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ABSTRACT

The October 30,2020 Aegean Sea Earthquake occurred with a magnitude of M6.6 and caused significant
damages across the city of Izmir, Turkey. Specifically, this paper presents the preliminary observation
results based on; ground motion properties, local site conditions, code-based design procedures, and
the structural damage mechanisms. In order to achieve this purpose, critical spectral characteristic
of strong ground motion records were evaluated in advance. Then, the variables given in code-based
design results were investigated based on base shear to structural weight ratio. Local site effects were
considered by comparing the spectral amplitudes obtained for different strong ground motions recorded
from stations with different soil characteristics (i.e. the shear wave velocity (VS30) averaged over top
30m of the soil profile). Primary temporal distributions of recorded earthquake sequences followed by
the mainshock were detailed and the directionality characteristics of the strong ground motion recorded
after the mainshock were summarized. Moreover, observed damage patterns in buildings are discussed
and possible reasons were identified in terms of critical structural properties. Preliminary results

generally represent the effect of local soil characteristics on the amplification of spectral properties.
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2020 EGE DENizi DEPREMi SONRASINDAKI iLK
GOZLEMLER

Ziya MUDERRISOGLU*, Hasan OZKAYNAK**

OZET

30 Ekim 2020 tarihinde Ege Denizi’nde meydana gelen M6.6 biiyiikliigiindeki deprem o6zellikle
Izmir ve gevresinde onemli hasar ve yikimlara neden olmustur. Calisma kapsaminda, yer hareketi
ozellikleri, yerel zemin kosullarinin bina hasarlar1 tizerindeki etkisi, mevcut binalarda kullanilan
tasarim yaklagimlar1 ve yapisal hasar mekanizmalari gibi temel konulara bagli olarak, deprem
sonrasinda gerceklestirilen ilk gozlem sonuglarma yer verilmigstir. Bu amagla, oncelikle kuvvetli
yer hareketi kayitlara ait kritik spektral parametreler belirlenmistir. Farkli yillarda yiiriirliikte
olan tasarim yonetmeliklerindeki esaslar dikkate almarak, tasarim degiskenlikleri taban kesme
kuvveti ile bina agirlig1 arasindaki oran dikkate alinarak incelenmistir. Yerel saha kosullarinin etkisi,
farkli zemin kosullarina sahip (6rn, zemin profilinin ortalama 30m seviyesindeki kayma dalgasi
hizi, VS30) istasyonlardan elde edilen kuvvetli yer hareketi kayitlarina ait spektral biiyiikliiklerin
kargilagtirilmasiyla dikkate alinmustir. Ana deprem sonrasinda belirli bir siire igerisinde bolgede
gozlemlenen deprem serileri incelenmis ve ana deprem kaydina ait yonliilik karakteristigi farkli
periyotlar i¢in incelenmistir. Binalarda meydana gelen hasar dagilimlar iizerine tespitlerde
bulunulmustur. Elde edilen ilk gézlem sonuclari genel olarak, bolgedeki farkli zemin 6zelliklerinin
kuvvetli yer hareketi kayitlarina ait spektral degerlerinde yiikseltgenmelere yol acabildigi

belirlenmis ve binalarda olusan yapisal hasarlarin olasi nedenleri iizerine tartismalara yer verilmistir.

Anahtar Kelimeler: 2020 Ege Denizi Depremi, Yerel zemin kogullari, Kuvvetli yer hareketi kayitlar

*Makale Gonderim Tarihi:23.11.2020 ; Makale Kabul Tarihi :10/03/2021 Makale Tiirii: Arastirma DOI: 10.20854/bujse.829973.
*Sorumlu yazar: Ingaat Miihendisligi Boliimii, Beykent Universitesi, 34398, Istanbul, Tiirkiye
## [ngaat Miihendisligi Boliimii, Beykent Universitesi, 34398, Istanbul, Tiirkiye

44



1. Introduction
The 2020 Aegean Sea Earthquake caused
significant damages and casualties across

the city of Izmir, Turkey (October 30, 2020
11:51:24(UTC)&14:51:24(Local)). The epicenter
of event was announced as the Aegean Sea,
off the coast of Seferihisar (Izmir) [1]. Seismic
details recorded by major networks are provided
in Table 1. Moreover, structural damages and
casualties were recorded in Samos Island [2] and
floods were reported after the earthquake [3]. As
the affected area is located in a high seismicity
region, damaging earthquakes were also recorded
in past years. Major events occurred in last 50
years include the March 28, 1970 M7.0 Kizik-
Cavdarhisar Earthquake, the March 27, 1975 M6.7
Gulf of Saros Earthquake, the December 19, 1981
M7.2 Aegean Sea Earthquake, and the July 21,
2017 M6.6 Gulf of Gokova Earthquake.

Epicenter Information

Magnitude Deoth Reference
(M) o o ep
Lat [°] Lon [°] [km]

6.6 37.8881N 26.7770E 16.5 AFAD[1]!

6.9 37.9020N 26.7942E 12.0 KOERI[4]

7.0 37.9180N 26.7890E 21.0 USGS[5]

7.0 37.9100N 26.8400E 10.0 EMSC[2]*

Note: 'AFAD: Disaster and Emergency Management of Turkey,
*KOERI: Kandilli Observatory and Earthquake Research Institute,
3USGS: U.S. Geological Survey, “EMSC: European Mediterranean
Seismological Center

Table 1: General information about the event

2. Strong Ground Motion Characteristics
Following the October 30, 2020 Aegean Sea
Earthquake, strong ground motion data were
recorded in stations located around the affected
region (Figure 1).

Epicenter Information

Magnitude Depth Reference
(M) Lat [°] Lon [°] [k.l; i
6.6 37.8881N 26.7770E 16.5 AFAD[1]'
6.9 37.9020N 26.7942E 12.0 KOERI[4]*
7.0 37.9180N 26.7890E 21.0 USGS[5]?
7.0 37.9100N 26.8400E 10.0 EMSCI[2]*

Note: 'AFAD: Disaster and Emergency Management of Turkey,
?KOERI: Kandilli Observatory and Earthquake Research Institute,
JUSGS: U.S. Geological Survey, “‘EMSC: European Mediterranean
Seismological Center

45

BUJSE
13/2(2020), 43-50 DOI: 10.20854/bujse.829973

10
e 3536-NS
0905-NS
5 —— —-3523-NS
ce 3533-NS

Velocity [cm/s]
(=]

0 20 40 60 80 100

S}

/R (SR 3536-NS

Displacement [cm]
(=]

-1 4 5\4 |
" 0905-NS
-2 — — —-3523-NS
I S S s 3533-NS
0 20 40 60 80 100
Time [s]
<)
Figure 1: Time histories of strong ground

motion records: North-South component of: a)
Acceleration, b) velocity, and c) displacement

Specifically, the peak ground acceleration, PGA
values were evaluated by using the strong ground
motion components of closest stations to epicenter
reported by Disaster and Emergency Management
of Turkey [6] are summarized in Table 2.

Table 2: Spectral values estimated for the 2020

Aegean Sea Earthquake
Sta. PGAlg]  PGV[em/®]  PGD[em] Vso  Ren
Code EW NS EW NS EW NS [ms] [km
0905 015 018 887 783 225 150 369 4295

3523 007 008 498 571 143 193 414 4894

3636 008 005 871 531 2.14 1.88 1141 3475

3533 0.05 008 594 551 1.89 231 415 5138
The pseudo spectral accelerations (PSAs)

recorded during the October 30, 2020 Aegean Sea
Earthquake evaluated via using the data obtained
from database [6] (Figure 2). The amplifications
effects could apparently be seen especially from
0905 station.
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Figure 2: Pseudo spectral acceleration

In order to compare the design spectra (i.e. Specification
for Buildings to be Built in Seismic Zones [7], and
Turkish Seismic Design Code [8]) and the strong ground
motion characteristics, Figure 3 is provided as below.
Accordingly, the geometric mean of two perpendicular
components of strong motion record having the highest
PGA value (ie. 0.183g-NS-0905, [6]) is taken into
account. As the shear wave velocity, VS30 averaged
over top 30m of the soil profile is provided as 369nvs,
design spectra are created for related site properties. It
should be noted that the spectral values of earthquake
recorded from 0905 station is much more lower than
the proposed design spectra. Moreover, higher spectral
values were estimated in between the range of 0.2~0.5s,
roughly.
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Figure 3: Comparison between the Turkish Design
Spectra of [7], [8], and the pseudo spectral acceleration

To assess the effects of local site conditions on the
affected regions across the city of Izmir, spectral
acceleration characteristics recorded at different stations
located near the related regions are estimated (Figure
4). Specifically, pseudo spectral accelerations obtained
from the database of nearest stations [6] to the highly
affected regions are considered (ie. Station 3513
for Bayrakli, and Station 3522 for Bornova). Local
site characteristics of related stations are identified in
terms of VS30 values that are reported as 196m/s and
249m/s for stations 3513 and 3522, respectively [4].
Here, the largest pseudo spectral acceleration values
are approximately recorded between 0.25~1.2s. As this
range corresponds to the fundamental vibration periods
of buildings having 3 to 12 stories, significant damages
in the related region were observed for such buildings.
Moreover, amplification for spectral values recorded in
related regions are observed for lower values of shear
wave velocity, V, averaged over top 30m of the soil
profile.
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Figure 4: Comparison between the Turkish Design
Spectra of [7], [8], and the pseudo spectral acceleration:
a) Station 3513, b) station 3522
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3. Seismic Activity after the Mainshock

Following the October 30, 2020 Earthquake, several
earthquakes occurred in the affected region. Seismic
activity recorded within a time interval of eight days
started from the mainshock event is considered (Figure
5a). Earthquakes recorded within 100km from the
epicenter are taken into account based on a method
proposed by [9]. Earthquakes with a magnitude range
of 1~52 were recorded for the region of interest.
Moreover, the spatial distribution of recorded seismic
sequences is also plotted based on the depth of events
(Figure 5b). This figure illustrates that shallow seismic
events were observed following the October 30, 2020
Aegean Sea Earthquake.

Directionality characteristics of 2020 Aegean Sea
Earthquake is investigated by using the strong ground
motion record obtained from AFAD database [6].

Depth [km]

38

3 26
Latitude [°]

27
37 28 Longitude [°]

b)

Figure 5: a) Seismic activity after the mainshock event,
b) spatial distributions of seismic events

In Figure 6, seismic demand along various directions
recorded during the October 30, 2020 Earthquake at
station 0905. It is seen that the seismic demand varies
for different directions. Specifically, as the maximum
seismic demand evaluated along 34° azimuth (ie.,
T=04s) is approximately 1.6 times greater than that
seismic demand of 95° azimuth (i.e. 0.18g), this case
indicates that the record of interest is polarized for
related period value. In case of a detailed investigation
on directionality characteristics of records obtained from
the stations that are close to the affected area, the reasons
of potential damage mechanisms of buildings could be
identified. Accordingly, level of potential damages
might be increased in case of selecting the weak axis of
buildings to be located along the peak seismic demand
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directions. Besides this, the general characteristics of
polarity of a strong ground motion record may vary for
different period values. For instance, pseudo spectral
acceleration based seismic demand of same record
obtained for the natural vibration period of 0.1s indicates
an unpolarized behavior as the maximum demand is
roughly observed along different directions.
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Figure 6: Directionality characteristics of strong ground
motion record from 0905 station

4. Damage Observations

Depending on the October 30, 2020 Aegean Sea
Earthquake, several buildings located around the city of
Izmir were strongly affected. A catastrophic scene from
the site is given below in Figure 7.

Following the valuable investigations and observations
from the site (ie., Figs 8 and 9), common reasons
for damage patterns are reported by different utilities
summarized as follows:

- Inadequate level of engineering and surveillance
services,

Figure 7: Life area served by a single refrigerator
coincidently
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- Damages due to material characteristics (e.g.,
inadequate strength of concrete and reinforcement
materials),

- Irregular structural systems (e.g., soft-story and/or

weak-story mechanisms),

- Secondary retrofitting or modifications in structural
systems without taking into account current codes,

- Effect of local soil conditions,

- Deficiencies in application of structural details at site,
- Removal of infill walls.

Figure 8: Collapse mechanism observed at the site
(Photo from [10])

Figure 9: Partial collapse mechanism observed at
the site

In addition to the given items above, differences in
the design base shear to weight of building ratio are
evaluated to compare the variabilities in seismic codes
available for different years. Specifically, Turkish
Design seismic codes of [11], [12], [7], and [8] are
considered for a building with a natural vibration period
of T1=0.5s which corresponds to a 5-story building is
considered to be located at one of the highly affected
sites (i.e. station 3513) (Figure 10).

Moreover, the selected scenario building is assumed
to be constructed as a high ductile type building (i.e.
connection details are compatible with related codes and
well-practiced) and available seismic maps of zones are
taken into account for the years of interest.

2018
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Year

1975
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Figure 10: Design base shear factors

As seen from Figure 10, design base shear coefficients
are observed to be increased for selected conditions in
years. Due to advances in seismic investigations and
codes, more detailed analysis and procedures have been
proposed for following years. Moreover, related factors
are affected based on revisions in seismic-zone based
definitions (i.e., affected zone is considered to be located
at seismically active zone). This case also indicates the
importance of taking into account the proposals and
details available in current seismic design codes.

5. Conclusions

In this paper, preliminary observation results and
discussions based on the October 30, 2020 Aegean Sea
Earthquake are presented. For this purpose, general
characteristics of strong ground motion records are
illustrated and possible reasons of damage mechanisms
detected at site are identified. Following items can be
concluded based on preliminary observation results:

- Spectral characteristics of recorded strong ground
motion records (i.e. pseudo spectral acceleration values)
are considerably lower when compared to those spectral
values of code-based seismic design spectra.
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- Recorded pseudo spectral acceleration values are
observed to be amplified at different locations due to
local soil characteristics (i.e. VS30 values).

- Strong ground motion records are expected to be
polarized for different natural vibration periods.

- The observations of different utilities for the
possible reasons of total collapse and partial damages
were reported as; inadequate level of engineering
and surveillance services, low quality of material
characteristics, irregular structural systems,
modifications in structural systems without considering
the current codes restrictions, effect of local soil
conditions, deficiencies in application of structural
details at site, and removal of infill walls.
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