilesadt@ined from Municipality of
Golyaka and Duzce. Regarding to Golyaka field wodtady is performed in
Golyaka in the scope of the palioseismological wokketailed borehole logs are
given in Fig. 3 that is cited from Alemdar [200k7inaster thesis. Shear waves
of the soil layers were obtained from standard patiens test (SPT) values
utilizing emperical relations and performed suefgeological studies.
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Fig.3. Shear wave velocity \{, map in Duzce

For the selected locations, equivalent ground resp@nalyses were conducted
utilizing DEEPSOIL V.7 programme. This software asgraphical utilizer
interface for DEEPSOIL V.7. It calculates grouraponse in a visco-elastic
homogeneous and horizontally extending infinitstesn that is affected by
shear waves advancing vertically [Ordonez,11]. Pincsgram is attributed to the
repeated solution of the wave equations which ianelated for utilize in short-
term mobility, by the help of a Fourier transfotioa algorithm. Non-linear
shear modulus and damping can be defined by eféedeformation in each
layer with a compatible shear modulus, and a regeatethod is utilized with
equivalent linear soil features to obtain dampuajues. Obtained spectral
behaviour of selected locations were compared wh#h design spectrums
submitted in the Turkish Earthquake Code (2007) ted Eurocode 8 (CEN
2004).
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Fig. 4. Shearwave velocities recorded profiles iDuzce

The number of different shear modulus and reductiod damping curves to
utilize in equivalent linear ground response aredywere present. Early models
are utilized seperately for fine-grained and coarsgéned soils. But, further
more last studies have shown a gradual trasitiwden non-plastic coarse and
plastic-fine soils [Kramer 1996]. Sun et al. [1988|d Vucetic and Dobry [1991]
declared that the shape of the modulus reductioreds completely affected by
the plasticity index while lwasaki et al. [1978jcaKokusho [1980] propose that
it is also affected by the effective confining sgewith G/Gmax increasing with
increasing confining stress and plasticity indexhereas damping ratio
decreaeses with increaesing confining stressphasticity index. The effect of
confining stress and plasticity index on modulesluction and damping
behavior were associated by Ishibashi and ZhfrP3], Darendeli [2001],
Zhang et al. [2005]. To compare these studiesem®li [2001] has utilized a
120 m thick silty sand sand deposite with a strefpendent shear wave
velocity profile and they revealed that stress-ahelent modulus reduction and
damping ratio curves produced almost twice the pgakind acelaration that
was considered by the generic curves, and langectsl accelarations have
been Found. Herewith, it is revealed that theadtibf both stress and plasticity
index dependet models delivers more realistic mulaesponse for the selected
sites than traditional shear modulus and dampiondets. For this reason, the
Ishibashi and Zhang [1993] model is prefered gimund response calculation
fort his study. Figure 5 denotes %5 damped speettakleration which is
yielded in Golyaka.
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Fig. 5. Ground surfaceacceleration spectrum yieketl based on 1999 Duzce
earthquake

In this site, strong-ground motion data in Tablevds utilized as bedrock
earthquake motion [Peer 2007]. This strong gromadion was exerted to the
base of the soil layers where engineering bedroak given as Accelaration
time history.

Table 1. Strong ground motion data in analyses

Earthquake Station CompoundMaximum Moment
Ground Magnitude
Accelaration

(9)

November 12  Meteoroloji 90 0.453 7.2
Duzce Earthquake

Acquired response spectra for selected areas evenpared with the original
design spectra of the stress-strain versus tiige §f. Found response spectra
for all sites are compared with the suggestedydespectra of the stress-strain
and %5 damping acceleration spectrum in Fig.cb@an
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Fig.6. Stress strain versus time

As it is shown from Fig. 6., the obtained surfaesponse spectrum for 5 %
damping exceeds the suggested design spectrussesped for the Z4 soil

group between 0.2 and 0.5 s periods, that corresfthe predominant period
of most of the typical residential buildings Buzce. D soil type is assigned to
soils which are soft-loose, thick alluvium stratumgh shear wave velocity

lower than 190 m/sec;when thickness of D type exieeds 10 m, It is graded
as a Z4 group soil according to the Turkish EardtkguCode (2007). However,
it is below the design spectrum recommended byFilm@code 8 (CEN 2004)

for soil class D.

For Golyaka sites where the depths to engineergdydek are significantly

lower than that at Duzce centre sites, maximumtsgleaccelaration values are
Found within the 0.05-0.2 s periods and these sgegtccelaration values

exceed the recommended values in both the Tulkésthquake Code (2007)
and the Eurocode 8 (CEN 2004) (Fig.5,6). Howead?,05-0.2 s period range
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is lower than of most of the typical reinforced caie residential buildings in
Duzce city.
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Fig.7. Peak ground horizontal acceleration with deping raio of %5

Seperately, obtained peak ground accelarationlsmdarecreased. Figure 7 shows
an Accelaration- time graph acquired at the surfzfcine Golyaka soil profile
under November 12, 1999 Duzce earthquake loadiiféerBnces in the strong
ground motion parameters are traced through ¢ildagers where seismic
waves go through. Values of peak ground acceteratif ground motion
diverge with depth. For soil profiles regardedlie t analysis, the peak ground
accelerations is reduced from the applied pointhéosurface, such as up to 60
m in the 90 m Golyaka profile, and up to 40 m thes profiles due to soll
damping.
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The decrease of the peak ground acceleration valugsese certain depths is
due to bound to damping; continously increasingi@slabove a certain depth
shows influence of the surface waves (Fig.8). ffauesfer function defines how
each frequency in the bedrock motion is ampliftedthe soil stratum. Figure 8
denotes an example transfer function, with lagiger amplification acquired at
a small frequency-high period due to weak and smftbehaviour.

During the main shock of the November 12, 1999 [@uUzarthquake, the largest
recorded peak accelerations were likely not thgelstr which taken place.
Especially, the record from Golyaka denotes peaklacation of 0.81 g, larger
than any peak recorded during the main shock. Mwee, during the November
12, 1999 Duzce Earthquake (Mw=7.2) Duzce everBBohtl stations recorded
0.81 g East West [Celebi et al.2000]. Tezcarl.§R@00] also expressed that
the surface acceleration may be as large as 4restithose of base rock
accelertions.
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5. Conclusions

For the Duzce region, study site is situated dhiek alluvial squence,
ground response alyses were conducted with thmpeter program pro
shake 2.0 utilizing soil profiles from bore herat the site study that is
drilled to describe soil  magnification in tludy area. While
analysing, the November 12, 1999 Duzce Eartkgua data was
utilized to apply strong ground motion to soil pled and differences in
soil surface due to ground motion exerted on gub stratum of the
regarded soil profile. Spectral behaviour was carag with the design
spectra of the Earthquake Code (2007) Z4 type saedclass D, and
Eurocode 8 (CEN 2004) type 1. Ground responsesesilgonducted in
this research utilizing stress- dependent sheatulns and damoing
ratio curves of Ishibashi and Zhand [1993] deteenthat the Found
response spectra of the selected exceed the dgsegtra presented in the
Turkish Earthquake Code (2007).

The largest amplification for soil profiles is bet@n 0.67 and 2.7 Hz in
the transfer function while analysing. Acceleratioh strong ground
motions applied to the bottom of the soil profilehanges toward the
ground surface. Due to the ground response anatyselicted utilizing
the Duzce Earthquake registration, maximum pealrgt acceleration is
acquired at the Duzce Center. This site was sagmfly affected by the
Duzce Earthquake. Some of the buildings at thezcP center were
damaged. It has been noticed for years that lotalasd soil conditions
can affect the amplitudes, frequency and duratiesmic waves while
they propagate throungh soil stratum around tleeirgt surface. The
November 12, 1999 Duzce Earthquake with a magnit(Me=7.2)
struck the Marmara and Duzce regions in the Nor#stéfn area in
Turkey. The earthquake cautilized considerable saesa and heavy
damage to buildings. Among some cities influend2dzce in Marmara
region significantly suffered the worst damage caudilize of the
geotechnical effects and site response.
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