T i preventon and

Management Knowledge

Research Paper ‘ ‘i‘
Designing Support Spaces for Residential Complexes: An Earthquake Scenario
for Tehran, Iran (Case Study: Venus Residential Complex in District 22)

Shahriar Ghaemi' ©©, Morteza Bagheritehrani?

1. Department of Post-disaster Reconstruction, Par.C., Islamic Azad University, Pardis, Iran.
2. Department of Architecture, Par.C., Islamic Azad University, Pardis, Iran.

Use your device to scan
andreadhearileonine [@IEED Ghaemi, Sh., & Bagheritehrani, M. (2026). [Designing Support Spaces for Residential Complexes: An Earthquake
Scenario for Tehran, Iran (Case Study: Venus Residential Complex in District 22) (Persian)]. Disaster Prevention and Management
Knowledge, 16(2):418-449. https://doi.org/10.32598/DMKP.16.2.570.2

d -/} https:/doi.org/10.32598/DMKP.16.2.570.2

ABSTRACT

Tehran Province, Iran, as a megacity, is highly vulnerable to earthquakes,
particularly due to its location on active faults and high population density, especially in high-rise and
densely populated residential complexes like those in District 22. This vulnerability necessitates a
reevaluation of traditional crisis management paradigms. The inability of external emergency response
systems to provide immediate assistance in the first hours of a crisis highlights the critical need for
self-help and shelter solutions at the building scale. This research aimed to design a support space for
residential complexes in the event of an earthquake in Tehran Province, Iran. It seeks to establish and
validate an efficient, resilient, and multi-functional design framework for support spaces within high-rise
residential complexes, envisioning them as a local “resilience core” to ensure resident survival and safety
during critical conditions.

YIEGEY] This research adopts a mixed-methods (quantitative-qualitative) approach with a descriptive-
analytical nature. It investigates District 22 of Tehran Province and the “Venus Residential Complex” as a
case study. Data were collected through questionnaires administered to 30 experts and 50 residents. For
data analysis, the Delphi method was employed to validate criteria, and Pearson’s correlation tests along
and structural equation modeling (SEM) were utilized in SPSS software.

S The results indicate that the design framework should be based on four main dimensions:
physical resilience, functional resilience, social resilience, and flexibility. The Delphi process confirmed all
16 proposed indicators. SEM affirmed a positive and significant relationship between these dimensions
and overall resilience enhancement (RMSEA =0.001). Pearson’s correlation test, used for prioritization,
revealed that from the experts’ perspective, flexibility (r=0.731) and functional resilience (r=0.722) had
the greatest impact on the success of the design.

This research concludes that an effective solution involves transitioning from the concept
of a “crisis shelter” to a “multipurpose resilience core.” This space should be integrated into residents’
daily lives through everyday uses (e.g. as a gym or community hall) to ensure economic justification and
social acceptance. The validated design framework and practical architectural solutions presented in this
study provide an efficient tool for transforming vulnerable residential complexes into self-sufficient and
earthquake-resilient communities.
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Introduction

n recent decades, the world has witnessed a sig-

nificant increase in the frequency and intensity

of both natural and human-made disasters. Fac-

tors, such as climate change, rapid urbanization,

and the growing concentration of population
and assets in urban centers have rendered societies more
vulnerable to these hazards than ever before. This rising
vulnerability underscores the urgent need to adopt com-
prehensive frameworks, such as passive defense, to miti-
gate risks and strengthen societal resilience. Among these
hazards, earthquakes are among the most devastating
threats to human settlements due to their sudden onset and
widespread destructive potential. Positioned on one of the
world’s most active seismic belts, Iran has long grappled
with this phenomenon, as past seismic events grimly at-
test (Habibi, 2020: 25).

From a national perspective, the metropolitan area of
Tehran Province, Iran—the country’s political, economic,
and cultural capital—is a critical hotspot with the poten-
tial for disaster on a national or even international scale.
The presence of numerous active faults within and sur-
rounding the city limits, such as the North Tehran, Ray,
and Mosha-Fasham faults, coupled with extensive dilapi-
dated urban fabrics, extremely high population density,
and a concentration of critical infrastructure, makes the
scenario of a major earthquake in Tehran Province a stra-
tegic concern for urban managers and specialists (Zan-
giabadi & Tabrizi, 2007).

In recent decades, urban development paradigms have
shifted significantly toward high-rise construction. Al-
though they address housing demand, areas with a high
and growing concentration of residential towers pose
twice the challenge for earthquake crisis management.
Past seismic experiences worldwide and within Iran dem-
onstrate that even if high-rise buildings maintain their
structural integrity, damage to non-structural components,
disruptions to lifelines (water, electricity, gas), and, most
importantly, the panic and lack of preparedness among
residents can trigger secondary crises, thereby escalating
human casualties and financial losses (Hadsi, et al., 2023).

From a national perspective, the metropolitan area of
Tehran—as the country’s political, economic, and cul-
tural capital—is a critical hazard hotspot with the poten-
tial for disaster on a national or even international scale.
Multiple active faults within and surrounding the urban
periphery, extensive dilapidated fabrics, extremely high
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population density, and a heavy concentration of critical
infrastructure make a major earthquake in Tehran Prov-
ince a strategic concern for policymakers and disaster
management specialists (Zangiabadi & Tabrizi, 2007).
In this high-risk landscape, passive defense—defined as a
set of non-combat measures that enhance deterrence, re-
duce vulnerability, and ensure the continuity of essential
operations—plays a vital role.

In response to urban growth pressures, recent develop-
ment patterns in newer districts of Tehran, such as Dis-
trict 22, have increasingly favored high-rise construction
and dense residential complexes. Although this vertical
expansion solves land-use constraints, it introduces com-
plex challenges to emergency response. Due to high oc-
cupancy rates, complex utility and mechanical systems,
limited egress routes, and the inherent difficulties of verti-
cal rescue, high-rise buildings can transform into potential
traps during a severe seismic event (Heidari, 2018). This
threat is particularly acute in Tehran’s urban fabric, where
the high probability of transportation network blockages
underscores the critical importance of building-scale self-
sufficiency solutions.

Under such circumstances, conventional disaster man-
agement models based on an outside-in response para-
digm will prove ineffective, largely because high probabil-
ity of arterial road blockages and transportation network
failures are highly likely. Delayed arrival of emergency
rescue teams during the critical “golden hours” following
an earthquake underscores the vital necessity of micro-
and local-scale “self-help” and “mutual-aid” strategies.
Consequently, enhancing resilience at residential-com-
plex level becomes an imperative rather than an option.
This study is grounded in the premise that designing des-
ignated “crisis management support spaces” at the build-
ing/complex scale can establish a vital intermediary link
between macro-level urban crisis management and the
micro-level (household) sphere. Designed with a multi-
functional approach based on passive defense principles,
these spaces can serve as temporary shelters, local com-
mand posts, emergency supply depots, and resident as-
sembly and coordination points during the initial 72 hours
post-disaster, thereby substantially mitigating the seismic
vulnerability of high-rise residents in Tehran Province.

This study addresses the lack of a standardized, well-de-
fined model for designing crisis support spaces tailored to
high-rise residential complexes. In post-disaster scenari-
os, these facilities must sustain critical functions—such as
safe sheltering, access to basic first aid, emergency rations
and potable water, communication systems, and resident
information management—until municipal utilities are
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restored and external relief teams arrive on site. If these
spaces are improperly sited, designed, or equipped, or if
they sustain damage during the seismic event, they will
not only lose operational efficiency but may also cultivate
a false sense of security, precipitating a “secondary cri-
sis” in post-disaster management. Therefore, this research
aims to address the following primary question: What are
the key components, criteria, and design guidelines for an
effective, resilient, and multifunctional crisis management
support space tailored to high-rise residential complexes
in Tehran Province in a potential earthquake scenario?

Main objective

o To formulate the design framework for an efficient,
resilient, and multifunctional crisis support space in high-
rise residential complexes to mitigate the impact of a po-
tential earthquake in Tehran Province.

Accordingly, in light of these challenges and objectives,
this research aims to design an efficient, resilient, and
multifunctional crisis support space for high-rise residen-
tial complexes in Tehran Province in the event of a poten-
tial earthquake.

Research questions

o What design indicators define an efficient and resilient
crisis support space against earthquakes?

o What factors influence the design of crisis support
spaces for residential complexes in the event of a potential
earthquake in Tehran Province?

In recent years, numerous domestic and international
researchers have investigated the design of crisis support
spaces. Table 1 summarizes these studies.

The existing body of research indicates that prior studies
have either focused on the macro scale (city and district)
or addressed resilience and preparedness in general terms.
The main gap is the lack of a formalized architectural
and spatial design framework for establishing a “Resil-
ience Hub” within residential complexes. By proposing a
practical, implementable model for designing a “support
space,” the present study seeks to address this gap.

The main distinction and innovation of this research lie
in three aspects. First, it shifts the analytical scale from
the city to the building and focuses on a specific opera-
tional unit, namely the residential complex. Second, it of-
fers a design-oriented and affirmative solution rather than
a purely descriptive or problem-oriented analysis. In this
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respect, the study aims to generate “design knowledge.”
Third, and most importantly, it integrates the physical and
social dimensions of resilience within a single spatial con-
cept, namely the “support space.” While previous stud-
ies have examined these two dimensions separately, this
research conceptualizes the support space as an essential
“hardware” that enables and sustains the “software” of
social resilience, including organization, education, and
cooperation.

Theoretical foundations
Theories and approaches

This research draws on a combination of classical theo-
ries and contemporary approaches in crisis management,
architecture, and the social sciences, which are discussed
in detail below.

Residential complexes

Residential complexes can be conceptualized as clusters
of building blocks that encompass diverse housing typol-
ogies, ranging from single-family dwellings to low-rise
and high-rise apartment buildings. In these complexes,
residential blocks are arranged on a designated parcel
of land according to a predetermined master plan. These
blocks can be configured in various spatial layouts, estab-
lishing a coherent relationship with open spaces. Another
defining characteristic of residential complexes is their
clearly defined, demarcated boundaries separating them
from the surrounding urban fabric, occasionally rendering
them distinct socio-spatial islands within the city (Azizi,
2007). In response to the human propensity for collective
living, such communal settlements have evolved.

Crisis and natural disaster management

A disaster is defined as a serious disruption of a com-
munity’s functioning, causing widespread human, mate-
rial, and environmental losses that exceed the ability of
the affected community to cope using only its internal
resources. The term crisis is frequently used to describe a
sudden, catastrophic event, such as an earthquake, during
which conventional living patterns and ecosystems are
disrupted, necessitating immediate emergency interven-
tions to preserve human life and protect the environment.
Therefore, events that emerge abruptly from natural haz-
ards or anthropogenic activities, inflict severe damage on
human communities, and require extraordinary measures
and relief operations to address are termed crises (Badri,
2005; Alirezaei & Shakib, 2019).

Ghaemi, & Bagheritchrani. (2026). Designing Support Spaces for Residential Complexes: An Earthquake Scenario for Tehran. DMKP, 16(2), 418-449.
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Figure 1. The impact of natural disasters on development trajectories and the role of disaster risk management (Fainstein, 2003;

Campbell, 2006; Sandercock, 2010)

Figure 1 shows the relationship between regional devel-
opment and natural disasters. In this diagram, the dotted
line along the expected development trajectory represents
the long-term goals anticipated by regional planners. The
thick solid line (downward trajectory) shows the devel-
opment trajectory disrupted by a natural disaster. Conse-
quently, rigorous disaster risk management (DRM) efforts
can mitigate disaster impacts. The improvement achieved
through effective disaster risk management (improved
trajectory) is represented by a thin solid line, reflecting
reduced damage and shorter recovery periods through
proactive risk-control measures (such as structural and
non-structural mitigation) and financial risk-sharing in-
struments (such as disaster funds and insurance).

According to disaster management scholars, disaster
crisis management encompasses a broad range of plan-
ning measures, including prevention, early warning,
search and rescue, emergency relief, rehabilitation, and
post-disaster reconstruction of affected areas. In other
words, DRM must implement both structural and non-
structural measures to reduce multiple dimensions of
vulnerability—specifically exposure and community
sensitivity—as an integral part of a sustainable develop-
ment strategy evaluated through cost-benefit analyses of
interventions. In this regard, Davis argues that a com-

Figure 2. Crisis management cycle

munity’s sustainability is fundamentally contingent on its
risk-management capabilities.

Within this nexus of sustainable development and disas-
ter risk reduction, the disaster management cycle is rec-
ognized as a foundational principle. The disaster manage-
ment cycle (Figure 2) provides a normative framework
for timely planning interventions across sequential and
continuous phases as disaster events unfold. Its primary
objective is to demonstrate that disaster impacts can be
substantially mitigated through prior prevention and pre-
paredness measures—two phases intrinsically linked to
long-term development—while post-disaster humanitar-
ian response, followed by recovery and reconstruction
activities, aims to alleviate and redress the catastrophic
consequences of the event.

Passive defense

Passive defense refers to all measures and actions that
do not require the use of weapons and that increase de-
terrence, reduce vulnerability, ensure the continuity of
essential national functions, enhance national resilience,
increase the adversary’s costs, and facilitate crisis man-
agement against enemy military threats and operations
(Figure 3) (Jedidi, 2016).

Ghaemi, & Bagheritchrani. (2026). Designing Support Spaces for Residential Complexes: An Earthquake Scenario for Tehran. DMKP, 16(2), 418-449.
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Passive defense measures in urban design and architec-
ture are implemented at two levels: planning and architec-
tural design. Given architecture’s role in designing resi-
dential complexes, such measures reduce vulnerability
during an incident and support appropriate post-disaster
functionality. At the urban planning level, these measures
can be summarized as follows: reducing public vulner-
ability to threats, providing multifunctional urban func-
tions, ensuring the manageability of cities during crises,
guaranteeing the continuity of essential functions for resi-
dents under crisis conditions, and avoiding the location of
high-risk functions within the city (Jadidi, 2016).

The key principles of this approach, which are directly
applicable to the design of support spaces, include the fol-
lowing:

Location selection: selecting the safest structurally and
accessible part of the building for the support space.

Fortification: reinforcing the walls, ceiling, and door of
the support space against impact and fire.

Dispersion: dispersing vital equipment, such as first-aid
kits, across multiple points in addition to the main support
space, to prevent the loss of all resources at a single point.

Multifunctionality: designing the space for both nor-
mal and crisis conditions, which increases spatial effi-
ciency and reduces vulnerability.

Miniaturization: creating smaller safe spaces in ad-

dition to the main support space, such as secure rooms
within units, as a complementary strategy.

Figure 3. Components of passive defense (Jadidi, 2016)

' Disaster Prevention and
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Defensive architecture

By examining the concepts of passive defense and ar-
chitecture, defensive architecture may be defined as the
set of measures undertaken through the use of spatial el-
ements in accordance with the principles of passive de-
fense, with the ultimate aim of preserving the continuity
of activities and/or protecting human life against threats.
In other words, defensive architecture safeguards hu-
man life during wartime without requiring direct human
intervention in the management of equipment. Its most
important characteristic is the utilization of architectural
and urban-planning capacities to achieve the objectives of
passive defense (Zare & Nasr, 2016).

Design of supporting spaces in residential complexes

The threats considered in passive defense planning for
residential complexes include natural and ecological di-
sasters that may cause urban destruction. In response,
residential complexes should incorporate the required
supporting spaces into their design (Ahmadi, 2019).
Spaces designed for residential complexes should protect
residents from both the direct and indirect consequenc-
es of natural disasters during times of threat and crisis,
while minimizing injuries and fatalities. The likelihood of
collapse or destruction of the supporting section of resi-
dential complexes should be extremely low, so that these
spaces are not easily exposed to potential hazards and can
be used with greater confidence and peace of mind.

Ghaemi, & Bagheritchrani. (2026). Designing Support Spaces for Residential Complexes: An Earthquake Scenario for Tehran. DMKP, 16(2), 418-449.
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Theories and approaches
Resilience theory

Resilience, a concept originating in ecology (Holling,
1973), refers to the capacity of a system to absorb dis-
turbances and reorganize while maintaining its essential
functions, structure, and identity. Within disaster studies,
this concept has evolved from an exclusive focus on “re-
sistance” to hazards toward the capacity for “recovery,”
and even “growth and transformation,” following a disas-
ter (Manyena, 2006).

Within the context of the present study, the resilience of a
residential complex comprises the following dimensions:

o Physical resilience: This refers to structural strength,
the safety of non-structural elements, the continuity of
internal lifeline services—such as emergency water res-
ervoirs—and the availability of safe spaces. The "support-
ing space" constitutes the central core of this dimension
of resilience.

o Social resilience: This refers to residents’ capacity for
collective action and mutual support during crises. Com-
ponents, such as social capital, trust, communication net-
works, local leadership, and indigenous knowledge fall
within this dimension (Cutter et al., 2008). As a setting
for interaction and organization, the supporting space en-
hances social resilience.

o Institutional resilience: This dimension concerns clear
regulations, guidelines, and management structures at the
residential-complex level to respond to crises, such as a
building crisis-management team. At a micro scale, the
supporting space can serve as the Emergency Operations
Center (EOC) for this institutional structure.

e Economic resilience: This refers to residents’ abil-
ity to minimize financial losses and rapidly restore their
livelihoods. Protecting essential documents and valuable
assets within the supporting space can contribute to this
dimension.

Accordingly, the present study considers all these di-
mensions of resilience in realizing a “supporting space.”

Place-making theory and multifunctional design

A "space" is a defined physical volume; however, a
"place" is a space enriched with memories, meanings, and
human interactions (Tuan, 1977). If a supporting space
is merely an abandoned concrete shelter whose door re-

Summer 2026. Vol 16. Issue 2

mains closed for years, it may become an unfamiliar and
anxiety-inducing environment in times of crisis. Place-
making theory suggests integrating such a space into resi-
dents’ daily lives.

This objective can be achieved through multifunctional
design. For example, under normal conditions, the sup-
porting space may function as a community hall, library,
indoor children’s play area, or workshop. Such dual func-
tionality offers the following advantages:

e Familiarity and sense of belonging: Residents become
familiar with the space and develop a sense of attachment.

e Continuous maintenance: Everyday use ensures that
the space and its equipment are regularly inspected and
maintained.

e Economic justification: Allocating a portion of com-
mon areas to a space that has a daily function is more eco-
nomically justifiable for developers and property owners.

Based on the theoretical foundations outlined above,
the framework for evaluating and designing supporting
spaces can be developed under four main categories, as
follows (Table 2):

Limitations, strengths, and weaknesses of previous
research

Previous studies have been highly successful in estab-
lishing the importance of crisis management at the urban
scale. Using quantitative models and geographic informa-
tion systems (GIS), these studies have effectively identi-
fied high-risk and vulnerable areas (e.g. Alavi etal., 2019).
Likewise, qualitative and survey-based research has ap-
propriately emphasized the importance of the social and
human dimensions of crises, including the roles of trust
and participation, demonstrating that purely technical
solutions are insufficient (Ghasemi et al., 2023). These
studies have provided the foundation for understanding
the need to move toward community-based solutions.

Despite these strengths, the existing literature has sev-
eral major limitations. First, as noted above, most stud-
ies exhibit a “macro-scale bias,” resulting in the neglect
of architectural and building scales. Second, the research
has been predominantly diagnostic and analytical, with
comparatively limit attention to developing proactive, de-
sign-oriented solutions. Although these studies describe
the problem effectively, they do not provide a specific
model for addressing it at the micro scale. Third, there is a
clear gap between physical and social analyses. Technical
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Table 2. Criteria and subcriteria for the design of supporting spaces in residential complexes in the event of a potential earthquake
in Tehran province, Iran

Dimension Criterion Subcriterion Indicator

Placement on lower floors (ground floor or first basement
level) and within the most structurally resilient section of the
Structural and construction building plan

safety Use of reinforced concrete or shear walls with greater resis-
Material resistance tance than other building sections; impact- and fire-resistant
doors and windows
Walking distance from the farthest residential unit; absence of
Access from common areas stairs along the main access route to accommodate persons
with reduced mobility

Location within the
structure

Physical resilience

Accessibility and evacuation
Provision of at least one direct exit leading to a safe open

Emergency exit -
Availability of an emergency potable-water storage tank, with
Water and food a minimum capacity of 3 liters per person per day; storage of

dry and non-perishable food rations

Availability of fully equipped first-aid kits, commonly required

medications, and basic medical equipment; provision of an
independent sanitary facility that remains usable without reli-

ance on the municipal water network

Availability of an emergency lighting system connected to a

generator or battery; provision of radio and two-way commu-
nication devices for external communication

Provision of essential needs Health and medical care
(for 72 hours)

Functional resilience .
Energy and communica-

tions

Allocation of a minimum floor area of 1.5 m? per person based

A e B i on the nominal capacity of the space

Adequate capacity and

Space Provision of an independent natural or mechanical ventilation

Ve system to ensure an adequate supply of healthy air

Provision of a designated area equipped with a whiteboard,
building plans, and communication facilities for the building
crisis-management team

Command area

Organizational capacity
. . . Installation of an information board to record the names of
Information dissemination -
. - present occupants, missing persons, and the latest updates
Social resilience
Provision of a safe and dedicated corner for children’s play and

Children’s area . L
recreational activities

Psychosocial support
Provision for temporary spatial separation of families through

Privacy lightweight partitions

Design of an open-plan layout and use of movable and fold-

il e sy able furniture to facilitate rapid functional conversion

Use during normal condi-
tions Environmental attractive-  Use of calming colors, appropriate lighting, and high-quality
Flexibility ness materials

Integration with other shared functions—such as a sports hall
or community room—to prevent the creation of underutilized
space

Efficient use of common

Economic feasibility ——

specialists tend to focus on structures and infrastructure,
whereas social scientists emphasize human behavior;
however, effective solutions lie at the intersection of these
two domains. Finally, few existing studies have devel-
oped a checklist or systematic set of design indicators that
architects or developers could directly apply to create an
effective supporting space.

Materials and Methods
Study area

This research focuses on District 22 of Tehran Munici-
pality, located in the northwestern part of the metropo-
lis. As Tehran’s newest urban district, District 22 has, in
recent years, become a major center for high-rise devel-
opment and the construction of modern residential com-
plexes. The district’s distinctive characteristics make it a
particularly important case study for the present research.
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Figure 4. Location of the case study within the city and its broader context

From a seismotectonic perspective, the district lies near
the major and active North Tehran Fault. This fault is
considered a principal source of seismic hazard for the
capital. The proximity of the city’s high-rise development
zone to this hazard source substantially increases the vul-
nerability of District 22. Therefore, assessing and design-
ing safe spaces in this area is a strategic priority for reduc-
ing earthquake risk in Tehran Province.

The presence of numerous residential towers has con-
centrated a large population within limited land parcels,
creating unique challenges for emergency evacuation and
relief operations in an earthquake. Although the district’s
main thoroughfares are wide, the high concentration of
commercial, recreational, and administrative centers—
such as Iran Mall and Chitgar Lake—generates heavy
traffic under normal conditions. During a crisis, this situ-
ation may completely paralyze the access network and
cause catastrophic delays in emergency response opera-
tions. Furthermore, existing studies and field observations
show that many neighborhoods in this district—includ-
ing the area surrounding the Venus Residential Com-
plex—suffer from limited social interaction and a lack
of coherent neighborhood identity despite their modern
appearance. This “social anonymity” is a major risk fac-
tor in crisis management, as community-based resilience
relies fundamentally on trust and cooperation among
neighbors. Finally, the open, undefined spaces between
high-rise buildings offer an opportunity to organize safe
and supportive areas. However, at present, these spaces
are largely inefficient and underutilized.

Within this context, the Venus Residential Complex was
selected as the specific case study. Consisting of several
high-rise blocks, the complex is an appropriate represen-
tative of the dominant residential pattern in District 22.
The aforementioned issues and challenges are clearly evi-
dent within this complex (Figure 4).

Data collection and research procedure

In terms of purpose, the present study is applied re-
search; in terms of nature, it is descriptive—analytical. The
study adopts a mixed-methods approach using a sequen-
tial strategy (quantitative—qualitative—quantitative). With
respect to its nature and implementation, the research is
descriptive—analytical, meaning that it first describes and
systematically identifies the physical, social, and manage-
rial characteristics of the study area and the target popu-
lation. It subsequently analyzes the relationships among
variables—such as physical characteristics and residents’
safety needs—to explain the findings and propose appro-
priate solutions. The statistical population consisted of 30
experts in architecture, crisis management, and post-di-
saster reconstruction. A simple random sampling method
was employed. To validate the findings, the study used
two primary criteria: validity and reliability. The Delphi
method and input from prominent faculty members and
specialists in architecture, urban planning, and crisis man-
agement confirmed the questionnaire’s content validity.
This process ensured that the questionnaire items accu-
rately measured the concepts intended by the research. To
assess the reliability, or internal consistency, of the instru-
ment, Cronbach’s a test was employed. As shown in Table

Ghaemi, & Bagheritchrani. (2026). Designing Support Spaces for Residential Complexes: An Earthquake Scenario for Tehran. DMKP, 16(2), 418-449.
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Table 3. Reliability coefficients of the supporting-space design criteria for residential complexes in the event of a potential earth-

quake in Tehran

Dimension Cronbach’s a Coefficient Overall Reliability Coefficient
Physical resilience 0.738
Functional resilience 0.698
0.769
Social resilience 0.703
Flexibility 0.755

3, the reliability coefficients for all research dimensions
exceeded 0.70, above the minimum acceptable threshold
of 0.60. This result indicates a high level of internal con-
sistency among the questionnaire items and the stability
of the measurement instrument. The required data were
collected using a Likert-scale questionnaire. The collected
data were analyzed using descriptive and inferential sta-
tistics, including factor analysis, regression analysis, and
Pearson’s correlation test, using SPSS software.

Data analysis was conducted using descriptive and in-
ferential statistical methods, including factor analysis and
Pearson correlation tests, with SPSS software.

Research findings
Descriptive findings

District 22 of Tehran, as a major hub of modern high-rise
development, accommodates densely populated residen-
tial complexes, such as the Venus Residential Complex.
An assessment of these complexes in terms of prepared-
ness for emergency conditions reveals notable strengths
and challenges.

On the one hand, the physical strengths of these com-
plexes—including newly constructed buildings designed
to comply with updated seismic regulations, such as Ira-
nian Standard No. 2800, as well as access to major life-
line infrastructure and highways—provide a relatively
resilient and accessible physical setting for emergency-
response operations. These capabilities are further rein-
forced by relatively coherent management structures,
such as boards of directors and security teams, that can
organize and implement safety programs.

Nevertheless, these strengths are accompanied by sig-
nificant structural weaknesses. The principal physical
weakness of such complexes is the high concentration of
population within a limited vertical space combined with
their substantial dependence on centralized facilities, in-

cluding elevators, water pumps, and emergency power
systems. This dependence makes the complexes highly
vulnerable when urban infrastructure is disrupted. More-
over, evacuating a large population through stairwells and
limited exits is a major managerial challenge.

From a management perspective, the primary weakness
is the absence of a comprehensive and documented crisis-
management plan. In most of these complexes, specific
response scenarios for earthquakes or fires have not been
defined, and educational drills are not conducted for resi-
dents to enhance their preparedness or familiarize them
with supporting spaces.

In the social dimension, a noteworthy duality exists.
Educated residents with relatively similar socioeconomic
backgrounds offer an opportunity to promote social cohe-
sion and participation during crises. However, this poten-
tial is overshadowed by the culture of individualism and
the weak sense of place attachment commonly associated
with contemporary apartment living. This social weak-
ness may hinder the organization of residents and the
effective use of shared supporting spaces, since solidar-
ity and mutual trust are essential prerequisites for a suc-
cessful community response to crises. In addition, poorly
monitored, low-traffic outdoor areas within the complex
may become unsafe and crime-prone under both normal
and emergency conditions.

These weaknesses are exacerbated when confronting
environmental and human-induced threats. The most sig-
nificant threat to District 22 is its high seismic risk due
to its proximity to the active faults of northern Tehran.
Furthermore, the risk of fire in high-rise towers, together
with the difficulty of rescue and firefighting operations,
poses a serious threat to residents’ lives. In a major crisis,
the complex’s dependence on primary transportation cor-
ridors—otherwise considered a strength—may become a
threat and a critical bottleneck because of population con-
gestion and possible road blockages, thereby disrupting
emergency access.

Ghaemi, & Bagheritchrani. (2026). Designing Support Spaces for Residential Complexes: An Earthquake Scenario for Tehran. DMKP, 16(2), 418-449.
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Table 4. Demographic characteristics of respondents

Variables Characteristic No. (%)
Male 18(60)
Gender
Female 11(39)
20-29 2(3.9)
30-39 8(21.3)
Age (y)
40-49 13(45)
50 and above 7(24)
Bachelor’s degree 6(8.9)
Educational level Master’s degree 18(58)
Doctoral degree and above 6(25)
Other locations 9(42)
Place of birth
Tehran 21(58)
Manager 2(16.3)
Occupational category Specialist/Expert 16(59)
Employee 7(21)

Despite these challenges, valuable opportunities exist to
improve the flexibility and operational efficiency of these
complexes as supporting spaces. Using open spaces and large
outdoor areas to locate essential emergency equipment—
such as tents and storage facilities for critical supplies—and
equipping of parking areas and shared spaces for temporary
accommodation constitute practical solutions. From a man-
agement perspective, establishing agreements with special-
ized organizations, such as the Iranian Red Crescent Society
and the Fire Department, to develop emergency-response
plans and train residents could substantially address the ex-
isting lack of preparedness plans. Furthermore, the applica-
tion of smart technologies for rapid warning and the control
of building facilities represents a strategic opportunity.

Ultimately, to achieve the objective of the present
study—namely, transforming residential complexes in
District 22 into safe and supportive spaces during cri-
ses—a transition from a passive approach to an active
and planned approach is required. This transition requires
management bodies to capitalize on existing opportuni-
ties, design felexible physical spaces, and prepare them
for multifunctional use under emergency conditions.
Strengthening social capital through collective programs,
with developing a clear, regularly practiced management
roadmap, can mitigate current weaknesses and transform
the Venus Residential Complex and similar developments

from mere building complexes into resilient communities
prepared to respond effectively to crises.

Analytical findings

The questionnaire was distributed among a randomly
selected sample of 30 specialists in the fields of architec-
ture and crisis management. Table 4 presents descriptive
information and statistics concerning the respondents’ in-
dividual characteristics.

To validate the dimensions and components of support-
ing-space design for residential complexes in the event of
a potential earthquake in Tehran, a Delphi questionnaire
was used. The questionnaire items were rated using three
response options: “the item is essential,” “the item is use-
ful but not essential,” and “the item is not necessary.”

Following agreement on the evaluation criteria, it was
necessary to establish a specific threshold for selecting
the components to include in the feasibility assessment
and crisis-management review. In the present study, a
threshold of two-thirds (67%) was adopted for selecting
the criteria based on expert evaluations. Expert scores
ranged from 1.5 (minimum) to 8.5 (maximum). By cal-
culating two-thirds of the range between these two val-
ues and adding the minimum score, a threshold value of
approximately 6.2 was obtained. Accordingly, a score of

Ghaemi, & Bagheritchrani. (2026). Designing Support Spaces for Residential Complexes: An Earthquake Scenario for Tehran. DMKP, 16(2), 418-449.
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Table 5. Final scores and acceptance/rejection results for the indicators

Dimension Indicator Final Score Decision
Location within the structure 8.55 Accepted
Material resistance 7.65 Accepted

Physical resilience
Accessibility from common areas 7.52 Accepted
Emergency exit 6.25 Accepted
Water and food 7.65 Accepted
Health and medical care 7.35 Accepted
Functional resilience Energy and communications 6.60 Accepted
Floor area per capita 7.65 Accepted
Ventilation 7.65 Accepted
Command area 6.55 Accepted
Information dissemination 6.20 Accepted

Social resilience

Children’s area 6.35 Accepted
Privacy 7.65 Accepted
Spatial adaptability 7.90 Accepted
Flexibility Environmental attractiveness 7.45 Accepted
Efficient use of common areas 7.95 Accepted

6.2 was considered the acceptable threshold for selecting
components in this study. Ultimately, all of the following
indicators were accepted as design criteria for supporting
spaces in residential complexes in the event of a potential
earthquake in Tehran Province (Table 5).

Structural equation modeling: Correlation coeffi-
cients

Structural equation modeling (SEM) was employed to
determine the extent to which the components of support-
ing-space design criteria for residential complexes affect
earthquake resilience. Figure 5 illustrates the nature of the

Figure 5. SEM: Pearson correlation coefficients and relationships among the indicators

Ghaemi, & Bagheritchrani. (2026). Designing Support Spaces for Residential Complexes: An Earthquake Scenario for Tehran. DMKP, 16(2), 418-449.
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Table 6. Pearson correlation coefficients between the components of supporting-space design in residential complexes and earth-

quake resilience
Criterion Enhanced Resilience Physical Resilience Functional Resilience Social Resilience Flexibility
Enhanced resilience 1
Physical resilience 0.701* 1
Functional resilience 0.722* 0.692** 1
Social resilience 0.619** 0.537** 0.708* 1
Flexibility 0.731* 0.675* 0.606™ 0.583x*x 1

" Significant at the 99% confidence level (P<0.01), * Significant at the 95% confidence level (P<0.05).

relationships among these components. The correlation
coefficient between the relevant components is presented
for each indicator. Regarding the supporting-space design
criteria for residential complexes in the event of a poten-
tial earthquake in Tehran—including physical resilience,
functional resilience, social resilience, and flexibility—the
relationships among the data were statistically significant
at the 99% confidence level and demonstrated very strong
correlations . These relationships were positive and reflect-
ed direct effects. The RMSEA’s model was 0.001, below
the recommended threshold of 0.05, indicating a good fit.
In addition, P<0.05, confirming the statistical significance
of the model at the 99% confidence level (Table 6).

The following section presents the Pearson correlation
analysis of the relationships between the components of
supporting-space design in residential complexes and re-
silience to a potential earthquake in Tehran Province. The
results indicate positive and direct relationships between
all research components and earthquake resilience and
risk reduction, at the 99% confidence level.

Based on the results of the Pearson correlation test and
the r coefficients reported in the above table, the study
criteria were prioritized from the experts’ perspective ac-
cording to the strength of their correlation with enhanced
earthquake resilience, as follows:

Flexibility: =0.731
Functional resilience: r=0.722

Physical resilience: r=0.701

Social resilience: r=0.619
Conclusion and recommendations

This study aimed to develop a design framework for
supporting spaces in residential complexes to enhance

preparedness for a potential earthquake in Tehran Prov-
ince and produced specific quantitative and qualitative
findings. The quantitative results indicated that, from the
specialists’ perspective, flexibility (r=0.731) and func-
tional resilience (1=0.722) received the highest priority
and exerted the greatest influence on the effectiveness
of a supporting space. This finding suggests that social
acceptance and the economic justification of the proj-
ect—achieved through multifunctional use—as well as
the provision of essential and immediate needs are fun-
damental prerequisites for the successful performance of
such spaces. The structural equation model, with a root
mean square error of approximation (RMSEA) of 0.001,
also statistically confirmed positive and significant rela-
tionships between the four dimensions of physical, func-
tional, social, and flexibility resilience and overall resil-
ience enhancement.

The most important qualitative and conceptual con-
clusion of this study is the need for a paradigmatic shift
from the conventional concept of a “crisis shelter” to the
modern model of a “multi-functional resilience hub.”
Unlike a shelter that remains inactive and unused under
normal conditions, a resilience hub should be integrated
into the everyday lives of residents. Its continued use
through functions such as a sports hall, children’s play
area, or community meeting space provides a practical
rationale for its presence during non-crisis periods. This
dual-purpose approach not only promotes residents’ ac-
ceptance of the project but also facilitates the continuous
maintenance, preparedness, and operational readiness of
the space. Ultimately, by providing an operational and
validated design framework, this study transforms archi-
tectural knowledge into an effective tool for reducing vul-
nerability and enhancing self-help capacity in the face of
a potential earthquake in Tehran Province.
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Table 7. Strategies and design recommendations for supporting spaces in residential complexes

Dimension Criterion Strategy Practical Design Exemplar

Locate the space within the most
seismically resistant zone of the structural  Designing a space as part of the ground-floor
plan (adjacent to shear walls or primary ~ gymnasium or assembly hall, with direct step-
moment-resisting frames) on lower levels  free access (via a ramp) to the courtyard or a
(ground floor or first basement) to facilitate safe open area of the complex
accessibility and rapid evacuation.

Structural location

Utilize reinforced concrete shear walls, Constructing perimeter walls with reinforced
fire- and blast-resistant steel doors, and  thickness that serve during routine periods as a
tempered or laminated safety glazing for all children’s indoor climbing wall or an art display
openings. surface for residents.

Physical resilience . .
¥ Material resistance

Connecting the primary exit to the central
common corridor, while dedicating the
secondary exit (a heavy-duty steel door)
directly to the rear courtyard designated as the
post-disaster safe assembly point.

Design wide, well-illuminated, unobstructed
Accessibility and access routes with two independent egress
emergency egress paths, at least one leading directly to an
open, secure external area.

Install an autonomous potable water Concealing the emergency water reservoir
storage tank (food-grade stainless steel or  within a drywall partition and integrating the
Water and food supply  high-density polyethylene) and dedicated food storage units into built-in decorative
storage cabinetry for long-shelf-life shelving or cabinetry suitable for everyday
emergency rations. study room use.

Equip the space with independent
sanitary facilities functional without
municipal water infrastructure (chemical
or dedicated-reservoir gravity flush toilets)
and comprehensive first-aid and medical

Designing a concealed utility wall cabinet
housing a portable chemical toilet, a compact
sink with an independent gravity-fed reservoir,

and modular, clearly labeled emergency

medical trauma packs.

Sanitation and healthcare

Functional

" trauma kits.
resilience Connect emergency lighting and Installing dedicated rooftop photovoltaic (PV)
essential power outlets to the central panels above the supporting space, directly
Energy and . . . .
L backup generator; equip the space with charging an independent battery bank for
communications . . . P o
two-way radio transceivers or satellite emergency illumination and communication
communication units. device charging.
Establish an open-plan layout with elevated Implementing full-height operable windows
. . ceiling heights to mitigate psychological oriented toward the courtyard, complemented
Spatial per capita and " g neignt vgate psy g - . yarc P
ventilation distress, providing a minimum of 1.5 m2 per by dual high-capacity mechanical exhaust fans
occupant, alongside wide operable openings powered by the auxiliary emergency electrical
for natural cross-ventilation. circuit.
Applying dry-erase whiteboard paint to an
Designate a dedicated perimeter zoneasa  entire wall segment alongside a large cork
. . localized emergency coordination station, notice board for displaying architectural
Command and information . . o . -
. S equipped with dry-erase writing surfaces, schematics, emergency protocols, and resident
dissemination - P . . -
structural building layouts, and notification rosters, which serves for routine condominium
boards. board announcements during normal
operations.
) - Allocate a secure, welcoming “safe haven” Utilizing lightweight modular soft furniture that
Social resilience . featuring soothing visual tones, cushioned  can be rapidly reconfigured into a dedicated
Psychological support . . . . . 8 .
(children’s area) impact-absorbing flooring, and tactile toys  children’s activity corner, complemented by
to shield children from secondary post- a wall-mounted chalkboard for therapeutic
disaster trauma and distress. drawing.
Incorporate lightweight, rapidly deployable  Installing ceiling-recessed continuous track
Privacy and zonin spatial dividers (heavy textile drapery, systems carrying heavy-duty acoustic privacy
¥ J accordion screens, or lightweight partition curtains that can swiftly partition the collective
panels) to establish temporary family zones. hall into private family resting pods.
Design the core as a versatile Employing foldable table-tennis units,
e e r.nultlfunctlona.l space (e.g. commgnlty hall, lightweight stackable seating, and a collapsible
- library, recreation lounge, home cinema, or  modular stage platform that transform the
conditions) s . . . . .
workshop) utilizing collapsible, modular, and space into an active community recreational
o stackable furnishings. center under normal conditions.
Flexibility

Design the supporting space as an extension
of the lobby or adjacent to the gymnasium,
incorporating a large glazed wall that preserves
visual attractiveness while enabling continuous
supervision.

Integrate the space with other common
areas to prevent a sense of abandonment,
while using natural light, calming colors, and
high-quality materials

Environmental
attractiveness and efficient
use
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The findings of this study establish a dual and comple-
mentary relationship with the existing literature: they are
grounded in previous theoretical foundations while ad-
vancing the field by addressing a specific research gap.
In confirming and expanding earlier theoretical perspec-
tives—particularly those of Ghasemi et al. (2023) and
Alam and Ghaem-Maghami (2024)—the findings sup-
port the proposition that social resilience and community-
based programs require a physical infrastructure to be
realized and sustained. The supporting space proposed
in this study constitutes precisely such a physical setting.
Furthermore, the emphasis on multidimensional flexibil-
ity is consistent with the perspective of Mohammad Be-
hzadadpour et al. (2022), reinforcing flexibility as a key
strategy in crisis-oriented design.

Nevertheless, the fundamental distinction and point of
departure of the present study lies in its shift in the scale of
analysis. While much of the previous literature, such as the
studies by Sharifi, et al (2022) and Alavi et al. (2019), has
focused on locating support bases at the macro urban and
regional scales, the present study deliberately concentrates
on the micro-scale of architecture and residential com-
plexes. In doing so, it addresses the strategic gap between
urban planning and household preparedness. The principal
innovation of this research lies in proposing an affirmative
design paradigm rather than a purely analytical approach
and, more importantly, in integrating physical and social
dimensions within a unified spatial concept. This study
conceptualizes the supporting space not as an isolated
physical structure, but as a physical-social ecosystem in
which hardware—including space and equipment—and
software—including organization and human interac-
tions—operate synergistically and reinforce one another.

Recommendations

Providing an appropriate vital and tactical platform for
prevention, preparedness, and response measures in vari-
ous crises—particularly earthquakes—is essential. The
multifunctional use of existing spaces can also lead to
considerable cost savings. Therefore, based on the find-
ings of this study, the following practical recommenda-
tions are proposed for the design and implementation of
supporting spaces in residential complexes (Table 7).
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2. Defense Passive
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7. Miniaturization
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3. Location Selection
4. Fortification

5. Dispersion

6. Multi-functionality
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13. Place-Making & Multi-functional Design
14. Space
15. Place
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8. Resilience Theory
9. Resistance

10. Bouncing Back
11. Bouncing Forward

12. Physical Resilience
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16. Validity
17. Reliability
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