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Abstract: Two major earthquakes of 7.7 and 7.6 magnitudes hit a large region east-south of Tiirkiye on the
same day. The first 7.7 Mw earthquake occurred in Pazarcik, Kahramanmaras on the 6™ of Feb 2023 followed
by an earthquake of 7.6 My in Elbistan, Kahramanmaras after 9 hours. Thousands of buildings collapsed in ten
provinces in Tirkiye and caused thousands of life losses and injuries. More than 14 million people were
affected, and a lot of people lost their homes which makes the two major events the worst natural disaster of the
century. This paper presents site observations on the seismic performance of the buildings in Hatay province
which was the most affected city by these earthquakes. Site observations indicate that most of the collapsed
buildings are old building stocks constructed before 1999 and collapsed in a pancake failure mode which
increases life losses. In general, newly constructed buildings that were designed according to the new Turkish
earthquake design code show good seismic performance. Reasons for failures and failure modes of old and new
buildings were investigated.
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1. Introduction

Unfortunately, major earthquakes cause deaths and economic losses. In 1995 Hanshin-Awaji
Earthquake hit Japan’s second-largest urban area Hanshin, causing 5,000 deaths, 25,000 injured, and
about 300,000 homeless [1]. More than 50,000 buildings were destroyed, and the earthquake caused
economic losses of about 100 billion dollars. In 1999, a catastrophic earthquake of 7.6 magnitude hit
Kocaeli Province in Turkey, causing about 18,373 deaths, 43,953 injuries, and 127,251 building
damages [2, 3]. In 2004, a 9.1 Mw earthquake struck the west-northern coast of Sumatra in Indonesia.
The earthquake causes massive tsunami waves up to 30 m high killing about 227,898 people in 14
countries. The earthquake damage level was very large, and it destroyed more than 220,000 human
fatalities, 139,000 houses, 73,869 hectares of agricultural lands, 2,618 kilometers of roads, 3,415
schools, 13,828 fishing boats, 119 bridges, 669 government buildings, 517 health facilities, 1,089
worship places, 22 seaports, and 8 airports [4]. Furthermore, in 2011 the great east Japan Earthquake
causes more than 19,729 deaths, and 6,233 injured. Approximately 122,000 buildings totally
collapsed, and about one million buildings suffered severe and partial damage. The total earthquake
damages cause about $154 billion in economic losses [5]. Recently in 2011, seven earthquakes with
a magnitude of 7 or above occurred in Asia causing damage and life losses.

Tiirkiye is located in a high seismic region affected by relative motions between African, Arabian,
and Eurasian tectonic plates. North Anatolian Fault Zone (NAFZ), East Anatolian Fault Zone
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(EAFZ), and SE Anatolian Thrust Zone are active fault segments in Tirkiye as it is shown in Fig. 1
[6, 7]. All these active faults cause short time intervals of intensive damage in Tiirkiye earthquakes.
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Figure 1. Active fault segments in Tiirkiye [7]
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Figure 2. Locations of the earthquakes and the affected ten neighboring provinces [9]

Dipkarpaz

For investigating and real-time monitoring of the seismic activity of Tiirkiye, the Turkish Ministry of
Interior Disaster and Emergency Management Presidency (AFAD) operates seismic stations
countrywide. Two major earthquakes of 7.7 and 7.6 magnitudes occurred in Kahramanmaras in the
east and south of Tiirkiye on the same day. The earthquakes were generated due to the East Anatolian
Fault seismic activities and they were recorded by AFAD seismic stations. Furthermore, nine
neighboring provinces of Adiyaman, Kilis, Osmaniye, Gaziantep, Malatya, Sanliurfa, Diyarbakir,
Adana, and Hatay were also highly affected by the earthquakes. The first 7.7 Mw earthquake occurred
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in Pazarcik, Kahramanmaras on the 6th of Feb 2023, and after about 9 hours, an earthquake of 7.6
Mw occurred in Elbistan, Kahramanmaras. The locations of the earthquakes and the affected ten
neighboring provinces are shown in Fig. 2. Thousands of buildings collapsed in the ten Turkish
provinces and caused thousands of life losses and injuries. More than 14 million people were affected
and a lot of people lost their homes as a result of the two major disasters of the century. Authorities
declared these earthquakes as a major disaster and call for international rescue. According to the
official reports, 40,689 people have lost their lives and more than 100,000 people have been injured.
216,347 people have been evacuated from quake-hit areas. These numbers still keep increasing since
the operations are being continued at full speed [8]. Hatay is one of the provinces that is most affected
by earthquakes. Many buildings collapsed in Antakya. In this research site, observations and
evaluation of the time history records of the earthquakes were analyzed to investigate reasons for
failures and failure modes of old and new buildings in Hatay cities (i.e., Antakya and iskenderun
cities).

2. Earthquake Records

At 01.17 UTC (04.17 local time), the 7.7 Mw earthquake occurred in Pazarcik, Kahramanmaras at a
depth of 8.6 km. After about nine hours, at 10.24 UTC (13.24 local time), the 7.6 Mw earthquake
occurred in Elbistan, Kahramanmaras at a depth of 7 km [9].

The 7.7 Mw earthquake time history records for 3123 Antakya and 3112 Iskenderun stations are
shown in Figs. 3 and 4, respectively. As it is shown in Fig. 3 for Antakya, the earthquake lasted longer
than one minute, and the east-west (EW) peak ground acceleration (PGA) value reached about 800
cm/s? which is 0.8 g.
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Figure 3. 7.7 Mw earthquake time history ground acceleration records at Hatay Antakya [9]

As seen in Fig. 4, the earthquake also lasted longer than one minute, and the east-west (EW) peak
ground acceleration value reached approximately 200 cm/s? which is 0.2 g for Iskenderun.

While comparing the PGA values of the earthquake for the two cities, it is clearly seen that the
acceleration value of Antakya was more than 4 times higher than Iskenderun.

PGA values at different locations in Antakya and Iskenderun cities were measured by AFAD seismic
station and presented in Fig. 5 and Table 1. It is understood from the figure that, in Antakya city
center, the PGA is very high with a value more than the value of the acceleration of gravity (that is
more than one g), and the average value of the PGA in Antakya is about 0.86 g. Previous studies
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showed that most of the settlements are located on the softest and soft soils [10]. Thus, these high
PGA values occur due to the soft soil conditions which amplify the seismic waves.

200

150

100

cmfsnd
=]

— 100

—150

—200

O1:18

EW

cm/sn?

o119

200

150

100

S0

—50

=100

—150

O1:18

NS

o119

Figure 4. 7.7 Mw earthquake time history ground acceleration records at Hatay Iskenderun [9]
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Figure 5. PGA values of all stations for 7.7 Mw earthquake (AFAD)

Table 1. PGA values of the stations located in Antakya and Iskenderun for a 7.7 M earthquake

Antakya Iskenderun
Station code PGA (cm/s?) Station code PGA (cm/s?)
3123 868 3112 172
3126 1211 3115 286
3129 1353 3116 168
3131 366 3117 1111
3132 515 Average 434
Average 863
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Furthermore, in Iskenderun, the average PGA value in most locations is about 0.2 g except in one
location which is close to the highway road with a PGA of about 1.1 g. In addition, at this location,
most of the damage occurred and this is the result of the soft soil condition there. In iskenderun,
locations near the seaside have PGA with 0.17 g, and that’s why there is only minor damage, or no
damage appeared at the buildings.
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Figure 6. Two examples of PGA values, (a) 3123 Antakya and (b) 3112 Iskenderun stations

Fig. 7 shows the PGA values of all stations for the second earthquake which occurred at 13.24 local
time. The fault line of that earthquake does not pass from Antakya. Therefore, the PGA value in
Antakya is very low, measuring about 26 cm/s?.
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Figure. 7. PGA values of all stations for 7.6 Mw earthquake (AFAD)
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Fig. 6 shows the PGA values for 3123 Antakya and 3112 Iskenderun stations. It can be said that PGA
values at Antakya are about four times higher than PGA values in Iskenderun. Thus, the level of
damage and number of buildings that collapsed in Antakya is about three or four times higher than
the level of damage in Iskenderun.

3. Site Observations and Buildings Damages

Site observations show that the most damaged buildings are two to five stories old RC buildings
constructed before 1999 as it is shown in Fig. 8.

b) floors with different levels, pounding, and loss of bond between concrete and reinforcement bars
Figure 8. An example of old buildings with severe damage or totally collapsed

The main causes of earthquake damage to these old buildings are having very low-quality concrete,
poor reinforcement detailing, poor workmanship in concrete work, and deficiencies in the structural
system (Figs. 8a and 8b). Some of these old buildings were constructed very close to each other
without paying attention to floor diaphragm levels even for adjacent buildings, that’s why they
suffered pounding as it is shown in Fig. 8b. The lateral load structural systems of these buildings are
generally RC frames with very low rotational ductility. Brittle partitioning walls in these buildings
were damaged during the earthquake because they are not flexible to match the relatively big story
drifts. Furthermore, local failures in beam-column connections and buckling of reinforcement bars,
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lack of adequate development lengths, and loss of bond between concrete and reinforcement bars
were observed in these buildings (Fig. 8b).

Fig. 9 shows a comparison of old and new buildings at the same site under the same soil condition.
While old buildings collapsed, minor damage was observed in the new buildings in some areas.

‘a-‘.hs;"

mw

d building

Figure 9. The newly constructed buildings compared to the old buildings

Some examples of new buildings are shown in Fig. 10. Most of the new buildings show good seismic
performance with no damage or minor damage as seen in Fig. 10.

Fig. 11 shows examples of some new buildings with moderate and severe damage. Although these
buildings have moderate and severe damage, they did not have pancake failure mode as it is shown
in Fig. 11.
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Figure 11. Damaged new buildings without pancake failure mode

Buildings with RC shear walls show good performance even if they are old buildings as it is shown
in Fig. 12.
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Non-structural b

Figure 12. An example of a building with RC shear walls

TOKI buildings constructed by the “Ministry of Environment, Urbanization, and Climate Change” in
Iskenderun show good seismic performance with minor or no damage. The structural system of TOKI
company buildings is RC shear walls system, and the buildings were constructed on regions of stiff
soils or rock soils (Fig. 13).

Figure 13. TOKI buildings in Iskenderun without damage

In some locations in Iskenderun city, the earthquake causes soil liquidation which leads to buildings
and road settlements as in is shown in Fig. 14.
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Figure 14. Examples of soil liquefaction in Iskenderun city

4. Conclusions and Discussion

In accordance with the site observations in iskenderun, about 25% of the buildings get moderate and
severe damage and 75% of them survive with minor damage. Most damaged buildings are old
buildings and 15% of the damaged buildings were newly constructed and they get failure. The cause
of failure of these new buildings has occurred due to design mistakes or poor control of construction
materials and construction details. Old hospitals without seismic isolation systems got damaged, and
newly constructed hospitals with seismic isolation systems survive without any damage.

According to the PGA values observed in Antakya and Iskenderun, the following results can be
obtained:

e PGA average value in Antakya is about 0.86 g. These high PGA values occurred due to the
soft soil conditions which amplify the seismic waves.

e In iskenderun, the average PGA value in most locations is about 0.2 g except in one location
which is close to the highway road with PGA about 1.1 g. At this location, most damage
happened due to the soft soil conditions.

e Only minor damage or no damage was observed on buildings located near the sea cost in
Iskenderun is related to the considerably low PGA value of 0.17 g at that location.

e PGA values at Antakya are about four times higher than PGA values in Iskenderun. It explains
the higher level of damage in Antakya compared with iskenderun.

In addition to the results obtained from PGA values, it is observed that most of the collapsed buildings
during the Kahramanmaras earthquakes are old building stocks constructed before 1999. Most of the
collapsed old buildings collapsed in a pancake failure mode and this caused thousands of life losses
and injuries. The reasons for failures are having very low concrete quality, buckling of reinforcement
bars, lack of development lengths, and loss of bond between concrete and reinforcement bars.

Buildings with RC frames and shear wall structural systems withstand earthquake effects with minor
or moderate damage. It is related to the existence of RC shear walls with good concrete quality. New
buildings constructed after 1999 and designed according to the new Turkish seismic code [11] show
good seismic performance and withstand earthquake effects with minor or moderate damage.
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However, some of these buildings also collapsed. The collapsed new buildings should be investigated
in detail in order to understand the reason for the collapse. Hospitals with seismic isolation systems
show good performance during the Kahramanmaras earthquakes with no damage. The region was hit
by two major earthquakes on the same day. Hence, it is fair to say that some of the collapsed buildings
withstand the first earthquake, then collapsed in the second earthquake. To prevent loss of lives and
injuries in future earthquakes, there is an urgent need to strengthen or renew all existing old building
stocks in Tirkiye. On this issue, it is recommended that administrative authorities should cooperate
and take all precautions to develop regulations between the counterparts of the problem.
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