4 STRONG GROUND MOTION AND FAULT RUPTURE

During September 5 to 12, the members of the JSCE team for the survey on the strong ground
motion and the fault ruptures visited the strong motion observation stations in the earthquake-affected
region and measured the shear wave vedodties using a portable eastic wave exploration device.
Strong motion simulations have been done according to a fault rupture model. The estimated
waveforms by using the fault rupture mode show a good agreement with observed records.

Figure 4.1 Aftershock distributions (after KOERI)

4.1 Mainsnock and Aftershocks

At 3:01 am. locd time on Tuesday, August 17, 1999, the man shock with a magnitude of 7.4
occurred in Kocaeli Province of Turkey. The epicenter of the earthquake was at 40.77 degrees
latitude and 29.97 degrees longitude. The depth of hypocenter was about 17 km. The earthquake
fault was observed between Hersek delta and Golkaya and it has two segments; one extends
between Hersek delta and Akyaz 1, driking in dmost EW direction and the second one spans
between Akyazll and Golkaya striking in NE-SW direction. The traced fault length on the ground
surface is about 100 km. Source mechanisms by USGS, HARVARD and DAD-ERD and ERI dl
indicate right-lateral srike-dip faulting. This agrees with field investigation results of the JSCE survey
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team. The fault disolacement ranges between 24 meters. The western portion of the fault is
consdered to be in the sea of Marmara. The tota length of the fault is estimated as 150km (see
section 4.4). The spatid didtribution of aftershocks for three weeks after the main shock is shown in
Figure 4.1. The aftershocks concentrate especialy around the epicenter, and a the ends of two
segments, namely, Yaova, Akyaz ] and Golkaya from west to east, respectively.
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Figure 4.2 Maximum acce eration distribution (data from DAD-ERD-KOERI)
4.2 Observed Records

Three strong-motion observation networks are established in the region and are managed by the
Earthquake Research Department (DAD-ERD) of the Ministry of Public Works and Settlements,
Bollazigi Univerdty and Istanbul Technica Universty (KOERI WebPages). Figure 4.2 shows the
maximum horizontal accelerations recorded at the observation sations of DAD-ERD and BoUazigi
University. The peak acceleration of Dizce, the east end of the inferred fault, is 366gd. A pesk
ground acceleration of more than 300ga was aso observed a Yar[lmca dation of Bolazdi
University. The earthquake records observed at the Kobe Marine Observatory in the 1995 Kobe
earthquake and at the DAD-ERD Sakarya observetion station in the 1999 Kocadli earthquake are
shown in Figure 4.3. The peak ground acceleraions are 817gd and 399gd respectively. A large
pulse of the period of about 1sec is dominant in Kobe, while along period component of 4-5sec is
found in the wave at Sekarya gation.
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Figure 4.3 The earthquake records observed at Kobe and Sakarya

The JSCE team members visted the DAD-ERD observation stations at Dizce (Figure 4.4) and
Sakarya (Figure 4.5). Shear wave veocity characteristics of ground at each station were measured
by usng a portable dastic wave exploration device (Figure 4.6). Because of the capacity of the
exploration device the horizontal distance of the measuring line was restricted to 10-15 meters.
Therefore, shear wave veocities could be measured only for depths of severa meters. Table 4.1
shows the results. The ground was generdly hard and the S wave velocities at severd Stations were
more than 300 m/s except the city center of Adapazar[]. The strong motion observation station of
Adapazari is afew kilometers away from the city center and the surface ground there is much differ
than that in the city center (>300knVsec). Therefore, the ground motion in the severely damaged area
in the city center might be quite different from that at the Sakarya (Adapazar[]) station. Most of the
heavily damaged areas was Stuated on the soft soil (Figure 4.7). In the case of the 1995 Kobe
earthquake in Japan, the irregularity of the geologica Structure resulted in a large amplification of
ground motion, which was one of the causes for the heavy damage. In Avcilar, the west of Istanbul,
the peak acceleration was unexpectedly high more than 200gd. More detailed study on the surface
topography besides the ground conditions is necessary to clarify the cause of the amplification of the
ground mation.
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Table 4.1 S'wave velocities a ground motion observation stations

Location Ingdlation ste of the Swavevelocity | Comment
selsmometer (m/s)
Duzce (DZC) MO, Ground level 350 City center
Sakarya (SKR) M 310 Hill sde (2-3 km SW of
Concrete foundation Adapazar[])
Adapazar(] 1% layer (30cm) 70 50cm  benesth  ground
2" |ayer 150 surface
[zmit (1ZT) MO, Ground level 320 Hill top, hard soil
YaOmca(YPT) | BoUazig Universty 330 West of Yarmca
320 Center of Yarllmca
310 (1m) Oil Refinery
510
Gebze (GBZ) TUBOTAK, Basement 500 (2m) Ha ground on hilltop,
780 rocky ste
Bdmumcu (IST) | IIM, Ground leve 100(1m) New town on hill top,
550 weathered graywacke
Cekmece (CEK) | Inditute of Atomic Energy, 300 (1.4m) Hill top, limestone
Basement 640

MO: Meteorologica Observatory; [IM: Omar Lskan Mudurlaa

Figure 4.4 Dlizce Station

Figure 4.5 Sakarya gtation
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Figure 4.6 S- wave velocity exploration device Figure 4.7 Ground conditionsin the

city center of Adapazar]

4.3 Maximum After shock

Before the 1999 Kocaeli earthquake, strong motion network was not dense enough to obtain the
nearfiddd ground motion. The nearest observation Station located severa kilometers away from the
fault. After the earthquake, severa temporary stations have been ingtdled for observation of the
aftershocks. A large aftershock with magnitude 5.8 is occurred a 11:.55(GMT) on September 13,
1999. Hypocenter information is as follows (after Earthquake Research Department).

Latitude: N40.80

Longitude: E30.03

Depth : 4.3km

Magnitude: 5.8
The recorded accelerations are published (http://angora.deprem.gov.tr/septl3after.ntm). The
maximum acceleration record is obtained at TPT(Tepetarla) temporary Station. This Sation is about
3 m from the fault surface bregk. It is on the southern sde of the fault and on a clayey soil. The
accderations are shown in Figure. 4.8. The maximum acceleration is over 612 cm/s” and
predominant period is about 0.8 seconds. The maximum velocity is briefly estimated as 80 cn/s.
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Figure 4.8 Accedleration records at Tepetarla station measured during 13.9.1999 aftershock by
DAD-ERD

4.4 Surface Fault Trace

Surface ruptures occurred close to known geologica active faults. Figure 4.9 shows the main trend

of the surface fault rupture traces (Gllen and Kalafat 1999 http://kandilli.koc.net/rupture.htm).). The

western end of the surface fault ruptures was observed in Golcik. Figure 4.10 shows the right
latera strike-dip fault of more than 4m in Golcik. The surface fault rupture extends to the Navy
Base in Golclk and goes into the Izmit Gulf. The fault passes through the sea from Golcik and
appears again on the land a Balliskele and extends towards Sgpanca Lake. Figure 4.11 shows
about 2m right laterd displacement near Kullar village. A large displacement can be seen near the
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TCDD Tepetarla dation. Here, rals and embankment of a raillway were deformed by the fault
movement. The fault goes into the Sgpanca Lake and appears in the land near Arifiye as shown in
Figure 4.12. In Arifiye, an over the Trans-European Motorway (TEM) bridge collapsed due to the
fault movement. The eastern end of the fault could be traced as far as the southwest of Duzce.
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Figure 4.9 The main trend of fault bresks (after Gulen and Kdafat 1999)

Fgure 4.10 Faulting in Golcik Fgure 4.11 Faulting in Kullar village

In Golcik, a large subsidence of the ground was observed in wide area. The maximum vertical
displacement was more than 2m and it was caused by a norma fault which was secondarily caused
by the main grike dip fault (Figure 4.13). This might be caused by tensile force caused two stepping
drike-dip faults. However, the direction of the normd fault is varying and any drike dip fault was
not found at the southern end of the norma fault. It is supposed that there may be a large graben
dructures in the Izmit Gulf and that the graben structure is further grew up by this earthquake. This
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triggered a huge dippage of ungtable sediments had dipped down into the graben, resulting high
waves (Tsunami). It can be guessed that a large coastal area of Golcik had subsided for this

reason.

——

sl deb S0 e

Figure 4.12 Faulting in Arifiye Figure 4.13 Normal faulting in Kavakl[l (Gl cik)

4.5 Fault Rupture Mode

Yagi and Kikuchi(1999) have published waveform inverson results on ther web dte
(http:/mwwel c.eri.u-tokyo.ac.jplyuji/trk/izumit.html).  Figure 4.14 shows the fault plane location.
Thetota length of the fault is 105km and gtrike is dmost E-W direction. The fault dip digtribution is
shown in Figure 4.15. The figure shows that mgor dips are concentrated in deep portion 0-10km
west from the hypocenter and in shdlower portion 20-35km east from the hypocenter. The
maximum dip was reported as about 7m. The dip duration is estimated about 15 seconds. The large
dip area of this mode seems to be correspond to the area where the surface ruptures were
observed. However, this modd was based on the earthquake ground motion record in far fied.
The detalls of fault rupture mechaniam shdl be carefully studied by using near fidd strong motion

records.

4.6 Strong Motion Simulations
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By udng the fault rupture modd by Yagi and Kikuchi (1999), a near fidd strong ground motion
smulation was carried out. Figure 4.16 shows target sites and Figure 4.17 is the asperity modd for
thesmulation The asperity areais about 22% of tota rupture area and dip contrast is assumed as
2.0(asperity) and 0.72(other). Therisetimeis set as 2.37sec. These vaues are the average rupture
parameters for crust earthquakes given by Somerville et a. (1999). There is no enough information
about sedimentary structure. The shear wave velocity was assumed as 3.5km/s for the rock sites and
1.5kmv/swith 1.0km thickness for the sediment sSites.

Rupture Area

Aftershock (1999/08/17 - 1999/409/17)
Hypocenter: Deprem Arastirma Dairesi (BRDY)

jci=

Figure 4.14 Rupture areaassumed in Yagi & Kikuchi’s solution

The stochastic Green's function method was applied for the smulation. The basic concept of the
method for the smulation is shown in Figure 418 Fird, sochastic wave traces that follow
w’scding law are generated with random phase characteristics [Boore(1983)].  Frequency
dependent radiation patterns, path effectsincluding Q-vaue, the effect of Site responses with layered
sructures are taken into the consderation Green's functions are summed up dong the rupture

propagation, to generate strong ground motion [Irikura(1983)].
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Figures 4.19 to 4.23 show the smulated earthquake ground motions in comparison with the
observed ones. The amplitudes of the smulated ground motions are rather smdler than the
observed. This may result from the lack of the data about the sedimentary structure. However, the
amulated ground motions can mogdly explain mgor characterigtics of the observed records. This

result shows that the strong ground motions can be explained by the average fault rupture modd.

Kocaeli Earthquake-TURKEY
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Figure 4.17 Asperity for Smulations of Ground Maotion
4.7 Conclusons

After the earthquake, a plenty of informatio about the earthquake records and the fault rupture
mechaniam has been published through the web dtes of the Nationa Earthquake Research
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Depatment (DAD-ERD), BolJazigi Universty Kandilli Earthquake Research Inditute, Istanbul
Technicd Universty, Middle Eagt Technicd Universty of Turkey. This is very indructive to
understand the characteristics of the earthquake ground motion  However, from the viewpoint of
srong ground mation estimation, the information was not yet enough to carry out more detalled
andyss. The fallowing further investigations are necessary;,

1) At the strong ground motion observation sSites, soil conditions, geological structures, Site responses
are necessary.

2) Measurements of fault movements and ground deformations are necessary through a detailed field
measurement and aerophotography andyss. Furthermore, ssigmic explorations in the |zmit Bay
and the Sapanca L ake are required.

3) Survey of fault rupture process of the main is essentid to explain observed strong ground motion
records.

4) Survey of ground conditions and geologica sructures isrequired in damaged area and the strong

ground motion should be re-estimated in the area.

Making a small event trace at unit distance
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Figure 4.18 Basic concept of the method for the amulation
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Fig. 4-19(a) Observed wave traces at SKR site
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Fig. 4-20(a) Observed wavetracesat YPT ste
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Fig. 4-20(b) Smulated wavetracesat YPT ste
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Fig. 4-21(a) Observed wavetracesat DZC site
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Fig. 4-21(b) Smulated wavetracesat DZC ste
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Fig. 4-22(a) Observed wavetracesat IZT sSte
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Fig. 4-23(a) Observed wave traces at GBZ dte

Fig. 4-23(b) Smulated wave traces at GBZ dite
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