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Geo-Reconnaissance Route

~60 000 km2
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Seismotectonic Setting

Adapted from Chapter 3 of 
Özacar et. al. (2023) ; Cetin et. 
al. (2023)
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Fault Rupture Mechanisms: Likely Scenarios

Abdelmeguid et al. (2023) – Dynamics of episodic supershear in the 2023 
M7.8 Kahramanmaras/Pazarcik earthquake, revealed by near-field records 
and computational modeling

Ren et al. (2023) Supershear triggering and cascading fault ruptures of the 
2023 Kahramanmaraş, Türkiye, earthquake doublet
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Sttrong Ground Motion Characteristics: Pazarcık Event

DD-2 : 475 year return period

DD-1 : 2475 year return period
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Strong Ground Motion Characteristics

Compared to: Travasarou, Thaleia, Jonathan D. Bray, and Norman A.
Abrahamson. "Empirical attenuation relationship for Arias
intensity." Earthquake engineering & structural dynamics 32.7 (2003): 1133-
1155.

Assesed as outlined in Cetin et al. (2021) 
Cetin, K. O., Altinci, E., and Bilge H. T., (2021). Probability-based assessment of 
number of equivalent uniform stress cycles. Soil Dynamics and Earthquake 
Engineering, 143, 106583
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Rupture Velocity / Directivity/ Site Effects

PGAy = 0.70 g
PGAd = 0.58 g
Rrup = 1.7 km

2718

2708

2715, 2716, 2717

PGAy = 0.14 – 0.46 g 
PGAd = 0.08 - 0.16 g
Rrup = 9.8 - 10.3 km

PGAy = 1.09 g
PGAd = 0.98 g
Rrup = 4.0 km

İslahiye, Gaziantep
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PGAy = 0.46 g
PGAd = 0.08 g
Rrup = 9.8 km

2715

2716
2717

PGAy = 0.26 g
PGAd = 0.16 g
Rrup = 10.0 km

PGAy = 0.14 g
PGAd = 0.08 g
Rrup = 10.3 km

İslahiye, Gaziantep

Rupture Velocity / Directivity / Site Effects
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PGAy = 1.12 g
PGAd = 1.14 g
Rrup = 14.6 km

3125

3126
3123

PGAy = 0.64 g
PGAd = 0.58 g
Rrup = 11.7 km

3124

PGAy = 1.21 g
PGAd = 1.07 g
Rrup = 15.4 km

PGAy = 0.66 g
PGAd = 0.87 g
Rrup = 14.4 km

Antakya, Hatay

Rupture Velocity / Directivity / Site Effects
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Seismic Soil Liquefaction Manifestations
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Seismic Soil Liquefaction Manifestations

Cetin et al. (2024) – Soil Liquefaction Sites Following the February 6, 2023, Kahramanmaras-
Turkiye Earthquake Sequence (Bulletin of Earthquake Engineering, published)
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Seismic Soil Liquefaction Manifestations: Free Field Liquefaction Sites

Free-field soil ejecta sites at a) Payaş Dörtyol-Hatay coastal line, b) A Port facility in İskenderun, c) İskenderun-Hatay, d) Demirköprü-Hatay, e) 
Emiroğlu-Kahramanmaraş, f, g, h, and j) Gölbaşı-Adıyaman after Kahramanmaraş Earthquakes
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Seismic Soil Liquefaction Manifestations: Free Field Liquefaction Sites

Free-field soil ejecta sites at Demirköprü-Hatay, Kumlu-Hatay and Gölbaşı-Adıyaman after Kahramanmaraş Earthquakes
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Seismic Soil Liquefaction Manifestations: By Building Foundations

Liquefaction-induced settlement observed at a) Gölbaşı-Adıyaman, and b) İskenderun-Hatay
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Seismic Soil Liquefaction Manifestations: By Building Foundations

Liquefaction-induced settlement observed at Gölbaşı-Adıyaman
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Seismic Soil Liquefaction Manifestations: at Harbours and Ports

Liquefaction-induced deformations at port facilities in, b) Limak Port in İskenderun, c) Fishery Warf, d, e, and f) Iskenderun State Harbor
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Seismic Soil Liquefaction Manifestations: at Harbours and Ports

Liquefaction-induced deformations at a private port in İskenderun and Fishery Warf
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Seismic Soil Liquefaction Manifestations: at Hydraulic Structures

Surface manifestation of liquefaction observed at a) Sultansuyu Dam and b) Arıklıkaş Dam

Cetin et al. (2024) – 
Performance of Hydraulic 
Structures During February 6, 
2023 Kahramanmaraş-Türkiye 
Earthquake Sequence 
(Earthquake Spectra, under 
review)



Surface manifestation of liquefaction observed at Sultansuyu Dam and Arıklıkaş Dam
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Seismic Soil Liquefaction Manifestations: at Hydraulic Structures

Toe of the 
sliding mass

~1.0m
Upstream 
side

Upstream 
slope

~65 cm
Secondary 
cracking

Sultansuyu Dam

Upstream 
side

~1.9m

~110 cm
Secondary 
crackingUpstream 

slope

Arıklıkaş Dam
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Seismic Soil Liquefaction Manifestations: at Demirköpü Bridges

Surface manifestation of liquefaction observed at Demirköprü Bridge
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Seismic Soil Liquefaction Manifestations: at Demirköprü Bridge

Surface manifestation of liquefaction observed at Demirköprü Bridge
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Seismic Soil Liquefaction Manifestations: at Karasu Bridges

Surface manifestation of liquefaction observed at a) Sultansuyu Dam and b) Arıklıkaş DamSurface manifestation of liquefaction observed at Karasu Bridge
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Seismic Soil Liquefaction Manifestations: at Hatay Airport

Surface manifestation of liquefaction observed at Hatay Airport
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Seismic Soil Liquefaction Manifestations: at Hatay Airport

Surface manifestation of liquefaction observed at Hatay Airport
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Lateral Spreading and Inundation

Lateral spreading and subsidence observed in Gölbaşı-Adıyaman adapted from Cetin et al. (2024)

Cetin et al. (2024) – Ground failures 
and foundation performances in 
Adıyaman-Golbaşı (Earthquake 
Spectra, under review)
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Lateral Spreading and Inundation

Lateral spreading and subsidence observed in Gölbaşı-Adıyaman adapted from Cetin et al. (2024)

Cetin et al. (2024) – Ground failures 
and foundation performances in 
Adıyaman-Golbaşı (Earthquake 
Spectra, under review)
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Lateral Spreading and Inundation

Lateral spreading observed in Hatay-İskenderun
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Lateral Spreading and Inundation

Lateral spreading observed in Hatay-İskenderun
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Landslides and Rockfalls

• A total of 3673 coseismic landslides associated with 
these events 

• Over 90% of mapped landslides occurred within a 20-
km-wide zone along the fault rupture.

a) Spatial distribution of coseismic landslides overlain by 
the Kahramanmaraş Earthquakes fault rupture and PGA 
recordings for M>5.5 modified from Gorum et al. (2023), 

b, c) transitional slide in Tepehan Village, and 

d) rockfalls reported in Karamağara-Gölbaşı
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Landslides and Rockfalls

Landslide observed in Tepehan-Hatay and Rockfalls observed in Karamağara-Gölbaşı-Adıyaman
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Permanent Ground/Soil Displacements and/or Deformations: Fault Offsets

a) Sentinel-2 deformation analyses provided by COMET after Cetin and Ilgac (2023), b) fault offsets mapped b) across the Erkenek Dam, in c) Çelikhan, d) 
Pazarcık, e) Islahiye, and f) Balkar
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Permanent Ground/Soil Displacements Deformations: Fault Offsets

Erkenek Dam
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Permanent Ground/Soil Displacements Deformations: at Retaining Structures

Retaining wall performance after the Kahramanmaraş Earthquakes: a) Stonewall, b) Cantilever, c, and d) anchored walls

Gölbaşı-Adıyaman

Malatya-Gölbaşı Highway

Gölbaşı-Malatya Highway

Ceyhan-İskenderun 
Highway

Prof. Dr. Kemal Onder Cetin, METU, Earthquake Engineering Research Center
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Permanent Ground/Soil Displacements Deformations: at Retaining Structures

Bahçe-Osmaniye
Malatya-Gölbaşı 

Highway

38 /44
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Permanent Ground/Soil Displacements Deformations: at Earthfill and Rockfill Dams

~ 100-120 cm 

Reyhanlı Dam



40 / 44Prof. Dr. Kemal Onder Cetin, METU, Earthquake Engineering Research Center

Permanent Ground/Soil Displacements Deformations: at Earthfill and Rockfill
Dams

Kalecik Dam

Kurtlusoğuksu Dam
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Permanent Ground/Soil Displacements Deformations: at Earthfill and Rockfill
Dams

Kartalkaya Dam
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Lessons to Learn and Conclusions
• The February 6, 2023 Kahramanmaraş-Turkiye Earthquake sequence yielded valuable and unique lessons for the earthquake and 

geotechnical engineering community, particulary in the following areas:

A. Seismic Hazard Assessment:

• Source Characterization: The sequence highlighted the importance of considering the possibility of multiple fault segments rupturing 
within a short timeframe, which may not have been adequately accounted for in seismic hazard assessments.

• Ground Motion Prediction Equations (GMPEs): It revealed discrepancies between the predicted and recorded ground motion intensities, 
especially in proximity to the fault rupture, emphasizing the need for improved GMPEs.

B. Geohazards:

• Fault Displacements: The earthquake sequence demonstrated significant fault displacements, underscoring the need for resilient
design and planning in seismically active regions.

• Seismic Soil Liquefaction: 
• Instances of liquefaction-induced bearing capacity failures and ground deformations highlighted the vulnerability of structures 

built on liquefiable soils.
• Clayey soils with PI > 20 % produced ejecta in Gölbaşı-Adıyaman and at Hatay Airport.

Prof. Dr. Kemal Onder Cetin, METU, Earthquake Engineering Research Center
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Lessons to Learn and Conclusions
• The February 6, 2023 Kahramanmaraş Earthquake sequence yielded valuable and unique lessons for the earthquake and geotechnical 

engineering community, particulary in the following areas:

B. Geohazards:

• Landslides and Rockfalls: The widespread occurrence of landslides and rockfalls emphasized the need for comprehensive slope 
stability assessments and mitigation measures. 92 lives lost due to landslides and rockfalls. Probabilistic assessment of seismically
induced landslides and rockfalls needed

• Permanent displacements in embankments and earthfill and rockfill dams subjected to high intensity shaking.  A valuable database to
update our current post-seismic permanent displacement predictive models.

• Stone gravity walls performed poorly under high seismic demands. Well-designed and constructed reinforced earth walls performed
exceptionally well.

• The filter zones in earthfill and rockfill dams typically consist of liquefiable sand and gravel. Inadequate compaction in these zones 
lead to liquefaction and concentrated displacements at filter interfaces. 



Çok Üzgünüz! 

15 Million Residents were affected,
Over 50,000 lives lost,

650,000 residential units unoccupiable
100 Billion dollar economical loss

Deeply Sad…


