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EVALUATION OF EARTHQUAKE READINESS OF EXISTING BUILDINGS: A CASE STUDY OF
ERZINCAN PROVINCE!

Taha Yasin CEMALOGLU!, Atila KUMBASAROGLU, Hakan YALCINERL, Ahmet Ihsan TURAN!
1Erzincan Binali Yildirim University, Faculty of Engineering and Architecture, Erzincan / Tiirkiye

Abstract: The aim of this study is to evaluate the earthquake preparedness level of existing
buildings in the city center of Erzincan using modern data processing approaches. Erzincan is
located on one of Turkey's most active seismic belts, and assessing the safety of its building stock
is of great importance for disaster risk management. For this purpose, two different street survey
methods have been integrated into a software system developed within the study. The first
method is a questionnaire-based street survey prepared by the ITU Alumni Association Bursa
Branch, while the second is the visual street survey developed by Erdem Erdogan for buildings in
Ankara. In addition to these methods, an artificial intelligence-supported module, developed with
Python-based machine learning algorithms, was used to analyze photographs of buildings taken
from four directions and predict their structural safety. The system was developed using open-
source Python libraries, integrating both visual recognition and data classification functions. The
analysis results revealed that the predictions made by the Al model were highly consistent
(approximately 90%) with the other two methods. These findings suggest that Al-assisted street
survey applications can provide faster, more systematic, and reliable evaluations compared to
traditional fieldwork. Furthermore, with its user-friendly interface and data analysis modules, the
system has the potential to serve as a widely applicable decision support tool in engineering
applications. In conclusion, the developed system could significantly contribute to urban-scale
building inventory creation, disaster risk management, and urban transformation planning.

Keywords: Earthquake, Erzincan, Python, Street Survey, Software
INTRODUCTION

Urban areas in Turkey consist of numerous reinforced concrete and masonry buildings,
constructed in different periods and under various supervision conditions. Particularly in cities
like Erzincan, which are highly prone to seismic risks, the evaluation and analysis of the existing
building stock is of great importance for urban planning and disaster risk reduction efforts. One
of the traditional field-based assessment methods, street surveys, has been used for a long time
to collect information about the age of buildings, their usage status, types of materials used, and
visible structural characteristics (Kumbasaroglu et al.,, 2021; Dalieh et al.,, 2023; Ayaz et al., 2022).
However, these methods are time-consuming, labor-intensive, and prone to human error during
the evaluation process.

In recent years, advancements in artificial intelligence have provided new and wide-ranging
possibilities for the automatic visual analysis of building conditions. The integration of street
survey methods with Al can help in collecting data more quickly, consistently, and on a larger
scale. Although various survey-based tools have been developed by universities and engineering
associations to assess building risks, the integration of these tools with Al-supported evaluation
systems is still limited.

In this study, two different street survey methods have been integrated into a specially developed
software system. The first method is the traditional human-based survey approach used by the
ITU Alumni Association Bursa Branch (Unal & Yurtcu, 2006). The second method is the visual
street survey developed by Erdem Erdogan (2007), which was used in his master’s thesis
(Seismicity of Existing Buildings in Ankara). In this method, buildings are observed and scored

1 This paper is derived from the unpublished master’s thesis titled ‘Evaluation of Earthquake Readiness of
Existing JBuildings: A Case Study of Erzincan Province,’ prepared by the first author, Taha Yasin
CEMALOGLU, at Erzincan Binali Yildirim University, Institute of Science. ORCID NO: 0009-0009-6489-7084
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according to predefined criteria. In the final phase, an Al module capable of processing and
analyzing photographs of buildings taken from four different directions was developed and
integrated into the software. Thus, the evaluation was carried out with three different methods,
and the results were compared. This study aims to demonstrate the speed, objectivity, and
reliability of Al-assisted street survey systems in structural assessment processes.

The results of this study are expected to serve as an example in the field of civil engineering,
showcasing how modern Al technologies can be efficiently utilized and accelerate the evaluation
of building conditions in earthquake-prone regions.

METHOD AND FINDINGS

The software system developed in this study is designed to assess the earthquake risk of existing
buildings through three different methods:

1. Al-Based Visual Analysis
2. Survey Method Developed by the ITU Alumni Association Bursa Branch
3. Erdem Erdogan’s Street Survey Method

The software is designed as an integrated platform that allows users to upload building
photographs and simultaneously run these three methods. This platform enables parallel
evaluation of all three methods and provides a comparative analysis of the results.

Software Infrastructure

The software has been developed on the Emergent platform and consists of both front-end and
back-end components. FastAPI-based Python service is used as the back-end, while the front-end
is implemented using the React.js framework to ensure integration. MongoDB is used as the
database, where the analysis results are stored.

The software connects to artificial intelligence services using the emergentintegrations library to
perform image analysis. For image analysis, the OpenAl GPT-4 Vision model and, as an alternative,
the Google Gemini Pro Vision model are integrated into the software. These models perform visual
analysis using photographs taken from four different perspectives (front, back, left, and right) of
the buildings.

Additionally, the software utilizes the Pillow (PIL) library to process and prepare images for
analysis. The ReportLab library is used to generate a PDF report enriched with images, containing
the results of the analysis and Al-generated recommendations. The report is created separately
for each method and is provided to users in a downloadable format.

Data and Image Collection Process

The existing buildings identified in the city center of Erzincan were examined and analyzed using
two different street survey methods. In the first phase, a human-based field survey was
conducted; the structural, geometric, and usage characteristics of the buildings were examined
and observed on-site. In the second phase, the same buildings were evaluated and analyzed on-
site using the criteria of the other street survey method. After the completion of these two
assessments, high-resolution photographs of the buildings taken from four different perspectives
(front, back, left, and right) were uploaded to the software. These photographs were processed
using artificial intelligence analysis modules, thereby creating a third evaluation method.

Three Different Analytical Systems

The developed software provides an integrated interface that allows the three mentioned
methods to run in parallel and compares their results:

Method 1 - Al-Based Visual Analysis
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In this phase, the GPT-4 Vision and Google Gemini Pro Vision models examine high-resolution
photographs taken from four perspectives of the building, evaluating the following parameters:

e Structural features (number of floors, material types, balconies, projections, etc.)
e Visible damages and cracks

e Safety issues and structural defects

e General condition assessment in terms of earthquake resistance

As a result of the analysis, the software assigns a risk score between 0 and 100, determines the
risk category (high, medium, low), and generates technical recommendations.

Method 2 - ITU Alumni Association Bursa Branch Survey

This method is the software-integrated version of the 12-question survey used in human-based
street survey studies. The software makes predictions for each question based on the photos and
calculates the risk score of the building. Buildings are categorized according to their risk score
(high, medium, low). This method has been compared with real field data and shows a high
consistency rate (over 90%).

Method 3 - Erdem Erdogan's Street Survey Method

In this approach, structural features are observed and scored based on parameters. The presence
of a basement, types of projections, short column formations, building alignment, and soft-story
conditions are detected and analyzed through photographs. This method has also been compared
with real field data and shows a high consistency rate (over 80%).

Software Workflow Phases

In the first phase, the software greets the user with its interface and requests the upload of high-
resolution photographs taken from four perspectives of the building, as shown in Figure 1.

UC FARKLI YONTEM iLE MEVCUT YAPILARIN
DEPREME HAZIRLIK DEGERLENDIRILMESI

Taha Yasin Cemaloglu tarafindan Erzincan Binali Yildinm Universitesi Fen Bilimleri Enstitiisi'nde yliksek
lisans tezi icin simiile edilmistir.

&, Bina Fotograflan Yiikieme

Binanizin 4 farkh agidan cekilmis fotograflanni yiikleyin (Onden, Arkadan, Yandan, Diger Yandan)

Fotograflar segmek icin tiklayin

Figure 1. The Software Interface

In the second phase, the photographs of the building taken from four perspectives are uploaded
to the system, as shown in Figure 2.
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Figure 2. Uploading Building Photographs to the System
In the third phase, the "Start Earthquake Risk Analysis" option, which is inactive before uploading
the photographs, becomes active and starts glowing green, as seen in Figure 3.

UC FARKLI YONTEM iLE MEVCUT YAPILARIN
DEPREME HAZIRLIK DEGERLENDIRILMESI

Taha Yasin Cemaloglu tarafindan Erzincan Binali Yildinm Universitesi Fen Bilimleri Enstitlisii'nde yliksek
lisans tezi icin simile edilmistir.

X, Bina Fotograflan Yiikleme
Binanizin 4 farkl agidan cekilmis fotografiarini y(kleyin (Onden, Arkadan, Yandan, Diger Yandan)

ik

J

Fotograflar se¢mek icin tiklayin
PG, JPEG veya PNG formatinda 4 adet fotograf

Onden Arkadan Yandan Diger Yandan

@ Deprem Riski Analizini Baglat

Figure 3. The System Ready for Analysis

In the fourth phase, the "Start Earthquake Risk Analysis" option, now activated, is clicked, and the
analysis is initiated, as shown in Figure 4.
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UC FARKLI YONTEM iLE MEVCUT YAPILARIN
DEPREME HAZIRLIK DEGERLENDIRILMESI

Taha Yasin Cemaloglu tarafindan Erzincan Binali Yildinm Universitesi Fen Bilimleri Enstitiisii'nde yiiksek
lisans tezi igin simile edilmigtir.

2, Bina Fotografian Yiikleme
Binanizin 4 farkh agidan gekilmis fotograflanni yiikleyin (Onden, Arkadan, Yandan, Diger Yandan)

P

J
Fotograflar segmek igin tiklayin
PG, JPEG veya PNG formatinda 4 adet fotograf
J

Onden Arkadan Yandan Diger Yandan

Al analizi yapiliyor

Figure 4. The Analysis Phase

In the fifth phase, the system prepares the analysis results obtained through three different
methods, displayed in Figure 5, in separate tabs.

Anallz Sonuglan
Ug farkl yontemle yapilan deprem riski degerlendirmesi

Al Deerlendirme iT0 Yontemi Sokak Taramas|

Figure 5. The Tabbed View of the Analyses

Each tab is labeled with the name of the analysis method. When clicking the Al Evaluation tab, as
shown in Figure 6, the report of this analysis method is displayed. The Al Evaluation tab shows
the report containing results of artificial intelligence-assisted visual analysis. This report presents
the risk levels identified based on visual analysis of buildings in detail, according to the structural
features. Additionally, the evaluation based on photographs is accompanied by insights and
recommendations on building safety.
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Analiz Sonuglan & POF indir
Ug farkh ydntemle yapdan deprem riski degerlendirmesi

Al Degerlendirme ITU Yontemi Sokak Taramasi

Al ile Deprem Riski Degerlendirme

Risk Seviyesi: Orta
Risk Puani: 55

Yapisal Ozellikler:

* Malzeme: Betonarme

* Kat Sayisi: 3 kath

* Cikmalar: Balkonlar ve kismi kat ¢ikmalari mevcut. Bu ¢ikmalar, deprem sirasinda burulma etkisine neden olabilir.

* Cephe: Diizgin ve simetrik bir cepheye sahip.

* Zemin Kat: Zemin katin ticari amagla kullanildig ve genig agikliklar icerdigi goruliyor. Bu durum, zemin katin diger katlara gére daha zayif olmasina neden olabilir (yumugak kat etkisi).

Hasar Degerlendirmesi:

* Fotograflarda belirgin bir hasar veya ¢atlak gorinmiyor. Ancak, binanin yasi ve yapim yili bilinmediginden, malzeme yorgunlugu ve korozyon gibi potansiyel hasarlar goz ardi
edilmemelidir.

* Zemin katindaki genis agikliklar ve ticari kullanim nedeniyle yapilan degisiklikler, yapisal bitiinligd etkileyebilir.

Oneriler:

1. Detayh Yapisal inceleme: Bir ingaat milhendisi tarafindan yerinde detayl bir inceleme yapiimali. Bu incelemede beton kalitesi, donati detaylan ve tasiyici sistemin genel durumu
degerlendirilmelidir.

2. Zemin Etidi: Yapinin bulundugu zeminin dzellikleri (zemin sinifi, sivilagma potansiyeli vb.) belirlenmelidir. Bu bilgiler, deprem performans analizinde kullanilacaktir.

3. Deprem Performans Analizi: Elde edilen verilerle (yapisal inceleme, zemin etiidli) bir deprem performans analizi yapilmali. Bu analizde, binanin beklenen deprem yiikleri altindaki
davranisi simiile edilerek, olasi hasar senaryolan belirlenmelidir.

4. Giiglendirme Projesi (Gerekirse): Deprem performans analizinin sonuglarina gore, binanin giiglendirilmesi gerekebilir. Gliglendirme projeleri, mevcut yapiya ek elemanlar (perdeler,
celik takviyeler vb.) eklenerek veya mevcut elemanlarin giiglendirilmesiyle yapilabilir.

5. Zemin Katin Giiclendirilmesi: Zemin katindaki genis agikliklarin yapisal zayifliga neden oldugu disiiniliyorsa, bu katin 6zellikle gii¢lendirilmesi énemlidir. Kolonlarin mantolanmasi,
celik cercevelerle desteklenmesi veya perde duvarlar eklenmesi gibi yontemler uygulanabilir.

Detayh Teknik Analiz:

1. Betonarme Tastyici Sistem Analizi: Binanin tastyici sistemi (kolonlar, kirigler, dogemeler) detayl olarak incelenmeli ve betonarme hesaplar yapiimalidir. Beton kalitesi, donati miktar ve
yerlesimi gibi parametreler degerlendirilmelidir.

2. Zemin-Yapi Etkilesimi Analizi: Zemin dzelliklerinin bina Gzerindeki etkisi (zemin biyitmesi, sivilagma vb.) dikkate alinmalidir. Zemin-yapi etkilegimi analizleri, binanin deprem
davranigini daha dodru bir sekilde tahmin etmeye yardimci olur.

3. Dogrusal Olmayan Statik (itme) Analizi: Binanin itme analizi ile performans noktasi belirlenmeli ve binanin hangi deprem seviyesinde ne tiir hasarlar gérecedi tahmin edilmelidir.

4. Modal Analiz: Yapinin dogal frekanslari ve mod sekilleri belirlenerek, deprem sirasindaki rezonans riski degerlendirilmelidir.

5. Risk Degerlendirmesi: Tim analiz sonuglar bir araya getirilerek, binanin deprem riski detayl bir sekilde degerlendirilmelidir. Risk degerlendirmesi, binanin gli¢lendirilip
guclendirilmemesi gerektigine karar vermede dnemli bir rol oynar.

Not: Bu degerlendirme, sadece fotograflar Gzerinden yapilan genel bir on dederlendirmedir. Kesin bir risk degerlendirmesi i¢in yerinde detayl inceleme ve milhendislik analizleri yapiimasi
gerekmektedir.

Figure 6. The Al Evaluation Method’s Analysis Report

When clicking the ITU Method tab, as shown in Figure 7, the report of this analysis technique is
displayed.

This analysis is based on a 12-question survey system developed by the ITU Alumni Association
Bursa Branch.

The Al module correlates each survey question with the visual data extracted from the building
photographs, performing automatic scoring and risk classification.

Each question covers critical parameters such as building age, number of floors, material type,
basement presence, balcony projections, ground usage, and environmental conditions.

The total score determines the risk category (high, medium, or low), and accordingly, expert
recommendations are automatically generated by the system.
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Through this process, the system digitizes human-based field survey data, transforming it into an
automated evaluation procedure and thus enabling the digital transformation of traditional street
survey methodologies.

Analiz Sonuglan & POF indir
Ug farkh ydntemle yapdlan deprem riski degerlendirmesi

iT0 Yontemi Sokak Taramasi

Al Degerl

EZZ33 iT0 Mezunlan Dernegi Bursa Subesi Anketi

Iste fotograflardan elde edilen bilgilere dayanarak deprem risk degerlendirme anketi sonuglar::

Toplam Puan: 13
Risk Kategorisi: Orta deprem riski s6z konusu, yapi uzmanlarca incelenmeli.

Soru ve Cevaplar:

1. Binanin bulundudu yer: Cevresine gore ¢ukur yerler - Puan: 3 (Zemin katin genel seviyeden diigiikte olmasi ve ticari amagla kullanimindan dolayi bu kaniya vanimistir.)

2. Bina betonarme ise yagl: 21-30 yil - Puan: 4 (Bina goriniimiine gdre tahmini olarak bu aralikta oldugdu diginiimektedir.)

3. Binanin taglyici sistemi: Betonarme bina - Puan: 1

4. Binanizda bodrum kat ve rutubet sorunu: Bodrum kat var, siirekli rutubet var - Puan: 3 (Zemin kat seviyesinin altinda kat olmasi ve yapinin bulundugu bdlgedeki zemin kosullar g6z
onine alinarak bu dederlendirme yapilmigtir.)

5. Bina zemin kat dahil kag katli: Ug kath - Puan: 2

6. Binanin zemin katinin durumu: Normal katlarla ayni, ancak duvar yok - Puan: 3 (Zemin katin ticari amach kullaniimasi ve duvarlarin olmamasi nedeniyle bu degerlendirme yapilmistir.)
7. Bina ¢ikmalan: Yalnizca balkonlar ¢ikma - Puan: 1

8. Binaya yapilan miidahale: Binanin i¢ duvarlarinda kaldinlan balimler var - Puan: 1 (Zemin katin ticari amach kullaniimasi nedeniyle i¢ duvarlarda dedisiklik yapiimis olabilecedi
dustindimektedir.)

9. Binanin kullanim amaci: Zemin kat konut amagh yapilip, dilkkan ya da atdlye olarak kullanilyor - Puan: 2

10. Binanizda $u ana kadar yapilan iglemler: Herhangi bir tamirat yapiimadi - Puan: 0 (Fotograflardan tamirat yapildigina dair net bir kanit bulunmamaktadir.)

1. Binanizdaki daha dnceki hasar ya da ¢atlaklar: Binanizda gozle gorilir catlak yok - Puan: 0 (Fotograflardan gatlak goriimemektedir.)

12. Bina sekli, plan semast: Dikdértgen - Puan: 1

Degerlendirme:
Orta deprem riski s6z konusu, yap! uzmanlarca incelenmeli. Bu puan, binanin zemin kosullar, yas, zemin katin kullanim amaci ve olasi miidahaleler nedeniyle orta risk kategorisine
girmesine neden olmustur.

Oneriler:

* Detayli inceleme: Bir ingaat miihendisi veya uzman bir ekip tarafindan binanin yerinde detayl bir incelemesi yapiimalidir.

* Zemin Etdd: Binanin bulundugu zeminin detayl bir zemin etiidi yapilarak, zemin 6zelliklerinin deprem performansi izerindeki etkileri belirlenmelidir.

* Gliclendirme Projesi: Eger inceleme ve etiit sonucunda risk tespit edilirse, binanin depreme karsi gli¢lendirilmesi igin bir proje hazirlanmal ve uygulanmalidir.
* Kullamim Amaci Degisikligi: Zemin katin kullanim amaci binanin tastyici sistemine uygun hale getirilmelidir. Gerekirse takviye yapiimalidir.

* Rutin Bakim: Binanin genel bakim ve onarimi diizenli olarak yapiimalidir. Ozellikle su yaltimina dikkat edilerek rutubet sorunlari giderilmelidir.

Figure 7. The ITU Method’s Analysis Report
Erdogan method is displayed, as shown in Figure 8.

This method is entirely based on visual and structural observations, using a scoring system that
evaluates parameters such as basement presence, projection types, short column formation,
building alignment, soft-story effects, and exterior quality.

For each parameter, the software uses photographic data to perform automatic scoring, and the
final total risk score is calculated. The resulting value is classified (e.g., “moderate risk”) and
further interpreted in the structural assessment and recommendations section.

The outputs provide preliminary guidance for field engineers while also illustrating how soft-
story behavior or unilateral projections can increase the overall risk score.

This analysis highlights the system’s capability to digitally interpret visual field observations and
support engineering decision-making in seismic risk assessment.
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=
Ug farkh ydntemle yapdan deprem riski degerlendirmesi

Sokak Taramas!

EEZX) Erdem Erdogan Sokak Taramasi Yontemi

Toplam Puan: 7
Risk Kategorisi: Orta Derecede Riskli

Soru ve Cevaplar:

1. Bodrum Kat Var mi? - Cevap: Hayir - Puan: 1
2. Yumusak Kat Var mi? - Cevap: Evet - Puan: 1
3. Asma Kat Var mi? - Cevap: Evet - Puan: 1

4. Cikma Kag Yonlu? - Cevap: Tek - Puan: 2

S. Balkon Cikma mi? - Cevap: Evet - Puan: 1

6. Nizam Durumu? - Cevap: Ayrik - Puan: 0

7. Kisa Kolon Var mi? - Cevap: Hayir - Puan: 0
8. Yonetmelik Durumu? - Cevap: Eski - Puan: 1
9. Gorunen Kalite? - Cevap: Orta - Puan: 1

Degerlendirme:
Bina orta derecede riskli olarak degerlendirilmistir. Yumusak kat ve tek yonli gikma gibi faktorler risk puanini artirmistir.

Oneriler:

1. Bina detayh bir yapisal analizden gegirilmelidir.

2. Yumusak kat problemi ¢ozilmeli, kolon ve kiriglerde gliglendirme yapiimalidr.

3. Cikmalarin binaya etkileri incelenmeli, gerekli gorillrse onlem alinmalidr.

4. Yapisal analiz sonuglarina gore, binanin deprem performansini artirmak igin gii¢lendirme yontemleri degerlendirilmelidir.

Figure 8. The Erdem Erdogan Method’s Analysis Report
CONCLUSION

Within the scope of this study, the developed software has introduced a new method and
approach for field assessments by integrating both traditional and artificial intelligence-assisted
techniques for evaluating the earthquake risk of existing buildings. Based on the analyses
conducted on selected buildings in the city center of Erzincan, the developed system
demonstrated successful performance in terms of speed, accuracy, and consistency.

The visual analyses performed through artificial intelligence exhibited a similarity ratio between
80% and 90% compared to human-based traditional street survey methods. This level of
consistency indicates that the Al’s visual processing and analytical capabilities can accurately
identify building characteristics and produce results that closely align with conventional methods.
The software’s error margin, ranging between 5% and 15%, was found to be within an acceptable
range, especially considering the human-induced errors present in traditional approaches, further
supporting the reliability of the system.

A noteworthy advantage of the developed software system is its significant time efficiency. While
the evaluation of ten buildings through traditional methods takes several hours on average, the
proposed software can analyze the same number of structures in approximately ten minutes,
provided that the photographs are available. This finding demonstrates that the system can
provide valuable support in rapid preliminary assessments of large-scale urban areas.

The results indicate that integrating this Al-assisted software system with traditional street
survey methods can substantially reduce the dependence on manual labor and accelerate the
entire evaluation process. Consequently, building inventory updates, earthquake risk analyses,
and pre-disaster planning activities can be conducted much faster than under conventional
conditions.

In conclusion, this study presents a concrete example of the practical applications of software and
artificial intelligence in civil engineering. The developed system shows potential for effective use
in future studies involving building classification, damage detection, and regional seismic risk

mapping.
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