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Seismic Hazard & Ground Motion



Seismic Hazard
Basics about Earthquake – How it occur?

An earthquake is the vibration of the Earth's surface that follows a release of energy 

in the Earth's crust. 

Stress accumulated in solid rock, the rock breaks along the fault and the energy 

releases. 

*A fault is a fracture in the Earth's crust along which two blocks of the crust have slipped with respect to each other.

IRIS

https://www.youtube.com/watch?v=r5fS__4MA44



Seismic Hazard
Basics about Earthquake – Where it occur?

Earthquakes occur along the boundaries of the interacting plates – Tectonic Plates, the 

earth’s outer shell (called the lithosphere) consists of several large slabs of solid rock called 

plates, which move 1 to 10 centimeters per year.

Türkiye & Syria 

1. Transform plate

2. Divergent plate

3. Convergent plate

USGS:  http://pubs.usgs.gov/gip/dynamic/Vigil.html



Tectonic Setting

(USGS, 2023)

Türkiye

Syria



Seismicity

Türkiye has been hit by 21 

earthquakes of magnitude 7 or higher 

since 1900.

(The Guardian)



The 2023 Türkiye-Syria 

Earthquake Sequence

The M7.8 Earthquake

Date & Time 06 Feb 2023 01:17:36 UTC

Location Türkiye’s Giazantep province

Focus Depth 20km 

Fault rupture ~240km long, ~20km wide

Mechanism Strike-slip

Aftershocks Numerous



The 2023 Türkiye-Syria 

Earthquake Sequence

The M7.8 Earthquake
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Location Türkiye’s Giazantep province

Focus Depth 20km 

Fault rupture ~240km long, ~20km wide

Mechanism Strike-slip

Aftershocks Numerous

20-02-2023 17:04:29 6.3 or 6.4 36.1136.02 16 Strike-Slip



Seismic Hazard
Basics about Earthquake – Size of Earthquake

https://www.nagwa.com/en/explainers/507156959068/

Magnitude measures the size of the earthquake:

1. Richter Scale (ML)

based on ground motion displacement

2. Moment Magnitude Scale (Mw)

based on total rupture energy release 

3. Peak Ground Acceleration (PGA) and 

response spectrum

Moderate

Intensity

Low

Intensity

High

Intensity

Intensity is distance dependent (can be correlated 

to PGA)
e.g. Intensity 7 ~ PGA = 0.1g to 0.15g 

EBI Consulting

PGA

PGA

PGA



The M7.8 Earthquake
Ground Motion

(Baltzopoulos, 2023)

Ground Motion Intensity Recorded for M7.8 Earthquake

Station 4615 (Epicenter distance: ~20km)

Acceleration recorded in g

PGA

PGA

PGA

https://earthquake.usgs.gov/earthquakes/eventpage/us6000jllz/executive



Ground Motion Differs by Site
Same earthquake – different ground motions

The following factors would affect the magnitude of ground motion:

1) Ground condition - soil amplification

2) Distance to fault

3) Near-fault effect (velocity pulse)

(Mohammad, 2015)



Earthquake Related Geohazards
Examples from this earthquake

• Fault Rupture



Earthquake Related Geohazards
Earth surface rupture

Source: https://www.aa.com.tr/tr/gundem/hatayda-depremde-olusan-yarik-havadan-

goruntulendi/2815814?trk=public_post_comment-text

~50m

➢ Earth surface rupture

✓ Width ~200m

✓ Length ~400m

✓ Depth ~ 50m

https://www.aa.com.tr/tr/gundem/hatayda-depremde-olusan-yarik-havadan-goruntulendi/2815814?trk=public_post_comment-text
https://www.aa.com.tr/tr/gundem/hatayda-depremde-olusan-yarik-havadan-goruntulendi/2815814?trk=public_post_comment-text


Earthquake Related Geohazards

• Soil liquefaction, ground subsidence 
and lateral flow

Soil liquefaction after the New Zealand 

Christchurch Earthquake in 2011. (Source: 

Stuff.co.nz) Effects of liquefaction, depicting a tilted 

building in the 2023 Turkey earthquake

A preliminary report on the February 6, 2023 earthquakes 

in Türkiye - Temblor.net (ampproject.org)

Mapping liquefaction and lateral spreading features in 

detail. An example from Orontes (Asi) river, north-east 

of Antakya.

Source: Taftsoglou et al (2023)

Liquefaction 

ejecta

Lateral 

spreading

https://temblor-net.cdn.ampproject.org/c/s/temblor.net/temblor/preliminary-report-2023-turkey-earthquakes-15027/amp/
https://temblor-net.cdn.ampproject.org/c/s/temblor.net/temblor/preliminary-report-2023-turkey-earthquakes-15027/amp/


Earthquake Related Geohazards

• Landslides

A view of terrain after a landslide that occurred in the aftermath of a 

deadly earthquake, in Tepehan, Turkey February 10, 2023.—

Reuters
Source: The International Charter Space and Major Disasters



Observations from Engineering Perspective



Geotechnical Perspective



Geo-seismic
Main hazards

➢ Shallow/pile foundations

➢ Liquefaction

➢ Lateral spreading

➢ Slopes stability

➢ Earth retaining structures

➢ Landslides and Rockfalls

➢ etc.

https://www.dailysabah.com/turkey/roads-railways-walls-fields-moved-by-turkiye-quake-

report/news?gallery_image=undefined#big

Force diagram (AASHTO, 2014)

Wall mass 

inertial force

Surcharge 

inertial force

Seismic earth pressure

Ground 

deformation



Geo-seismic
Local ground conditions and earthquake amplification

➢ The dominant period range coincides with 

structures of 6 to 12 stories and has certainly 

contributed to the damage of such buildings in 

those areas.

Reference: https://temblor-net.cdn.ampproject.org/c/s/temblor.net/temblor/preliminary-report-2023-turkey-earthquakes-15027/amp/

https://temblor-net.cdn.ampproject.org/c/s/temblor.net/temblor/preliminary-report-2023-turkey-earthquakes-15027/amp/


Geo-seismic
Liquefaction and rocking isolation

➢ Would the structure survive if the foundation performed well?

Reference: Gazetas G. (2013), Soil-Structure Systems beyond Conventional Seismic Failure Thresholds, Ishihara Lecture, ICSMGE2013, Paris.



Turkiye Earthquake 2023
Aftershock Activity

➢ Over 570 aftershocks were recorded within 24 

hours of the Mw 7.8 earthquake and 10,000 

recorded three weeks later.

➢ Many buildings survived the main shock, but not 

the aftershocks.

➢ How well aftershocks are considered in the 

current design practice/codes?



Turkiye Earthquake 2023
Infrastructures damage

Reference: https://temblor-net.cdn.ampproject.org/c/s/temblor.net/temblor/preliminary-report-2023-turkey-earthquakes-15027/amp/

Earthquake Cracks Occured at Sultansuyu Dam 

in Malatya

SOURCE: https://expatguideturkey.com/earthquake-cracks-occured-at-sultansuyu-dam-in-

malatya-dam-is-being-evacuated/

Damaged runway at Hatay

Airport 

09/02/2023 27 Gaziantep, 46 Kahramanmaras, Mediterranean Region, 

RAILWAYS, Southeastern Anatolia Region, GENERAL, HEADLINE, 

TURKEY

➢ Roads, railways, airports, ports, 

pipeline, hospitals, dams, …

https://temblor-net.cdn.ampproject.org/c/s/temblor.net/temblor/preliminary-report-2023-turkey-earthquakes-15027/amp/


Turkiye Earthquake 2023
Infrastructures damage

➢ Bridges (~1000no.):

✓ 15no. bridges had problems that could be remedied quickly / open 

to normal traffic within two days.

✓ Two bridges collapse (one due to rockfall and the other one due to 

liquefaction)

✓ Dams (~150no.):

✓ Two dams reported damage

✓ Only one dam in Turkiye had cracks that led to controlled water 

release.

✓ Afrin embankment dam in Syria (75-m height) had cracks. 

Reference: https://temblor-net.cdn.ampproject.org/c/s/temblor.net/temblor/preliminary-report-2023-turkey-earthquakes-15027/amp/

➢ Roads, railways, pipelines:

✓ The hydrocarbon pipelines, roads, and railways were mainly 

damaged at the fault rupture crossings, landslides and liquefaction.

✓ These damages reportedly have been remedied and their 

functionality is mostly resumed in the first ~10days.

➢ Airports:

✓ Hatay airport: damage to runway due to soil and foundation 

problems and was closed to air traffic in the first three days.

✓ All airports in the region were operational as of 15th of Feb.

https://temblor-net.cdn.ampproject.org/c/s/temblor.net/temblor/preliminary-report-2023-turkey-earthquakes-15027/amp/


Turkiye Earthquake 2023
Infrastructures damage

Reference: https://temblor-net.cdn.ampproject.org/c/s/temblor.net/temblor/preliminary-report-2023-turkey-earthquakes-15027/amp/

➢ While significant damage to infrastructure is reported, the 

damage to major infrastructure in the earthquake-affected 

region is reportedly less than buildings, 

➢ This arguably, indicates better design and construction 

practices associated with infrastructure as compared to 

buildings.

https://temblor-net.cdn.ampproject.org/c/s/temblor.net/temblor/preliminary-report-2023-turkey-earthquakes-15027/amp/


Structural Perspective



Why was it so deadly?

Over 56,000 people death, over 160,000 buildings collapse or severe damaged

Earthquakes don’t kill people; collapsed buildings do



1. The Intensity of Earthquake

It is a monster earthquake and several strong aftershocks
Source: USGS



Modified Mercalli Intensity Scale (MMI)

• The lesser degrees of the 

MMI scale generally 

describe the manner in 

which the earthquake is felt 

by people

• The greater numbers of the 

scale are based on 

observed structural 

damage.

Source: Randa Harris (2015) CC BY-SA 3.0

1. The Intensity of Earthquake



Peak Ground Acceleration (PGA)

Source: https://tadas.afad.gov.tr/

M7.8 earthquake maximum PGA>1g, most 

observations recorded PGA>0.5g

M7.8 earthquake maximum PGA>0.9g

1. The Intensity of Earthquake



2. URM’s structural vulnerabilities 

RC frame with Unreinforced masonry (URM) infill walls 

▪ Cost effective; easy to construction; flexible layout

▪ Severe seismic vulnerabilities without proper design and detailing



2. URM’s structural vulnerabilities 
Global vulnerabilities: Weak/soft storey mechanism

(Pancaking collapse of soft storey 1999 Izmit 

earthquake) (Soft storey failure of infilled frame during 

the 1999 Izmit earthquake)

2023 Turkey/Syria earthquake

✓ Abrupt change in vertical stiffness lead to vertical 

irregularity

✓ Especially common in the ground floor since wide open 

are occupied for accommodating commercial or parking 

space



2. URM’s structural vulnerabilities 
Local vulnerabilities: Short column/BCJ/Out of plane

✓ Force transfer path totally different

✓ Unexpected short columns are formed from confinement of 

partial storey height masonry infill panels for functional 

openings

✓ Out of plane throw off failure



3. Design and construction quality issue

✓ the latest standards, updated in 2018, which 

require structures in earthquake-prone regions to 

use high-quality concrete reinforced with steel 

bars. Columns and beams must be distributed to 

effectively absorb the impact of earthquakes.

Seismic design Building Regulations failure to be enforced?

Cobblestone found in concrete, round bar not ribbed bar



Turkey’s National Earthquake Strategy and Action 

Plan for 2012 to 2023 highlighted massive and rapid 

migration during the 1950s led to poorly supervised 

urban development, making cities “critically vulnerable” 

to natural hazards.

3. Design and construction quality issue 



The Current Situation

Source: WSJ

Source: NYT

Source: Maxar Technologies



Selected Charities

Relief 

International

https://www.ri.org/

Save the 

Children

https://www.saveth

echildren.net/

Ahbap (Türkiye-

specific)

https://ahbap.org/

Afad (Türkiye-

specific)

https://en.afad.gov.t

r/

https://www.ri.org/
https://www.savethechildren.net/
https://www.savethechildren.net/
https://ahbap.org/
https://en.afad.gov.tr/
https://en.afad.gov.tr/


Engineering Geologist

kristy.lo@arup.com

Kristy Lo

Geotechnical Engineer

boya.yin@arup.com

Dr. Boya Yin

Senior Structural Engineer

ethan.zhang@arup.com

Dr. Ethan Zhang

Contact Us

mailto:kristy.lo@arup.com
mailto:boya.yin@arup.com
mailto:ethan.zhang@arup.com


Q&A
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