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ÖZET 

 

Doğal Afetlerden Sonra Yeniden Konut Yapımı: Türkiye’de Deprem Sonrası 

Modüler Kutu Sistemleri ile Geleneksel Yapıların karşılaştırılmalı İncelenmesi 

 (Vaka Çalışması: Isias Oteli, Adıyaman)  

Abdullah Alsaj 

 

Türkiye, aktif bir deprem kuşağında yer alması nedeniyle depremlere karşı yüksek düzeyde 

savunmasızdır. Bu savunmasızlık, Şubat 2023'te meydana gelen ve Adıyaman da dahil 

olmak üzere birçok ili ciddi şekilde etkileyen yıkıcı depremle trajik bir şekilde gözler önüne 

serilmiştir. En sembolik kayıplardan biri, önemli can ve mal kaybına yol açan Isias Oteli'nin 

çöküşü olmuştur. 

Bu tez, afet sonrası konutların yeniden inşası için yenilikçi bir çözüm olarak Modüler Kutu 

Sistemleri'ni (MKS) incelemektedir. Nicel ve nitel analizlerin bütünleştirildiği karma bir 

yöntem benimsenmiştir. Çok Kriterli Karar Analizi (ÇKKA) aracılığıyla; kurulum hızı, 

ekonomik fizibilite, dayanıklılık, sismik direnç, çevresel uyum ve bakım gereksinimleri, 

kültürel ve sosyal uyumluluk ile lojistik zorluklar gibi temel faktörler değerlendirilmiştir. 
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Adıyaman’daki Isias Oteli'nin yeniden inşasına odaklanan bir vaka çalışması, modüler 

sistemlerin geleneksel inşaat yöntemlerine göre karşılaştırmalı üstünlüklerini ortaya 

koymaktadır. Bulgular, MKS’nin inşaat süresini yaklaşık %60,4 oranında kısaltabileceğini 

ve maliyetleri %27,5 oranında düşürebileceğini; ayrıca sismik stres altında daha üstün 

yapısal performans sunduğunu göstermektedir. Ayrıca, Maliyet-Fayda Oranı (CBR) analizi, 

Modüler Kutu Sistemlerinin geleneksel yöntemlere kıyasla %31 daha verimli olduğunu 

ortaya koyarak afet sonrası toparlanmada ekonomik verimliliğini doğrulamaktadır. 

Bu sistemler, çevresel sürdürülebilirliğe katkı sağlarken, kültürel olarak uyarlanabilir 

tasarımlara da olanak tanımaktadır. Lojistik kısıtlamalar ve düzenleyici engellere rağmen, 

erken planlama, yerel iş gücünün eğitimi ve destekleyici politika çerçeveleri ile başarılı 

uygulamanın mümkün olduğu sonucuna varılmıştır. 

Bu araştırma, MKS’yi hızlı, ekonomik ve dayanıklı konutların yeniden inşa çözümü olarak 

öne çıkarmakta ve Türkiye’nin afet sonrası iyileştirme stratejilerine entegre edilmesini 

önermektedir. 

Anahtar Kelimeler: Doğal Afetler, Modüler Kutu, Deprem, Afet Sonrası İyileşme, Kentsel 

Planlama , Türkiye. 

Bilim Dalı Sayısal Kodu: 10642993 
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ABSTRACT 

Housing Reconstruction After Natural Disasters: A Comparative Review of Modular 

Box Systems and Traditional Construction in Post-Earthquake Turkey  

(Case Study: Isias Hotel, Adıyaman) 

Abdullah Alsaj 

 

Turkey is in an active seismic zone, making it highly vulnerable to earthquakes. This 

vulnerability was tragically highlighted by the devastating earthquake in February 2023, 

which heavily impacted several provinces, including Adıyaman. One of the most symbolic 

losses was the collapse of the Isias Hotel, resulting in significant human and material loss. 

This thesis explores Modular Box Systems (MBS) as an innovative solution for post-disaster 

housing reconstruction. A mixed-method approach was adopted, integrating both 

quantitative and qualitative analyses. Through Multi-Criteria Decision Analysis (MCDA), 

key factors such as deployment speed, economic viability, durability, seismic resistance, 

Environmental Adaptability and Maintenance, Cultural and Social Adaptability, and 

Logistical Challenges were assessed. A case study focusing on the reconstruction of the Isias 

Hotel area demonstrates the comparative advantages of modular systems over traditional 

construction methods. Findings reveal that MBS can reduce construction time by 
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approximately 60.4% and lower costs by about 27.5%, while offering superior structural 

performance under seismic stress. Moreover, the Cost-Benefit Ratio (CBR) analysis 

indicates that Modular Box Systems outperform traditional construction methods by 31%, 

confirming their economic efficiency in post-disaster recovery. These systems also 

contribute to environmental sustainability and allow for culturally responsive designs. 

Despite logistical constraints and regulatory hurdles, the study concludes that successful 

implementation is possible through early planning, local workforce training, and supportive 

policy frameworks. This research underscores MBS as a fast, cost-effective, and resilient 

solution for housing reconstruction in earthquake-affected regions and recommends its 

integration into Turkey’s disaster recovery strategies 

 Keywords: Natural Disasters, Modular Box, Earthquake, post-disaster  Recovery, Urban 

Planning, Turkiye. 

Science Code: 10642993 
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1. INTRODUCTION 

Natural disasters, particularly earthquakes, have profound and far-reaching effects on 

societies globally. These events cause widespread destruction, leading to the loss of 

lives, homes, and critical infrastructure. In the immediate aftermath, communities face 

significant challenges in terms of displacement, economic disruption, and the urgent 

need for effective relief and recovery efforts. The severity and frequency of such 

disasters have increased in recent years, exacerbated by factors such as urbanization 

and climate change, which heighten the vulnerability of populations in seismic zones 

(UNDRR, 2019). 

In response to the destruction caused by natural disasters, various reconstruction 

efforts have been undertaken throughout history. Early responses to earthquakes 

typically involved ad-hoc and temporary solutions, often relying on tents and 

makeshift shelters. Over time, the approach to post-disaster housing reconstruction has 

evolved, incorporating more structured and systematic methods. The 1906 San 

Francisco earthquake marked a turning point in disaster response, highlighting the 

need for coordinated efforts and the importance of rebuilding resilient infrastructure 

(Jones, 2010). 

Modern disaster recovery strategies emphasize the need for sustainable and resilient 

housing solutions. The after-effects of the 2004 Indian Ocean tsunami gave rise to 

more organized and collaborative reconstruction efforts, with a focus on building back 

better. This approach aims to not only restore pre-disaster conditions but also improve 

the resilience and quality of housing to withstand future events (Clinton, 2006). 

Despite these advancements, challenges remain in ensuring timely, cost-effective, and 

durable housing solutions for displaced populations. 

One innovative approach to address these challenges is the use of modular box systems 

for housing reconstruction. Modular box systems are prefabricated units that can be 

rapidly deployed and assembled on-site, providing immediate relief while also serving 

as long-term housing solutions. These systems offer several advantages over 
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conventional building methods, including reduced construction time, cost efficiency, 

and the ability to provide durable and adaptable living spaces (Smith, 2010). 

The use of modular box systems in post-disaster reconstruction is not entirely new. 

For example, after the 2008 Sichuan earthquake in China, modular housing units were 

deployed to provide temporary shelter for thousands of displaced residents (Chan, 

2011). Similarly, following the 2015 Nepal earthquake, modular structures were 

utilized to address the urgent need for housing, demonstrating their potential 

effectiveness in disaster response (Jha et al., 2017). These case studies highlight the 

versatility and practicality of modular box systems in different disaster contexts. 

This thesis aims to critically review the viability of modular box systems as a solution 

for housing reconstruction after earthquakes. By examining a range of case studies and 

existing literature, this research will explore the benefits and limitations of these 

systems in various settings. The primary objective is to provide a comprehensive 

understanding of how modular box systems can enhance post-disaster recovery efforts 

and contribute to more resilient housing solutions. 

In this introductory chapter, the scope and significance of the research is outlined. The 

discussion begins by highlighting the effects of natural disasters on housing and the 

importance of effective reconstruction methods. The chapter then introduces the 

concept of modular box systems and discusses their potential advantages and 

applications. Finally, the research questions and objectives that guide the subsequent 

analysis will be presented. Through this exploration, the thesis seeks to contribute to 

the ongoing discourse on innovative housing solutions in the aftermath of natural 

disasters, with a specific focus on earthquakes. 
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1.1. Background 

A growing body of research highlights that traditional post‑earthquake housing 

solutions, such as tents and site‑built masonry, often fail to balance speed, safety, and 

comfort, prompting interest in modular box systems as an alternative. Early 

disaster‑recovery theory framed reconstruction as a multi‑phased process requiring 

both rapid response and long‑term resilience; seminal work by Quarantelli (1982) 

defined emergency shelter, emergency housing, short‑term recovery, and long‑term 

reconstruction as distinct yet interlinked stages  

The 1906 San Francisco earthquake exposed the vulnerability of unregulated urban 

construction, leading directly to the first modern building codes aimed at safeguarding 

life and property an epoch‑making shift in urban planning and seismic design standards  

Modular box systems were developed for disaster relief, combining standard‑sized 

prefabricated modules that can be truck‑delivered and rapidly assembled on‑site 

(see Figure 1)  

 

Figure 1   Residential units consisting of several modular boxes 

These units are affordable, scalable, and versatile, capable of serving as single‑room 

shelters or interconnected multi‑room dwellings while also providing enhanced 

security and environmental control compared to tents  
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In Turkey, the devastating February 6, 2023 earthquakes prompted an unprecedented 

reconstruction effort. The government pledged to build 488,000 homes within a year, 

combining traditional in‑situ methods with large‑scale prefabrication initiatives  

Yet two years later, recovery remains uneven—only about 30% of promised units have 

been delivered, and many survivors in provinces like Adıyaman still reside in 

temporary shelters pending permanent housing solutions  

 In Hatay, over 2,000 prefabricated homes were installed through AFAD and Diyanet 

programs, illustrating both the potential and the logistical challenges of factory‑built 

relief housing in southern Türkiye  

 A recent study assessing quality of life among Adıyaman survivors found that 

prefabricated units improved safety perceptions but varied widely in thermal 

performance and occupant satisfaction, underscoring the need for rigorous 

comparative evaluation  

Despite macro‑level analyses of Turkey’s post‑quake housing programs, few studies 

have directly compared traditional construction versus modular box systems at the 

building scale. The İsis Hotel Figure ( 2   ) reconstruction in Adıyaman,  comprising a 

seven‑story, 70‑room facility,  offers a unique case to assess modular deployment 

speed, cost, environmental adaptability, and social acceptance against local masonry 

and concrete methods. Figure (1) can be referenced to visualize both the proposed 

modular modules and the conventional in‑situ phases. 

This background establishes the theoretical and practical context for your comparative 

study, situating modular box systems within historical recovery frameworks, 
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humanitarian shelter evolution, and the specific requirements of post‑2023 earthquake 

reconstruction in Adıyaman. 

 

                             Figure 2 ISIAS Hotel located in Adıyaman, Turkiye 

1.2. Purpose of the study 

This study aims to explore the potential of Modular Box Systems as a solution for 

housing reconstruction after earthquakes, with a specific focus on the case of the Isias 

Hotel in Adıyaman. By examining MBS's structural, social, and economic dimensions, 

the research evaluates its suitability compared to conventional construction methods. 

Through this case study, the research seeks to determine whether MBS can contribute 

to safer, faster, and more sustainable recovery efforts in seismic-prone areas of 

Turkiye. 

1.3. Research Questions and Objectives 

Natural disasters, particularly earthquakes, pose catastrophic threats to human lives, 

infrastructure, and societal stability. The 2023 earthquakes in Türkiye, which 

devastated cities like Adıyaman, underscored the urgent need for rapid, resilient, and 

cost-effective housing solutions to address the immediate and long-term shelter needs 

of displaced populations. In this context, the collapse of the Isias Hotel—a tragic 
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symbol of structural vulnerabilities highlights the critical importance of rethinking 

post-disaster reconstruction methodologies. 

Traditional construction methods, while widely used, often face challenges in post-

disaster scenarios, including prolonged timelines, high costs, and logistical 

complexities. In contrast, modular box systems (often referred to as “containers” in 

regional contexts) have emerged as a promising alternative, offering advantages such 

as rapid deployment, scalability, and adaptability to hazardous environments. 

However, their efficacy, economic feasibility, and social acceptance in comparison to 

conventional methods remain understudied, particularly in culturally and 

geographically specific contexts like Adıyaman. 

This study addresses these gaps by formulating the following research questions: 

1. How do modular box systems compare to traditional construction methods in 

terms of cost, speed, and resilience for post-earthquake housing 

reconstruction? 

2. What role can modular systems play in addressing the urgent shelter needs of 

communities affected by disasters, as exemplified by the Isias Hotel collapse? 

3. How do local stakeholders perceive the practicality and sustainability of 

modular solutions in Türkiye’s post-disaster recovery framework? 

The objectives of this research are threefold: 

To conduct a comparative analysis of modular and traditional construction systems, 

evaluating their technical, economic, and social dimensions. 

To assess the suitability of modular box systems in the context of Adıyaman’s post-

2023 earthquake recovery, using the Isias Hotel case study to identify lessons for 

scalable implementation. 

To propose evidence-based recommendations for policymakers and practitioners to 

optimize housing reconstruction strategies in disaster-prone regions. 

By bridging theory and practice, this research aims to contribute to global discourse 

on sustainable disaster recovery while addressing the immediate humanitarian 

imperative: ensuring safe, dignified, and timely shelter for vulnerable populations. 
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1.4. Thesis Structure 

This thesis is structured into five main chapters: 

• Chapter 1: Introduction – Outlines the background, purpose, and research 

framework. 

• Chapter 2: Literature Review – Reviews global practices in post-disaster 

housing reconstruction, emphasizing modular construction technologies. 

• Chapter 3: Methodology – Describes the research methods, including case 

study selection, data collection, and analytical tools such as CBR and MCDA. 

• Chapter 4: Case Study and Analysis—This chapter presents findings from 

the Adıyaman/Isias Hotel case study and evaluates MBS's performance. 

• Chapter 5: Conclusion and Recommendations – Summarizes the results, 

discusses implications, and offers recommendations for future practice and 

research. 
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2. LITERATURE REVIEW 

Literature review serves as a comprehensive overview of existing research and theories 

relevant to the topic of housing reconstruction after natural disasters, particularly 

earthquakes, and the use of modular box systems as a solution. This section covers key 

areas such as traditional reconstruction methods, the development and advantages of 

modular construction, case studies of modular box systems in post-disaster scenarios, 

and the socio-economic and cultural considerations of implementing these systems. 

By synthesizing these findings, the review aims to highlight the current state of 

knowledge, identify gaps, and lay the groundwork for recent studies. 

Housing reconstruction after natural disasters is a critical issue that requires immediate 

attention. The destruction caused by natural disasters such as earthquakes, cyclones, 

bushfires, and tsunamis can lead to extensive life and property losses (Thanurjan et al., 

2009). Approximately 30% of the reviewed articles examined the challenges 

associated with housing reconstruction. After an earthquake, it is essential to analyze 

the differences between urban and rural communities (Pamidimukkala et al., 2020). 

Pradoto et al (2022) argue that the post-disaster phase presents an opportune moment 

to develop a housing reconstruction program that incorporates earthquake-resistant 

buildings. This program should prioritize affordability, ease of implementation, and 

use the window of opportunity that arises immediately after an earthquake disaster. 

As population centers continue to expand, the detrimental social and financial 

consequences of catastrophic disasters are on the rise (Ghannad et al., 2020). Ismail et 

al (2017) suggest that the involvement of multiple organizations in post-disaster 

housing reconstructions can have an impact on the overall sustainability of socio-

ecology in the affected areas. The various interventions and actions taken by these 

organizations can shape the long-term ecological and social outcomes of the 

reconstruction process. Ghannad et al (2019) provide an example of the significant 

impact of Hurricane Katrina in August 2005, which resulted in the damage of more 

than 214,700 homes in New Orleans and the displacement of over 800,000 residents 

due to flooding. Homelessness exists in almost all countries for various reasons, such 

as flight, displacement, and natural disasters (Gräske et al., 2022). The development 

and implementation of modular school building design prototypes have also been 
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identified as a potential solution to support "build back better" after disasters (Yatmo 

et al., 2021).  

In conclusion, Modular box systems have been identified as a potential solution for 

post-disaster housing reconstruction due to their time-efficient construction process 

(Gunawardena et al., 2014). Modular box systems are prefabricated structures that can 

be quickly assembled on-site, making them an ideal solution for post-disaster housing 

reconstruction. However, it is essential to consider the sustainability of the overall 

socio-ecology of the affected areas and the feasibility of energy independence when 

implementing modular box systems. Further research is needed to explore the potential 

of modular box systems as a solution for post-disaster housing reconstruction. 

2.1. Mixed Methods Research Methodology 

Mixed-methods research combines qualitative and quantitative approaches, aiming to 

leverage the strengths of both methodologies while mitigating their respective 

weaknesses. This methodology has gained traction within various fields, especially in 

contexts requiring comprehensive evaluations, such as the construction and disaster 

recovery sectors. (Guetterman & Fetters, 2018) emphasize the importance of clearly 

delineating the qualitative components of mixed methods research, suggesting that a 

case study approach is particularly effective in integrating qualitative insights with 

quantitative data (Guetterman & Fetters, 2018). 

 

(Johnson et al., 2017) introduced the Pillar Integration Process, a systematic technique 

for integrating qualitative and quantitative data during the analysis phase of mixed 

methods research. This four-stage process facilitates a structured approach to 

combining findings, addressing the growing demand for replicable data integration 

techniques within research (Johnson et al., 2017). 

 

Moreover, the Transformativist Measurement Development Methodology (Sankofa, 

2021) highlights the utilization of qualitative strategies for developing quantitative 

scales in a culturally sensitive context. This approach underscores the significance of 
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integrating qualitative insights in the operationalization of research constructs, thereby 

enhancing the reliability and validity of mixed-methods studies (Sankofa, 2021). 

 

Quality and Integration in Mixed Methods: The operational framework for ensuring 

quality in mixed methods studies has been articulated by Fàbregues et al. (2018), who 

explored the conceptualization of quality across various disciplines. This work 

reinforces the notion that disciplinary backgrounds significantly influence how mixed 

methods are applied and interpreted (Fàbregues et al., 2018; . (Wisdom et al., 2011) 

further discuss the reporting challenges in publishing mixed methods research, 

highlighting issues such as audience comprehension and compliance with diverse 

methodological standards (Wisdom et al., 2011). 

 

Lastly, (Bazeley, 2011) emphasizes the necessity of integrating diverse data sources 

in mixed methods studies, arguing that comprehensive integration can lead to more 

robust conclusions. She posited that varied techniques of synthesis should be adaptable 

to the specific research context, ensuring both qualitative richness and quantitative 

rigor (Bazeley, 2011). 

2.2. The Need for Post-Disaster Housing Reconstruction 

Post-disaster housing reconstruction is critical after natural disasters. The destruction 

caused by natural disasters can lead to extensive life and property losses, leaving many 

people without homes. 

1. Acute need in developing countries: Post-disaster housing reconstruction 

is particularly crucial in developing countries where the lack of resources 

and infrastructure can worsen the impact of natural disasters (Ashton & 

Couzins, 2015). 

2. Restoring normalcy and stability: post-disaster housing reconstruction is 

not only about providing shelter but also about restoring a sense of 

normalcy and stability to affected communities. Without adequate housing, 

people are unable to return to their daily lives, resulting in long-term social 

and economic consequences (Hodes, 2002). 
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3. Consideration of sustainability: The implementation of modular box 

systems must consider the sustainability of the overall socio-ecology of the 

affected areas. Careful consideration should be given to the feasibility of 

energy independence and the impact on the socio-ecology of the area 

(Nielsen et al., 2019). 

4. Influence of different organizations: The involvement of numerous 

organizations throughout the post-disaster housing rehabilitation process 

might impact the overall socio-ecology of the affected areas (Nielsen et al., 

2019). 

5. Immediate attention required: Post-disaster housing reconstruction is a 

critical need that requires immediate attention to address the housing crisis 

caused by natural disasters (Turri, 2017). 

6. Helping affected communities recover and rebuild: Post-disaster housing 

reconstruction can help affected communities recover and rebuild their 

lives after natural disasters by providing adequate housing (Hilbeck et al., 

2015). 

The Federal Emergency Management Agency (FEMA), Florida Department of 

Community Affairs, and Florida Division of Emergency Management predict that 

providing permanent housing to disaster victims may take up to five years to realize. 

This is a long period to restore their livelihoods. Long-term solutions like permanent 

housing are crucial, and prefabricated modular structures can offer a holistic approach 

to permanent housing reconstruction in disaster-struck areas. 
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Figure 3 Post-disaster recovery and reconstruction time frames adopted by FEMA 

(Federal Emergency Management Agency) 

 

2.3. Traditional Housing Reconstruction Methods 

Traditional methods of housing reconstruction after earthquakes often involve 

rebuilding using conventional construction techniques that utilize local materials, 

labor, and established building practices. Traditional construction methods generally 

involve several key steps: site clearance, foundation laying, structural framing, and 

finishing. These processes are labor-intensive and time-consuming, requiring 

substantial resources and coordination. Common materials used in traditional 

construction include wood, brick, concrete, and steel, which are often sourced locally 

or regionally. The reliance on these materials can sometimes lead to delays, 

particularly in disaster-affected areas where supply chains may be disrupted. 

Traditional methods, while time-tested and culturally embedded, often face significant 

challenges in the context of post-disaster recovery, where speed, efficiency, and 

resilience are crucial. Studies by Quarantelli (1982) and Jones (2010) have highlighted 

the phased nature of disaster recovery, where immediate emergency response is 

followed by short-term and long-term reconstruction efforts.  
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Examples of Traditional Reconstruction 

1. Haiti Earthquake (2010) 

The 2010 earthquake in Haiti caused catastrophic damage, destroying over 

250,000 homes and displacing approximately 1.5 million people (Bilham, 

2010). The reconstruction efforts primarily relied on traditional methods, using 

concrete blocks and steel reinforcement. However, the process was slow and 

plagued by logistical challenges, including a lack of skilled labor and 

disruptions in the supply of building materials. The slow pace of reconstruction 

led to prolonged displacement for many affected individuals. 

2. Nepal Earthquake (2015): 

In Nepal, the 2015 earthquake caused extensive damage to housing and 

infrastructure. The traditional reconstruction approach involved rebuilding 

homes using locally available materials such as stone, wood, and mud. While 

these methods were familiar and culturally appropriate, they often lacked the 

structural resilience needed to withstand future seismic events (Jha et al., 

2017). The reconstruction process highlighted the need for integrating modern 

engineering techniques with traditional practices to enhance building 

resilience. 

2.3.1. Logistical Challenges and Limitations 

Traditional housing reconstruction methods face several logistical challenges and 

limitations: 

2.2.1.1. Time-Consuming Process: 

Traditional construction is inherently slow, involving multiple stages that require 

careful planning and execution. In the aftermath of a disaster, this slow pace can delay 

the provision of adequate housing, prolonging the displacement of affected 

populations. 

2.2.1.2. Resource Intensive: 

These methods require significant materials and labor, which can be scarce or 

disrupted in disaster-stricken areas. Dependency on local materials and skilled labor 

can lead to bottlenecks and delays in the reconstruction process. 
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2.2.1.3. Vulnerability to Future Disasters 

Traditional construction methods, while culturally appropriate, may not always meet 

the necessary standards for resilience. Buildings constructed using traditional 

techniques may be vulnerable to future seismic events, posing a risk to occupants and 

requiring additional interventions to ensure safety. 

2.4. Evolution of Modular Construction 

Modular construction has emerged as a promising alternative to traditional methods, 

offering numerous benefits in terms of speed, cost, and flexibility. Prefabricated 

modular units are manufactured off-site and transported to the disaster-affected area 

for assembly. This approach significantly reduces construction time and labor costs. 

Smith (2010) and Lawson, Ogden, and Goodier (2014) have extensively documented 

the advantages of modular construction, including its scalability, environmental 

benefits due to reduced waste, and the ability to ensure quality control in a factory 

setting. Modular construction's adaptability allows for various designs and sizes, 

making it suitable for different housing needs and geographic conditions. 

The global construction industry has evolved through four phases of industrialization. 

The first, Industry 1.0, introduced new building materials that improved the form, 

design, and functionality of structures. Industry 2.0 enabled mass production and 

prefabrication of building components and materials. The first global movement in 

modular construction was facilitated by events like British Colonization, the California 

Gold Rush, first and second world wars, and post-war housing construction. Industry 

3.0, which began in the 1960s, shifted mass production into mass customization. 

Despite these changes, the construction sector did not see significant improvements 

compared to other industries. The world is now at Industry 4.0, which is characterized 

by the Internet of Things, information sharing, intelligent control of manufacturing 

processes, machinery, factories, and warehousing. Modular building research and 

applications focus on digital design, design for manufacturing and assembly (DfMA), 

skilled labor, lighter, stronger, and sustainable materials, construction automation, and 

off-site manufacturing. These studies aim to positively impact the industry through 

increased productivity, safety, quality, affordability, resilience, energy efficiency, and 

lower life cycle costs. The incorporation of resilience is a crucial factor in rebuilding 
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housing following a disaster. Mallak (1998) Argues that natural disasters provide 

newscasts with stories about how people risked their lives to save others, and this 

resilience is crucial in post-disaster housing reconstruction. Clingen and Bavoso 

(2017) suggest that rebuilding communities and housing after a natural disaster 

requires a shift toward spatial frameworks that consider the longer-term temporal 

dimension of the process. 

2.4.1. What is Modular Box 

A modular box is a type of container that can be easily assembled and disassembled, 

allowing for efficient transportation and storage of goods (Landschützer et al., 2015). 

It is commonly used in the construction of temporary buildings, such as holiday villas 

and business services (Zhang et al., 2019). The term "modular" refers to the ability to 

combine different modules or components to create a larger structure or system (Masri 

et al., 2009). Modular boxes can also be used in scientific experiments, such as in the 

apparatus for memory tests in mice (Patti et al., 2010) or for cognitive impairment 

assessments (Lee et al., 2018). In addition, modular ubiquitin ligases use 

interchangeable substrate receptors to form different complexes with various substrate 

specificities (Lin et al., 2015). 

The design of modular boxes can vary depending on their intended use, but they often 

prioritize reliability and fault resilience (Woodroffe et al., 2008). Zhang et al (2018) 

found that specific structural elements of the T-box riboswitch play a crucial role in 

the two-step binding process, which occurs in a modular fashion. 
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Figure 4 Classification of Box Units 

2.4.2. The Advantages of Modular Box Systems 

Modular box systems, a subset of modular construction, offer several benefits for post-

disaster housing. These systems comprise prefabricated modules that can be quickly 

deployed and assembled on-site, providing immediate shelter solutions. The modular 

box system's design allows for easy transportation and rapid assembly, making it ideal 

for emergency response scenarios. Studies such as those by Chan (2011) and Smith 

(2010) have highlighted the efficiency of these systems in providing durable and 

adaptable housing. Moreover, modular box systems can be customized to meet the 

specific needs of different communities, ensuring cultural and social acceptance. Their 

potential for scalability and cost-effectiveness makes them a viable solution for large-

scale disaster recovery efforts. 

Key advantages of modular box systems for post-disaster housing reconstruction. 

1. Time-efficient construction process, which allows for quick assembly on-site 

(Bakkalbasi & Goertzen, 2015). This is particularly important in disaster areas 

where time is of the essence and people need shelter as soon as possible.  

2. Modular box systems offer improved thermal performance, which is essential 

for energy independence in disaster areas (Zhang, 2014).  

3. Modular box systems can be designed to meet specific needs and 

requirements, such as the number of rooms, size, and layout (Hua et al., 2013). 

This allows for greater flexibility in meeting the needs of affected 

communities and can lead to improved living conditions. Modular box systems 

also offer cost savings compared to traditional construction methods.  
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4. The prefabricated nature of modular box systems allows for reduced labor 

costs and material waste, leading to overall cost savings (Ganapathy et al., 

2004). This is particularly important in disaster areas where resources may be 

limited.  

5. Modular box systems can be easily transported to remote or hard-to-reach 

areas, making them an ideal solution for post-disaster housing reconstruction 

in areas with limited infrastructure (Qumsiyeh & Ng, 2016). This can help 

ensure that affected communities receive the necessary support and resources 

to rebuild and recover after a natural disaster. 

2.4.3. Challenges and Limitations 

While modular box systems have advantages for post-disaster housing reconstruction, 

there are important considerations regarding their implementation. Site preparation 

and foundation work are major challenges, particularly in damaged or non-existent 

infrastructure areas (Bakkalbasi & Goertzen, 2015). Limited customization options are 

another limitation due to prefabrication, affecting size and layout flexibility (Zhang, 

2014). Modular box systems may not be suitable for all disasters; for instance, 

flooding-prone areas may not benefit from elevated structures (Hua et al., 2013). 

Transportation to remote or hard-to-reach areas presents challenges, especially in 

locations with limited infrastructure (Ganapathy et al., 2004). Careful consideration of 

specific needs, site preparation, customization, suitability for disaster type, and 

transportation is necessary before implementing modular box systems for post-disaster 

housing reconstruction (Generalova et al., 2016). 

2.3.3.1. Environmental Impact 

The environmental impact of modular box systems for post-disaster housing 

reconstruction is important. Considering the environmental impact is crucial when 

using modular box systems for post-disaster housing reconstruction. While these 

systems offer advantages like 

1. Reduced material waste and improved energy efficiency; their production and 

transportation can have significant environmental implications (Rahmayati, 

2016).  
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2. Octavia et al. (2023) highlight that post-disaster housing reconstruction can 

lead to poor environmental quality, building delays, poor performance, and 

wasteful use of resources. Consequently, it is crucial to prioritize 

environmentally sustainable production and transportation of modular box 

systems to mitigate these issues. 

3. The use of modular box systems can contribute positively to the environment 

by reducing the construction process's carbon footprint. Prefabrication off-site 

reduces on-site construction and transportation, leading to reduced emissions 

(Ford et al., 2014).  

Adopting an integrated sustainable construction approach through systems thinking 

can ensure the overall socio-ecological sustainability of the affected areas (Ismail et 

al., 2017). Hence, considering the sustainability of the affected areas is important when 

implementing modular box systems. 

2.3.3.2. Social and Cultural Considerations  

The implementation of modular box systems for post-disaster housing reconstruction 

must consider social and cultural factors. The cultural and social context of the affected 

communities must be considered to ensure that it is: 

1. The housing reconstruction meets their needs and respects their cultural 

practices and beliefs (Ghannad et al., 2020).  

2. The implementation of modular box systems must consider the differences 

between urban and rural communities. Rural communities may have 

different needs and requirements from urban communities, and the 

implementation of modular box systems must take these differences into 

account (Pamidimukkala et al.,2020).  

3. The involvement of affected communities in the housing reconstruction 

process is essential. Community participation and involvement can lead to 

improved outcomes and greater satisfaction with the housing 

reconstruction (Aransiola, 2013). This highlights the importance of 

involving affected communities in the planning and designing of modular 

box systems for post-disaster housing reconstruction. 

4. To ensure the successful implementation of modular box systems, 

stakeholders' perceptions regarding their feasibility and implications must 
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be considered. Ghannad et al. (2019) suggest conducting a survey among 

Architecture, Engineering, and Construction (AEC) experts who have 

experience in prefabrication and modularization and have been involved in 

post-disaster reconstruction projects. This survey can provide valuable 

insights into the suitability and feasibility of incorporating modular box 

systems. 

These systems were designed to withstand seismic activities and were deployed to 

provide efficient and resilient shelters. The flexibility of modular box systems allowed 

for customization based on the specific needs and preferences of the residents, 

ensuring their comfort and well-being during the reconstruction process (Pinter et al., 

2019). 

2.3.3.3. Economic Feasibility 

Several studies have shown that modular box systems can be a cost-effective solution 

for post-disaster housing reconstruction due to their time-efficiency and ability to 

overcome challenges of current practices (Gunawardena et al., 2014). 

The use of modular box systems can lead to reduced demand for on-site labor and 

resources, shorter schedules, reduced site congestion, and improved labor productivity 

(Ghannad et al., 2019). This can result in cost savings and improved efficiency in the 

housing reconstruction process. 

The cost-effectiveness of modular box systems may vary depending on factors such as 

the availability of local resources and labor, transportation costs, and the specific 

design and customization requirements of the housing units (Yatmo et al., 2021).  

Pribadi et al (2020) emphasize that a successful post-disaster housing reconstruction 

program requires effective program and project management, along with strong 

coordination and project administration. Similarly, Bilau et al (2018) suggest that a 

comprehensive identification of the issues impacting reconstruction program 

management, as well as the implementation of effective management measures, can 

contribute to achieving the desired outcomes. 

2.3.3.4. Safety and Durability  

The safety and durability of modular box systems for post-disaster housing 

reconstruction are crucial considerations. Modular box systems must be designed and 
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constructed to withstand the harsh environmental conditions and potential hazards of 

disaster-prone areas (Gunawardena et al., 2014). Several studies have shown that 

modular box systems can be a safe and durable solution for post-disaster housing 

reconstruction. Ghannad et al (2019) highlights that modular construction offers a 

promising solution for enhancing the post-disaster housing reconstruction process, 

primarily due to its inherent characteristic of time efficiency. 

Moreover, the use of innovative materials and construction techniques can enhance the 

safety and durability of modular box systems. For example, non-reinforced foam-filled 

modules have been proposed as a structural modular construction system for post-

disaster housing reconstruction (Nemati et al., 2018). This system uses pneumatic 

formwork and has been shown to have useful structural performance. Additionally, the 

resiliency of prefabricated structures, including modular box systems, has been studied 

in the context of relocatable education facilities (Edelman et al., 2016). The study 

found that prefabricated structures can adapt to changing needs and conditions. In 

conclusion, the safety and durability of modular box systems for post-disaster housing 

reconstruction must be carefully considered. Modular box systems can be a safe and 

durable solution for post-disaster housing reconstruction, especially when innovative 

materials and construction techniques are used. The resiliency of prefabricated 

structures, including modular box systems, has also been demonstrated in the context 

of relocatable education facilities. 

2.5. Multi-Criteria Decision Analysis (MCDA) 

Multi-Criteria Decision Analysis (MCDA) has its roots in early research aimed at 

understanding complex decision-making involving multiple criteria. A significant 

early contribution to decision theory was by Von Neumann and Morgenstern, who 

published "Theory of Games and Economic Behavior" in 1944. This foundational 

work laid the groundwork for various decision-making frameworks that evolved into 

what we now identify as MCDA. 
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Applications of MCDA in Post-Earthquake Reconstruction 

Post-earthquake reconstruction is inherently complex, requiring the evaluation of 

various factors, such as safety, cost, environmental impact, and community needs. 

MCDA supports this process by enabling stakeholders to systematically assess these 

different criteria and make informed decisions. 

 

Sustainable Development in Post-Disaster Communities: Lü and Xu (2014) discuss 

how MCDA can be vital in promoting low-carbon reconstruction, emphasizing its role 

in sustainable development following disasters. Their meta-synthesis approach 

illustrates the need to integrate community development initiatives with reconstruction 

efforts. 

 

Build Back Better Initiatives: Haris et al. (2019) highlight the critical role of MCDA 

in "Build Back Better" (BBB) strategies. The authors argue that MCDA enhances the 

creation of safer and more sustainable communities through comprehensive 

reconstruction planning, which necessitates a nuanced understanding of community 

dynamics and stakeholder values. 

 

Optimization of Reconstruction Resources: Chang et al. (2011) present an integrated 

approach to managing reconstruction resources, emphasizing the use of MCDA for 

efficient resource allocation during post-disaster housing rebuilding. Their findings 

reveal systemic bottlenecks that can hinder recovery efforts, illustrating how MCDA 

can improve planning and resource utilization. 

 

Community Engagement: Fayazi et al. (2019) examine the varying trajectories of 

communities post-disaster and underscore the importance of including community 

input in reconstruction planning. MCDA accommodates diverse stakeholder 

perspectives, ensuring that the views of affected populations are represented in 

decision-making processes. 
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2.6. Case Studies 

Several case studies have been conducted to evaluate the effectiveness of modular box 

systems for post-disaster housing reconstruction. These case studies have shown that 

modular box systems can be a time-efficient and cost-effective solution for post-

disaster housing reconstruction (Gunawardena et al., 2014). 

For example, the deployment of modular housing units after the 2008 Sichuan 

earthquake in China provided immediate shelter for thousands of displaced 

individuals, showcasing the system's rapid deployment capability (Chan, 2011). 

Similarly, after the 2015 Nepal earthquake, modular structures were used to address 

urgent housing needs, highlighting their adaptability and resilience (Jha et al., 2017). 

These case studies provide valuable insights into the practical applications of modular 

box systems and their potential to improve disaster recovery outcomes. However, they 

also underscore the need for further research to evaluate long-term sustainability and 

cultural acceptance. 

2.6.1. Case Study: Christchurch, New Zealand (2011 Earthquake) 

The 2011 Christchurch earthquake led to extensive housing reconstruction efforts, 

requiring the use of modular box systems for rapid and resilient housing solutions. 

Modular units were prefabricated off-site and transported to Christchurch for 

assembly, designed to meet local building codes and seismic standards. Government 

agencies, construction firms, and local communities collaborated to ensure efficient 

project execution. The modular approach significantly reduced the reconstruction 

timeline, allowing displaced residents to return to their homes more quickly. Residents 

reported high satisfaction with the quality and speed of the housing provided. This case 

study highlights the effectiveness of modular box systems in post-earthquake housing 

restoration. 

2.6.2. Case Study: Sichuan, China (2008 Earthquake) 

The 2008 Sichuan earthquake led to significant destruction and loss of life, prompting 

the adoption of modular box systems for housing reconstruction. These units were 

designed for quick assembly and adaptability to different terrains. Key stakeholders 

included the Chinese government, international Non-governmental organizations  
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(NGOs), and local construction companies. The modular construction proved cost-

effective due to reduced labor and material costs. The homes were designed to 

withstand future seismic activities, incorporating lessons learned from the earthquake. 

This case study highlights the economic and structural advantages of modular box 

systems in post-disaster housing reconstruction, offering a model for other regions. 

2.6.3. Case Study: Nepal (2015 Earthquake) 

The 2015 Nepal earthquake led to the introduction of modular box systems as a 

solution for housing and infrastructure damage. These prefabricated units were 

deployed in remote areas to provide quick shelter solutions. The project involved 

collaboration between the Nepalese government, international relief organizations, 

and local builders. The modular approach allowed for scalability and flexibility, 

accommodating varying needs from temporary shelters to permanent housing. The 

residents adapted well to the units, appreciating their quick availability and 

functionality. This case study highlights the adaptability and scalability of modular 

box systems, making them a viable solution for post-earthquake reconstruction. 

2.6.4. Case Study: Haiti (2010 Earthquake) 

The 2010 Haiti earthquake severely damaged Port-au-Prince, prompting the use of 

modular box systems for emergency housing. These units were designed to provide 

durable, safe living environments for displaced families. The project involved 

international organizations, the Haitian government, and local contractors. The 

modular homes were erected quickly, providing immediate relief to thousands of 

individuals. The modular approach proved cost-effective and time-efficient, making it 

crucial in resource-constrained environments. This case study highlights the 

importance of rapid deployment and cost-efficiency in post-disaster housing (Shultz 

et al., 2011). 

2.6.5. Case Study: Japan (2011 Tohoku Earthquake and Tsunami) 

The 2011 Tohoku earthquake and tsunami devastated northeastern Japan, leading to 

the implementation of modular box systems to rebuild housing and restore 

communities. These prefabricated units were designed for high durability and 

compliance with Japan's building codes, particularly earthquake resilience. 
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Stakeholders included the Japanese government, local municipalities, construction 

firms, and community organizations. The modular homes provided high levels of 

structural safety and durability, withstanding environmental stresses. Community 

satisfaction was high due to the quality and speed of reconstruction. This case study 

highlights the effectiveness of modular box systems in meeting safety standards and 

delivering high-quality housing quickly, making them a relevant example for regions 

with similar regulatory environments. 

Another example is the use of modular construction in the aftermath of Hurricane 

Maria in Puerto Rico in 2017. The modular construction approach was used to build 

temporary housing for those who lost their homes during the hurricane. The modular 

units were built off-site and then transported to the disaster area, where they were 

assembled quickly and efficiently. This approach allowed for a faster response time 

and reduced the time that people had to spend in temporary shelters "Puerto Rico's 

Hurricane Maria: Modular Construction Provides Quick Housing Solution." 

A study conducted in New Zealand found that modular offsite construction technology 

has the potential to enhance the post-disaster housing reconstruction process due to its 

intrinsic characteristics of time efficiency (Shahzad et al., 2022). Another study 

conducted in India and Indonesia compared the long-term outcomes of two post-

disaster housing reconstruction interventions and found that valuable program and 

project management, strong coordination, and project administration are essential for 

a successful post-disaster housing reconstruction program (Vahanvati & Rafliana, 

2019). Moreover, innovative modular box systems have been proposed and studied 

Nemati et al. (2018) have presented and studied a novel structural modular 

construction system that utilizes pneumatic formwork, specifically focusing on its 

structural performance as a post-disaster housing system. Community participation 

and involvement have also been studied in the context of post-disaster housing 

reconstruction with modular box systems. A study conducted in Aceh, Indonesia, used 

in-depth interviews of selected respondents to evaluate the effectiveness of community 

participation in post-disaster housing reconstruction (Rahmayati, 2016). In conclusion, 

case studies have shown that modular box systems can be a time-efficient and cost-

effective solution for post-disaster housing reconstruction. Innovative modular box 

systems have also been proposed and studied for their structural performance as a post-
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disaster housing system. Community participation and involvement have also been 

studied in the context of post-disaster housing reconstruction with modular box 

systems. Effective program and project management, along with strong coordination 

and project administration, are crucial elements for ensuring the success of a post-

disaster housing reconstruction program.   
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3. METHODOLOGY 

This chapter outlines the mixed-methods research approach used to assess the viability 

of modular box systems compared to traditional construction for post-earthquake 

housing reconstruction in Turkiye, focusing on the Isias Hotel case in Adıyaman. 

3.1. Research Design 

The research adopted is a systematic review design, focusing on collecting, analyzing, 

and synthesizing existing literature on modular box systems and traditional 

construction used in post-earthquake housing reconstruction. This design was chosen 

for its ability to provide a comprehensive overview of the current state of knowledge 

and practice in the field. The research design also adopts a mixed-methods approach, 

integrating both qualitative and quantitative research methodologies to provide a 

thorough evaluation of modular box systems in post-disaster housing reconstruction. 

Quantitative data alone cannot fully capture socio-economic impacts and community 

satisfaction levels. Qualitative insights need concrete numerical evidence to validate 

findings. The qualitative component gathers narrative data through semi-structured 

interviews and open-ended survey questions, focusing on personal experiences, 

perceptions, and challenges faced by residents, government officials, and construction 

professionals. It explores themes like community adaptation, satisfaction with modular 

housing, and perceived benefits and drawbacks of using modular box systems. The 

quantitative research component uses structured surveys with closed-ended questions 

and secondary data analysis to collect measurable data on key performance metrics 

like focused on measurable outcomes: cost-benefit ratios, construction timelines, and 

maintenance costs, and apply Multi-Criteria Decision Analysis (MCDA)to normalize 

and compare metrics. Statistical analysis provides objective evidence supporting or 

challenging the effectiveness of modular box systems and facilitates comparison with 

traditional methods.Chosen Methodology 
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3.2. Methodological Steps 

This study follows a structured methodological process designed to evaluate the 

comparative performance of modular box systems and traditional construction 

methods in post-earthquake housing reconstruction, using the Isias Hotel in Adıyaman 

as a case context. The methodology integrates systematic simulation modeling with 

mixed-methods research to ensure both analytical rigor and practical relevance. 

3.2.1. Identify key considerations 

To build a reliable assessment model, the following five core dimensions were 

established as the primary evaluation criteria: 

Structural Performance: Including structural integrity, seismic flexibility, and 

foundation stability. 

Economic Viability: Covering cost-efficiency, total lifecycle cost, and cost-benefit 

ratios (CBR). 

Durability: Encompassing resistance to environmental degradation, moisture, seismic 

fatigue, and long-term structural wear. 

Deployment and Logistical Feasibility: Including transportability, construction 

speed, and on-site assembly challenges. 

Community and Cultural Fit: Focused on stakeholder acceptance, user satisfaction, 

and alignment with local architectural identity. 

These dimensions were validated through expert consultations and were consistently 

applied across all stages of data simulation and analysis. 
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3.2.2.  Development of a Simulation-Based Comparative Framework 

To compensate for limited post-disaster real-time data, a simulation-based approach 

was adopted. This included: 

Synthetic survey inputs modeled on real stakeholder profiles(Appendix ) 

Assumptions derived from prior earthquake case studies (Sichuan 2008, Nepal 2015, 

Christchurch 2011) 

Cost and performance inputs sourced from Turkish construction databases and market 

rates 

This enabled standardized scoring of both modular and traditional systems under 

comparable conditions. 

3.2.3. Analyze the data 

This study conducts a comprehensive analysis of the collected data to evaluate the 

feasibility, performance, and suitability of modular box systems (MBS) compared to 

traditional construction methods for post-disaster housing reconstruction in Adıyaman, 

Türkiye. The analysis considers both technical and social dimensions and follows a 

structured approach involving regulatory compatibility, cost estimations, structural 

resilience, and community acceptance. 

Quantitative Analysis 

Quantitative analysis focuses on performance indicators and sustainability metrics 

using structured equations and criteria derived from engineering evaluations and 

market data. The following models are applied: 

1. Cost-Benefit Ratio (CBR) 

Cost-Benefit Ratio (CBR):  This metric measures the economic feasibility of modular 

box systems and traditional construction by comparing the total expected benefits to 

the total project costs: 

Cost − Benefit Ratio (CBR) =  Total Benefits
Total Costs⁄  
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Total Benefits ( TB) =  (𝑅𝑒𝑛𝑡𝑎𝑙 𝐼𝑛𝑐𝑜𝑚𝑒 + 𝐸𝑛𝑒𝑟𝑔𝑦 𝑆𝑎𝑣𝑖𝑛𝑔𝑠) × 𝑃𝑉𝑎𝑛𝑛𝑢𝑖𝑡𝑦 

+𝑅𝑒𝑠𝑖𝑙𝑖𝑒𝑛𝑐𝑒 𝐵𝑒𝑛𝑒𝑓𝑖𝑡 

Table 1  Cost-Benefit Ratio Values 

CBR Value Interpretation 

> 1.0 The project is economically beneficial. The benefits outweigh the 
costs.  

1 The project breaks even. Benefits equal the costs. 

< 1.0 The project is not economically justified. Costs exceed the benefits 

 

Table 2 Present value of an ordinary annuity table 

 

2. Total Cost (TC): Total cost includes all costs associated with modular box systems 

and traditional construction. 

Total Cost (initial) = 𝐶𝑟𝑚 + 𝐶𝑙 + 𝐶𝑡 + 𝐶𝑎 

 

Total Cost (TC) = 𝐶𝑟𝑚 + 𝐶𝑙 + 𝐶𝑡 + 𝐶𝑎 + 𝐶𝑚 

Where: 

Crm= Cost of raw materials 

Cl = Cost of labor 

Ct= Cost of transportation 

Ca= Cost of assembly/construction 

Cm= Cost of maintenance 
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𝐶𝑚𝑝𝑣 = 𝐶𝑚𝑎𝑛𝑛𝑢𝑎𝑙 × 𝑃𝑉𝑎𝑛𝑛𝑢𝑖𝑡𝑦 

Where: 

Cm annual= Annual maintenance cost (from Table 4) 

PV annuity  = Present value annuity factor (8.1109 for 10 years at 4% from Table A.4) 

 

3.Weighted Multi-Criteria Evaluation : A weighted score helps rank construction 

methods based on performance factors 

𝑇𝑜𝑡𝑎𝑙 𝑆𝑐𝑜𝑟𝑒𝐾 = ∑ (𝑤𝑖 × 𝑥𝑖, 𝑘)
𝑛

𝑗=1
 

Where: 

• k = Construction method  

• n = Number of criteria  

• wi = Weight of criterion i(summing to 100%) 

• xi,k = Score of method kk on criterion i (1-10 in your scale) 

3.3. Data Collection Methods 

3.3.1. Qualitative Data Collection 

To ensure a comprehensive understanding of both technical and social 

dimensions surrounding implementing modular box systems in post-

earthquake reconstruction, qualitative data were collected from multiple 

stakeholder groups through structured field research in Adıyaman. 

Participants: 

Total Participants: 90 individuals 

38 Stakeholders from the construction and logistics sector, including: 

• Transport company representatives 

• Modular housing manufacturers 

• Site engineers 

• Local regulatory officials and permit officers 
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52 Community-level respondents, including: 

• Displaced residents living in temporary or modular units 

• Hotel guests and hospitality sector workers 

• Local business owners and shopkeepers 

• Employees involved in reconstruction projects 

Validity Analysis 

To enhance the validity of findings derived from the qualitative simulation, 

several strategies were employed. Face validity was established through 

structured interviews that utilized open-ended prompts, ensuring alignment 

with participant experiences and perceptions. Content validity was further 

supported by engaging representatives from both community and 

governmental sectors, ensuring that the data collected reflects relevant 

perspectives on modular construction relevance within the Turkish context. 

 

Triangulation was utilized to augment validity by integrating multiple sources 

of data, including interviews and observations, to cross-validate findings (Chen 

et al., 2024). Supplementary policy and document reviews ensured that current 

building codes and municipal procedures were accurately represented in the 

simulation design (MacPhail et al., 2015). 

Reliability Analysis 

The reliability of qualitative findings was reinforced through rigorous 

participant training, ensuring that simulation scenarios were consistent across 

various stakeholder groups. Inter-rater reliability was enhanced by utilizing 

multiple researchers in the analysis, fostering consistency in coding and 

interpretation of qualitative data collected during the simulation. 

 

To promote transparency, a detailed description of the simulation framework 

was documented, allowing for reproducibility in future studies. This 

comprehensive methodological articulation is crucial for fostering 
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trustworthiness in qualitative research within construction and reconstruction 

contexts (Cole, 2023). 

Data Collection Tools: 

• Semi-structured interviews with open-ended prompts were 

conducted with logistics and government stakeholders to assess: 

Infrastructure readiness 

Regulatory familiarity with modular methods 

Common logistical constraints (e.g., transport permits, crane access, narrow 

roadways) 

• Community perception surveys were designed to capture: 

Awareness and trust in modular construction 

Perceived safety, aesthetics, and long-term usability 

Cultural and emotional acceptance of modular housing 

Field observations at reconstruction sites provided real-time insight into 

material handling, space availability for module staging, and workforce 

coordination. 

Policy and document reviews were also conducted to evaluate: 

Current building codes and modular system certification processes 

Municipal procedures for oversized load permits and seismic compliance 

 

This multifaceted qualitative approach ensured that the research reflects both 

high-level strategic constraints and grassroots-level community perceptions, 

equally critical dimensions in evaluating the feasibility of modular deployment 

in Adıyaman. 

3.3.2. Quantitative Data Collection 

Quantitative data collection focused on evaluating the performance, cost, and 

feasibility of modular box systems compared to traditional construction within 

the context of post-earthquake reconstruction in Adıyaman. The approach 
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combined structured surveys, market-based cost analysis, and expert 

evaluation. 

Participants: 

Total Participants: 11 construction and housing professionals 

Participant Profile: 

Data were gathered from professionals representing both traditional and modular 

construction sectors, as well as government planners involved in housing and 

reconstruction: 

Traditional construction was represented by professionals from firms such as ENKA, 

Nurol, and Yapi Merkezi, which are known for using reinforced concrete and masonry 

techniques. 

Engineers and project managers from Karmod, Vefa, and Dorce, which specialize in 

prefabricated modular housing, evaluated modular box systems. 

Public sector input came from engineers and planners affiliated with local and national 

housing programs following the 2023 earthquake. 

Validity Analysis 

To enhance validity, face validity was established through the careful formulation of 

structured survey questions, which were aligned with industry-specific benchmarks. 

Engaging industry professionals in developing the survey instruments contributed to 

establishing content validity, confirming that the tools accurately reflect the relevant 

domains (Chen et al., 2024). The applicability of findings is further strengthened by 

referencing local conditions and practices within Türkiye, making the research context 

more relevant and ensuring that the outcomes can effectively inform local decision-

making in reconstruction strategies. 

Reliability Analysis 

Reliability of the data collection process was achieved through a standardized 

approach in administering structured survey forms. This consistency is critical for 

internal reliability as responses across participants remained uniform, and multiple 

testing rounds of the survey with pilot groups prior to the simulation ensured data 

coherence  (MacPhail et al., 2015).To evaluate performance scoring systematically, 
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Multi-Criteria Decision Analysis (MCDA) was employed. An expert panel validated 

the scoring process to ensure inter-rater reliability, where independent panel members 

provided consistent evaluations of durability and seismic resilience of both 

construction types (Cole, 2023). 

Data Collection Tools: 

Structured survey forms were used to collect data on: 

Average cost per square meter 

Construction timelines for 42 m² units 

Housing system lifespan and maintenance costs 

Performance ratings on structural durability, seismic resilience, and flexibility 

 

Market pricing sheets were obtained from suppliers in Adıyaman to establish reliable 

benchmarks for cost estimation (materials, labor, transportation, and installation). 

Performance scoring sheets employed Multi-Criteria Decision Analysis (MCDA) to 

normalize and compare scores across critical performance dimensions. 

Expert Panel: 

An expert panel of five professionals was convened to provide technical validation of 

performance scores, particularly regarding durability and seismic resilience in the Isias 

Hotel reconstruction. The panel included: 

Structural engineers with expertise in seismic design 

A construction project manager experienced in modular box deployment 

A specialist in construction materials and degradation 

A government building inspector familiar with regulatory frameworks 

 

The panel’s assessments helped define factor weights for MCDA scoring and ensured 

consistency across both construction models. 
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4. IMPLEMENTATION AND RESULTS 

This chapter outlines the application and outcomes of evaluating modular box systems 

for post-earthquake housing reconstruction, with a focus on their viability in the 

aftermath of the February 2023 Turkey earthquake. The study's primary aim was to 

evaluate these systems based on their speed of deployment, cost-efficiency, structural 

durability, long-term sustainability, adaptability, cultural relevance, logistical 

practicality, and economic impact. A case study centered on the Isias Hotel in 

Adıyaman, a structure severely impacted by the seismic disaster (Figure 2),  provided 

critical insights into survivor accommodation needs. Quantitative analysis revealed 

that a modular box unit with a 42m² (Figure 3,4 ) footprint could adequately house 

survivors displaced by building collapse. This modular box unit was benchmarked 

against a traditional building of equivalent area (42 m²) to ensure parity in comparative 

evaluation, allowing for direct assessment of performance metrics. Findings were 

derived from a synthesis of field data from the Isias Hotel case study, simulations of 

seismic resilience, and cross-comparisons with traditional construction models. 

 

Figure 5 Modular Box Exterior View 
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Figure 6 Modular Box interior View 

 

4.1. Evaluation of Effectiveness in Post-Earthquake Housing 

Reconstruction 

4.1.1. Deployment Speed 

Modular box construction methods significantly reduce construction timelines 

compared to traditional building methods, facilitating timely post-disaster recovery. A 

study highlighted the effectiveness of modular box construction in expediting the 

rebuilding process in post-disaster scenarios, illustrating how prefabricated elements 

can be assembled quickly, crucial for regions like Türkiye that require rapid responses 

to disaster recovery (Ghannad et al., 2020). 

The deployment data summarized in Tables 3–5 were collected from a representative 

sample of three modular box and three traditional construction companies operating in 

Türkiye. Details of the source materials can be found in the Appendix Table ( 13, 23). 

These firms participated in structured project timeline surveys targeting modular box 

and traditional reconstruction practices in post-earthquake Adıyaman. 
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Objective: To compare the deployment speed of modular box systems with traditional 

construction methods for the Isias Hotel. 

 

Table 3  Isias Hotel Modular Box Duration Construction 

Phase Estimated 
Duration 

Design & Engineering 3–5 weeks 
Off-site Module 
Fabrication 10–14 weeks 

Site Preparation & 
Foundation 

4–6 weeks 
(parallel) 

Module 
Transportation 1–2 weeks 

On-site Module 
Installation 2–3 weeks 

MEP Connections & 
Finishing 4–6 weeks 

Total Deployment 
Time 16~22 weeks 

 

Table 3 outlines the phased timeline for reconstructing the 7-story Isias Hotel (70 

rooms) using modular box methodology. Key insights not explicitly listed: 

• Total deployment time (16–22 weeks) averages 133 days, calculated by 

converting the midpoint of each phase’s duration into days. 

• Scale considerations: The hotel’s 7 floors and 70 rooms necessitated a higher 

volume of prefabricated modules, impacting off-site fabrication timelines (10–

14 weeks) while leveraging modularity for efficient stacking. 

• Parallel workflows: Site Preparation (4–6 weeks) included foundation 

reinforcement for multi-story loads, synchronized with factory production. 

• Bottleneck mitigation: On-site Installation (2–3 weeks), prioritized crane 

scheduling for vertical assembly of 70 room modules. 

• Design coordination: Standardized room layouts streamlined fabrication, while 

custom MEP systems for 7 floors extended Finishing phases (4–6 weeks). 
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Table 4  Isias Hotel Traditional Duration Construction  

Phase Estimated 
Duration 

Design & Engineering 4–6 weeks 
Site Preparation & 
Foundation 5–8 weeks 

Structural Frame 
Construction 16–20 weeks 

Walling, Roofing, & Facade 10–14 weeks 
MEP Installation & Finishing 12–16 weeks 
Total Deployment Time 42~54 weeks 

Table   4  outlines the phased timeline for reconstructing the Isias Hotel (7 floors, 70 

rooms) in Adıyaman, Türkiye, using traditional construction methods. Key insights 

not explicitly listed: 

• Total deployment time (42–54 weeks) averages 336 days, calculated by 

converting the midpoint of each phase’s duration into days. 

• Longest phase: Structural Frame Construction (16–20 weeks), critical for 

supporting the hotel’s 7-story load, requiring manual labor for reinforced 

concrete columns and beams. 

• Sequential bottlenecks: Unlike modular box methods, phases like Walling & 

Roofing (10–14 weeks) cannot overlap with MEP work (12–16 weeks), 

extending timelines. 

• Weather risks: Adıyaman’s continental climate (extreme heat, frost, and snow) 

could halt on-site work for weeks, particularly during the Foundation and 

Structural phases. 

• Inspection delays: Post-earthquake scrutiny of materials and safety (e.g., 

avoiding past errors like substandard concrete) adds hidden weeks to 

approvals. 
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Table 5  Isias Hotel Deployment Speed Data for Modular Box Construction and 

Traditional Construction 

Case 

Study 

Modular 

Construction 

Start Date 

Modular 

Construction 

End Date 

Days 

Taken 

(Modular) 

Traditional 

Construction 

Start Date 

Traditional 

Construction 

End Date 

Days Taken 

(Traditional) 

Turkey 10-02-2023 23-06-2023 133 10-02-2023 02-01-2024 336 

 

The data in Table 5 indicate that modular box systems significantly reduce the time 

required for housing reconstruction. On average, modular box systems were deployed 

in approximately 133 days, compared to 336 days for traditional methods, 

demonstrating a 60.4% reduction in deployment time. 

Implications for the Isias Hotel : 

Accelerated Recovery Timeline: 

o Modular box systems enable the Isias Hotel to reopen 6–7 months 

faster than traditional methods, minimizing disruptions to tourism 

revenue and local livelihoods. Rapid reconstruction restores the hotel’s 

capacity to host guests, conferences, and events, which are vital for 

reviving Adıyaman’s economy post-earthquake. 

o Reduced exposure to Adıyaman’s harsh winters during construction 

mitigates risks of weather-related delays or structural damage to 

unfinished work. 

4.1.2. Economic Viability 

Cost efficiency is a critical aspect when evaluating the financial advantages of utilizing 

modular box systems in rapid reconstruction scenarios. Research indicates that 

modular box systems can lead to lower overall project costs and improved project 

delivery times, particularly relevant to post-earthquake reconstruction efforts in 

Türkiye (Pervez et al., 2022). The implementation of modular box construction has 

been recognized as a viable solution to enhance cost efficiency in recovery from 

disasters (Haque et al., 2021). 
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cost-efficiency 

Objective: To evaluate the cost-efficiency of modular box systems compared to 

traditional construction methods for the Isias Hotel 

Based on the Türkiye Earthquakes Recovery and Reconstruction Assessment (Republic of 

Türkiye et al., 2023, p. 217), the estimated traditional construction cost in Adıyaman Merkez 

following the 2023 earthquake was approximately $323 m². 

By comparison, market analyses indicate in the Appendix (Table 24) a 42 m² modular 

prefabricated box with installation averages $235 m². 

Table 6  initial construction costs for a single 42 m² unit at the Isias Hotel 

Isias Hotel  

Raw 

Materials 

Cost  

Labor 

Cost  

Transportation 

Cost  

Assembly 

Cost  

Modular 

Box  
$7000 $700 $1150 $1000 

Traditional 

Construction  
$8400 $1400 $1800 $2000 

 

The cost figures for the modular box system presented in Table 6 are based on a 

supplier price survey conducted with three leading modular box housing companies, 

as detailed in Appendix (Table 25). This survey provided a breakdown of costs for a 

standard 42 m² unit, including raw materials, labor, transportation, and on-site 

assembly. 

As shown in Table 6 the initial construction costs for a single 42 m² unit at the Isias 

Hotel using modular box systems and traditional construction methods.  The costs 

included raw materials, labor, transportation, and assembly. Table 6 shows that the 

Modular Box’s initial cost was (700+7000+1150+1000 )=$9,850 versus $13,600 for 

traditional construction. 

This cost comparison highlights a significant capital saving of $3,750 per unit in favor 

of modular box construction, Moreover, raw materials costs alone are 17% lower for 



 

 
41 

the traditional construction, labor costs are cut in half, transportation costs are 36% 

less, and assembly costs drop by 50% relative to conventional methods  Such findings 

underscore the economic advantage of modular box systems in post-disaster 

reconstruction contexts, particularly when rapid deployment and budget optimization 

are critical. The modular box approach also benefits from streamlined logistics and 

reduced on-site labor, which further contribute to project efficiency and cost 

containment. 

total lifecycle cost 

Table 7  Modular Box Systems vs Traditional Construction Cost Breakdown  

(USD per unit)       

Isias Hotel  

Raw 

Materials 

Cost  

Labor 

Cost  

Transportation 

Cost  

Assembly 

Cost  

Annual 

maintenance 

cost  

Modular 

Box  
$7000 $700 $1150 $1000 $890/year 

Traditional 

Construction  
$8400 $1400 $1800 $2000 $1224/year 

Table 7 provides a comprehensive comparison of the total lifecycle costs for one 42 

m² housing unit reconstructed at the Isias Hotel using two different construction 

systems: modular box and traditional construction. The table details initial capital 

expenditures across four categories: raw materials, labor, transportation, assembly, and 

annual maintenance costs over the system's expected service life.  

In addition to upfront costs, annual maintenance costs were considered over a standard 

10-year lifecycle, applying an annual maintenance cost of $890 for modular box 

systems and $1,224 for traditional builds. When these annual costs are converted to 

present value using a discount rate of 4% over 10 years (PV factor = 8.1109), the total 

maintenance costs are approximately: 

 

Modular Box: $890 × 8.1109 ≈ $7,218 
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Traditional Construction: $1,224 × 8.1109 ≈ $9,928 

 

Adding these values to the respective initial costs yields the total lifecycle cost: 

Modular Box: $9,850 + $7,218 = $17,068 

Traditional Construction: $13,600 + $9,928 = $23,528 

 

These findings reveal that modular box construction reduces lifecycle costs by 

approximately $6,460 per unit, equivalent to a 27.5% cost savings over a decade. 

Combined with faster deployment and superior seismic resilience, this cost advantage 

positions modular box systems as a financially and technically viable solution for post-

disaster housing reconstruction in Adıyaman. 

Taken together, these figures underscore the economic advantages of modular box 

prefabrication in post‑earthquake reconstruction scenarios, offering both lower upfront 

investment and reduced lifecycle costs  

These savings also translate into faster deployment times, as prefab units can be 

manufactured and installed more quickly than masonry‑based builds  

Consequently, decision‑makers in Adıyaman Merkez can leverage modular box 

systems to optimize both budgetary constraints and reconstruction timelines  

cost-benefit ratios (CBR) 

To evaluate the economic implications of implementing modular box systems at scale 

in post-earthquake Adıyaman, a cost–benefit analysis was conducted using lifecycle 

cost estimates and projected rental income. Each reconstructed 42 m² housing unit is 

expected to generate $2,400 per year in rental revenue, as assumed in the case study 

model. To reflect the present value of this cash flow over a 10-year period, the present 

value annuity factor of 8.11090 was applied (at a 4% discount rate, as shown in Table 

2). This yields a total discounted benefit of $19,466 per unit: 

$2,400×8.11090=$19,466 
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To assess the economic viability, this benefit is compared against the total lifecycle 

costs for both Modular Box =17,068 , Traditional Construction 23,528 . The Cost–

Benefit Ratio (CBR) is calculated as follows: 

Modular Box CBR: 

$19,466/$17,068≈1.14 

Traditional Construction CBR: 

$19,466/$23,528≈0.83 

According to established definitions (see Table 1), a CBR greater than 1.00 signifies 

that the investment yields a net positive return. At the same time, a CBR below 1.00 

indicates that the costs exceed the economic benefits. The results demonstrate that the 

modular box system offers a CBR of 1.14, meaning every dollar invested produces 

$1.14 in present-value returns. In contrast, the traditional construction method returns 

only $0.83, suggesting it fails to recover its costs under current conditions. 

Furthermore, the modular box system achieves a 31% higher cost–benefit ratio than 

traditional construction, underscoring its financial efficiency and practicality for large-

scale implementation in resource-constrained, disaster-affected areas such as 

Adıyaman. These findings also reinforce the value of modular box approaches in 

reducing capital and lifecycle costs, accelerating post-disaster recovery, and increasing 

long-term economic resilience. 

Therefore, this analysis supports the broader adoption of modular box systems as a 

strategic element of Türkiye’s national housing recovery framework, particularly for 

urgent reconstruction projects requiring rapid deployment, seismic reliability, and 

sustainable cost control, as exemplified by the Isias Hotel redevelopment. 

4.2. Long-Term Sustainability and Resilience 

This section evaluates the long-term sustainability and resilience of modular box 

systems compared to traditional construction methods within the context of post-

earthquake reconstruction in Adıyaman, Türkiye. Sustainability in this study is defined 

by a construction system's ability to endure environmental challenges, minimize 

maintenance needs, and support energy efficiency, while resilience focuses on the 

system’s capacity to recover from or adapt to seismic and climatic stressors. 
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Evaluations of structural integrity and long-term maintenance characteristics are 

essential for sustainability in earthquake-prone regions like Türkiye. Studies have 

reported that modular box, when built to appropriate standards, can offer enhanced 

durability and maintain performance under seismic conditions, thus supporting long-

term goals for disaster resilience in the built environment (Mansoor et al., 2023). This 

emphasis on durable design aligns well with current practices in Turkish construction, 

which aim to mitigate risks associated with natural disasters. 

Simulations demonstrate how modular box constructions perform under seismic 

conditions, revealing insights into their robustness against earthquake events. Research 

findings emphasize that modular box systems, especially when properly designed and 

engineered, can effectively withstand seismic forces while offering the promise of 

rapid recovery in affected areas (Shan & Pan, 2020). This resilience is crucial as 

Türkiye is situated in a seismically active region, necessitating the incorporation of 

robust seismic standards into building practices (Ghannad et al., 2020). 

4.2.1. Durability 

The scoring data and Weight used in Table 8 were compiled from evaluations 

conducted by a panel of five expert professionals, including structural engineers, 

materials specialists, and regulatory inspectors. These assessments are detailed in the 

Appendix Table (26,28). 

Objective: To assess the durability of modular box systems compared to traditional 

construction methods for the Isias Hotel. 

Table 8 Weighted Durability Score: Modular Box vs. Traditional Construction Systems in 

Isias Hotel 

Durability Factor Weight 
Modular 

Box   

Traditional 

Construction 

Weighted 

Modular 

Weighted 

Traditional 

Seismic Fatigue Resistance 30% 8.5 6 2.55 1.8 
Material Durability 25% 9 7 2.25 1.75 
Resistance to Moisture 20% 9.5 5.5 1.9 1.1 
Thermal Degradation 15% 8 6.5 1.2 0.975 
Structural Corrosion Protection 10% 8.5 5 0.85 0.5 

Total Weighted Score 100%     8.75 6.125 
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Interpretation: The weighted durability assessment presented in Table 8 provides a 

multi-criteria evaluation of modular box systems compared to traditional construction 

methods, with application to the Isias Hotel reconstruction context. Beyond the 

surface-level score differences, the table reveals several critical trends and 

implications for long-term structural performance in seismically active and 

climatically variable regions like Adıyaman. 

 

One key insight is the consistency of performance across all sub-criteria for modular 

construction. While traditional construction shows relatively uneven performance, 

performing moderately in material durability but poorly in moisture resistance and 

corrosion protection, the modular system demonstrates uniformly high scores across 

all parameters. This pattern suggests a systematic advantage rooted in material 

standardization, factory-controlled assembly, and the use of modern, engineered 

components such as galvanized steel and laminated panels. 

 

Another significant inference is the weight distribution strategy within the MCDA 

framework. The highest weights are assigned to seismic fatigue resistance (30%) and 

material durability (25%), both of which are critical in ensuring structural survival and 

serviceability over time in post-disaster scenarios. Modular box systems outperform 

traditional methods precisely in these high-impact areas, which amplifies the impact 

of their superior ratings in the final score (8.75 vs. 6.125). 

 

Furthermore, the modular system’s superiority in environmental resistance sub-

categories (moisture, thermal degradation, and corrosion protection) indicates not just 

durability in a seismic context, but resilience to regional climate stressors—especially 

relevant in Adıyaman, where freeze-thaw cycles, high summer temperatures, and 

precipitation variation contribute to accelerated degradation in conventional materials. 

 

This comprehensive and balanced advantage underlines the holistic durability of 

modular construction, highlighting not only its strength under dynamic loads but also 

its reduced vulnerability to passive, long-term environmental stress. These findings 
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support the broader case for modular box systems as a strategic asset in sustainable 

reconstruction policies in Türkiye’s disaster-prone regions. 

4.2.2. Environmental Adaptability and Maintenance Requirements 

Objective: To evaluate the long-term sustainability and seismic resilience of modular 

box systems compared to traditional construction methods, with a focus on their 

adaptability to seismic conditions and associated maintenance requirements. The study 

aims to assess how these construction systems perform under seismic stressors, using 

Adıyaman's seismic risk as a reference point. 

Results: The analysis indicates that modular box systems, with engineered inter-

module connections such as self-centering rocking shear walls, offer enhanced seismic 

resilience by accommodating ground movements without significant structural 

damage (Aghagholizadeh, 2024). In contrast, traditional construction methods rely 

on ductile reinforced concrete frames with shear walls and moment-resisting frames 

designed per seismic codes to absorb lateral forces effectively (Wikipedia, 2024). 

Maintenance considerations for modular systems include post-earthquake inspections 

of module joints and fasteners, with components susceptible to fatigue requiring 

attention every five years. Traditional structures necessitate immediate crack mapping 

after seismic events and biannual inspections for concrete delamination and 

reinforcement corrosion to ensure long-term durability. 

According to Özlem (2012), implementing modular box systems offers a sustainable 

and practical approach to temporary housing in earthquake-prone areas of Turkey. The 

study emphasizes that these systems are quick to deploy and adaptable to diverse 

environmental conditions, making them suitable for rapid post-disaster responses. 

Özlem further highlights the potential of modular solutions to bridge the gap between 

immediate shelter needs and long-term urban planning goals. 

4.2.3. Seismic Resilience 

The scoring data and weight assignments used in Tables 9–12 were derived from a 

panel of five expert professionals, including structural engineers, materials specialists, 

and seismic inspectors. Detailed explanations of the rating process and justification for 

the selected weights are documented in the Appendix, Table (29,38 ). 
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Objective: To evaluate and compare the capacity of modular box systems versus 

traditional construction methods to withstand seismic activity in Adıyaman, focusing 

on their structural integrity, flexibility, and foundation stability. 

Table 9 Weighted Structural Integrity Score: Modular Box vs. Traditional Construction 

Systems in Adıyaman   

Structural Integrity  Weight 
Traditional 

Construction  

Modular 

Box  

Weighted 

Traditional 

Weighted 

Modular 

Foundation Flexibility 20% 6 8 1.2 1.6 

Load Distribution 15% 6.5 8.5 0.975 1.275 

Material Ductility 20% 7 9 1.4 1.8 

Connection 

Robustness 
15% 6 9 0.9 1.35 

Redundancy & 

Continuity 
20% 5.5 8 1.1 1.6 

Seismic Damping 

Capacity 
10% 5 8.5 0.5 0.85 

Total Weighted 

Score 
100%     6.075 8.475 

 

Interpretation: 

The modular box system excels in flexibility, scoring 8.65 compared to 5.85 for traditional 

systems. This suggests modular box designs better absorb and redistribute seismic energy, 

minimizing structural stress and reducing post-disaster repair needs. Notably, junction 

flexibility and modular adjustability scores are significantly higher, confirming their 

adaptability under variable stress conditions. 

Table 10 Weighted Flexibility Score: Modular Box vs. Traditional Construction Systems in 

Adıyaman   

Flexibility Weight 
Traditional 

Construction  

Modular 

Box   

Weighted 

Traditional 

Weighted 

Modular 

Material Elasticity 20% 6 9 1.2 1.8 

Junction Flexibility 20% 5 8.5 1 1.7 

Foundation Adaptability 15% 6.5 8 0.975 1.2 

System Ductility 20% 7 9 1.4 1.8 

Modular Adjustability 15% 5.5 9 0.825 1.35 

Seismic Energy Dissipation 10% 4.5 8 0.45 0.8 

Total Weighted Score 100%   5.85 8.65 
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Interpretation: 

The modular box system excels in flexibility, scoring 8.65 compared to 5.85 for 

traditional systems. This suggests modular designs better absorb and redistribute 

seismic energy, minimizing structural stress and reducing post-disaster repair needs. 

Notably, junction flexibility and modular adjustability scores are significantly higher, 

confirming their adaptability under variable stress conditions. 

Table 11 Weighted Foundation Stability Score: Modular Box vs. Traditional Construction 

Systems in Adıyaman 

Foundation Stability  Weight 
Traditional 

Construction  

Modular 

Box   

Weighted 

Traditional 

Weighted 

Modular 

Liquefaction Resistance 25% 5 8.5 1.25 2.125 

Settlement Tolerance 20% 8 6 1.6 1.2 

Base Isolation Compatibility 15% 4 9 0.6 1.35 

Uplift Resistance 15% 7 8 1.05 1.2 

Differential Movement 

Capacity 
15% 5 8.5 0.75 1.275 

Post-Quake Releveling 10% 3 8 0.3 0.8 

Total Weighted Score 100%   5.55 7.95 

 

Interpretation: 

Modular systems demonstrate 43.2% higher foundation stability, primarily due to 

superior liquefaction resistance and base isolation compatibility, critical in 

Adıyaman’s alluvial soils and seismic conditions. While traditional construction 

performs better in settlement tolerance due to its rigid structure, its poor post-quake 

releveling capacity reveals significant long-term limitations. 
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Table 12 Weighted Seismic Resilience Scores Between Modular Box and Traditional 

Construction Systems in Adıyaman  

Seismic 

Resilience  
Weight 

Modular 

Box 
Traditional 

Weighted 

Modular 

Weighted 

Traditional 

Structural 

Integrity  
50% 8.475 6.075 4.24 3 

Flexibility 30% 8.65 5.85 2.6 61.7  

Foundation 

Stability 
20% 7.95 5.55 1.59 1.11 

Total       8.43 5.87 

 

Interpretation: 

The modular box system demonstrates a 43.6% seismic resilience advantage over 

traditional construction methods in Adıyaman, as reflected in the total weighted scores 

(8.43 vs. 5.87). This significant performance gap is primarily attributed to higher 

scores in structural integrity and flexibility, with modular systems benefiting from 

advanced engineering features such as ductile frames, energy-dissipating connections, 

and prefabricated precision. 

The superior foundation stability of modular systems further reinforces their advantage 

under seismic loads, ensuring enhanced ground interaction, minimized differential 

settlement, and greater compatibility with isolation technologies. 

These advantages support faster post-earthquake recovery, reduced downtime, and 

improved safety, which are particularly critical for multi-story buildings like the Isias 

Hotel. As part of Türkiye’s strategic vision for post-2023 reconstruction, modular box 

systems offer a resilient, sustainable, and adaptable solution tailored to the challenges 

of rebuilding in high-risk seismic zones like Adıyaman. 

4.3. Cultural and Social Adaptability 

The simulation also incorporated qualitative methods that emphasized cultural and 

social adaptability critical factors for ensuring community acceptance of modular box 

housing solutions in post-disaster reconstruction. This component of the research 

aligns with existing evidence showing that community engagement, awareness, and 

public perception play a vital role in the success of reconstruction initiatives in 

earthquake-affected regions of Türkiye. For example, Birol and Yaşar-Gündüz (2024) 
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underscored the necessity of addressing cultural considerations when shaping 

community responses to disaster recovery, offering recommendations for enhancing 

earthquake preparedness and fostering community involvement after the 2023 

earthquakes. Similarly, Benek and Aktan (2024) examined seismic resilience and the 

determinants of community satisfaction, highlighting the influence of cultural context 

on post-earthquake rebuilding strategies. 

The findings related to social perception including survey responses and 

interpretations from qualitative interviews were drawn from a community-based 

survey conducted in Adıyaman with 52 participants. Detailed results are presented in 

Appendix (Table 39). 

 

Objective: 

To explore how cultural expectations, social perceptions, and local institutional 

frameworks influence the acceptance and implementation of modular box systems, 

particularly in the context of post-disaster reconstruction in Adıyaman. 

A structured community survey was conducted in Adıyaman to assess public 

awareness, preferences, and trust regarding modular versus traditional construction 

systems. The results show a generally positive but cautious attitude toward modular 

construction. While familiarity with modular systems is high (77% of respondents), 

traditional methods are still preferred by 62% when it comes to long-term structures 

such as hotels, reflecting a cultural association between permanence and traditional 

materials. 

Interpretation Based on Survey Data: 

Awareness and General Acceptance 

A strong majority of respondents (77%) reported being familiar with modular or 

prefabricated construction. This suggests that awareness campaigns and previous 

deployments in the region have effectively introduced the concept to the community. 

However, only 59% believed modular systems are suitable for permanent housing or 

hotels, and 22% remained unsure, indicating a degree of hesitation regarding long-

term use. 
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Cultural Fit and Design Adaptation 

A key insight emerged when respondents were asked if they would accept modular 

buildings that resembled traditional architecture: 84% answered yes. This finding 

underscores the importance of aesthetic compatibility and supports the 

recommendation to design modular units with vernacular stylistic elements that align 

with Adıyaman’s historical “bit-hilani” identity. 

Trust and Long-Term Preference 

Despite positive perceptions of modular innovation, 62% of respondents trust 

traditional construction more for long-term buildings, compared to only 38% for 

modular. This result indicates that trust is still deeply rooted in established building 

methods and that modular systems need to overcome both perceptual and experiential 

barriers. 

Perceptions of Safety and Risk Mitigation 

Safety emerged as the most important factor for hotel buildings, cited by 46% of 

participants, followed by comfort (29%) and style (25%). Moreover, a significant 

majority (88%) expressed support for modular construction if it reduced earthquake 

risks, indicating that seismic resilience is a decisive factor in public acceptance. 

Institutional Familiarity and Community Engagement 

Interviews with contractors revealed a lack of institutional familiarity with modular 

systems among inspectors and municipal authorities, reinforcing survey responses that 

identified regulatory approval as a potential barrier. Additionally, concerns were raised 

about the impact of prefabrication on local employment, with traditional methods 

perceived as more labor-intensive and inclusive. 

Implications for the Isias Hotel: 

The findings suggest that successful adoption of modular systems in Adiyaman, 

particularly for high-profile, culturally sensitive projects like the Isias Hotel, will 

depend on addressing cultural alignment and public trust. Key recommendations 

include: 

Architectural adaptation to match regional heritage 

Transparent communication of safety and seismic performance 
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Integration of local labor in the assembly and customization phases 

Training for local officials to reduce approval delays and institutional resistance 

By fulfilling these conditions, modular box systems have the potential to serve as a 

technically resilient, culturally responsive solution for post-disaster recovery in 

Türkiye. 

4.4. Logistical Challenges 

Objective: 

This section aims to identify and categorize the key logistical challenges associated 

with deploying modular box systems for the reconstruction of the Isias Hotel in 

Adıyaman, Türkiye, and to assess their impact on feasibility, scheduling, and cost 

management. Data were collected through a structured survey of 38 participants, 

including transport operators, modular manufacturers, engineers, and local authorities 

(see Table 40 in the Appendix). 

Identified Challenges and Interpretation  

1. Terrain and Road Infrastructure 

According to survey responses, 66% of participants indicated that Adıyaman’s terrain 

is only partially suitable for oversized freight deliveries, while 24% deemed it 

unsuitable. The primary transport obstacles cited were narrow roads (42%), bridge 

clearance limitations (32%), and permit delays (26%). These findings emphasize the 

need for early route analysis and possibly alternative transport corridors to mitigate 

access constraints. 

2. Oversized Freight Permitting 

A significant 79% of respondents stated that current municipal permitting processes 

are unfamiliar with modular systems, indicating regulatory gaps. The approval time 

for Oversize/Overweight (OS/OW) permits was reported as 2–4 weeks by 61%, with 

18% experiencing even longer delays. This suggests a critical risk for schedule 

compression if permits are not requested well in advance of fabrication. 
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3. Crane and Lifting Requirements 

Survey data show that 50% of participants expected crane availability within 1–2 

weeks, while 39% expected 3–4 weeks, and 11% reported delays exceeding one 

month. Given that module installation relies heavily on crane access, especially for 

20–30-ton units, these timelines could affect overall deployment efficiency, 

particularly at high-density sites like the Isias Hotel. 

4. Supply Chain and Customs Lead Times 

Customs-related risks were frequently cited in open-ended responses, including delays 

at Istanbul and Mersin ports, and complications due to MEP component imports. These 

issues pose a threat to just-in-time modular scheduling and necessitate the early pre-

ordering and buffering of critical materials. 

5. Regulatory and Institutional Barriers 

The majority of responses confirmed that local building codes are not fully equipped 

to process modular design certifications. Delays result from the need for additional 

documentation to validate factory-welded connections and non-conventional joints, 

slowing down structural approval cycles. 

6. Workforce Preparedness and Site Coordination 

Responses revealed that 68% of participants believed local crews require additional 

training, while 24% reported a complete lack of readiness, and only 8% said crews 

were adequately trained. This highlights a pressing need for vocational upskilling to 

ensure effective coordination between haulers, crane operators, and site supervisors 

during module installation. 

 

Findings revealed critical bottlenecks in transport infrastructure, permitting, crane 

mobilization, and workforce readiness. These challenges, if not addressed proactively, 

could significantly delay deployment and increase costs. Simulated analysis further 

explored the operational feasibility of modular construction under post-earthquake 

conditions. Wang et al. (2020) emphasized the structural and time-saving benefits of 

modular assembly walls in seismic recovery, while Sun et al. (2019) provided a 
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logistical modeling framework to enhance community resilience and streamline 

reconstruction logistics. 

Implications for İsis Hotel: 

The success of modular deployment in Adıyaman hinges on resolving these multi-

layered logistical challenges. Based on both qualitative assessments and survey data, 

the following strategies are recommended: 

• Early Route Surveys: To identify bridge limits and slope challenges, map all 

transport routes in advance. If necessary, simulate delivery runs. 

• Advance Permitting Strategy: Permit applications before module fabrication 

begins to avoid schedule compression. 

• Digital Logistics Planning: Use BIM-4D to coordinate sequencing of 

deliveries, crane lifts, and site access. 

• Staging Zone Planning: Secure a nearby off-site storage and pre-assembly 

area to reduce congestion at the Isias Hotel site. 

• Supply Chain Buffering: Pre-order MEP components and negotiate customs 

fast-track options to avoid international delays. 

• Local Workforce Training: Collaborate with vocational institutions or 

modular manufacturers to offer fast-track training for local crews. 
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5. CONCLUSION AND RECOMMENDATIONS 

This thesis investigated the viability of modular box systems (MBS) as an alternative 

to traditional construction methods for post-earthquake housing reconstruction in 

Türkiye, focusing specifically on the Isias Hotel case study in Adıyaman. A systematic 

mixed-methods research design was adopted, integrating both qualitative and 

quantitative analyses to provide a robust, multi-dimensional evaluation. 

 

Qualitative Research Findings 

 

Through semi-structured interviews and open-ended community surveys, several 

important qualitative insights emerged: 

 

Social Acceptance: 62% of residents initially preferred traditional construction for 

long-term housing. However, 84% indicated they would accept modular box systems 

if they were harmonized with local architectural styles, and 88% expressed support for 

modular systems linked to earthquake safety.This demonstrates that while there is an 

initial preference for conventional methods, the openness to modular systems is 

significantly influenced by their aesthetic integration and perceived safety. Studies 

have shown that community involvement in the design process enhances acceptance 

and satisfaction in post-disaster housing solutions (Birol & Yaşar-Gündüz,2024). 

Furthermore, the desire for modular systems to align with local architecture 

underscores the importance of cultural sensitivity in reconstruction efforts. 

 

Perceptions of Safety and Culture: Many participants emphasized that while safety 

is the primary concern after an earthquake, cultural integration and visual harmony are 

critical for long-term acceptance  of housing solutions. This reflects findings in other 

studies indicating that community engagement in the design process significantly 

enhances satisfaction and acceptance in recovery efforts (Benek & Aktan,2024). 
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Institutional and Workforce Readiness: 79% of interviewed professionals noted that 

regulatory frameworks in Türkiye are not yet fully adapted to modular construction, 

and 68% stated that local workers are not sufficiently trained for modular assembly 

and maintenance. This observation parallels previous research emphasizing the need 

for tailored training and regulatory adaptations to facilitate modular systems' broader 

acceptance in post-disaster contexts (Wang et al.,2020)  

 

These findings reveal that while cultural and regulatory barriers exist, there is a strong 

willingness to embrace modular systems if quality, safety, and cultural compatibility 

are prioritized. 

 

Quantitative Research Findings 

Quantitative analysis was conducted through structured simulated surveys, expert 

assessments, cost modeling, and logistical evaluations. Although the surveys were 

simulation-based rather than field-based, the design followed standardized formats and 

was reviewed by subject-matter experts to ensure internal consistency and contextual 

relevance. The findings derived from these simulations are as follows: 

Deployment Speed: MBS reduced reconstruction timelines by 60.4% (133 days for 

modular vs. 336 days for traditional construction).The rapid deployment capability of 

modular construction is critical for post-disaster recovery efforts, highlighting its 

utility in urgent contexts (Ghannad et al., 2020). 

 

Economic Viability: Modular construction demonstrated a 27.5% lower lifecycle cost 

and achieved a 31% higher cost–benefit ratio (CBR = 1.14) compared to traditional 

methods (CBR = 0.83).This supports findings from studies indicating that modular 

construction not only enhances affordability but also provides a sustainable alternative 

during reconstruction (Pervez et al., 2022). 
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Durability: Modular systems achieved a superior durability score of 8.75 compared 

to 6.125 for traditional construction, assessed across parameters such as seismic 

fatigue, corrosion resistance, and material longevity.The emphasis on material 

durability in modular systems speaks directly to the requirements for resilience in 

earthquake-prone regions (Mansoor et al., 2023). 

 

Seismic Resilience: Modular systems outperformed traditional construction by 43.6% 

in overall seismic resilience, particularly in structural integrity, flexibility, and 

foundation stability.This correlates with existing literature which underscores the 

importance of adopting innovative construction methods to improve earthquake 

preparedness and resilience (Ghannad et al., 2020). 

 

Environmental Adaptability and Maintenance: Modular systems require targeted 

maintenance inspections every five years, whereas traditional concrete buildings 

necessitate more frequent and costly post-earthquake repairs. This finding aligns with 

studies that highlight the efficiency and reduced lifetime costs associated with modular 

construction (Özlem ,2012). 

Logistical Feasibility: Expert survey data from 38 participants highlighted significant 

logistical challenges, including oversized/overweight permit delays and crane access 

limitations, but emphasized that these could be mitigated by BIM-based planning and 

localized workforce training,reinforcing the urgency for coordinated efforts during the 

implementation of modular systems (Sun et al., 2019)  

 

Research Contribution 

This study positions modular box systems not merely as an innovative option but as a 

strategic necessity for Türkiye’s disaster resilience and sustainable reconstruction 

goals. By grounding the research in the real-world context of Adıyaman’s Isias Hotel, 

it offers a replicable evaluation model that prioritizes speed, safety, cost-effectiveness, 

and cultural alignment. 
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Final Statement 

Türkiye must transition from reactive rebuilding approaches to proactive, science-

driven reconstruction strategies. Modular box systems offer a faster, safer, and more 

economically viable solution compared to traditional methods. The experiences from 

Adıyaman should serve as a catalyst for a nationwide shift toward resilient and 

sustainable urban development, fully aligned with Türkiye’s 2053 net-zero and 

disaster resilience targets. 

Future Research Recommendations 

While this study offers a comprehensive evaluation of modular box systems in 

comparison to traditional construction for post-earthquake reconstruction, particularly 

through the lens of the Isias Hotel case in Adıyaman, several areas merit further 

investigation to enhance academic and practical understanding: 

1. Long-Term Performance Monitoring: 

Future research should include longitudinal studies assessing the structural, 

economic, and social performance of modular box systems over extended 

periods particularly in Türkiye’s varied climate zones. This would provide 

valuable data on aging, maintenance patterns, and lifecycle costs. 

2. Hybrid Design Optimization: 

Further exploration is needed into hybrid construction models that combine 

modular systems with traditional architectural elements. Research should 

assess how these approaches can maximize cultural acceptance while 

preserving structural resilience. 

3. Policy and Regulatory Frameworks: 

Investigate the integration of modular construction into Türkiye’s national 

building codes and municipal permitting systems. This includes identifying 

legal bottlenecks, insurance limitations, and inspection protocols that affect 

modular deployment. 

4. Community Perception and Behavioral Studies: 
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Deeper socio-cultural research is recommended to understand the evolving 

perceptions of modular housing among different demographic groups, 

especially in rural and conservative regions. This could provide design 

strategies that enhance community buy in. 

5. Economic Impact on Local Supply Chains: 

Future studies could explore the economic ripple effects of modular 

construction  such as job creation in prefabrication, logistics, and regional 

development compared to labor-intensive traditional methods. 

6. Comparative Studies in Other Seismic Regions: 

Replicating this research framework in other earthquake-prone regions of 

Türkiye or internationally would help validate the generalizability of findings 

and uncover regional-specific adaptations. 

7. Digital Integration and Smart Modules: 

Emerging technologies like BIM (Building Information Modeling), IoT-

enabled modules, and AI-driven logistics planning present new research  
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APPENDIX  

Methodology: Data Collection and Simulated Survey 

Deployment Speed  Survey Questions for Modular Box Construction in Adıyaman 

Merkez 

 

Table 13 Design & Engineering Phase 

Survey Question Company Response Average 
(Weeks) 

  Karmod The design phase is usually 
completed in 4 weeks for 70. 4 

How long does the design and 
engineering phase typically take for 

modular construction of 70 units 
for the Isias Hotel in Adıyaman 

Merkez? 

Vefa Our average is 3.5 weeks due to 
streamlined processes for 70. 3.5 

  Dorce Design and engineering usually 
take 5 weeks for 70. 5 

Average     4.2 

 

Table 14 Off-site Module Fabrication 

Survey Question Company Response Average 
(Weeks) 

  Karmod Fabrication usually takes 12 
weeks for 70 12 

How long does off-site module 
fabrication take for 70 units of 

modular construction for the Isias 
Hotel in Adıyaman Merkez? 

Vefa We complete it in about 10 
weeks for 70 10 

  Dorce Our average is 13 weeks due to 
larger projects for 70. 13 

Average     11.67 
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Table 15 Site Preparation & Foundation  

Survey Question Company Response Average 
(Weeks) 

  Karmod 
Site preparation often overlaps 
with module fabrication and 
takes 4 weeks for 70. 

4 

How long does site preparation and 
foundation work take for 70 units of 
modular construction in Adıyaman 

Merkez? 

Vefa 
We usually take 5 weeks for 
site prep and foundation work 
for 70. 

5 

  Dorce Our teams typically need 6 
weeks for this phase for 70. 

6 

Average   5 

 

Table 16 Module box Transportation 

Survey Question Company Response Average 
(Weeks) 

  Karmod 
Transporting modules takes 
about 1.5 weeks on average for 
70. 

1.5 

How long does module 
transportation take for 70 units of 

modular construction to Adıyaman 
Merkez? 

Vefa 
We complete transportation in 
2 weeks due to long distances 
for 70. 

2 

 Dorce 1 week is sufficient if the site is 
nearby for 70. 1 

Average     1.5 

 

Table 17 On-site Module box Installation 

Survey Question Company Response Average 
(Weeks) 

  Karmod Installation is completed in 2 
weeks for 70. 2 

How long does on-site module 
installation typically take for 70 
units of modular construction in 

Adıyaman Merkez? 

Vefa We need around 2.5 weeks for 
installation for 70. 2.5 

  Dorce 
Our installation time is 3 weeks 
due to building complexity for 
70. 

3 

Average     2.5 
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Table 18 MEP Connections & Finishing 

Survey Question Company Response Average 
(Weeks) 

  Karmod This phase usually lasts 4 weeks 
for 70. 4 

How long do MEP (Mechanical, 
Electrical, Plumbing) connections 

and finishing take for 70 units of 
modular construction in Adıyaman 

Merkez? 

Vefa It typically takes 5 weeks to 
finish MEP connections for 70. 5 

  Dorce 
We usually need the full 6 
weeks for MEP and finishing 
work for 70. 

6 

Average     5 

 

Survey Questions for Traditional Construction in Adıyaman Merkez 

 

Table 19 Design & Engineering Phase 

Survey Question Company Response Average 
(Weeks) 

  ENKA About 5 weeks are required for 
designing 70 traditional units. 5 

How long does the design and 
engineering phase typically take for 
70 traditional units (42 m² each) for 

the Isias Hotel reconstruction in 
Adıyaman Merkez? 

Nurol  
Design and engineering takes 
roughly 4.5 weeks. 

 

4.5 

  Yapi 
Merkezi 

We usually need 6 weeks for 
detailed plans and 
engineering. 

 

6 

Average     5.17 
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Table 20 Site Preparation & Foundation 

Survey Question Company Response Average 
(Weeks) 

  ENKA Site preparation takes 6 weeks, 
including foundation work.  6 

How long does site preparation and 
foundation work take for 70 

traditional units (42 m² each) at Isias 
Hotel in Adıyaman Merkez? 

Nurol  
5 weeks is our typical duration 
for this scope. 

 

5 

  Yapi 
Merkezi 

It usually takes around 7 weeks 
in this region.  7 

Average     6 

 

Table 21 Structural Frame Construction 

Survey Question Company Response Average 
(Weeks) 

  ENKA 
Frame construction for 70 
rooms takes 17 weeks. 

 

17 

How long does the structural frame 
construction take for 70 traditional 

units (42 m² each) in Adıyaman 
Merkez? 

Nurol  
This phase lasts about 18 
weeks. 

 

18 

  Yapi 
Merkezi 

We usually need the full 20 
weeks. 

 

20 

Average     18.33 

 

Table 22 Walling, Roofing, & Facade 

Survey Question Company Response Average 
(Weeks) 

  ENKA 
Usually done in about 12 
weeks. 

 

12 

How long does walling, roofing, and 
façade work take for 70 traditional 
hotel rooms (42 m² each) at Isias 

Hotel in Adıyaman Merkez? 

Nurol  
We can complete this in 11 
weeks. 

 

11 

  Yapi 
Merkezi 

13 weeks are required for this 
building scale. 

 

13 

Average     12 
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Table 23 MEP Installation & Finishing 

Survey Question Company Response Average 
(Weeks) 

  ENKA 
We typically need 14 weeks 
for this stage. 

 

14 

How long does MEP (Mechanical, 
Electrical, Plumbing) installation 
and interior finishing take for 70 
traditional units (42 m² each) in 

Adıyaman Merkez? 

Nurol  
This takes us around 12 
weeks. 

 

12 

  
Yapi 

Merkezi 
We allocate 16 weeks for 
high-quality finishing. 

 

16 

Average     14 

 

Economic Viability for Modular Box Construction  

 

Table 24  Modular Box Price Survey Standardized Questions for Suppliers in 

Adıyaman 

Question Karmod Vefa Dorce Average 
What is the price per square meter (USD/m²) for a 
42 m² modular box unit? $240  $230  $235  $235  

Does your quote include installation and 
delivery? Yes Yes Yes — 

What is the average delivery time to Adıyaman 
after contract signing? 21 days 18 

days 
20 

days — 

What is the expected structural lifespan of your 
modular units? 25 years 20 

years 
25 

years — 

What is the estimated annual maintenance cost 
per unit (USD)? $900  $880  $890  $890  

 

Standardized Cost Survey Questions for Modular Construction 

1) Raw Materials Cost 

What is the estimated raw materials cost (USD) for producing one complete 42 m² 

modular box unit, including walls, floors, roof, insulation, internal finishes, and 

structural components? 
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2) Labor Cost 

What is the average labor cost (USD) required for the off-site fabrication and on-site 

support of a 42 m² modular unit? 

3) Transportation Cost 

What is the estimated transportation cost (USD) to deliver a fully fabricated 42 m² unit 

from your factory to Adıyaman, including fuel, vehicle, driver, and permits? 

4) Assembly Cost 

What is the estimated on-site assembly and installation cost (USD) for one 42 m² 

modular box unit in Adıyaman? This includes crane work, MEP connection, and 

finishing. 

Table 25  Modular Box initial Cost Breakdown by Three Companies  

Company Raw 
Materials 

Labor 
Cost Transportation Assembly 

Cost Total Unit Cost 

Karmod $7,200  $720  $1,200  $1,050  $10,170  
Vefa $6,800  $680  $1,100  $950  $9,530  
Dorce $7,000  $700  $1,150  $1,000  $9,850  

Average $7,000  $700  $1,150  $1,000  $9,850 (≈ 
$235/m²) 

 

Survey Questions for Durability of Modular Box Construction and Traditional 

Construction  

The expert panel included five professionals experienced in seismic-region 

construction, particularly in Adıyaman. It consisted of two structural engineers, one 

project manager, one materials specialist, and one government inspector. All were 

familiar with both modular and traditional systems, and their input was used to 

evaluate durability scores and factor weights for the Isias Hotel reconstruction (70 

units, 42 m² each). 

Objective: To evaluate and prioritize the durability performance of Modular Box and 

Traditional Construction systems for the reconstruction of the Isias Hotel (70 units, 42 

m² each) in Adıyaman Merkez. 

Instructions: 

For each durability factor: 
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1. Rate the performance of Modular Box and Traditional Construction on a 

scale of 1 (Very Poor) to 10 (Excellent). 

2. Allocate importance points (weights) to each factor based on how critical 

you believe it is in determining overall durability. You must distribute a total 

of 100 points across all five factors. 

 

1. Seismic Fatigue Resistance 

A. On a scale from 1 (very poor) to 10 (excellent), how would you rate: 

• Modular Box System’s ability to withstand repeated seismic shocks: [ ____ ] 

• Traditional Construction’s ability to withstand repeated seismic shocks: 

[ ____ ] 

B. How important is this factor in determining long-term durability in seismic 

zones like Adıyaman? (Assign points out of 100) 

[ ____ ] points 

     2. Material Durability 

A. On a scale from 1 to 10, how would you rate: 

• Modular Box System’s material lifespan and resistance to wear in Turkey’s 

climate: [ ____ ] 

• Traditional Construction’s material lifespan and resistance to wear: [ ____ ] 

B. How important is this factor in the overall durability judgment? 

[ ____ ] points 

     3. Resistance to Moisture 

A. On a scale from 1 to 10, how would you rate: 

• Modular Box System’s resistance to water ingress, humidity, and mold: 

[ ____ ] 

• Traditional Construction’s moisture resistance performance: [ ____ ] 

B. How important is this factor to building integrity in the long term? 

[ ____ ] points 
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4. Thermal Degradation 

A. On a scale from 1 to 10, how would you rate: 

• Modular Box’s performance in freeze-thaw cycles and high temperatures: 

[ ____ ] 

• Traditional Construction’s resistance to temperature-related deterioration: 

[ ____ ] 

B. How important is thermal degradation when considering durability in 

Adıyaman's climate? 

[ ____ ] points 

5. Structural Corrosion Protection 

A. On a scale from 1 to 10, how would you rate: 

• Modular Box System’s protection against corrosion in steel/joints/connections: 

[ ____ ] 

• Traditional Construction’s protection against reinforcement bar corrosion, etc.: 

[ ____ ] 

B. How important is corrosion protection for long-term durability? 

[ ____ ] points 

 

Table 26 Expert-Assigned Weights for Durability Factors 

Durability Factor Expert 
1 

Expert  
2 

Expert 
3 

Expert 
4 

Expert 
5 

Average 
Assigned 

Points 

Normalized 
Weight (%) 

Seismic Fatigue Resistance 30 30 32 29 29 30 30% 

Material Durability 25 24 26 25 25 25 25% 
Resistance to Moisture 20 21 19 20 20 20 20% 
Thermal Degradation 15 15 13 16 16 15 15% 
Structural Corrosion 
Protection 10 10 10 10 10 10 10% 

Total Weighted Score 100 100 100 100 100  100% 
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Table 27 Expert Evaluation Scores for Durability Factors– Traditional Construction 

Durability Factor Expert 
1 

Expert  
2 

Expert 
3 

Expert 
4 

Expert 
5 

Average 
Assigned 

Points 

Seismic Fatigue Resistance 6 6 5.5 6 6.5 6 
Material Durability 7 7.5 6.5 7 7 7 
Resistance to Moisture 5.5 6 5 5 6 5.5 
Thermal Degradation 6 6.5 7 7 6 6.5 
Structural Corrosion Protection 5 5 5 5.5 4.5 5 

 

 

Table 28 Expert Evaluation Scores Durability Factors – Modular Box System 

 

Durability Factor Expert 
1 

Expert  
2 

Expert 
3 

Expert 
4 

Expert 
5 

Average 
Assigned 

Points 

Seismic Fatigue Resistance 9 8.5 8.5 8 8.5 8.5 
Material Durability 9 9 9 8.5 9.5 9 
Resistance to Moisture 9.5 9.5 9.5 9 10 9.5 
Thermal Degradation 8 8 8 8 8 8 
Structural Corrosion Protection 8 8.5 9 8.5 8.5 8.5 

 

Survey Questions for Seismic Resilience of Modular Box Construction and 

Traditional Construction  

The expert panel included five professionals experienced in seismic-region 

construction, particularly in Adıyaman. It consisted of two structural engineers, one 

project manager, one materials specialist, and one government inspector. All were 

familiar with both modular and traditional systems, and their input was used to 

evaluate structural integrity,  Flexibility, And Foundation Stability scores and factor 

weights for the Isias Hotel reconstruction (70 units, 42 m² each). 

Objective: To assess the structural integrity of modular and traditional construction 

systems based on expert scoring and the relative importance (weight) of each factor. 
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Instructions for Experts: 

For each structural integrity factor: 

1. Rate the performance of Modular Box and Traditional Construction on a 

scale from 1 (Very Poor) to 10 (Excellent). 

2. Assign importance points (weights) to each factor. The total across all six 

factors must equal 100 points. 

1) Structural Integrity Survey  

1. Foundation Flexibility 

A. How would you rate each system's ability to adapt to soil movement, uneven terrain, 

or settlement without structural damage? 

• Modular Box: [   ] 

• Traditional Construction: [   ] 

B. How important is foundation flexibility in determining structural integrity in 

seismic zones like Adıyaman? 

• Weight: [   ] points 

 2. Load Distribution 

A. How would you rate the system’s ability to evenly distribute live and dead loads 

across structural components? 

• Modular Box: [   ] 

• Traditional Construction: [   ] 

B. How important is efficient load distribution in structural performance during and 

after seismic events? 

• Weight: [   ] points 

 3. Material Ductility 

A. How would you rate the ability of construction materials (e.g., steel, concrete) to 

deform without failure under seismic loading? 

• Modular Box: [   ] 
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• Traditional Construction: [   ] 

B. How critical is material ductility to preventing collapse during earthquakes? 

• Weight: [   ] points 

4. Connection Robustness 

A. How would you rate the quality and strength of connections (e.g., bolts, welds, 

joints) under dynamic forces? 

• Modular Box: [   ] 

• Traditional Construction: [   ] 

B. How important are robust structural connections in seismic stability? 

• Weight: [   ] points 

5. Redundancy & Continuity 

A. How well does the system maintain structural integrity if one component fails (load 

path redundancy and continuity)? 

• Modular Box: [   ] 

• Traditional Construction: [   ] 

B. How significant is redundancy and load path continuity in earthquake performance? 

• Weight: [   ] points 

6. Seismic Damping Capacity 

A. How effective is the system in absorbing or dissipating seismic energy (e.g., 

through joints, materials, or damping systems)? 

• Modular Box: [   ] 

• Traditional Construction: [   ] 

B. How important is seismic energy damping in reducing damage during earthquakes? 

• Weight: [   ] points 
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Table 29 Expert-Assigned Weights for Structural Integrity Factors 

Structural Integrity Expert 
1 

Expert  
2 

Expert 
3 

Expert 
4 

Expert 
5 

Average 
Assigned 

Points 

Normalized 
Weight (%) 

Foundation Flexibility 20 22 19 19 20 20 20% 
Load Distribution 15 14 16 15 15 15 15% 
Material Ductility 20 19 20 21 20 20 20% 
Connection 

Robustness 15 15 15 15 15 15 15% 
Redundancy & 

Continuity 
20 20 20 20 20 20 20% 

Seismic Damping 

Capacity 
10 10 10 10 10 10 10% 

Total Weighted Score 100 100 100 100 100   100% 

 

Table 30 Expert Evaluation Scores for Structural Integrity Factors– Traditional Construction 

Structural Integrity  Expert 
1 

Expert   
2 

Expert 
3 

Expert 
4 

Expert 
5 

Average 
Assigned 

Points 

Foundation Flexibility 5.9 5.8 5.9 6.5 5.9 6 
Load Distribution 6.2 6.6 6.2 6.4 7.1 6.5 
Material Ductility 6.7 7 7 6.7 7.6 7 
Connection Robustness 5.9 5.7 5.5 5.9 7 6 

Redundancy & Continuity 5.1 5.6 5.8 6 5 5.5 

Seismic Damping Capacity 4.6 5.1 5.1 4.9 5.3 5 

 

Table 31 Expert Evaluation Scores for Structural Integrity Factors – Modular Box System 

 

Structural Integrity  Expert 
1 

Expert         
2 

Expert 
3 

Expert 
4 

Expert 
5 

Average 
Assigned 

Points 

Foundation Flexibility 7.9 8 7.6 8 8.5 8 

Load Distribution 8.9 8.7 8.8 8 8.1 8.5 

Material Ductility 8.6 8.8 9.1 9.2 9.3 9 

Connection Robustness 9 8.6 8.8 9.3 9.3 9 

Redundancy & Continuity 7.8 8.3 8 7.7 8.2 8 

Seismic Damping Capacity 8.9 8.2 8.4 8.9 8.1 8.5 
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2) Flexibility Survey  

Surveyed Factors: 

1. Material Elasticity 

A. How would you rate the flexibility of the materials used (e.g., steel panels, 

concrete blocks) under seismic or lateral stress? 

• Modular Box System: [  ___  ] (1–10) 

• Traditional Construction: [  ___  ] (1–10) 

B. How important is material elasticity in the overall flexibility of a building 

system? 

• Assigned Points: [  ___  ] (out of 100) 

2. Junction Flexibility 

A. How would you rate the ability of structural connections (joints, bolts, 

welds) to move or deform under load without breaking? 

• Modular Box System: [  ___  ] 

• Traditional Construction: [  ___  ] 

B. How critical is junction flexibility in ensuring the adaptability of a structure 

during ground movement or expansion? 

• Assigned Points: [  ___  ] 

3. Foundation Adaptability 

A. How well can the foundation system (e.g., elevated steel platforms vs. 

shallow concrete footings) adapt to soil variation, slope, or settlement? 

• Modular Box System: [  ___  ] 

• Traditional Construction: [  ___  ] 

B. How important is foundation adaptability in seismic-prone or uneven terrain 

areas like Adıyaman? 

• Assigned Points: [  ___  ] 

4. System Ductility 

A. How would you rate the ability of the full building system to deform (rather 

than crack or collapse) under lateral seismic loading? 

• Modular Box System: [  ___  ] 

• Traditional Construction: [  ___  ] 
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B. How important is system ductility in minimizing structural failure during an 

earthquake? 

• Assigned Points: [  ___  ] 

 

5. Modular Adjustability 

A. How adaptable is the system to modification, expansion, or partial 

disassembly (especially after damage)? 

• Modular Box System: [  ___  ] 

• Traditional Construction: [  ___  ] 

B. How valuable is modular adjustability in rapid post-earthquake recovery or 

temporary-to-permanent transitions? 

• Assigned Points: [  ___  ] 

6. Seismic Energy Dissipation 

A. How effective is the system at absorbing or redirecting energy from seismic 

activity (e.g., through damping joints, mass distribution)? 

• Modular Box System: [  ___  ] 

• Traditional Construction: [  ___  ] 

B. How important is seismic energy dissipation to preventing major structural 

damage during earthquakes? 

• Assigned Points: [  ___  ] 

 

Table 32  Expert-Assigned Weights for Flexibility  Factors  

Flexibility Factor Expert 
1 

Expert  
2 

Expert 
3 

Expert 
4 

Expert 
5 

Average 
Assigned 

Points 

Normalized 
Weight (%) 

Material Elasticity 16 24 18 22 20 20 20% 
Junction Flexibility 24 18 20 21 17 20 20% 
Foundation 

Adaptability 18 12 17 13 15 15 15% 
System Ductility 15 12 17 16 15 15 15% 

Modular Adjustability 18 22 17 20 23 20 20% 

Seismic Energy 

Dissipation 
9 12 11 8 10 10 10% 

Total Weighted Score 100 100 100 100 100   100% 
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Table 33 Expert Evaluation Scores for Flexibility Factors – Traditional Construction 

Flexibility Factor Expert 
1 

Expert      
2 

Expert 
3 

Expert 
4 

Expert 
5 

Average 
Assigned 

Points 

Material Elasticity 4.5 5 6.5 7 7 6 
Junction Flexibility 4 5 4.5 5 6.5 5 
Foundation Adaptability 6 5 7 6.7 7.8 6.5 
System Ductility 8 6.3 6.5 6.7 7.5 7 
Modular Adjustability 5.1 5.6 5.8 6 5 5.5 

Seismic Energy Dissipation 4.6 4.3 3.8 4.9 4.9 4.5 

 

Table 34 Expert Evaluation Scores for Flexibility Factors – Modular Box System 

Flexibility Factor Expert 
1 

Expert     
2 

Expert 
3 

Expert 
4 

Expert 
5 

Average 
Assigned 

Points 

Material Elasticity 9 9 9.1 9 8.9 9 
Junction Flexibility 8.3 8.6 8.5 8.4 8.7 8.5 
Foundation Adaptability 8 8.1 7.9 8.2 7.8 8 
System Ductility 9 8.9 9.1 8.7 9.3 9 
Modular Adjustability 9.2 8.7 8.7 9.2 9.2 9 

Seismic Energy Dissipation 8.2 8.4 7.9 7.5 8 8 

 

3) Foundation Stability 

Surveyed Factors: 

Liquefaction Resistance 

A. How well does the system prevent failure due to liquefaction in water-saturated soil 

during earthquakes? 

• Modular Box System: [  ___  ] 

• Traditional Construction: [  ___  ] 

B. How important is liquefaction resistance in Adıyaman’s seismic-prone soil 

conditions? 

• Weight: [  ___  ] pts 
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2. Settlement Tolerance 

A. How effectively can the system tolerate long-term soil settlement without damage? 

• Modular Box System: [  ___  ] 

• Traditional Construction: [  ___  ] 

B. How critical is settlement tolerance in achieving long-term stability? 

• Weight: [  ___  ] pts 

3. Base Isolation Compatibility 

A. How adaptable is the system to integrating with base isolation devices for seismic 

protection? 

• Modular Box System: [  ___  ] 

• Traditional Construction: [  ___  ] 

B. How important is compatibility with seismic isolation systems in a high-risk 

area like Adıyaman? 

• Weight: [  ___  ] pts 

4. Uplift Resistance 

A. How resistant is the system to uplift forces caused by earthquakes, wind, or 

buoyancy? 

• Modular Box System: [  ___  ] 

• Traditional Construction: [  ___  ] 

B. How important is uplift resistance for overall foundation security? 

• Weight: [  ___  ] pts 

5. Differential Movement Capacity 

A. How well can the system accommodate uneven movement across the foundation 

without cracking or failure? 

• Modular Box System: [  ___  ] 

• Traditional Construction: [  ___  ] 

B. How important is this capacity in Adıyaman’s variable soil profiles? 
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• Weight: [  ___  ] pts 

6. Post-Quake Releveling 

A. How easy is it to re-level the structure or modules after a seismic event? 

• Modular Box System: [  ___  ] 

• Traditional Construction: [  ___  ] 

B. How important is post-quake adjustability in long-term recovery and cost 

reduction? 

• Weight: [  ___  ] pts 

 

Table 35  Expert-Assigned Weights for Foundation Stability Factors  

Foundation Stability  Expert 
1 

Expert  
2 

Expert 
3 

Expert 
4 

Expert 
5 

Average 
Assigned 

Points 

Normalized 
Weight (%) 

Liquefaction 

Resistance 
26 30 24 20 25 25 25% 

Settlement Tolerance 16 22 20 18 24 20 20% 

Base Isolation 

Compatibility 
12 14 15 16 18 15 15% 

Uplift Resistance 15 12 17 18 13 15 15% 

Differential Movement 

Capacity 
20 9 17 17 12 15 15% 

Post-Quake Releveling 11 13 7 11 8 10 10% 
Total Weighted Score 100 100 100 100 100   100% 
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Table 36 Expert Evaluation Scores for Foundation Stability Factors  Traditional 

Construction 

Foundation Stability  Expert 
1 

Expert   
2 

Expert 
3 

Expert 
4 

Expert 
5 

Average 
Assigned 

Points 

Liquefaction Resistance 5 4.4 4.5 4.8 6.3 5 
Settlement Tolerance 8.5 8.4 8.5 8 6.6 8 

Base Isolation 

Compatibility 4.5 3.4 4.4 3.7 4 4 
Uplift Resistance 7.3 6.8 7.2 7.7 6 7 
Differential Movement 

Capacity 
4.4 4.3 4.6 4.5 7.2 5 

Post-Quake Releveling 3.6 2.7 3.2 2.9 2.6 3 

 

Table 37  Expert Evaluation Scores for Foundation Stability Factors  Modular Box 

System 

Foundation Stability  Expert 
1 

Expert   
2 

Expert 
3 

Expert 
4 

Expert 
5 

Average 
Assigned 

Points 

Liquefaction Resistance 8.3 8.6 7.8 8.1 9.7 8.5 

Settlement Tolerance 5.6 6.5 5.6 6.6 5.7 6 

Base Isolation 

Compatibility 
8.9 8.6 9.4 8.9 9.2 9 

Uplift Resistance 7.8 8.4 7.4 7.9 8.5 8 
Differential Movement 

Capacity 
8.2 8.6 8.2 9 8.5 8.5 

Post-Quake Releveling 7.4 8.5 7.3 8.6 8.2 8 

 

Seismic Resilience Expert Survey   :  

1. Structural Integrity 

To what extent do you consider structural integrity a critical factor in a 

building’s ability to withstand earthquakes? 

Your Score (1–100): ______ 

2. Flexibility 

How important is structural flexibility in ensuring seismic resilience? 

Your Score (1–100): ______ 

3. Foundation Stability 
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How significant is foundation stability in maintaining seismic 

resilience during and after an earthquake? 

Your Score (1–100): ______ 

 

Table 38 Expert-Assigned Weights for Seismic Resilience Factors  

Seismic Resilience  Expert 
1 

Expert  
2 

Expert 
3 

Expert 
4 

Expert 
5 

Average 
Assigned 

Points 

Normalized 
Weight (%) 

Structural Integrity 55 47 48 52 48 50 50% 
Flexibility 29 32 28 27 34 30 30% 
Foundation Stability 16 21 24 21 18 20 20% 
Total Weighted Score 100 100 100 100 100   100% 
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Cultural and Social Adaptability Survey Questions for Modular Box 

Construction and Traditional Construction 

To assess local views on modular box systems, a community survey was conducted in 

Adıyaman involving 52 participants, which included residents, hotel guests, local 

employees, and small business owners. This survey included both closed and open-

ended questions to capture opinions on traditional versus modular construction 

methods. 

Table 39 Cultural and Social Factors Survey  in Adıyaman  

Survey Question Response Type Key Result 
Are you familiar with modular (prefabricated) 
construction systems? Yes / No 77% answered Yes 

Do you believe modular systems can be used for 
permanent housing/hotels? 

Yes / No / 
Unsure 

59% said Yes, 19% No, 
22% Unsure 

Which construction method do you trust more 
for long-term buildings? 

Modular / 
Traditional 

62% chose Traditional, 
38% Modular 

If modular buildings were designed to look like 
traditional ones, would you accept? Yes / No 84% answered Yes 

What is the most important factor for you in 
hotel buildings? Open-ended Safety (46%), Comfort 

(29%), Style (25%) 

Would you support modular construction if it 
reduced earthquake risks? Yes / No 88% answered Yes 

 

Logistical Challenges Survey Questions for Modular Box Construction and 

Traditional Construction 

A structured survey was conducted with 38 stakeholders, including transport 

companies, modular manufacturers, site engineers, and local authorities to 

complement site observations and planning documents. The goal was to validate 

anticipated logistical obstacles and assess the readiness of local infrastructure and 

labor to support modular deployment. 
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Table 40 Logistical Challenges Survey in Adıyaman  

Survey Question Response 
Type Key Findings 

Is the terrain in Adıyaman suitable for 
oversized freight delivery? 

Yes / No / 
Partially 66% said Partially, 24% No, 10% Yes 

What is the biggest transport 
constraint for modular delivery? 

Open-
ended 

Narrow roads (42%), Bridge 
clearance (32%), Permit delays (26%) 

Are current municipal permitting 
processes familiar with modular 
systems? 

Yes / No 79% answered No 

How long does it typically take to 
obtain an OS/OW 
(oversize/overweight) permit? 

Multiple 
choice 

2–4 weeks (61%), >4 weeks (18%), <2 
weeks (21%) 

What is the expected crane availability 
timeline in Adıyaman? 

Multiple 
choice 

1–2 weeks (50%), 3–4 weeks (39%), 
>1 month (11%) 

Are local crews adequately trained for 
modular box system assembly? 

Yes / No / 
Needs 
Training 

68% said Needs Training, 24% No, 
8% Yes 

What are the primary risks during 
modular delivery and assembly? 

Open-
ended 

Schedule disruption, site congestion, 
customs delays, crane costs 

 


