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Abstract 

 

The present research examines the integration of architectural heritage with 

tensile membrane technologies as a pathway to sustainable urban regeneration. A 

theoretical framework is developed merging adaptive reuse with structural 

innovation, using interdisciplinary methods, literature review, and case studies. 

Tensile membranes, known for their lightweight, flexible, and reversible nature 

are especially valuable in heritage contexts. Their visual transparency preserves 

modern functionality while enabling the visibility and integrity of historic 

architecture, pathing the way to become ideal for minimal-impact interventions. 

Computational simulations and material testing demonstrate the structural 

resilience and environmental performance of these systems. Findings reveal that 

tensile membranes reduce energy consumption, increase durability, and 

strengthen heritage conservation. The study suggests an evaluation framework to 

assist architects and planners in assessing membrane compatibility with existing 

structures. While this approach fosters balanced urban renewal, the research 

underscores its potential to drive economic revitalization as well as maintaining 

cultural identity. Future research will concentrate on applying these strategies to 

diverse climates and urban settings for comprehensive global application. 
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INTRODUCTION 

Over recent years, urban areas in Palestine have suffered extensive destruction of 

buildings and infrastructure due to ongoing conflicts. This devastation presents 

significant challenges not only for reconstructing physical infrastructure and 

housing but also for restoring social, political, and cultural identities. The urgent 

need for rebuilding requires rapid restoration of community life alongside safer 

and more resilient structural designs that align with the existing urban fabric. 

Maintaining the structural integrity of buildings while preserving architectural 

forms that embody Palestinian cultural identity is therefore essential. 

Given Palestine’s unique geopolitical and cultural context, its cities and 

villages provide an important case for examining adaptive reuse as a strategy for 

urban renewal. In this context, adaptive reuse is understood not merely as a 

sustainability strategy but as an integrated approach for enhancing architectural 

heritage and structural resilience through innovative tension and membrane 

structural systems (Chen et al., 2022; Bollens, 2006; Ying et al., 2017). 

International experiences also provide valuable lessons. In Mosul, Iraq, heritage-

based adaptive reuse has played a vital role in post-conflict recovery by restoring 

public and religious spaces and reconnecting communities with their cultural 

identities (Hussein et al., 2019). 

However, challenges such as limited expertise in seismic rehabilitation 

and constrained resources highlight the need for more comprehensive and 

sustainable approaches. Research by Di Meo et al. (2019) and Mosoarca et al. 

(2024) suggests solutions such as parametric seismic analysis, the use of local 

materials, and minimal structural interventions that protect heritage while 

improving resilience. Similarly, in Jerusalem, adaptive urban planning practices 

emphasize flexible designs and community participation within conflict-affected 

environments. In this case, informal structures often avoiding reinforced concrete 

promote social cohesion and sustainability while symbolizing resilience within 

complex urban dynamics (Ghazaleh, 2008). These examples illustrate the broader 

challenges and opportunities associated with post-conflict urban regeneration. 

Despite these insights, a significant research gap remains in the limited 

integration of heritage preservation with modern tensile and membrane structural 

systems within Palestinian contexts. This study addresses that gap by examining 

how adaptive reuse models incorporating tensile and membrane structures, 

supported by innovative construction techniques (Zhao, 2018; Tian et al., 2011), 

can enhance the resilience, sustainability, and cultural rootedness of Palestinian 

urban spaces. By combining architectural heritage preservation with structural 

innovation, the research aims to contribute to theoretical and methodological 

advancements in architecture, urban planning, and structural engineering while 

responding to the specific needs of post-conflict Palestinian environments. 
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These studies collectively contribute to discussions on resilient and 

culturally responsive adaptive reuse in cities affected by disasters and conflicts. 

The research integrates structural methodologies with architectural models 

consistent with contemporary urban planning approachesparticularly tensile and 

membrane structural solutions that combine cultural heritage preservation, 

sustainability, resilience, and cultural continuity. The specific objectives of this 

study include examining adaptive reuse models in conflict-affected urban 

environments through literature review and critical analysis; assessing how such 

reuse influences resilience and social transformation; analyzing the advantages 

and limitations of adaptive reuse in the Palestinian context; exploring the 

integration of flexible, skin-like, tension-resistant membrane structures to 

enhance spatial and structural resilience (Liu et al., 2018); understanding how 

adaptive reuse can remain culturally relevant by preserving historical 

significance; and proposing a comprehensive design framework that integrates 

responsive architecture with structural resilience through tensile and membrane 

systems (Fish, 2020). 

The study is guided by several research questions: How does adaptive 

reuse enhance urban resilience and preserve cultural heritage in post-conflict 

Palestinian contexts? In what ways can tensional and membrane structures within 

adaptive reuse frameworks improve spatial flexibility, structural resilience, and 

sustainability? What culturally responsive design strategies can be integrated into 

adaptive reuse projects to support redevelopment and cultural continuity in 

Palestine? Finally, what structural and architectural considerations must be 

addressed to successfully implement tension and membrane systems within 

Palestinian urban adaptive reuse frameworks? 

Several research gaps justify this investigation. First, urban resilience after 

conflict remains underexplored in P ural considerations must be addressed to 

successfully implement tension and membrane structures in Palestinian urban 

adaptive reuse frameworks? In addressing these questions, the study aligns with 

contemporary research approaches in urban studies and structural engineering. 

Several research gaps justify the need for this investigation. First, 

resilience in urban planning after conflict remains under-researched, particularly 

in Palestinian contexts where most resilience studies emphasize economic or 

environmental aspects, neglecting cultural and social dimensions. This study 

addresses the integration of architectural and structural resilience into culturally 

sensitive urban planning for post-conflict reuse. Second, while adaptive reuse is 

expanding globally as a sustainable design strategy, there is little research on its 

unique challenges in post-conflict settings like Palestine specifically how 

adaptive reuse can rebuild fragmented communities while preserving 

architectural and cultural identity. Third, there is a lack of research on culturally 

sensitive urban design in Palestine. Cultural sensitivity is often undervalued in 
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planning, and this research highlights the importance of using local techniques, 

materials, and design principles in adaptive reuse projects.  

Fourth, although membrane and tensional structures have been 

explored elsewhere in post-conflict urban contexts, their symbolic, adaptable 

qualities and potential in Palestinian cities remain under-investigated. These 

structures embody adaptability and flexibility in dynamic urban conditions. Fifth, 

integrating structural engineering innovations (e.g., tension and lightweight 

systems) with architectural and urban design in adaptive reuse is still emerging 

as a field. This thesis seeks to bridge that gap by showing how structural 

innovation can work in harmony with architectural approaches in Palestine. 

Finaly, environmental and sustainable dimensions of adaptive reuse in post-

conflict Palestine have received insufficient attention. This study expands 

understanding of how adaptive reuse contributes to environmental sustainability 

by promoting low-carbon techniques, energy efficiency, and the use of local 

materials. 

 

LITERATURE REVIEW 
Reframing Urban Recovery Through Adaptive Reuse 

Post-conflict urban environments face the dual challenge of restoring damaged 

physical infrastructure and reviving the cultural and historical dimensions that 

provide communities with identity and cohesion (Ijla & Broström, 2015). 

Adaptive reuse transforming existing structures for new functions emerges as a 

promising strategy to reconcile these objectives (Ezzat & Elsaay, 2018). By 

merging heritage preservation with modern design imperatives, adaptive reuse 

leverages historical continuity while fostering innovation and environmental 

sustainability. 

This review examines literature advocating for the integration of 

architectural heritage with contemporary structural solutions, emphasizing both 

cultural healing and the technical innovations that enable rapid urban recovery. 

Notably, adaptive reuse theory in post-conflict settings is underrepresented, 

particularly in areas such as Palestinian cities. Published studies often overlook 

the social and political implications of reuse in contested urban environments. 

This study reconceptualizes adaptive reuse as a tool for spatial justice and cultural 

resistance, focusing on context-specific strategies that reinforce local narratives 

and strengthen community identity. 

 

Adaptive Reuse as a Cornerstone of Urban Regeneration 

According to Wang and Zakaria (2025), morphological characteristics of 

heritage buildings influence the success of adaptive reuse strategies. Adaptive 

reuse is more than a constructive strategy; it is an agent of urban regeneration that 

breathes new life into historic structures while responding to modern demands. 
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Researchers note that repurposing obsolete or abandoned buildings preserves 

collective memory and reduces material waste, thereby curtailing the 

environmental impacts associated with new construction (Aigwi et al., 2023; 

Stone, 2023). Transforming cultural landmarks in Bethlehem into vibrant 

community spaces has reinforced heritage while simultaneously providing 

modern amenities (Ijla & Broström, 2015). Moreover, adaptive reuse projects 

can catalyze economic revitalization and social re-energization by adapting 

structures to serve as civic centers, markets, or cultural hubs (Heim, 2020). This 

reactivation of the urban fabric is critical to restoring the social dynamics and 

connectivity of post-conflict communities. While tensile and membrane 

structures are praised for their efficiency and flexibility, their application in 

heritage or post-conflict areas remains underexplored. Prevailing research 

focuses on performance rather than cultural integration. This study advocates for 

context-adapted tensile systems aligned with heritage values, arguing that they 

enable lean, non-invasive urban regeneration in sensitive environments. To 

explore how modern materials can support heritage conservation, we examine the 

potential of tensile and membrane structures in facilitating adaptive reuse within 

post-conflict urban settings. 

 

Structural Innovation I: Tension Structures for Dynamic Urban Spaces 

Tension structures offer a lightweight and adaptive alternative to traditional 

building methods. Their design relies on the distribution of forces through tension 

rather than compression, allowing for vast, column-free spaces ideal for 

temporary markets, exhibition halls, and multifunctional public areas (Tian et 

al., 2021).  

In cities where reconstruction must be both rapid and reflective of local 

identity, these structures serve as symbols of resilience. Studies have highlighted 

that the flexible, dynamic character of tension systems mirrors the lived reality of 

communities navigating change embodying the negotiation between preserving 

tradition and embracing modernity (Kallus, 2013).  

The ability of tension structures to facilitate rapid deployment and 

reconfiguration in response to shifting community needs makes them integral to 

post-conflict urban recovery strategies. Furthermore, their lighter material 

footprint contributes to lower construction costs, an important consideration in 

resource-constrained settings. 

Heritage is often viewed as a static asset, isolated from political and 

cultural dynamics, particularly in occupied territories. Palestinian heritage 

embodies identity and resistance and requires more than mere preservation. This 

research frames heritage as an active and evolving narrative that necessitates 

adaptive reuse strategies within tensile and membrane systems. It calls for holistic 
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approaches that maintain cultural continuity while accommodating functional 

change. 

 

Structural Innovation II: Membrane Systems and Sustainability 

Complementing tension structures, membrane systems are distinguished by their 

versatility and environmental efficiency. Fabricated from materials such as 

ETFE, PTFE, and PVC, membrane structures provide several substantial 

benefits: 

 

- Lightweight and Rapid Deployment: The minimal use of raw materials and 

ease of assembly make these systems particularly suitable for temporary or 

semi-permanent structures in rapidly evolving post-conflict settings (Kamali 

et al., 2019). 

- Energy Efficiency and Natural Lighting: Their translucent nature allows for 

natural illumination and passive solar control while reducing the need for 

heavy mechanical cooling a key advantage in regions experiencing extreme 

heat (Shadar & Pinsly, 2024).  

- Integrated Environmental Solutions: Innovative designs incorporate 

membrane roofs equipped with water harvesting systems, addressing critical 

issues of water scarcity in arid regions like Palestine (Kamali et al., 2019). 

- Membrane systems are not solely pragmatic solutions; they also offer 

aesthetic dynamism that can bridge the gap between modern design and 

cultural motifs, creating urban spaces that are both beautiful and functional. 

 

Preserving Cultural Heritage Through Architectural Sensitivity 

Cultural heritage management plays an important role in linking conservation 

practices with sustainable development strategies (Min, 2025). A critical 

dimension of sustainable urban recovery is the preservation of cultural identity. 

Historic buildings, ranging from mosques and markets to traditional homes with 

central courtyards (hosh), encapsulate social rituals, communal values, and 

centuries of collective memory (Kallus, 2013; DOĞAN, 2020). Maintaining 

architectural landmarks preserves the tangible and intangible heritage of a city. 

In Palestine, architectural heritage is deeply entwined with local identity, and its 

preservation through adaptive reuse not only safeguards historical aesthetics but 

also nurtures a renewed sense of pride and belonging. For instance, the reuse of 

traditional limestone in construction both pays homage to local resources and 

reinforces a connection to the landscape (Amro & Ammar, 2024). Sensitivity to 

cultural context is essential in ensuring that urban renewal projects do not become 

sterile modern interventions but rather vibrant centers of community activity and 

historical continuity. 
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Integrative Sustainability: Economic, Environmental, and Social Benefits 

Adaptive reuse offers considerable economic advantages. By revitalizing existing 

structures, cities can reduce the need for new materials and labor-intensive 

construction, leading to lower overall costs while stimulating local economies 

(Ijla & Broström, 2015). Tension and membrane structures further enhance cost-

effectiveness through their rapid assembly and ease of maintenance, collectively 

reducing operational costs and extending the lifespan of urban facilities (Shadar 

& Pinsly, 2024). 

Sustainable urban regeneration is inextricably linked with 

environmental stewardship. Adaptive reuse minimizes waste by repurposing 

existing buildings, thereby reducing the carbon footprint associated with 

demolition and new construction (Aigwi et al., 2023). Membrane structures with 

integrated water collection systems contribute directly to addressing 

environmental challenges such as water scarcity and extreme temperature 

variations (Mendizabal et al., 2018), critical in the context of climate change and 

resource demand in conflict-affected regions (Kamali et al., 2019). 

Ripp et al. (2025) emphasize that historic urban landscapes play a 

fundamental role in shaping sustainable urban development strategies..Urban 

regeneration strategies incorporating adaptive reuse play a significant role in 

rebuilding the social fabric of communities. Projects involving participatory 

design through community workshops and ethnographic mapping ensure that 

local voices are heard and development plans reflect residents' lived realities 

(Tian et al., 2021). This bottom-up approach reinforces communal bonds and 

promotes a shared vision of a resilient future, strengthening both social cohesion 

and cultural identity (Sakalasuriya et al., 2018). Sustainability in adaptive reuse 

often centers on energy and material performance, frequently overlooking socio-

political resilience. In conflict-affected regions, ecological sustainability must 

intertwine with cultural and communal survival. This study promotes integrated 

resilience models combining climate responsiveness with local traditions, 

highlighting adaptive reuse's role in achieving regenerative, justice-oriented 

urban futures. 

 

Intelligent Integration and Analytical Mastery of Structural Elements 

Digital technologies have transformed the structural logic of adaptive reuse. 

Tools such as Building Information Modeling (BIM), Rhino, and Grasshopper 

empower designers to synthesize heritage conservation with contemporary 

engineering precision. These tools serve as the backbone of a data-driven, 

collaborative design process that transcends disciplinary silos (Zhang et al., 

2025). 
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- Parametric Modeling: Platforms like Grasshopper facilitate the rapid 

iteration of design alternatives, allowing for the creative reconciliation of 

historical aesthetics with structural innovation (Eastman et al., 2011). 

- Finite Element Analysis (FEA): Sophisticated simulations using FEA 

techniques enable engineers to model and predict the behavior of materials 

under various stress conditions, such as wind forces, seismic activity, and 

thermal loads conditions highly relevant to tension and membrane systems in 

post-conflict zones (Lin et al., 2025). 

- Interoperability and Collaboration: Seamless integration across platforms 

(e.g., Rhino. Inside. Revit) enhances interdisciplinary coordination, ensuring 

that architects, engineers, and planners collaboratively deliver both culturally 

sensitive and structurally resilient solutions (Saksheshw, 2024). Importantly, 

the use of structural equations remains a cornerstone of analytical design 

integrity: 

 

a. Membrane Stress Equation: Governs the relationship between applied 

tension and resulting deformations, informing both material selection and pre-

stressing strategies critical for membrane longevity (Bridgens & Birchall, 

2012). 

b. Dynamic Load Models: Simulations accounting for wind pressure and 

seismic loads are crucial for ensuring safety and functionality in volatile 

environments (Chen et al., 2022; Al-Dabbeek et al., 2018). 

 

However, while digital technologies enhance precision and operational 

efficiency, they can also marginalize traditional knowledge systems (Hussein 

Liu et al., 2019). The dominance of computational design, if left unchecked, risks 

sidelining local practices, values, and historical sensibilities. This study advocates 

for a culturally responsive digital framework one that treats digital tools as 

augmentative to, rather than replacements for, community-embedded design 

intelligence (Liu et al., 2024; Doğan, 2020). 

 

RESEARCH METHODOLOGY 
- Research Design and Rationale 

This study employs a qualitative, literature-based research methodology to 

explore the integration of architectural heritage and tensile membrane 

technologies in promoting sustainable urban regeneration in post-conflict 

settings, with a specific focus on Palestine. A qualitative approach is 

particularly suited to the exploratory and interpretive nature of this research, 

allowing for a deep, context-sensitive understanding of complex socio-

cultural, structural, and environmental dimensions that influence design in 

conflict-affected urban areas. 
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- Justification for Method Selection 

The choice of a literature-based methodology is grounded in the need to 

synthesize fragmented knowledge across disciplines including architecture, 

structural engineering, heritage conservation, and urban planning where 

empirical data from post-conflict zones may be limited or inaccessible. This 

method enables the researcher to draw on a wide range of documented cases, 

theoretical insights, and technical developments, offering a holistic and 

historically informed lens through which to assess adaptive reuse potentials in 

fragile urban contexts. 

 

- Analytical Framework 

The research process involves: 

a. Systematic literature selection based on relevance, credibility, and 

thematic fit; 

b. Chronological and thematic content analysis to trace the evolution of 

concepts and technologies; 

c. Critical synthesis of architectural and engineering perspectives; and 

d. Theoretical integration to formulate a conceptual framework for resilient 

and culturally responsive adaptive reuse. 

 

- Reflexivity and Contextual Suitability 

This methodological framework is particularly apt for addressing the 

challenges of post-conflict urban regeneration in Palestine, where physical 

reconstruction must be sensitively aligned with cultural identity, historical 

continuity, and community resilience. By critically engaging with both global 

precedents and local contextual dynamics, the study ensures that 

methodological choices are not only academically rigorous but also ethically 

and culturally appropriate. 

 

Literature Selection and Data Sources 

This research is underpinned by a comprehensive and systematic review of the 

relevant literature. Academic sources were identified through targeted searches 

within leading peer-reviewed databases, including Scopus, Science Direct, 

Springer Link, and Google Scholar. The inclusion criteria were defined to 

ensure scholarly rigor and thematic relevance, focusing on: 

 

- Studies addressing adaptive reuse within post-conflict urban environments. 

- Research concerning architectural heritage, tensile structures, and membrane 

systems. 

- Contributions to the discourse on urban resilience, sustainability, and cultural 

identity. 
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- Empirical investigations from geopolitically analogous contexts, such as 

Mosul, Gaza, Nablus, and Jerusalem. 

 

Key sources that informed the analysis include studies by Ijla and 

Broström (2015), Hussein et al. (2019), Kamali et al. (2019), and Tian et al. 

(2011). The coding and synthesis of the literature were guided by recognized 

frameworks in adaptive reuse and urban resilience, facilitating a cross-

disciplinary understanding of how tensile and membrane structures contribute to 

sustainable and culturally responsive urban regeneration in post-conflict settings. 

 

Thematic and Chronological Analysis 

- Thematic Analysis: Themes were developed iteratively using open coding and 

refined through semantic clustering based on conceptual similarity, frequency 

of occurrence, and theoretical relevance. This process was conducted using 

qualitative analysis software (NVivo), resulting in the identification of six 

interrelated thematic domains: 

 

(1) adaptive reuse and cultural resilience, 

(2) post-conflict reconstruction, 

(3) tensile and membrane structural systems, 

(4) sustainable regeneration strategies, 

(5) heritage preservation, and 

(6) digital design and simulation tools. 

 

These themes form a structured framework for interpreting patterns in 

architectural and structural discourse, especially within the context of resilience 

and innovation in conflict-affected urban environments. 

 

- Chronological Mapping: Literature was also temporally clustered to identify 

phases in the evolution of adaptive reuse strategies and structural approaches. 

Early studies (pre-2010) emphasized basic preservation and restoration 

practices, while mid-phase research (2010–2018) introduced context-sensitive 

adaptive reuse with sporadic mention of lightweight or modular structures. 

Recent literature (2019–present) reflects a marked shift toward integrative 

design thinking, including advanced material systems, digital simulation, and 

cultural continuity in reconstruction. This chronological analysis exposed 

emerging gaps particularly the underutilization of tensile and membrane 

systems in heritage-centric post-conflict recovery. 
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Table 1: Thematic Domains and Sample Keywords 
Theme No. Thematic Category Sample Keywords 

1 
Adaptive Reuse &  

Cultural Resilience 

reuse, identity, resilience, cultural 

 continuity, place-making 

2 Post-Conflict Reconstruction 
recovery, trauma, conflict zones,  

urban repair, rebuilding 

3 
Tensile & Membrane  

Structural Systems 

tensile, membrane, lightweight 

structures,  

ETFE, innovation 

4 
Sustainable 

 Regeneration Strategies 

green design, climate adaptation,  

lifecycle, eco-urbanism 

5 Heritage Preservation 

conservation, authenticity, historical 

fabric, 

 UNESCO guidelines 

6 
Digital Design & 

 Simulation Tools 

BIM, parametric design, simulation,  

digital modeling, VR/AR 

 

This thematic categorization outlines six interconnected research 

directions central to the study of architecture and urbanism in post-conflict and 

heritage-sensitive contexts. Theme 1: Adaptive Reuse & Cultural Resilience 

emphasizes the transformation of existing structures to support cultural identity 

and resilience, often through place-making strategies that sustain memory and 

social continuity. It links directly with Theme 2: Post-Conflict Reconstruction, 

which focuses on the physical and psychological restoration of war-affected 

urban environments, highlighting the importance of healing and spatial repair. 

Theme 3: Tensile & Membrane Structural Systems introduces modern structural 

innovation such as lightweight and flexible materials like ETFE that enable rapid, 

adaptable construction suitable for regeneration efforts. In tandem, Theme 4: 

Sustainable Regeneration Strategies ensures that these interventions are 

environmentally responsible, supporting climate adaptation and long-term urban 

sustainability. Theme 5: Heritage Preservation safeguards the authenticity and 

historical layers of existing urban fabric, guided by international frameworks 

such as UNESCO’s charters. Finally, Theme 6: Digital Design & Simulation 

Tools provides the technological infrastructure to visualize, simulate, and 

optimize interventions through advanced modeling techniques like BIM and 

parametric design. Together, these themes form a comprehensive framework for 

developing culturally responsive, sustainable, and innovative urban regeneration 

strategies in fragile or recovering contexts. 

Between 2010 and 2018, adaptive reuse strategies witnessed a 

significant paradigm shift from conventional preservation approaches to more 

integrative and context-sensitive design methodologies. This period was 

characterized by a growing emphasis on aligning reuse practices with the spatial, 

cultural, and environmental context of the built environment. The architectural 
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focus expanded beyond mere conservation to embrace contextual design, wherein 

existing structures were adapted in a manner that respected and responded to their 

surrounding urban and historical fabrics. A notable trend during this phase was 

the initial experimentation with flexible and modular systems, which introduced 

a level of spatial adaptability and scalability previously absent in restoration 

projects. These systems allowed for more dynamic reconfigurations of space, 

enabling buildings to accommodate diverse functional requirements while 

minimizing material waste and structural disruption. The integration of 

modularity during this period laid the conceptual foundation for later 

advancements in sustainable architecture, particularly in terms of lifecycle 

extension, user adaptability, and cost-effective retrofitting. This evolution reflects 

an important transitional moment in adaptive reuse theory and practice, where 

heritage value began to be negotiated alongside contemporary demands for 

efficiency, flexibility, and ecological responsibility. 

This methodological integration provided a cohesive understanding of 

how architectural and structural strategies have co-evolved in response to 

environmental, cultural, and technical imperatives, while revealing future 

pathways for interdisciplinary innovation. 

 

Critical Synthesis and Theoretical Integration 

The third phase involved the critical synthesis of thematic insights with 

theoretical models from spatial justice, resilience planning, and sustainable 

development. This included: 

 

● Comparative Case Analysis: Selected empirical case studies from Mosul 

(Hussein et al., 2019), Bethlehem and Ramallah (Ijla & Broström, 2015; 

Shehab, 2018), and Gaza (Stein et al., 2020) were examined to identify 

culturally responsive adaptive reuse practices and structural challenges in 

conflict-impacted areas. 

● Structural-Cultural Interfacing: The architectural application of tensile and 

membrane systems was analyzed not only in terms of performance efficiency 

(Bridgens & Birchall, 2012; Kamali et al., 2019) but also as culturally 

symbolic forms capable of fostering community identity and spatial continuity 

(Kallus, 2013; Fish, 2020). 

● Digital Integration Models: The role of parametric modeling and simulation 

technologies (e.g., BIM, FEA) in optimizing adaptive reuse strategies was 

conceptually reviewed to propose hybrid approaches combining local 

knowledge and digital precision (Eastman et al., 2011; Lin et al., 2025). 

 

This stage of synthesis facilitated the articulation of a holistic, culturally 

grounded framework that merges structural resilience with architectural heritage. 
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Relevance to Planning Practice and Theory 

The research methodology is purposefully designed to contribute to both 

academic scholarship and practical urban planning. It addresses a critical gap in 

the literature concerning the integration of structural innovation specifically 

tensile and membrane systems with culturally responsive design strategies in 

post-conflict urban recovery. The methodology is grounded in an 

interdisciplinary approach that merges spatial justice, resilience, and cultural 

continuity, thereby aligning with key tenets of planning theory, including 

Lefebvre’s right to the city, the “just city” framework, and UN-Habitat’s post-

conflict recovery strategies. 

 

The practical implications of the study are threefold: 

1. Urban Planning and Policy: Findings can inform the development of 

modular, heritage-compatible design guidelines tailored for post-conflict 

urban environments. These guidelines can be embedded in urban policy 

frameworks that emphasize cultural identity, structural resilience, and spatial 

equity. This aligns with and extends the goals of equitable urbanism, 

promoting inclusive and participatory recovery processes in heritage-rich 

contexts like Palestine. 

2. Architectural Education and Training: The integrative framework 

proposed in this study provides a pedagogical model for training architects 

and planners in adaptive reuse practices that harmonize innovation with 

tradition. It advocates for a curriculum that foregrounds regenerative design 

principles, encouraging future professionals to engage with historical 

narratives and local materialities in their design solutions. 

3. Sustainable Reconstruction: By emphasizing the use of low-carbon 

materials, rapid deployability, and cultural continuity, the research advances 

regenerative and circular design approaches. These strategies are particularly 

relevant in resource-constrained, conflict-affected regions, where the need for 

fast, context-sensitive, and environmentally responsible reconstruction is 

paramount. 

 

In summary, the research methodology offers a scientifically rigorous 

and theory-informed foundation for exploring how tensile and membrane 

structures can serve as vehicles for both technical innovation and cultural 

empowerment. It bridges the domains of design, planning, and policy by 

demonstrating how spatial strategies rooted in structural resilience and cultural 

responsiveness can shape sustainable urban regeneration in the Palestinian 

context and beyond.  
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RESULT 
This study investigated the integration of tensile membrane structures with 

architectural heritage in post-conflict urban spaces, particularly within the 

Palestinian context, to support sustainable urban regeneration. The results are 

presented in alignment with the research objectives, highlighting the outcomes of 

qualitative content analysis, case studies, and expert evaluations derived from the 

adopted methodological framework. 

 

Identification of Key Parameters for Integration 

Through comprehensive literature review and case analysis, the study identified 

the following critical parameters influencing successful integration: 

 

- Structural Compatibility: Compatibility between membrane technologies and 

existing architectural heritage was confirmed to hinge on lightweight 

adaptability, minimal invasiveness, and anchorage potential to non-load-

bearing surfaces. 

- Cultural Responsiveness: Successful examples (e.g., Zaha Hadid’s tensile 

installations in cultural heritage zones) emphasized the need for designs to 

reflect cultural narratives and communal memory. 

- Environmental Performance: Key sustainability indicators included thermal 

comfort enhancement, passive ventilation facilitation, and UV/rain protection 

through semi-permeable membrane materials. 

 

Adaptive Reuse Potential in the Palestinian Context 

-    Heritage Context and Challenges 

     Post-conflict Palestinian cities such as Hebron, Nablus, and Gaza possess 

significant architectural heritage from the Ottoman and Mamluk periods. 

However, these assets remain underutilized due to repeated conflict, economic 

hardship, and population displacement. Adaptive reuse presents an 

opportunity to reactivate these spaces without compromising their historical 

integrity. 

- Role of Tensile and Membrane Structures 

Membrane and tensile systems offer lightweight, reversible, and non-invasive 

solutions for reusing functionally obsolete yet structurally stable heritage 

buildings particularly in historic cores like Hebron’s Old City and Nablus’ 

Qaryoun district. They enable spatial activation through shading and shelter, 

preserving stone architecture while facilitating community use. UN-Habitat’s 

2020 Hebron Market proposal exemplifies such integration. 

- Flexibility in Transitional Programs 

In volatile urban contexts, tensile systems support dynamic uses through 

rapid deployment and easy disassembly. Their use in Ramallah’s Al-
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Masyoun district for cultural and educational events illustrates their 

responsiveness to evolving urban needs (Palestinian Urban Forum, 2019). 

- Economic and Technical Feasibility 

Prefabricated tensile systems require minimal labor and reduce construction 

time beneficial in resource-constrained settings like Gaza. Post-2014 

recovery projects led by UNDP (2015) employed such structures for 

emergency shelter and transitional housing. 

 

Climatic Suitability and Conservation 

Advanced materials like PTFE and ETFE ensure tensile structures perform well 

under Palestine’s diverse climate, offering solar resistance, durability, and 

minimal maintenance fitting conservation-sensitive environments. 

 

 
Figure 2: Typological Applications of Membrane Structures in Heritage Urban 

Contexts for Adaptive Reuse 
 

Structural and Spatial Integration Models 

Based on the empirical framework, three typological models were developed for 

integrating membrane and tensile systems within heritage architecture in 

Palestine. These models aim to enhance adaptive reuse while preserving 

historical integrity: 

 

1. Canopy Overlays 

Membranes deployed above courtyards or open spaces provide microclimatic 

shading and weather protection without physically altering heritage elements. A 



PLANNING MALAYSIA 

Journal of the Malaysia Institute of Planners (2026) 

 

 

 401  © 2026 by MIP 

contextual example includes the areas surrounding Masjid al-Khalil in Hebron, 

where tensile canopies offer climate-responsive shelter over gathering spaces. 

 

2. Internal Tension Insertions 

Tensile membranes are inserted within heritage interiors (e.g., abandoned 

hammams or caravanserais) to create new spatial definitions for temporary uses 

such as exhibitions or workshops. These interventions respect original layouts 

while enabling contemporary functionality. 

 

3. Peripheral Membrane Nodes 

Lightweight tensile extensions are positioned adjacent to heritage structures, 

offering service amenities (e.g., cafés, info points) without intruding on the 

historical core. This strategy maintains visual and structural detachment from the 

main fabric while supporting adaptive programs. 

 

Evaluation Approach 

Each model was assessed using qualitative expert feedback, involving structured 

interviews and focus group discussions with architects, conservation specialists, 

and urban planners (n=12). Evaluation focused on four key criteria: 

-Resilience: Ability to withstand environmental and contextual pressures. 

-Reversibility: Ease of removal without damaging heritage fabric. 

-Cultural Congruity: Alignment with socio-cultural and aesthetic values. 

-Structural Harmony: Visual and material compatibility with existing 

architecture. 

 

A 5-point Likert scale (1 = very poor, 5 = excellent) was used to score 

each criterion per model. 

 
Table 3: Evaluation Matrix 

Model Type Resilience Reversibility 
Cultural 

Congruity 

Structural 

Harmony 

Canopy Overlays 4.5 5.0 4.0 4.2 

Internal Tension 

 Insertions 
3.8 4.7 4.5 4.0 

Peripheral 

Membrane 

 Nodes 

4.2 5.0 4.3 4.5 
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Figure 3: Model Type Evaluation 

 

Expert Validation and Stakeholder Feedback 

To validate the findings and gather contextual insights, semi-structured 

interviews were conducted with 12 professionals engaged in urban heritage and 

planning practices in the West Bank. Respondents included 4 municipal planners, 

5 heritage architects, and 3 academic experts based in Hebron and Ramallah. This 

diverse group provided nuanced perspectives on the feasibility and cultural 

appropriateness of integrating membrane and tensile structures into heritage reuse 

projects. 

The findings revealed high receptivity to membrane structures for 

adaptive reuse of heritage buildings, with 92% of participants expressing support. 

However, 58% raised concerns regarding the cultural perception of “non-solid” 

or impermanent structures, especially within sacred or politically symbolic 

spaces, where solidity and permanence are often culturally associated with 

reverence and legitimacy.  

Participants offered constructive suggestions to mitigate these 

concerns, such as embedding local narratives and symbols into the membrane 

design. This includes the use of geometric patterns and Arabic calligraphy, which 

could help reinforce cultural resonance and aesthetic acceptance. One participant 

noted: 

 

“If the membrane can carry our stories through form, color, or calligraphy 

it will no longer feel foreign. It becomes part of us.” 
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Another emphasized: “In cities like Hebron, the visual identity is 

sacred. You can't impose modern materials without embedding cultural memory 

within them.” 

The interviews were thematically coded using NVivo to identify 

recurrent themes and variations across professional roles. Patterns were grouped 

based on frequency and contextual depth, ensuring that key concerns and 

recommendations were accurately represented. 

This feedback strengthens the cultural responsiveness of the proposed 

structural interventions and underscores the importance of community-informed 

design approaches in heritage reuse projects. 

 

Synthesis of Design Contributions to Urban Sustainability 

The integrated design approach employed in this study demonstrates how 

adaptive reuse strategies anchored in minimal intervention and cultural 

responsiveness can tangibly support post-conflict urban regeneration. Key 

contributions include: 

 

1. Reactivation of Community Spaces with Structural Sensitivity 

Lightweight tensile overlays were deployed to shelter and define underused 

plazas and courtyards, transforming them into active communal spaces without 

altering their foundational heritage fabric. 

2. Energy Efficiency through Innovative Membrane Design 

Tension membrane systems were used in semi-public areas to regulate shade, 

airflow, and solar gain, significantly reducing energy demands in social and 

commercial zones. 

3. Cultural Continuity via Symbolic and Material Integration 

Locally meaningful patterns and motifs were embedded into membrane structures 

and surface finishes, reinforcing intangible cultural identity while preserving 

tangible architectural elements such as stone façades and archways. 

 

CONCLUSION 
1. This study examined the integration of architectural heritage with tensile 

membrane technologies as an innovative strategy for sustainable urban 

regeneration, particularly within post-conflict environments such as Palestine. 

2. The findings demonstrate that adaptive reuse combined with tensile and 

membrane structural systems can enhance structural resilience, environmental 

sustainability, and spatial flexibility while preserving the cultural and 

historical integrity of heritage buildings. 

3. The lightweight and reversible characteristics of tensile membrane systems 

allow minimal structural intervention, making them highly compatible with 

heritage conservation principles. 
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4. The study also highlights the role of digital design tools, parametric modeling, 

and structural simulations in enabling the effective integration of modern 

structural systems with historic architecture. 

5. Overall, the research confirms that combining adaptive reuse strategies with 

tensile membrane technologies can support resilient urban recovery while 

maintaining cultural continuity and strengthening the social identity of post-

conflict communities. 

 

RECOMMENDATIONS 

1. Future research on long-term sustainability: 

Further studies should investigate the long-term environmental performance and 

durability of tensile membrane systems, particularly under diverse climatic 

conditions such as humid tropical climates, arid regions, and seismic zones. 

2. Economic feasibility and lifecycle analysis: 

Future research should conduct detailed economic assessments comparing tensile 

membrane systems with conventional construction techniques, including 

lifecycle cost analysis, maintenance requirements, and long-term economic 

viability. 

3. Implementation of pilot projects: 

It is recommended to develop small-scale pilot projects in heritage-rich urban 

areas particularly in Palestinian cities such as Gaza, Nablus, and Jerusalem to test 

the practical integration of tensile membrane structures with existing historic 

buildings. 

4. Development of policy and planning frameworks: 

Urban planners and policymakers should establish regulatory guidelines that 

encourage adaptive reuse and support the use of lightweight tensile structures in 

heritage-sensitive environments while protecting historical authenticity. 

5. Integration of digital design technologies: 

Architects and engineers should adopt advanced computational tools such as 

BIM, parametric modeling, and structural simulation to improve design accuracy 

and optimize the structural performance of membrane systems in heritage 

contexts. 

6. Comparative international research: 

Future studies should explore comparative case studies from different global 

regions to better understand how tensile membrane technologies perform in 

diverse environmental, cultural, and socio-economic contexts. 

7. Community participation in regeneration projects: 

Urban regeneration initiatives should incorporate participatory design approaches 

to ensure that adaptive reuse projects reflect the cultural values, needs, and 

aspirations of local communities.  
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