
From Rubble to Resilience
A parametric approach to seismic assessment and resource-aware retrofit 

design for reinforced concrete frame residential buildings in Türkiye
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Act 1 – 
Turkey's Seismic* Risk
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*Seismic = caused by or relating to an 
earthquake (Collins Dictionary, n.d.)



Population density map

5(Adapted from Terence (2022); Güneş (2015))
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Seismic hazard map
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Population density map

Seismic hazard map

City: % of Turkey’s population

Impact area of 2023's earthquake
Death toll: +50.000

(Adapted from Terence (2022); Güneş (2015)) 5
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"The great Istanbul earthquake is at hand ... Although an 
exact date cannot be given, we are under the threat of an 
average earthquake with a magnitude of 7.2 until 2030." 

(Prof. Dr. Celal Şengör, 2017)  
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Population density map

Seismic hazard map

City: % of Turkey’s population

Impact area of 2023's earthquake
Death toll: +50.000

(Adapted from Terence (2022); Güneş (2015))



Population density map

Seismic hazard map

City: % of Turkey’s population

Impact area of prognosed earthquake 
death toll: ???

(Adapted from Terence (2022); Güneş (2015)) 7



Act 2 – 
The Proposal
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6.7 million US$ 465 billion %4
Residential Buildings Estimated Cost was transformed

Only

World Bank Group, 2021 9



“How can seismic assessment for residential buildings in 
Türkiye be accelerated?”
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Image captured by: Simon Townsley



Current practice
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Current practice

Scenario 3 – Planned demolition 
                     (resource-aware vision)
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“How can a design strategy be developed to integrate 
recycled construction and demolition waste for the 

retrofitting of residential buildings?”
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“How can a system design strategy be developed to 
accelerate the seismic assessment and by extension 
retrofit design of mid-rise reinforced concrete frame 
buildings in Türkiye, while enabling the integration of 

recycled construction and demolition materials”

13



Act 3 – 
The Two Pains
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(Adapted from Xiao et al., 2023)(Adapted from Demir et al., 2017)
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• Landfilling remains the dominant disposal method (1)

• Recycling practices are fragmented and 

       small-scale (1)

• Landfilling of C&D waste has numerous 

       negative effects (2)

The negative effects of landfilling construction and demolition waste
(Image generated with assistance of AI)
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"From a professional perspective, 

implementation of the 

methodology from beginning to 

end for a building takes a small 

team formed by an engineer and 

technicians in the order of a 

month..." (Güneş, 2015).

Small Team

1 Month

Engineers and Technicians

Can achieve results in
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"Approximately 80 percent of Turkey's 
urban households live in mid-rise 

apartment blocks constructed of cast-
in-situ, reinforced concrete with 
masonry infill." (Gulkan, 2002)

(Adapted from Güneş, 2015)
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https://www.theguardian.com/world/2024/feb/02/2023-turkish-earthquake-then-and-now

MSc. Building Technology Graduation Studio 2025-2026

"Approximately 80 percent of 
Turkey's urban households live in 

mid-rise apartment blocks 
constructed of cast-in-situ, 

reinforced concrete with masonry 
infill." (Earthquake engineering 

research institute, 2002)

Avcılar district, European side 
(Google earth, 2020)

Beşiktaş district, European side 
(Google earth, 2025)

Üsküdar district, Asian side 
(Google earth, 2014)

Kadıköy district, Asian side 
(Google earth, 2018)

Typical moment resisting frame building. 
From: Global Earthquake Model Foundation (2023)
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https://www.theguardian.com/world/2024/feb/02/2023-turkish-earthquake-then-and-now


Intermezzo – 
How and why this type of building fails
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Ichimura et al. (2022) 21
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Wiss, Janney, Elstner Associates, Inc. (n.d.) 23



Image captured by: Visual Journalism Team, BBC News (2023)



Act 4 – 
The Chosen Case Study
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(Image adapted from Paintmaps.com, n.d.) 26



Avcılar district Ataşehir district

(Ariogroup, n.d.) From: www.emlakplatform.com.tr
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Avcılar district Ataşehir district

Kozlik (2025) Wisconsin Geological and Natural History Survey (n.d.)
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Ichimura et al. (2022)
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Avcılar district Ataşehir district

Ground-shaking amplification potentially up to 
2.5 times greater due to soil conditions! (1)

Left image: İstanbul Büyükşehir Belediyesi, 2020a
Right image: İstanbul Büyükşehir Belediyesi, 2020b; (1) Kalkan and Gülkan, 2023;

*Peak ground acceleration

*
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(Adapted from: İstanbul Büyükşehir Belediyesi, 2020a; İstanbul Büyükşehir Belediyesi, 2020b) 30



Avcılar district

Left image: İstanbul Büyükşehir Belediyesi, 2020a
Right image: Google Earth, 2022

From: Google Earth, 2022

*Peak ground acceleration

*
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Act 5 – 
The Parametric* Workflow

*Parametric = a computational approach 
to architecture that uses algorithms and 

data to define, control, and optimize 
design outcomes (Karaağaç, 2025)
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Investigation during site visit
• General project information
• General building geometry
• Member information (columns & beams)
• Soil parameter information

From: Google Earth, 2022
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• 2nd law of Newton

             F = M · a   
                 Earthquake Force = Building Mass · Acceleration 

• Building weight calculations (floor by floor)
• Earthquake force application (Turkish structural code based)

Division of weight calculations per floor
ground floor (red)
intermediate floor (green)
roof (blue) Application of earthquake forces on the building according to the Turkish code 35



• Extraction of engineering design parameters
⚬ Internal forces
￭ Shear - V
￭ Bending moment - M
￭ (Compression  - N)

⚬ Interstorey drift

• Unity check =                  < 1.0Force
Capacity

Engineering Clarified (n.d.)

Shear Bending moment Compression

Interstorey drift

Bhat & Azam (2020) 36



Unity check values (ULS_1) 

Parameter Unity check 
value 

PASS/FAIL
 
FAIL 
PASS 
PASS / PASS 
PASS 
FAIL 
FAIL 
PASS / PASS 

Interstorey drift in X-direction 
Interstorey drift in Y-direction 

Columns – Shear (Vz/Vy) 
Columns – Moment (Mz/My) 
Columns – Axial (compr./tens.) 
Columns – Biaxial moment 
Beams – Shear (Vz/Vy) 
Beams – Moment (Mz/My) Beams 
– Axial (compr./tens.) 

1,87 
0,53 

1,48 
0,39 
0,63 / 0,46 
0,49 
2,22 
1,64 
0,03 / 0,15 

FAIL 
PASS 

Visualisation of the building’s reaction under an earthquake 3D stress model of the building
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Current situation capacity check — soft-storey collapse mechanism identified



Act 6 – 
Integration: Fixing The Issue With Waste
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Image captured by: Simon Townsley
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Sorting Crushing Sieving Upgrading

⟶ ⟶ ⟶
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1. Increasing shear bearing capacity
⚬ Addition of shear teeth ⟶ interlocking

2. Ensuring reinforcement, accommodation & continuity
⚬ Accommodation through geometry
⚬ Ensuring continuity ⟶ Rebar couplers

Column jacketing blocks (dimensions in mm)

Shear wall blocks (dimensions in mm)
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1. Increasing shear bearing capacity
⚬ Addition of shear teeth ⟶ interlocking

2. Ensuring reinforcement, accommodation & continuity
⚬ Accommodation through geometry
⚬ Ensuring continuity ⟶ Rebar couplers
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4. Material hierarchy
⚬ Precast modular blocks ⟶ less stressed areas
⚬ Cast-in-place concrete ⟶ more stressed areas

3. Ensuring a solid connection with old structure
⚬ Shear transfer through

￭ Shear dowels
￭ Injection grout (column jacketing)
￭ Cast-in-place frame (shear wall)
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Act 7 – 
Creating Resilience
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Application of retrofit strategy
• Shear wall options

⚬ 1. Building core
⚬ 2. Around perimeter (X-, Y- or both directions)
⚬ 3. At building corners
⚬ 4. Free choice

￭ The engineer can decide their own strategy

• Additionally decides
⚬ Vertical continuity
⚬ Shear wall thickness
⚬ Reinforcement data
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Application of retrofit strategy
• Column jacketing options

⚬ 1. Ground floor only
⚬ 2. Selection of one of the upper floors
⚬ 3. Free choice 

￭ The engineer can decide their own strategy 

• Additionally decides
⚬ Block thickness
⚬ Reinforcement data
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Application of retrofit strategy
• Chosen strategy

⚬ Column jacketing on ground floor
   ⟶ Counters soft-storey and column shear failure 

⚬ Shear walls along X-perimeter (4 storeys high)
   ⟶ Decreases interstorey drift demand

+
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Post-retrofit capacity check — collapse mechanism mostly resolved
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3D stress model of the buildingVisualisation of the building’s reaction under an earthquake

Post-retrofit capacity check — collapse mechanism mostly resolved



Act 8 – 
From Rubble To Resilience
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• How it started
⚬ Earthquake risk: urgent, but assessment is slow
⚬ Construction and demolition waste: abundant, but underused
⚬ Demand and supply: separate workflows

• What has been done?
⚬ Early-stage typology-based parametric workflow ⟶ Rapid vulnerability screening and retrofit design
⚬ Retrofit products from recycled aggregates

￭ Virgin aggregate reliance:    

 

↓ ~38% for column jacketing
↓ ~31% for shear wall implementation

74

Key conclusion:

A typology-based workflow can support rapid seismic vulnerability screening and resource-aware 
retrofit design as a streamlined process.



The End

75
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• Limitations
⚬ Early-stage design tool, not final verification
⚬ Modular blocks need lab testing
⚬ Cost feasibility uncertain

• Future research
⚬ Full-scale testing of recycled aggregate retrofit blocks
⚬ Turkish-code-based capacity checks
⚬ Direct quantification of retrofit demand 
⚬ Addition of new retrofit strategies (e.g. steel bracings)
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