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On 24th and 26th September2019, two earthquakesof Mw=4.5 and Mw=>5.6 respectivelytook place
In the Marmara Sea They were associatedwith the Central Marmara segment of the North
Anatolian Fault Zong which is pinpointed by severalinvestigatorsas the most likely segmentto
rupture in the nearfuture givingway to an earthquakelargerthan M7.0. Both eventswere felt widely
In the region TheMw=5.6 event,in particular,led to a numberof buildingdamagesn Istanbul,which
were larger than expectedin number and severity There are several strong motion networks in
operationin and around Istanbul We havecompileda data set of recordingsobtainedat the stations
of the Istanbul Earthquake Rapid Responseand Early Warning operated by the Department of
EarthquakeEngineeringpf BogazicUniversityand of the NationalStrongMotion Network operatedby
AFAD It consistsof 148 three componentrecordings,in total. 444 recordsin the data set, after
correction, were analyzedto estimate the source parameters of these events, such as corner
frequency, source duration, radius and rupture area, averagesource dislocation and stress drop.
Duration characteristicsof two earthquakeswere analyzedfirst by consideringP-wave and Swave
onsetsand then, focusingon Swave and significantdurations PGAs PGVsand SAswere calculated
and comparedwith three commonlyusedground motion prediction models(i.e Booreet al., 2014
Akkaret al., 2014andKaleet al., 2015. FinallyfrequencydependentQ modelswere estimatedusing

the datasetandtheir validitywasdiscussedoy comparingwith previouslydevelopedmodels
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Esvgz, 1. OBJECTIVE
The most seismically
active and rapidly
deforming regions
within the continents,

Expected destructive
EQ with a larger
magnitude in the region,

These
Important
facts shows

the necessity
One of the largest of the

earthquake hitting the
Ks t a nplourice after
1999 EQs (M,~=7.4 &
7.2),
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Source Modifiedfrom TaymazT. et al., 2007. u Understand”']g the |n the reg|on .
Summary sketch map of the faulting in the potential hazard and
Turkey and direction of plate movements. risk that a major

earthquake may cause in
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Il. CHARACTERISTICS
'OF THE DATABASE

1. Earthquake Information

2. Data Compilation and
Processing
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Moment Magnitude (M) 4.5 (KOERI) / 4.6 (AFAD) 5.6 (KOERI) / 5.8 (AFAD)
Local Magnitude () 4.7 (KOERI) 5.7 (KOERI)

Earthquake Depth (km) 9.8 (KOERI) / 5.91 (AFAD) 12.3 (KOERI) /7.97 (AFAD)

Focal Mechanism Strike Slip Dominant Thrust Dominant
11:00:21 KOERI) /11:00:2AFAD) 13:59:24 (KOERN3:59:25(AFAD)

Off the coast obilivri Off the coast obilivri
(Sea of Marmarp (Seaof Marmara)

Earthquake Location
40.8785 N / 28.2090 E (KOERI) 40.8823 N / 28.2095 E (KOERI)

Epicenter Coordinate 40.88360 N/ 28.216 E (AFAD)  40.8818N / 28.214E (AFAD)
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ESuzzz Il DATA COMPILATION & PROCESSING &5t 4

DataCompiIation 148

N three componentrecordings:
(444 in total)obtained at the?
stations ofthe;

“ U IstanbulEarthquake Rapict

,7 » <
o '.j; . % % *
mq:" 3] ;. PO o Z

& TR ,,;,;;I%é“' % °dzf\"‘*“ =N Response and Early

o
Y

_— WY vk S ¢l Warning operated by the

V V\,’:f’ s )

@)Eﬁiﬁ&iﬁfer | B% MR | Department of
VAN Earthquake Engineering

M 7/ September 8 e

ki Py YAE@"* ®| BogazicUniversity
v|ERRStati0nS} KOERI Marmara Sea A, z * . (lERRS &IEEWKOERI

YV |IEEWSbtation ) - .
W AFADStations Do, o R B u Na'[lona|Stl‘0ng MOtlon
M,,=5.6EarthquakeEpicenter . L A

e et = Network operated by

L © M,,=4.5EarthquakeEpicenter — i S R |
\ (2V4Vog 2019) G ; 5 ' e AFAD
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and high&low passfiltering by individual visualinspection
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Corner frequency
(Andrews, 1986)

Radiuses of the seismic sourcesy Averagesource Source duration
(Brune, 1970) and thecircular dislocationd, (Boatwright and Choy
rupture plane area** : U 1992; Boore, 1983):

® X C

l "0 Mo "I op oM A

1 do- lfﬂ ’

Satic stress drop

(Keilis-Borok, 1959)
My=45 ¢8 w?A0.8(N0.34) 1.58 7.84 0.08 1.25 7.2

X0
P o

3\‘”

My,=5.6 o8 1T ®A 059 (\D.3) 2.15 1452 236 1.69 151.8

‘KOERIRETMC(2019a & 2019b) | = Qustalshear wavevelocity, (RETMC personal communication2018)

Rupture areas (A)are calculated also with empirical source scaling relationships developed by Wells and Coppersmith (1994) and
Thingbaijamet al. (2017),

4.27 kn? (M ,~4.5) & 31.48 kn¥ (M,,=5.6) Wells and Coppersmith (1994)

5.66km? (M ,~4.5) & 7.13km? (M ,~=5.6) Thingbaijamet al. (2017)

The average source dislocatiomelationships of Thingbaijamet al. (2017) yield, 0.03 m (M,,~4.5) & 0.23 m (M,,,=5.6)

The calculated stressdrop for the M,,=5.6 event is exceptionally high. Some rare, very high valuesare also observedin somethrust

dominated faults and in shallow earthquakesin the past (Allmann and Shearer,2009).
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IV. ESTIMATED

DURATION PARAM ETERS

1. Duration of S-Waves

2. Significant Duration
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IV. 1 DURATION OF S- WAVES

Durations of hand-picked Swave windows are discussed in

terms of their source and path components gs
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DSwave= I:)source'H:) path — I:)source'|' cpath X I:\’hyp
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The path component of Swave
durations is modelled linearly as
0.1PR,,, for California, in seconds
(Kishida et al. 2016). 0.1 in this
expression matches well with the
path components of our models,
which are 0.08 (£0.02) and 0.13
(50.03). In Kishida et al. (2016),
source durations for events with
magnitudes of M,, 45 that
occurred in Greeceis suggestinga
10-second source duration, while
our estimations are much smaller.
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- Significant duration is the b time interval acrosswhich a certain o UD Component  My~=4.5 event
amount of energy is dissipated. Arias (1970) usedthe integral of 5 F'-o% of Sanifcant Durator

= the square of the ground accelerationto represent energy,known  _ - : §o/:-175% of Significant Duration 1
a asAriasIntensity (1 ,), s - :
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V. VARIATION OF GROUND
MOTION PARAMETERS
WITH DISTANCE

| 1. Procedure Scheme

2. Variation of Peak Ground Motion Parameters

3. Variation of Spectral Accelerations
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ESvsz V. 1 PROCEDURE SCHEME
PRELIMINARY PROCESS NEEDED &ASSUMED PARAMETERS

Momentmagnitude(M,,):4.5 and 5.6 by KOERI
Strong GroundMotion DataCompilation Distance(R).Rjg R

strike-slip for M,=4.5
Faulttype (50 eyerse for M,,=5.6

Processing of Time Histories _
(EW & NS Records) Averageshearwavevelocity (V.;,) 550 m/sec

RegiomTurkey in BSSA4 and KAAHL5

CALCULATION OF COMMONLY USED

NEEDED PARAMETERS . ELET
FOR PROCESSED o posrect an,
FOR PROCESSEL i Akkaret al,, 2014 (ASB14)

U Kaleetal., 2015 (KAAH1)

Calculated Parameters

-Geometricalmearr

H
Q ~ Ve Ve
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V. 2 PEAK SGM PARAMETERS-M ,=4.5
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ESuszn V. 2 PEAK SGM PARAMETERS-M,,=5.6
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