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ARTICLEINFO ABSTRACT
This research aims to design a self-sustaining military hospital in
Keywords: Sari city, Mazand ince, with a f ive def
7 ) y, Mazandaran province, with a focus on passive defense
Mlht?r'y HOSpljcal, Self- principles. The primary goal of the study is to enhance the
sustaining Design, resilience of healthcare infrastructure and ensure the continuous
Passive Defense, provision of services during critical conditions. To achieve this, a
Sustainability, mixed-method approach is employed, incorporating library
Resilience. research, analysis of national and international case studies, and

field data collection. The study establishes framework using seven
passive defense strategies: camouflage, concealment, coverage,
deception, dispersion, fortification, and early warning. A crucial
aspect of the design is ensuring the hospital’s access to vital
resources, including water, food, and energy, thereby enabling
operational sustainability during crises. The selection of these
criteria was guided by an extensive literature review, expert
consultations, and analysis of best practices in resilient hospital
design. The findings indicate that integrating passive defense
principles into the design of self-sustaining military hospitals
significantly enhances their operational efficiency and crisis
response capacity. The incorporation of advanced technologies for
resource management, the development of structurally resilient
buildings, and the optimization of spatial configurations play a

Received: pivotal role in mitigating vulnerabilities and safeguarding patients
10 January 2025 and medical personnel. Additionally, the inclusion of independent
Received in revised energy supply systems and strategic resource storage enables these
form: hospitals to maintain healthcare services even under severe crisis
30 March 2025 conditions. This research highlights the broader implications of
Accepted: passive defense strategies in military hospital design, offering a

oA replicable model for other regions and international contexts. The
13 April 2025 proposed approach can substantially contribute to national security
pp.100-113 and healthcare continuity during emergencies.
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Introduction

Military hospitals play a crucial role in
delivering healthcare services and logistical
support during crises, particularly in sensitive
and strategic regions such as Mazandaran
Province. These areas are frequently exposed
to natural disasters such as earthquakes and
floods, as well as human-made threats like
military conflicts. Ensuring the resilience and
self-sufficiency of these hospitals is a key
challenge in modern defense strategies.

Passive  defense  principles emphasize
designing infrastructures that can withstand
threats with minimal external support. These
principles include protective measures that
enhance security, structural resilience, and
energy independence, ensuring hospitals can
continue functioning in extreme scenarios.
This study builds upon these principles to
develop a comprehensive framework for
military hospital sustainability. A central
aspect of this research is the systematic
selection of design criteria based on a
combination of theoretical foundations, case
study analysis, and expert recommendations.
The study assesses key factors such as site
selection, resource management, energy
independence, and structural fortification, all
of which contribute to the hospital’s ability to
operate autonomously during crises. The main
objective of this research is to propose
strategies to enhance the resilience and
sustainability of military hospitals against a
range of threats. Key research questions
include: "How can military hospital designs
be optimized for better performance during
crises?" and "What role can passive defense
principles play in these designs?" By
addressing these questions, the study aims to
provide practical guidelines for improving the

functionality and security of military
hospitals.
To achieve this goal, a comprehensive

research methodology is adopted, including an
in-depth analysis of existing hospital models,
assessment  of  potential risks  and

vulnerabilities, and the integration of passive
defense strategies. Additionally, this study
examines energy self-sufficiency, material
sustainability, and adaptability to wvarious
crisis scenarios, ensuring the long-term
efficiency of military hospitals under critical
conditions.

Methodology

This research employs a mixed-method
approach to systematically examine the design
and implementation of self-sustaining military
hospitals based on passive defense principles.
The methodology consists of the following
key components:

Research Approach: A combination of
qualitative and quantitative methods is
utilized. The qualitative aspect includes an
extensive review of literature, policy
documents, and case studies, while the
quantitative analysis focuses on structural
assessments and simulations of hospital
resilience under various crisis scenarios.

Data Collection Methods: The
integrates three primary data sources:

study

Library Research: Reviewing academic
articles, technical reports, and government
policies related to passive defense and
military hospital design.

Case Study Analysis: Evaluating national
and international examples of resilient
hospital designs, with a focus on structural
fortification, energy independence, and
emergency response mechanisms.

Field Data  Collection: = Conducting
interviews with defense infrastructure experts,
hospital ~ administrators, and architects
specializing in crisis-resistant buildings.

Selection Criteria: The selection of design
parameters is guided by:
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Existing defense and healthcare infrastructure
standards.Recommendations from experts in
passive defense and medical architecture.Best
practices identified in successful resilient
hospital models worldwide.Validation through
expert consensus and comparative case study
evaluations.

Data Analysis: The collected data is analyzed
using:Comparative analysis of case studies to
identify effective passive defense
measures.Structural simulations to assess the
hospital’s resilience under simulated crisis
conditions.Qualitative thematic analysis of
expert interviews to extract key design
recommendations. Triangulation methods to
validate findings and ensure reliability.

Limitations: While this study provides a
robust framework for designing resilient
military hospitals, certain constraints exist,
such as the availability of detailed
architectural and security data for classified
facilities, and potential variations in local
construction regulations that may impact
implementation. This methodological
framework  ensures a  comprehensive
evaluation of passive defense applications in
military hospital design, providing actionable
insights for enhancing healthcare resilience in
crisis-prone areas.

Results and discussion

The findings of this study demonstrate that
integrating passive defense principles into the
design of military hospitals significantly
enhances their resilience and operational
efficiency in crisis situations. Several key
aspects emerged from the analysis:

Energy Resource Management
The implementation of renewable energy
sources, such as solar panels and emergency
generators, plays a vital role in ensuring
uninterrupted power supply. The
incorporation of microgrid systems further
enhances energy autonomy, reducing reliance
on external sources during crises.

Water Storage and Management Systems
The study highlights the importance of
rainwater harvesting and purification systems
as essential components of self-sufficient
hospitals. The introduction of redundancy
mechanisms in water filtration and storage
helps sustain operations during prolonged
emergencies.
Structural  Resilience and  Material
Selection

The use of reinforced materials capable of
withstanding earthquakes, explosions, and
other threats contributes to the structural
integrity of these facilities. Adaptive
architectural designs allow for rapid repairs
and functional recovery following disasters.

Strategic Site Selection
Locating hospitals in areas with minimal risk
exposure and easy access to transportation and
communication infrastructure improves their
accessibility and security. The natural terrain

is also leveraged to enhance defensive
capabilities.

Flexible and Adaptive Space Design
The study emphasizes the need for modular
hospital  layouts that enable rapid
reconfiguration in emergency scenarios.
Spaces can be converted into crisis

management centers or emergency care units,
ensuring operational flexibility.

Smart Monitoring and Response Systems
The integration of artificial intelligence and
automated monitoring technologies enhances
real-time threat detection and response. Smart
systems facilitate efficient resource allocation
and improve hospital functionality under

crisis conditions.Additionally, the study
underscores the significance of passive
defense measures such as camouflage,

concealment, fortification, and spatial zoning
in reducing hospital vulnerability. Reinforcing
critical units, establishing secure evacuation
routes, and  employing  architectural
camouflage techniques provide additional
security layers.
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Furthermore, continuous training programs
for hospital staff, particularly in crisis
management and emergency response, were
identified as crucial factors in enhancing
hospital resilience. The deployment of
advanced medical technologies, such as
biosensors for patient monitoring and
automated emergency communication
systems, further strengthens the hospital’s
ability to function effectively during crises.

The findings suggest that by adopting these
strategies, military hospitals can operate
autonomously in  extreme  conditions,
maintaining essential healthcare services
without external dependencies. These insights
offer practical guidelines for policymakers
and architects in designing future-proof
healthcare facilities that align with national
security and public health priorities.

Conclusion

Integrating passive defense principles into the
design of self-sustaining military hospitals
significantly enhances their resilience and
operational efficiency during crises. This
study has demonstrated that strategic site

selection, robust energy and  water
management systems, use of resilient
materials, flexible spatial configurations, and
incorporation ~ of  smart  technologies

collectively reduce structural vulnerabilities
and ensure continuous healthcare service
delivery under adverse conditions.

Responses and

Hypotheses:

to Research Questions

Optimization of Military Hospital Design
for Crisis Performance:

Implementing modular and adaptable layouts
allows for rapid reconfiguration of spaces to
meet varying demands during emergencies.
Utilizing renewable energy sources and
establishing  microgrid systems ensure
uninterrupted power supply, even during
widespread outages.Developing
comprehensive ~ water  harvesting  and
purification systems reduces reliance on

external water sources, ensuring availability
during prolonged crises.

Role of Passive Defense Principles in
Hospital Design:
Applying camouflage and concealment

techniques minimizes the visibility of hospital
structures, reducing the risk of targeted
attacks.

Incorporating dispersion and fortification
strategies enhances the structural integrity of
critical areas, such as operating rooms and

intensive care units, safeguarding them
against various threats.
Establishing early warning systems and

designing safe evacuation routes improve
preparedness and response times during
emergencies.

Strategic and Practical Recommendations:
Policy and Planning:

Policymakers should prioritize the allocation
of resources towards the integration of passive
defense measures in the construction and
renovation of military healthcare facilities.
Developing standardized guidelines for
passive defense applications in hospital design
will ensure consistency and effectiveness
across various regions.

Training and Capacity Building:

Regular training programs for hospital staff on
crisis management, including the operation of
smart systems and emergency protocols, will
enhance overall preparedness.Engaging with
local communities through awareness
campaigns can foster cooperation and support
during emergencies, facilitating smoother
operations and resource sharing.

Technological Integration:
Investing in advanced technologies, such as

artificial intelligence for threat analysis and
biosensors for patient monitoring, can
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improve decision-making processes and
patient outcomes during crises.

Implementing automated resource
management systems ensures efficient
utilization and replenishment of critical
supplies.

By adopting these recommendations, military
hospitals can achieve a higher level of
resilience and self-sufficiency, ensuring the
continuous provision of essential healthcare
services during emergencies. This approach
not only enhances national security but also
serves as a model for the development of
robust healthcare infrastructures in other
regions facing similar challenges.
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