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Introduction: Informal settlements, as one of the most vulnerable urban fabrics against
natural hazards such as earthquakes, require special attention and precise scientific
solutions to enhance physical resilience. These fabrics face serious risks due to poor
construction quality, lack of adequate infrastructure, and absence of principled urban
planning. The absence of a comprehensive and structured model for measuring and
improving the physical resilience of these fabrics has doubled the necessity of conducting
targeted research in this field.

Objective: The main objective of this research is to identify and analyze the key factors of
physical resilience in the informal settlement of Shahid Maghool neighborhood against
earthquakes and to provide practical solutions for their improvement. This study seeks to
provide a measurable and practical framework for evaluating and enhancing physical
resilience in informal settlements by presenting a comprehensive model.

Materials and Methods: The research method is based on a quantitative approach using
exploratory factor analysis to identify the dimensions and components of physical
resilience. Additionally, the DEMATEL technique has been employed to determine the
degree of influence and susceptibility of variables and to identify key and pivotal factors in
enhancing resilience.

Findings: The results showed that physical resilience can be explained through four main
dimensions: structural-infrastructural resilience, environmental-geographical resilience,
managerial-service resilience, and institutional-social resilience. The structural-
infrastructural dimension, with factors such as access to local safety equipment, waste
management and urban drainage, and structural resistance of buildings, had the highest
priority in strengthening resilience. DEMATEL analysis also revealed that this dimension
has the greatest impact on other dimensions.

Conclusion: Improving the physical resilience of informal settlements requires adopting an
integrated approach in strengthening infrastructure, upgrading construction quality, and
developing crisis management systems. The four-dimensional model presented in this
research defines different dimensions of resilience within an integrated and measurable
framework for the first time and can be used as a practical tool in urban planning and
policymaking.
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Extended Abstract

Purpose

This research aims to identify and analyze the key factors affecting the physical resilience of
Shahid Maghul neighborhood, an informal settlement in Mashhad, Iran, against earthquakes
and to provide practical solutions for improving the current situation. The main research
question addresses: What are the key factors of physical resilience in the informal settlement of
Shahid Maghul neighborhood against earthquakes, and how can they be improved. The study
addresses critical challenges including non-compliance with building codes and seismic
standards, use of inappropriate materials and improper construction techniques, high population
and building density, lack of open spaces and adequate passages, and absence of safe
infrastructure. Socio-economic factors such as low-income levels preventing investment in
building reinforcement, insufficient awareness of safe construction principles, limited access to
technical and engineering services, and lack of adequate insurance coverage significantly
exacerbate vulnerability. Institutional challenges including weak governmental oversight, lack
of comprehensive crisis management planning, poor coordination among different institutions,
and absence of effective resident participation in prevention and preparedness processes have
critically increased the vulnerability of these areas. The research significance lies in its potential
positive impact on preserving the lives and property of millions residing in informal settlements.
Scientifically, it provides a robust theoretical foundation for developing practical solutions to
reduce vulnerability and facilitates the design of predictive models and seismic risk assessment
in informal settlements. Socially, the findings contribute to improving quality of life and
increasing security for residents. Economically, by offering preventive and cost-effective
solutions, it enables substantial savings in post-earthquake reconstruction costs.

Methodology

This applied research was conducted in Shahid Maghul neighborhood of Mashhad in 2024
using a survey method with questionnaires. The statistical population comprised two groups:
20 experts in crisis management and earthquake engineering selected through purposive
sampling, and residents of Shahid Maghul neighborhood (population 8,450), from which 368
individuals were selected using Cochran's formula through simple random and convenience
sampling. A researcher-designed questionnaire was developed using a five-point Likert scale
(from strongly disagree=1 to strongly agree=5) to collect opinions on various dimensions of
physical resilience including structural resistance of buildings, quality of construction
materials, width and quality of passages, access to safe open spaces, quality of urban
infrastructure, and building density. The second section employed a five-option scale based on
DEMATEL technique. Content validity was confirmed through expert and supervisor opinions,
and reliability was established using Cronbach's alpha coefficient exceeding 0.7. Data analysis
employed two primary techniques: DEMATEL (Decision-Making Trial and Evaluation
Laboratory) technique was used to measure cause-and-effect relationships between physical
resilience criteria, calculating impact (D) and receptiveness (R) indices to identify causal and
effect factors. Confirmatory Factor Analysis (CFA) was conducted to identify key factors in
physical resilience, with sampling adequacy confirmed using KMO index and Bartlett's test,
and factor loadings calculated using SPSS 26 software.

Findings

DEMATEL analysis revealed that quality of construction materials and techniques ranked
highest with D+R value of 5.15, demonstrating the fundamental importance of using standard
materials and adhering to engineering principles in informal settlement construction. Structural
resistance of buildings against earthquakes (4.434) and foundation strength (4.254) followed,
confirming the necessity of attention to seismic design principles and reinforcement of existing
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structures. Building density and spacing between structures (3.97) also held significant
importance, indicating that maintaining safe distances between buildings is critical for
preventing hammering effects and fire spread post-earthquake. D-R value analysis indicated
that factors such as capacity of temporary shelter centers (1.331) and access to local safety and
relief equipment (1.153) were classified as receptive factors, meaning they are more influenced
by other variables. Conversely, structural resistance of buildings (D-R = -1.256) and material
quality (-0.342) were identified as influential factors playing key roles in improving all aspects
of physical resilience. Rotated factor analysis successfully identified four main dimensions of
physical resilience: Factor 1: Structural-Infrastructural Resilience (highest importance)
included variables such as access to local safety equipment (0.966), waste management and
urban drainage (0.959), access to safety institutions (0.955), and structural resistance of
buildings (0.954), indicating the vital role of urban infrastructure and safety equipment in
earthquake resistance. Factor 2: Environmental-Geographic Resilience emphasized geographic
position relative to active faults (0.596), highlighting the importance of natural and geological
factors. Factor 3: Managerial-Service Resilience focused on planning and preparedness for
earthquake response (0.966) and access to safety institutions (0.958), along with quality of
resistant architectural design (0.953) and capacity of temporary shelter centers (0.945). Factor
4: Institutional-Social Resilience emphasized safety and stability of public structures (0.897)
and property ownership and construction legality status (0.853).

Collectively, these four dimensions explained 73.69% of total variance in physical resilience:
Factor 1 explained 28.94%, Factor 2 explained 18.72%, Factor 3 explained 13.85%, and Factor
4 explained 12.18% of variance, demonstrating the comprehensive explanatory power of the
model.

Conclusion

This research successfully developed a comprehensive four-dimensional model of physical
resilience specifically tailored for informal settlements facing seismic hazards. The key factors
for improving physical resilience in Shahid Maghul neighborhood include establishing local
fire and rescue stations, developing appropriate drainage networks, seismic retrofitting of
existing buildings, improving construction material quality, formulating comprehensive crisis
management programs, modifying local building regulations, and creating emergency shelter
spaces. Geographic position relative to active faults, though unchangeable, can be managed
through stricter building codes and early warning systems. The findings possess significant
theoretical implications by complementing existing knowledge on informal settlements and
providing a scientific foundation for developing more comprehensive theories, while
practically, they can be directly transformed into urban policies, improvement programs, and
crisis management strategies. The research demonstrates that improving physical resilience
requires a multifaceted approach that simultaneously addresses infrastructure reinforcement,
construction quality enhancement, crisis management system development, and local institution
strengthening in a coordinated and integrated manner. The study's generalizability extends to
other informal settlements sharing similar characteristics including comparable geographic
context, economic development levels, homogeneous social structure, and exposure to similar
natural hazards, analogous construction patterns, and urban management systems with similar
structures. However, areas with completely different conditions will require model adaptation
based on local characteristics. Priority recommendations include developing specialized
legislation for seismic retrofitting with risk-based prioritization, establishing national support
funds with special financial facilities, adopting comprehensive safety infrastructure
development programs with dedicated budgets, and mandating periodic resilience assessments
with results reporting for informal settlements.
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