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Mathematical Modeling of Earthquakes

Three main issues (by Seismo. Soc. of Amer. 1906):
1. the physical earthquake event itself (when, where, how)
2. the associated ground motions

3. the effect on the structures
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Simulation Approaches
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Use of Simulations for Earthquake Engineering
Purposes in Turkiye (and ltaly)




Turkey: Tectonic setting
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Station Network in Turkey
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Ground Motion Simulation Efforts in Turkey for events

1999 Duzce (Mw=7.2)
1. Ozmen et al (2020), Hyb.
2. Tanircan et al (2017), Det.

1999 Kocaeli (Mw=7.4) 3. Uaurh d Askan (2010). St
1. Yalginkaya (2012), Sto. - Ugurhan and Askan (2010), Sto.
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2020 Samos (Mw=7.0)
1.Askan et al. (in progress),
Hyb.

2. Karimzadeh and Askat¥'™N
(2024), Sto.

3. Akinci et al. (2021), Sto.

2017 Bodrum-Kos (Mw=6.3) "
1.Tanircan and Yelkenci-Necmioglu
(2020), Sto.

2002 Cay (Mw=6.6)
1. Can, Askan, Karimzadeh
(2021), Sto.

1998 Ceyhan (Mw=6.3)
1.Yalginkaya (2005), Sto.

1992 Erzincan (Mw=6.6)

1. Sisman and Askan (in progress),
Hyb.

2. Askan et al. (2013), Sto.

2011 Van (Mw=7.1)
1.Zengin and Cakti
(2014), Sto.
2.Gallovic et al.
2013), Hyb.
3.Akinci and
Antonioli (2013),
Sto.

2020 Elazig (Mw=6.8)
1.Altindal, Askan, Karimzadeh (in

progress), Sto. T
2.Cheloni and Akinci (2020), Sto. EERCE !ﬂ l.Hl-I
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Ground Motion Simulation Efforts in Turkey for
Scenario Events

Istanbul and Kocaeli region:

1. Zhang et al (2021), Det. Erzincan:

2. Infantino et al (2020), Hyb. Duzce: 1. Karimzadeh and Askan (2019), Sto.
3. Sahin et al (2018), Det. 1. Karimzadeh and Askan (2019), 2. Karimzadeh and Askan (2018),

4. Ansal et al. (2009), Sto. Sto. Historical eq, Sto.

5. Sorensen et al. (2007), Hyb. 2. Ugurhan et al. (2011), Sto. & Hyb.

6. Goto et al. (2005), Det.

Izmir:

1. Albayrak, Askan et al,
(in progress), Hyb. ¢
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Bursa: Antep and Maras:
: 1. Arslan-Kelam et al. (2021), Sto.
1. Unal, Askan, Kestel (2017), Sto. 2. Altindal, Askan et al. (in progress)
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Use of Simulated Ground Motions in Earthquake
Engineering Applications (2010- present

Nonlinear Response History
Analyses
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City-scale Modeling
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A Recent Simulated SGM Database for Tr
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A Recent Simulated SGM Database for Tr
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|. Use of Simulated Motions for NRHA of MDOF
Building Models
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* High frequency simulation of 2009
Laquila eq with 4 different models
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* with Akinci and Malagnini, INGV
Rome and G. Ameri

42
(Karimzadeh, Askan, Yakut, and Ameri, 2017, SDEE)
(Ugurhan, Askan, Akinci, and Malagnini, 2012, BSSA)
(Ameri, Gallovi¢ , and Pacor, 2012, JGR)
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. Use of Simulated Motions for NRHA of MDOF
Building Models

Fourier Amplitude Spectra (cm/sec)
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Fig. 9. Two-dimensional frame models of the selected buildings; (a) F352B, (b) F4$3B, (c) F8S3B.




|. Use of Simulated Motions for NRHA of MDOF

Building Models

Task 1. Ground motion simulation Task 2. Structural response evaluation
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II. Damage and Loss Modeling in Urban Regions
with Simulated Motions
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I1l. City-scale Loss Modeling using Simulated
Motions: Erzincan Example
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Figure 1. The westward migrating earthquakes since 1939 along the North Ana-
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I1l. City-scale Loss Modeling using Simulated

Motions: Erzincan Example
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I1l. City-scale Loss Modeling using Simulated
Motions: Erzincan Example
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I1l. City-scale Loss Modeling using Simulated
Motions: Erzincan Example
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I1l. City-scale Loss Modeling using Simulated
Motions: Erzincan Example
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I1l. City-scale Loss Modeling using Simulated
Motions: Erzincan Example
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I1l. City-scale Loss Modeling using Simulated
Motions:Erzincan Example
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V. City-scale Loss Modeling using Simulated
Motions: Kahramanmaras Example

[ Compilation of Regional Seismotectonic and ] [ Construction of a Regional Seismie Velocity ]

Geological Data

Model

\Y

Ground Motion Simulations for Scenano
Earthquakes

3

Assessment of Structural Vulnerability

4

Estimation of Seismic Damage

Y

Assessment of Urban Scismic Resilience

%4

* An AFAD-funded national project entitled
“Development of a method for urban resilience
evaluation: Turkoglu, Kahramanmaras case
study”

e 2021-2023

* Askan et al. 2025 (Eq Spectra)
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IV. City-scale Loss Modeling using Simulated
Motions: Kahramanmaras Example
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How large were the ground motions?

Spectral Acceleration (g)
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How large were the ground motions?
Example for recorded motions of M 7.8 event

spectral Acceleration (cmjs?)

Acc (cmyfs?)

Station: 3139 N-S
Station 3139 is located in Kirikhan, Hatay
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Summary

 This national project had started two years before the 2023 earthquakes.

* There was not sufficient time to implement the findings of the project in
practice to mitigate the well-identified risks.

* Yet, the entire experience shows how important it is to study seismic
resilience in regions of seismic gaps.

* Naturally, this region is not the only seismic gap in Turkiye or in the world.

 Similar multidisciplinary studies should be performed in regions with high
seismic hazard and risk along with historical earthquakes with long return
periods. It is critical to study in advance the potential effects of large events

O




V. City-scale Loss Modeling using Simulatea
Motions: Izmir Example
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V. City-scale Loss Modeling using Simulatea
Motions: Izmir Example
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VI. City-scale Loss Modeling using Simulated
Motions: Izmir Example (M6.6 on Izmir fault
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VI. City-scale Loss Modeling using Simulated
Motions: [zmir Example (M6.6 on [zmir fault
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Physics-based Simulations of 2023 Kahramanmaras
earthquakes (ongoing MSc thesis of Bartu Bilgen)

Computational Summary

* 18 GPUs (P100): 22 hours 32 mins
e dt =0.0008 s (250 s total, 312500 timesteps)

* Total number of elements without CPML:
6068800

e Total number of elements with CPML:
7084800

e Total number of DOFs: 1177651734

e Tomo resolution:
e dx=dy=450 m
e dz=100 m

o



ongoing MSc thesis of Bartu Bilgen

Physics-based Simulations of 2023 Kahramanmaras
earthquakes

Station 3129: Analysis (Acc & Vel)
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Physics-based Simulations of 2023 Kahramanmara
earthquakes (ongoing MSc thesis of Bartu Bilgen

Station 0132: Analysis (Acc & Vel)
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Physics-based Simulations of 2023 Kahramanmaras
earthquakes (ongoing MSc thesis of Bartu Bilgen)
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Implications for Future: Code and Design
Spectra

* Long periods

* Basin effects

* NF effects

* Site amplifications

* Liquefaction updates

T, T, 1.0 T 5

(D Turkish Building Earthquake Code (TBEC, 2018)




Ongoing Challenges and Future Tasks

* velocity models (in progress at most locations)

* source models for moderate size earthquakes

* building databases!

* validation of event-based records

 uncertainty analyses

* need for simulated ground motion databases (Altindal and Askan JoS, 2023)
* Global databases (COSMOS Sim WG!)

* Encourage real engineers to use simulated motions!

METU
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Ongoing Challenges and Future Tasks

* Multi-disciplinary approach (extending also to social sciences and economics)
* High-quality data - Accurate and precise modeling - Risk reduction!

* Continuity of the link between research and practical earthquake engineering
e Similar types of damage!

 Memory effect (2010—2020 Elazig earthquakes)

 Digital Twins, Machine Learning, and Multi-disciplinary Simulations on
Supercomputers

* Multi-hazard scenarios
 Supervision in the field!
* Organic bonds between science, practicing engineers and local administrations
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