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Preface 

The February 6, 2023, Kahramanmaraĸ earthquakes, affecting a total of eleven provinces, deeply 

affected us all. I write to you today with a heavy heart, as our thoughts and prayers are with our 

people in the aftermath of the devastating earthquakes that struck the country on February 6. The 

earthquakes, which measured moment magnitudes 7.7 and 7.6 hit the provinces of 

Kahramanmaraĸ, Adēyaman, Hatay, Osmaniye, Gaziantep, Kilis, ķanlēurfa, Diyarbakēr, Malatya, 

Adana, and Elazēĵ in eastern Turkiye, causing significant damage to buildings and infrastructure 

and claiming the lives of dozens of our people. Our deepest sympathies go out to the families and 

loved ones of those who lost their lives or were injured in the earthquakes, and we offer our support 

and solidarity as they begin the long process of recovery. 

 

As a university community, immediately after the earthquakes, Middle East Technical University 

faculty members and staff set out to conduct research in the region. Teams from Middle East 

Technical University (METU), consisting of experts in fields such as civil engineering, geology, 

architecture, city planning, etc., have initiated to perform preliminary reconnaissance studies in 

the cities of the region with the collaboration of experts of diverse fields from other university 

members and institutions. We encourage our faculty, staff, and students to join us in these ongoing 

efforts and to consider how they can contribute their skills, expertise, and resources to help those 

affected by the earthquakes. 

 

At times like these, it is important to remember the strength and resilience of the human spirit, and 

the power of individuals and communities to come together. We are confident that the people of 

the region will overcome this tragedy, and we stand with them in their efforts to rebuild and 

recover. 

 

Sincerely, 

 

 

Prof. Dr. Mustafa Verĸan Kºk 

President, Middle East Technical University 
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1. 1.  Introduction 

On February 6, 2023, at 04:17 (01:17 GMT), a moment magnitude (Mw) 7.7 (AFAD, Disaster, and 

Emergency Management Presidency www.afad.gov.tr), earthquake occurred on the East Anatolian 

Fault. The epicenter of the Pazarcēk-Kahramanmaraĸ-T¿rkiye Earthquake is located at N37.288Á, 

E37.043Á and approximately 40 km north-west of Gaziantep, and 33 km south-east of 

Kahramanmaraĸ, with a focal depth of 8.6 km (AFAD).  

Following the first event, approximately 9 hours later, at 13:24 (10:24 GMT), an Mw 7.6 

earthquake at Elbistan-Kahramanmaraĸ-T¿rkiye shook the region again. The epicenter of the 

second event is located at N38.089Á, E37.239Á, approximately 98 km north-west of Adēyaman, and 

62 km north-east of Kahramanmaraĸ, with a focal depth of 7.0 km (AFAD). Both events took place 

on the East Anatolian Fault Zone (EAFZ), one of T¿rkiye's two major active fault systems. Figure 

1.1 presents the locations of the epicenters. 

  

Figure 1.1. Map of T¿rkiye (Google Maps). The epicenter of the February 6, 2023, 

Kahramanmaraĸ-Pazarcēk (Mw=7.7) and Kahramanmaraĸ-Elbistan (Mw=7.6) Earthquakes are 

shown with white pins. 

2023 Kahramanmaraĸ-

Pazarcēk (Mw=7.7) 

Earthquakes 

2023 Kahramanmaraĸ-Elb stan 

(M
w
=7.6) Earthquakes 

http://www.afad.gov.tr/
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The magnitude, depth, and source characteristics of these events are summarized in Tables 1.1 and 

1.2, as reported by different national and international agencies. Consistent with the characteristics 

of the East Anatolian fault (EAF), the fault mechanism of the earthquakes is left-lateral strike-slip. 

T

a

b

l

e

 

1

.

. Characteristics of Mw=7.7 Kahramanmaraĸ-Pazarcēk Earthquake 

Institution Focal Mechanism Depth (km) MW 

AFAD1 

 

8.6 7.7 

KOERI2 
 

10 7.7 

USGS3 

 

17.9 7.8 

EMSC4 

 

10 7.7 

1Turkish Prime Ministry-Disaster and Emergency Management Presidency 
2Kandilli Observatory and Earthquake Research Institute 
3United States Geological Survey 
4European Mediterranean Seismological Centre 

Table 1.2.  Characteristics of Mw=7.6 Elbistan Earthquake 

Institution Focal Mechanism Depth (km) MW 

AFAD1 
 

 

7 7.6 

KOERI2 
 

10 7.6 

USGS3 
 

10 7.5 

EMSC4 NAV 10 7.5 

1Turkish Prime Ministry-Disaster and Emergency Management Presidency 
2Kandilli Observatory and Earthquake Research Institute 
3United States Geological Survey 
4European Mediterranean Seismological Centre 

Both events mostly affected the cities of Kahramanmaraĸ, Adēyaman, Hatay, Osmaniye, 

Gaziantep, Kilis, ķanlēurfa, Diyarbakēr, Malatya, Adana, and Elazēĵ with residents of over 15 

million. The events caused significant shaking and damage. As of 18.02.2023, the total number of 

causalities exceeded 40,000, and 110,000 were injured. More than 100,000 buildings collapsed or 

were heavily damaged.  

A total number of 7451 aftershocks were recorded in the region as of 18.02.2023 within 200 km 

epicenter distance. 433 number of these aftershocks have magnitudes exceeding Mw 5.0 and 6.0, 

respectively. A total of 280 strong-motion stations, operated by AFAD, within 436 km from the 

zone of energy release, successfully recorded the February 6, 2023, Pazarcēk-Kahramanmaraĸ 
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(Mw=7.7) earthquake. The maximum peak ground acceleration (PGA) was reported as 1.23 g at 

Station 3126: Antakya. A total of 244 strong-motion stations, operated by AFAD and located within 

445 km from the zone of energy release, recorded the second earthquake shaking. Similarly, the 

maximum PGA was reported as 0.65 g at station 4612: Kahramanmaraĸ Gºksun. These aftershocks 

are also shown in Figure 1.1 along with the active fault lines and zones. A more detailed discussion 

regarding strong ground motion records is available in Chapter 3. 

In response to the event, as part of the reconnaissance studies, the members of Middle East 

Technical University, Earthquake Engineering Research Center were mobilized to the region. 

These ongoing reconnaissance studies have covered an area of approximately 450 km by 100 km,  

including the mostly affected cities in T¿rkiye. The objective of this preliminary reconnaissance 

report is to share the effects of the event on the natural and built environment.  

The first team accessed the area on February 7, the next day after the events, to collect and 

document perishable data in the form of structural damage, fault rupture, ground deformations, 

liquefaction manifestations, possible failure or non-failure performances of soil and rock slopes, 

buildings, retaining structures, ports, roads, bridges, airports, lifelines, hydraulic structures, and 

social impact. More specifically, the subsequent investigative efforts have mostly focused on 

documenting the followings: 

¶ Background information related to the geology and seismo-tectonics of the region and 

geological field observations, 

¶ Seismological background and processing of strong ground motions records, 

¶ Detailed field reconnaissance information, 

¶ Performance of residential structures, 

¶ Performance of transportation systems including airports, railways, highways, 

¶ Performance of bridges and tunnels, 

¶ Foundation performance of buildings, 

¶ Information on soil and rock slopes, seismic soil liquefaction manifestations, rockfalls, 

earth dams, harbors, lifelines, ports, deep excavations, retaining structures, industrial 

structures, 

¶ Tsunami effects, 

¶ Emergency response and community impact, 
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The preliminary reconnaissance findings regarding all these will be presented next. The opinions 

and conclusions presented in the report are the responsibility of the individual chapter authors and 

do not necessarily reflect the views of the entire report or the organization publishing it. A more 

detailed presentation of these findings will be available as part of the final reconnaissance report.  

As the authors, we are deeply sorry for the loss of lives and injured citizens. We would like to 

convey our deepest condolences to the relatives of those who lost their lives during these events. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Prel m nary Reconna ssance Report on 

February 6, 2023 Kahramanmaraĸ-Pazarcēk (Mw=7.7) and Elb stan (Mw=7.6) Earthquakes  

 

17 
 
METU - Earthquake Engineering Research Center 

Center 

 

 

 

 

 

 

Chapter 2.   

Regional Tectonics and Seismic Source 
By:  

A. Arda ¥zacar(a), Bora Uzel(b), Erdin Bozkurt(a), Taylan San­ar(c), Ey¿p Sopacē(a), Nuretdin 

Kaymak­ē(a), Bora Rojay(a), Zeynep G¿lerce(d,*), Cem Kēncal(b), Laura Gregory(e). 

(a) Middle East Technical University, Geological Engineering Department, Ankara, 

Türkiye 

(b) Dokuz Eylul University, Geological Engineering Department, Izmir, Türkiye 

(c) Munzur University, Geography Department, Türkiye 

(d) Middle East Technical University, Civil Engineering Department, Ankara, Türkiye, 

currently in International Atomic Energy Agency (IAEA, Vienna) 

(e) University of Leeds, School of Earth and Environment, United Kingdom 

 

 

 

 

 

 

 

 

*This is not an IAEA report and views expressed in any signed article do not represent 

those of the International Atomic Energy Agency and the IAEA accepts no 

responsibility for them. 



Prel m nary Reconna ssance Report on 

February 6, 2023 Kahramanmaraĸ-Pazarcēk (Mw=7.7) and Elb stan (Mw=7.6) Earthquakes  

 

18 
 
METU - Earthquake Engineering Research Center 

Center 

2. 1.  Regional Tectonics 

East Anatolian Fault Zone (EAFZ) is about 450 km long, NE-trending left-lateral strike-slip fault 

system that lies between Karlēova and Hatay (Figure 2.1). The EAFZ is a major plate boundary, 

where the Arabian plate is moving towards the northeast with respect to the Anatolian plate at 

approximately 10-11 mm/yr (¢etin et al., 2003; Reilinger et al., 2006) with a total offset of 15-30 

km (ķaroĵlu et al., 1992; Westaway, 1994; 2003; Rojay et al. 2001; Moreno et al., 2011).  It has 

been mostly neglected because it was seismically quiet for the last several decades. Some studies 

highlighted that this silence may be a manifestation of future events (e.g. Duman and Emre, 2013; 

Yºnl¿ et al., 2013; Mahmoud et al., 2013; Karabacak and Altunel., 2013; Bayrak et al., 2015; 

G¿lerce et al., 2017; Yºnl¿ et al., 2017), its real seismic hazard potential has been seriously 

discussed by a vast of studies after the Mw=6.8 Elazēĵ earthquake in 2020 (e.g. Pousse-Beltran et 

al., 2020; Ragon et al., 2020; Tatar et al., 2020; Akg¿n and Ķnceºz, 2021; Doĵru et al., 2021; 

G¿vercin et al., 2022; Kelam et al., 2022; Akbayram et al., 2022).  

2. 2.  Major Earthquake History 

The historical earthquakes along the EAFZ are partly synchronous, such that some of the segments 

slipped with similar magnitude earthquakes around the 19th century (Duman and Emre, 2013). The 

Mw=7.8Ñ0.1 Pazarcēk and Mw=7.7Ñ0.1 Elbistan earthquakes have occurred on the EAFZ and 

caused devastating effects in the surrounding cities of Kahramanmaraĸ, Gaziantep, Malatya, 

Adēyaman, Hatay and Osmaniye. Based on historical data, fault segments ruptured during this 

earthquake sequence were seismic gaps with tectonic stress accumulating for at least 500 years 

(Ambraseys, 1989; Duman and Emre, 2013). 

2. 3.  Seismic Source 

On February 6, 2023, 01:47 UTC, a large earthquake (Mw: 7.8) occurred near Pazarcēk, 

Kahramanmaraĸ. The event hypocenter is located south of the EAFZ at 37.1123N, 37.1195E 

according to KOERI (Figure 2.1). Moment tensor solution revealed almost pure left-lateral strike-

slip motion on a nearly vertical NE-SW trending fault. According to seismic data, this earthquake 

initiated on a smaller Narlē fault in the south jumped to the north and ruptured the Pazarcēk-Erkenek 

fault segments towards NE and the Amanos segment towards SW with some time delay. This 

earthquake displays directivity effects over the edges of the rupture and discontinuous time 
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evolution along multiple fault segments and thus is a unique example of complex rupture 

displaying multi-event nature. The spatial distribution of aftershocks indicates that the earthquake 

rupture reached Antakya (Hatay) in the south and come to an end in the north at the P¿t¿rge 

segment close to the Doĵanyol, Elazēĵ earthquake in 2020 (Figure 2.1). The total rupture length is 

just over 300 km with major surface displacements on the order of 3 ï 7 m. Ten minutes after the 

mainshock, a strong aftershock with Mw6.8 occurred just west of the mainshockôs hypocenter, 

which may ruptured the Sal­agºz fault.  

Nine hours later (10:24 UTC), the Elbistan earthquake (Mw7.7) occurred along the ¢ardak-S¿rg¿ 

fault segment, exhibiting a unique example of short-term earthquake triggering. The event 

hypocenter is located south of Elbistan near Ekinºz¿ at 38.0717N, 37.2063E by KOERI (Figure 

2.1). Like the previous event, the moment tensor solution suggested almost pure left-lateral strike-

slip motion. Seismic data indicate that the earthquake initially ruptured the ~E-W trending ¢ardak 

fault which strike more southwards in the west and continued eastward towards Malatya on the 

NE-SW trending Doĵanĸehir fault zone. It is also worth noting that aftershocks on the western 

rupture tip are curving further down towards the south and imply possible activation of faults with 

different orientations (Figure 2.1). The total rupture length is around 160 km with major surface 

displacements on the order of 2 - 8 m.  

2. 4.  Surface Rupture and Geological Field Observations 

Just after the earthquake sequence, surface ruptures were observed and mapped with open-access 

satellite images, aerial photographs provided by the General Directorate of Mapping (T¿rkiye), 

and field studies by geoscientists. Figure 2.2 displays left-lateral offsets observed on the roads at 

G¿zelyurt and Pazarcēk where displacement is about 2.4 m. Figure 2.3 shows displaced railway 

tracks near Ķslahiye along the Amanos segment and 6.7 m left-lateral fence offset documented 

along the S¿rg¿ Segment.  
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Figure 2.1. Examples Seismotectonic map showing rupture planes and aftershocks (taken from 

AFAD) along with global moment tensor solutions of recent major earthquakes. Ruptures are 

numbered in time and arrows indicate the inferred rupture direction of the initial Pazarcēk 

earthquake (Mw7.8) which displays directivity and discontinuous rupture evolution. 

 

Figure 2.2. Photos of 2.4 m road offset near Pazarcēk and 6.7 m fence offset along the S¿rg¿-

¢ardak fault segment (taken by Erdin Bozkurt and Taylan San­ar respectively). 
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2. 5.  Seismic Gaps and Static Stress Changes 

This earthquake sequence displays a great example of short temporal seismic clustering, with two 

large earthquakes occurring closely in space and less than 10 hours apart in time. The estimated 

static stress changes using Coulomb failure along with historical earthquake records can point out 

the fault segments that become closer to failure. After the 2023 earthquake sequence, seismic gaps 

of EAFZ remain along the Savrun, Ceyhan, Kyrenia, T¿rkoĵlu, Karataĸ, and Orontes fault 

segments in the south and on Gºkdere push-up (G¿lerce et al. 2017) located SW of Bingºl in the 

north. Preliminary static stress change calculations indicate noticeable stress increases, especially 

along Malatya, Savrun fault, and Orontes (Antakya) fault segments where tectonic stress has not 

been released by a large earthquake for a long time (Figure 2.3). Unfortunately, this earthquake 

sequence resulted in the greatest seismic tragedy to strike T¿rkiye in several decades, and future 

understanding using further data analysis will be critical for realistic seismic hazard assessment in 

T¿rkiye and worldwide. 

  

Figure 2.3. Coulomb static stress change on the neighboring fault segments after the recent 

earthquake sequence. Calculations were made for left-lateral strike-slip faults using finite fault 

solutions computed by USGS. 
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3. 1.  Introduction 

The mainshocks of February 6, 2023, Mw=7.7 Kahramanmaraĸ-Pazarcēk and Mw=7.6 Elbistan 

earthquakes and their aftershock sequences were recorded in a large region by the strong motion 

stations operated by AFAD (Disaster and Emergency Presidency of Turkiye). The recordings and 

station metadata are disseminated through AFADôs website, soon after both earthquakes (1st event 

at https://tadas.afad.gov.tr/event-detail/15499 and 2nd event at https://tadas.afad.gov.tr/event-

detail/15512, last accessed on February 12, 2023). The reconnaissance team downloaded the raw 

strong motion data immediately after they were available. However, sharing the responsibility of 

providing accurate data sets to the scientific and earthquake engineering community, updates in 

data by AFADôs personnel are being carefully monitored and changes have been implemented in 

this report as much as possible. It is clear that these recordings are currently evaluated by AFAD 

and improvements in data quality are expected in near future. 

The longer version of this mini-chapter with detailed analyses of the full dataset from two events 

can be found at here. In this preliminary report, selected ground motions from the first event are 

presented.  

The data from February 6, 2023 earthquakes were compiled, analyzed for data quality, and 

processed with the procedures given in Akkar et al. (2014). After the visual quality control and 

data processing, 245 recordings from the first earthquake and 244 recordings from the second 

earthquake have remained in the database. Figures 3.1(a) and (b) show the spatial distribution of 

these recordings for both events, respectively. Figure 3.1 also presents the location of the epicenters 

(yellow stars) and the surface projections of the estimated rupture planes for each earthquake (for 

details, please refer to Chapter 2).  

3. 2.  Information on Recorded Strong Ground Motions at Selected Stations 

Peak ground motion amplitudes, significant duration, and Arias as well as Housner intensity values 

of these recordings within RRUP<100km are provided in here. Figure 3.2 display the data from the 

first event at the selected stations which are shown with red triangles in Figure 3.1. The 5%-

damped acceleration response spectra in these figures are compared against the design spectra 

defined in the current seismic code of T¿rkiye (TBEC, 2019) for 475 and 2475-year return periods. 

For the other stations please see here. 

https://tadas.afad.gov.tr/event-detail/15499
https://tadas.afad.gov.tr/event-detail/15512
https://tadas.afad.gov.tr/event-detail/15512
https://eerc.metu.edu.tr/en/system/files/documents/CH4_Strong_Ground_Motion_Report_2023-02-20.pdf
https://eerc.metu.edu.tr/en/system/files/documents/CH4_Strong_Ground_Motion_Report_2023-02-20.pdf
https://eerc.metu.edu.tr/en/system/files/documents/CH4_Strong_Ground_Motion_Report_2023-02-20.pdf
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Figure 3.1. Distribution of the strong motion stations that are located within 200km of the rupture 

plane for (a) Mw=7.7 Kahramanmaraĸ-Pazarcēk and (b) Mw=7.6 Elbistan earthquakes. 

 

Station 2708 is located in Ķslahiye, Gaziantep, on a site with NEHRP site class C (site class ZC of 

TBEC, 2019) with a rupture distance of 4 km. We note that multiple wave packets are observed in 

the recorded accelerogram. Both the FAS and response spectra are computed based on the entire 

time series including all wave packets provided by AFAD. The maximum horizontal PGA is 

recorded in the EW direction as 1089 cm/s2. The vertical PGA value is recorded to be 977 cm/s2. 

The broadband nature of the response spectrum is attributed to multiple wave packets observed in 

this large event. Response spectra from both horizontal components show peaks in the short period 

range. Despite being located on stiff soil conditions; the response spectra of the EW component 

show clear amplifications also in the longer periods with a particular peak around 1.2 seconds. The 

geometric mean of two horizontal response spectra exceeds the design spectrum corresponding to 

a return period of 475 years at almost all periods. The same geometric mean exceeds the design 

spectrum for a return period of 2475 years for periods longer than 0.7 seconds. We note that there 

are severe damages and collapses around this region based on the first observations in the field. 
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Figure 3.2. Recorded three-component ground accelerations, corresponding Fourier amplitude 

spectra (FAS), and response spectra (with 5% damping) in comparison with the most recent 

building code (TBEC, 2019) at selected stations due to Pazarcēk (Mw=7.7) event 

 

Station 3126 is located in Antakya, on a site with NEHRP site class D (site class ZD of TBEC, 

2019) with a rupture distance of 15.4 km. The maximum horizontal PGA is recorded in the NS 

direction as 1210 cm/s2. The vertical PGA value is 1070 cm/s2. We observe that the accelerations 
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recorded in the vertical direction are similar to the horizontal ones in terms of frequency and 

amplitude contents. The response spectra of both EW and NS components indicate amplifications 

around 0.3 seconds and they both exceed the design spectrum for a return period of 475 years. The 

geometric mean is above the design spectrum for a return period of 2475 years for periods less 

than 0.4 seconds and below for longer periods.  

Station 3138 is located in Hassa, Hatay on a site with NEHRP site class C (site class ZC of TBEC, 

2019) with a rupture distance of 2 km. The acceleration records point out potential directivity 

effects. When velocities are investigated, this record indicates forward directivity effects 

characterized by short duration and high amplitude two-sided long-period velocity pulses. The 

geometric mean of horizontal response spectra indicates broadband period content and exceeds the 

design spectrum for a return period of 475 years for periods longer than 0.4 seconds.  

Station 4615 is located in Pazarcēk on a site with NEHRP site class C (site class ZC of TBEC, 

2019) at a rupture distance of 10.3 km. This record also displays broadband response spectra 

possibly due to the multiple wave packets. The maximum PGA value is recorded in the vertical 

component as 664 cm/s2. The geometric mean spectrum is observed to exceed the 475-year design 

spectrum at periods larger than 0.5 s, and it is shown to be similar to the 2475-year design spectrum 

at periods larger than 1 s. 

3. 3.  Spatial Distribution of Peak Ground Parameters from February 6 Earthquakes 

Figure 3.3 and 3.4 summarizes the spatial distribution of peak ground acceleration and velocity 

values from the Pazarcēk and Elbistan earthquakes, respectively. When Figure 3.3 is investigated, 

it is observed that the highest PGA values are recorded in Antakya, while very high PGA values 

between 500-1000 cm/s2 are observed generally in the North-South direction, covering the 

provinces of Kahramanmaraĸ, Gaziantep, Osmaniye, Kilis, and Hatay. The distribution of PGV 

values is more homogeneous compared to the PGA, with very high intensities at all stations close 

to the rupture. The second event, Elbistan earthquake (Mw=7.6), is not as densely-recorded as the 

Pazarcēk (Mw=7.7) event. As the rupture is located to the north of the first event (Figure 3.4), the 

effects of this event are felt more noticeably in the northern provinces in addition to 

Kahramanmaraĸ, such as Adēyaman, Malatya, and Kayseri. The highest ground motion intensities 

are generally observed in Kahramanmaraĸ. 
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(a) 

 
(b) 

Figure 3.3. Spatial distribution of intensity measure of Pazarcēk earthquake (a) PGA, (b) PGV 

 
(a) 

 
(b) 

Figure 3.4. Spatial distribution of intensity measure of Elbistan earthquake (a) PGA, (b) PGV 

  

Finally, for detailed analyses of recorded strong ground motion data at other stations, information 

on felt intensity values, comparisons against ground motion models, and initial analyses on site 

amplifications please see here. 
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4. 1.  Geotechnical Observations 

This chapter presents the preliminary findings of ongoing geotechnical reconnaissance studies 

after the earthquakes. Several geotechnical reconnaissance teams were mobilized to the field to 

collect and document perishable data. More specifically, these discussions will focus on the 

documentation and preliminary assessments of geotechnical aspects, which are listed as i) seismic 

soil liquefaction, ii) foundation performance, iii) deep excavations, iv) retaining structures, v) 

rockfall, vi) tunnel performance, vii) slope stability, and viii) ground deformations, and ix) faulting 

induced pipeline breakage.  

4. 1. 1.  Seismic Soil Liquefaction Manifestations 

Seismic soil liquefaction-induced surface manifestations in the form of ejecta, lateral spreading, 

and subsidence were observed, as displayed in Figure 4.1 through Figure 4.3. Some of these 

manifestations were observed as in Figure 4.1 at free field sites. In addition to free field sites, 

liquefaction surface manifestations were also observed in the vicinity of building foundations. 

Figure 4.3 display the ejecta observed at the edges of residential building foundations. 

The liquefaction phenomena were widely observed in Hatay-Paĸakºy, Hatay-Ķskenderun, 

Adēyaman-Gºlbaĸē, Adēyaman-T¿rkoĵlu regions. Lateral spreading and subsidence were 

accompanied to liquefaction triggering at these sites. 

  

 

(a) (b) (c) 
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(d) (e) (f) 

   

(g) (h) (i) 

F gure 4.1. Se sm c so l l quefact on- nduced surface man festat on: sand bo ls n free f eld 

cond t ons: a) Hatay (36.36446Á N, 36.28147ÁE), b) Kumlu / Hatay (36.35628ÁN, 36.39360ÁE), c)  

Fat h D str ct / Gºlbaĸē / Adēyaman (37.78080ÁN, 37.62888ÁE), d) Ķskenderun / Hatay (36.59323Á 

N, 36.18542ÁE), e) Em roĵlu / Kahramanmaraĸ (37.33689ÁN, 37.04538ÁE), f) ¢ay D str ct / 

Ķskenderun / Hatay (36.59133ÁN, 36.17888ÁE) g) Dºrtyol / Hatay (36.81878ÁN, 37.17770ÁE) h) 

Em roĵlu / Kahramanmaraĸ (37.33722ÁN, 37.04549ÁE) ) Gºlbaĸē / Adēyaman (37.78655ÁN, 

37.63155ÁE) 
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(a) (b) (c) 

   

(d) (e) (f) 

Figure 4.2. Seismic soil liquefaction induced lateral spreadings in a) ¢ay District / Ķskenderun / 

Hatay (36.59281ÁN, 36.185977Á), b) ¥zerli District / Dºrtyol / Hatay (36.81294ÁN, 36.18123ÁE), 

c) Fatih District / Gºlbaĸē / Adēyaman (37.78023ÁN, 37.62858ÁE), d) Ķskenderun Port Area / Hatay 

(36.59991ÁN, 36.19274ÁE), e) Ķskenderun Port Area / Hatay (36.59991ÁN, 36.19274ÁE), f) 

Ķskenderun Port Area / Hatay (36.59991ÁN, 36.19274ÁE). 
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(a) (b) 

  

(c) (d) 

Figure 4.3. Seismic soil liquefaction-induced induced foundation problems in a) ¢ay District / 

Ķskenderun / Hatay (36.5911ÁN, 36.1790ÁE), b) ¢ay District / Ķskenderun / Hatay (36.5911ÁN, 

36.1790ÁE), c) ¢ay District / Ķskenderun / Hatay (36.5911ÁN, 36.1790ÁE), d) ¢ay District / 

Ķskenderun / Hatay (36.5911ÁN, 36.1790ÁE) 

 



Prel m nary Reconna ssance Report on 

February 6, 2023 Kahramanmaraĸ-Pazarcēk (Mw=7.7) and Elb stan (Mw=7.6) Earthquakes  

 

35 
 
METU - Earthquake Engineering Research Center 

Center 

4. 1. 2.  Residential Building Foundation Performance 

Many residential building foundations in Hatay-Ķskenderun, and Adēyaman-Gºlbaĸē regions were 

subjected to excessive settlements and bearing capacity failures due to seismic soil liquefaction 

initiation. The extent of these foundation settlements varies in the range of a couple of centimeters 

to an excess of 80 cm. Moreover, differential settlements reach 30 cm, causing 5 to 10 degree 

tilting of buildings.  An extreme case of liquefaction-induced bearing capacity failure and toppling 

of a residential building in Adēyaman-Gºlbaĸē is shown in Figure 4.4 (e). Raft foundation thickness 

of this building is measured as 80 cm.  

   
(a) (b) (c) 

  
(d) (e) 

F gure 4.4. Poor foundat on performance n a) ¢ay D str ct / Ķskenderun / Hatay (36.5911ÁN, 

36.1790ÁE), b) H¿rr yet D str ct / Gºlbaĸē / Adēyaman (37.778ÁN 37.628ÁE), c) Yavuz Sel m 

D str ct / Gºlbaĸē / Adēyaman (37.788ÁN, 37.642ÁE), d) Yavuz Sel m D str ct / Gºlbaĸē / Adēyaman 

(37.788ÁN, 37.642ÁE), e) Yavuz Sel m D str ct / Gºlbaĸē / Adēyaman (37.78827ÁN 37.64879ÁE) 
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4. 1. 3.  Deep Excavations 

The performance of deep excavation systems on the route was also investigated. Figure 4.5 (a) and 

(b) display Osmaniye-Bah­e underpass, which was supported by cantilever reinforced concrete 

pile elements. No significant deformations were observed in the deep excavation support system. 

Next to the site, there exists a tunnel portal structure. Figures 4.5 (c) and (d) show the portal 

structure supported by reinforced concrete piles and strut elements.  

  
(a) (b) 

 

 
(c) (d) 

Figure 4.5. Examples of deep excavations in a) Bah­e / Osmaniye (37.18845Á N, 36.56326Á E), 

b) Bah­e / Osmaniye (37.18939Á N, 36.56402Á E), c) Bah­e / Osmaniye (36.17313Á N, 36.59912Á 

E), d) Bah­e / Osmaniye (36.17313Á N, 36.59912Á E) 
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4. 1. 4.  Retaining Structures 

A limited number of tilted and/or partially collapsed and collapsed walls were also observed. Some 

stone walls supporting highway cuts and fills were deformed or fully collapsed as shown in Figures 

4.6 (a) and (b). However, mechanically stabilized earth fill walls widely used as approach fills for 

bridges perform extremely well under peak ground acceleration levels in excess of 1 g in Fevzipaĸa 

as shown in Figures 4.6 (c) and (d). 

  
(a) (b) 

  
(c) (d) 

Figure 4.6. Some examples of retaining structures in a) Gºk­edere/ Gaziantep (37.16439ÁN, 

36.70672ÁE), b) Gºk­edere/ Gaziantep (37.16546Á N, 36.69749ÁE), c) Bah­e/ Osmaniye 

(37.18853ÁN, 36.56389ÁE), d) Bah­e/ Osmaniye (37.18844Á N, 36.56476Á E) 
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4. 1. 5.  Rockfalls 

Several rockfalls were observed by the benches of highways and some examples are shown in 

Figures 4.7 (a) through (d). 

  
(a) (b) 

  
(c) (d) 

F gure 4.7. Some examples of rockfalls n a) Bah­e / Osman ye (37.17441ÁN, 36.65659ÁE), b) 

Yolbaĵē D str ct / Adēyaman (37.81795ÁN, 37.63311ÁE), c) Fevz  Paĸa D str ct / Ķslah ye 

/Gaz antep (37.09899Á N, 36.65200 Á E), d) Fevz  Paĸa D str ct / Ķslah ye /Gaz antep (37.09713Á 

N, 36.65170 Á E) 
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4. 1. 6.  Tunnels 

Tunnel structures in general performed well during and after the event. Except for minor damage 

observed in Erkenek tunnel lining, no major deformations were mapped. Some pictures from 

ongoing Bah­e-Nurdaĵ railway tunnel construction site are shown in Figure 4.8. The structural 

and geotechnical performance of them is reported to be superior. More about tunnels will be 

discussed in Chapter 6. 

  

 
 

Figure 4.8. Bah­e-Nurdaĵē railway tunnels under construction in Nurdaĵē/ Gaziantep 

(37.16989ÁN, 36.70806ÁE)  
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4. 1. 7.  Landslides 

Several landslides with dimensions varying from a scale of a couple of meters to hundreds of 

meters were documented as part of reconnaissance studies. Some of these are shown in Figures 

4.9 (a) through (c). 

  
(a) (b) 

 
(c) 

Figure 4.9.  Some examples of slope stability problems in a) Gºlbaĸē/ Adēyaman (37.79783ÁN,  

37.66232ÁE), b) Yolbaĵē District / Adēyaman (37.81806ÁN, 37.63297ÁE), c) Belen / Hatay 

(36.48363ÁN, 36.27158ÁE) 
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4. 1. 8.  Ground Deformations 

Along the route, several ground deformations either due to primary, secondary, or tertiary faulting 

or due to seismic soil liquefaction were mapped. Figures 4.10 (a) through (d) display these ground 

deformations.  

  
(a) (b) 

  

(c) (d) 

Figure 4.10. Observation of surface rupture trace in a) Balkar / Adēyaman (37.73610ÁN, 

37.56842ÁE), b) Erenler District / Ķslahiye / Gaziantep (37.03931ÁN, 36.62868ÁE), E), c) Yavuz 

Selim District / Adēyaman (37.79645ÁN, 37.66021ÁE), d) Balkar / Adēyaman (37.73492ÁN, 

37.56617Á)  


































































































