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ABSTRACT

To enhance seismic resilience, accurately and comprehensively identifying the
components affecting vulnerability, along with the quantitative and integrated determination of the influence
of each variable, is one of the most fundamental and strategic approaches. The present study aimed to assess
the level of seismic resilience by applying multicriteria analysis methods across physical, infrastructural,
economic, social, and managerial dimensions. This comprehensive approach helps identify strengths and
weaknesses in each domain and provides a basis for developing effective intervention programs to improve
resilience to earthquakes.

[YIETEEE This study adopted a systematic approach. First, the indicators influencing resilience were extracted
through a comprehensive review of the relevant literature, and the variables affecting each indicator were
identified. Subsequently, the principal and key factors were determined using principal component analysis
(PCA) and data-processing procedures. Next, the resilience status of ten residential apartment buildings in
different areas of Mashhad City, Iran, was evaluated through a multicriteria assessment using the Analytic
Hierarchy Process. Finally, an integrated seismic resilience index was calculated by summing the weighted
values of the standardized indicators, thereby providing a comprehensive measure for assessing the overall
resilience of the buildings. This index enables the comparison and ranking of buildings based on their level of
resilience to earthquakes.

(M The PCA demonstrated significant correlations between the investigated variables and seismic
resilience. Among the principal components, the physical component had the greatest effect on seismic
resilience. Furthermore, considering the relationships between the parameters and resilience indicators,
housing quality, with a factor loading of 0.996, played the most significant role in ensuring the seismic resilience
of residential apartments in Mashhad City.

By presenting a comprehensive framework for measuring resilience, this study not only identifies
existing vulnerabilities but also provides an essential prerequisite for designing and implementing targeted and
effective preventive measures. By considering the identified spatial patterns of vulnerability, such measures
can, as part of a resilience-oriented approach, effectively reduce earthquake-related losses. Nevertheless, fully
realizing the objectives of this study requires replication in other regions of the country and at the national
level. Such efforts would provide a comprehensive understanding of seismic resilience at the macro scale and
facilitate more precise planning based on the results.
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Introduction

ashhad metropolis, as the second most
populous metropolitan area in Iran, is lo-
cated in a region characterized by moder-
ate-to-high seismic hazard. Active faults
surrounding the city make the occurrence
of a destructive earthquake a serious and persistent threat
(Maroufi et al., 2022). Moreover, a substantial propor-
tion of the city’s residential fabric consists of mid-rise and
high-rise apartment buildings, which accommodate mil-
lions of residents. The traditional approach to earthquake
engineering, focused solely on preventing building col-
lapse and protecting human life, is insufficient for a city
of this scale. Even when buildings do not collapse, struc-
tural and nonstructural damage may prolong disruption
of habitation, impose substantial reconstruction costs, and
paralyze the city’s social and economic functions (Walker
et al., 2014). Therefore, the transition from seismic re-
sistance to seismic resilience has become an unavoidable
necessity in managing the risk faced by this metropolis.

According to (Brune et al., 2003) definition, seismic
resilience refers to the ability of a system to reduce the
likelihood of collapse, absorb the impacts of a seismic
event, and rapidly and efficiently recover to an acceptable
level of performance (Brune et al., 2003). This capacity
is founded on four principal pillars: enhancing strength
and performance, providing redundancy and alternative
components, mobilizing resources, and ensuring rapid re-
covery (Cutter et al., 2003).

To measure the various dimensions of resilience, a set of
quantitative and qualitative criteria is defined, collective-
ly referred to as resilience indicators. In general, seismic
resilience indicators are classified into five dimensions:
physical-structural, infrastructural-urban, economic, so-
cial, and managerial-institutional (Sinha et al., 2016).

Previous studies in the field of seismic resilience have
primarily focused on structural indicators or macro-level
urban indicators (Dodanwala et al., 2024), while over-
looking the critical role of criteria such as social capital,
residents’ preparedness, the effectiveness of crisis man-
agement, and access to emergency services (Chee Yin, et
al., 2022). Accordingly, the lack of an integrated, multi-
criteria framework for assessing resilience at the scale of
conventional residential buildings, with the simultaneous
consideration of all nonstructural dimensions, remains
a significant research need (Kim et al., 2024; Anwar,
2020).
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In addition to identifying, weighting, and prioritizing the
indicators influencing resilience across the five aforemen-
tioned dimensions in order to provide a comprehensive
and realistic representation of the seismic resilience of
residential apartment buildings, the present study seeks to
contextualize this concept within the geographical setting
of Mashhad City, taking into account its specific socio-
cultural conditions. Furthermore, the use of multicriteria
assessment methods as a practical decision-making tool
for ranking buildings by resilience—providing planners
and policymakers with objective and quantitative out-
puts—constitutes another major innovation and original
contribution of this research.

This study ranks the seismic resilience of residential
apartment buildings in Mashhad City using a compre-
hensive multicriteria framework. Given the growing
importance of urban resilience to earthquakes, this study
seeks to provide an accurate picture of the existing situ-
ation and identify the factors influencing it. To achieve
this objective, three fundamental questions are addressed.
First, what are the key criteria and indicators influencing
the seismic resilience of residential apartment buildings in
Mashhad City? Second, what are the relative weights and
importance of these criteria and indicators, and to what
extent does each contribute to overall resilience? Third,
what is the current resilience status of the sampled apart-
ment buildings based on the identified resilience indica-
tors, and what strengths, weaknesses, and improvement
strategies can be identified?

Accordingly, the research hypotheses are as follows.
First, the seismic resilience of residential apartment build-
ings in Mashhad City is not limited solely to structural
safety but is also influenced by multiple other factors,
including social, economic, and environmental factors.
Second, a significant relationship exists between building
resilience and variables such as the number of floors, ur-
ban district, residential unit floor area, household size, and
distance from emergency and crisis-management centers.
Examining these relationships can improve understand-
ing of resilience and support the development of more ap-
propriate strategies.

The findings of this study will provide crisis-manage-
ment authorities with an effective tool for identifying
and prioritizing vulnerable neighborhoods and buildings,
thereby facilitating the optimal allocation of seismic-
retrofitting budgets. These findings may contribute to
the development of a strategic urban-planning document
and, by incorporating resilience criteria into construction
regulations and detailed urban plans, provide a foundation
for safer urban development. They may also facilitate the
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prediction of potential losses, the response time required, respondents’ answers; and the need for interdisciplinary
and the resources needed for post-earthquake reconstruc- expertise to conduct a comprehensive analysis of the data.
tion—factors vital for relief and emergency-response or-
ganizations. In addition, the results may serve as a basis Following this introduction, the next section reviews
for designing and implementing educational campaigns the theoretical foundations and previous research. Sub-
aimed at increasing public awareness and enhancing citi- sequently, the research methodology and the procedures
zens’ preparedness for earthquakes. used for data collection and multicriteria analysis are de-
scribed. The Findings section presents and analyzes the
This study encountered several limitations, including results, followed by the Discussion and Conclusions.

the difficulty of quantifying certain qualitative indica-
tors, such as social capital and neighborhood cohesion,
which require indirect measurement approaches; the de-
pendence of the data on the accuracy and transparency of

Table 1. Previous studies on seismic resilience (developed by the authors)

Research Gaps and  Overall Conclu-

General Area Researcher(s) Year Research Topic Method/Model Key Findings oo . Source
Limitations sions
A compre-
Resilience hensive and
) indicators can  This study is a litera- well-documented
A review of the e e s . e
S Systematic litera- be classified into ture review and does classification of .
Sharifi 2016 principles and ture review and four categories: not itself provide an  key resilience Sharifi et
indicators of ' al. (2016)

. content analysis social, economic, operational assess-  indicators was
urban resilience

institutional, and ment method. developed for
Conceptual physical. use in subse-
review quent studies.
A review of . .
Review of spe- - . The adoption
the concepts, . . I Resilience is . . .
o cialized literature . Unidimensional of an integrated
indicators, . inherently . . .
. and written . perspectives are no approachis  Aslaniet
Aslani 2018 frameworks, characterized by L
documents o longer adequate in  indispensable for al. (2018)
and models a social dimen- e N
related to the . this field. research in this
of earthquake . sion.
. subject area.
resilience

The model is concep-

Resilience is a -
tual and requires de- A comprehen-

Development

of a conceptual PEOPLES mod- mulhdlmen veloping quantitative sive framework
sional concept .
framework for  el—a frame- methods to operation- was developed -
- . and cannot . . . - Kamilari et
Kamilari 2010 assessingthe work based on alize each dimension.  for defining
o . . be measured o L ) al. (2010)
seismic resil- seven functional . . In addition, sufficient and measuring
. I . using a single . i
ience of urban  dimensions - . data for operationaliz- resilience at the
engineering . .
systems o ing the model are not community level.
indicator. .
always available.
UGS Resilience can
study and The study estab-
be enhanced . .
Development development of L The frameworkis  lished the mod-
by reducing risk

of the concept  the R=f(TCRE)
Bruneau 2003 of seismic R=f(TCRE)
resilience in  R=f(TCRE) frame-
communities  work, based
on fragility an

qualitative and lacks  ern concept of Bruneau
guantitative methods seismic resilience et al.
for calculating numeri- and introduced  (2003)
cal indicators. it as a systemic
characteristic.

Concept de-
velopment

levels, particu-
larly fragility, and

shortening the
d post-earthquake
recovery period.

recovery speed
An integrated
An analytical model was The model is The study linked
framework for S developedto  highly complex, and  structural engi-
Multiobjective elop VEnty Plex, € . g
post-earth- o optimize the  itsimplementation  neering, urban Boc-
- optimization . . L ) -
Bocchini 2014 quake commu- allocation of lim- at the citywide scale  planning, and chini et al.
. and agent-based . . . ;
nity recovery . ited resources  requires extensive economics to (2014)
- modeling . - -
and resilience during the post- data and considerable maximize recov-
planning disaster recovery computational power. ery efficiency.

process.
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Research Gaps and  Overall Conclu-

General Area Researcher(s) Year Research Topic Method/Model Key Findings Lo . Source
Limitations sions
Combining
AHP with fuzzy A system-
Assessment logic provides The study focused atic method was

of the seismic

Fuzzy multicrite- for managing

developed for
prioritizing resil- Pitilakis et

a powerful tool . .
exclusively on infra-

Pitilakis 2014 resilience of ur- . .22 structure and did not L
. ria AHP method uncertainty in . . ience indicators al. (2014)
ban infrastruc- consider buildings . .
ture networks the assessment separatel while accounting
of qualitative P V- for ambiguity and
resilience indica- uncertainty.
tors.
Development The proposed The data required to .
. Development  BRIC index can - Assingle nu-
of quantita- . calculate the index Lo
R of a composite be used to com- . merical index
tive indicators . : . are often unavailable Rauf et al.
Assessment Rauf 2015 . index weighted pare the resil- . was developed to
for measuring - . . or incomplete at the . (2015)
methods . according to ience of different : rank and monitor
community re- 2 o urban-neighborhood -
" expert opinions communities to resilience.
silience (BRIC) level.
natural hazards.
A quantitative
method was The study
Performance- developed for The method requires enablt.ed t.he
. . calculating the . . quantitative
Development ofbased simulation > highly detailed, .
) . time required - e comparison of
a framework for modeling using - building-specific data, . Burton et
Burton 2015 . . for a building . . the resilience of
assessing build- FEMA P-58 and and its computations . . al. (2015)
- e . to return to . different build-
ing resilience  recovery-time are complex and time- .
L an acceptable ) ings based on
estimation consuming. L
performance the criterion of
level after an recovery time.
earthquake.
The most impor-
. P . Vulnerable
tant resilience Data were unavailable .
component was  for approximatel RS ] I
omp N PProXImatel  were identified
. . infrastructure, 10% of the indicators,
Questionnaire X o . and analyzed;
Assessment of followed by including “the sustain- ..
. survey and AHP e . . indicators were .
. the physical re- . buildings. The  ability of livelihoods Aslani et
Aslani 2019 . . for weighting . extracted based
silience of Karaj S components of and businesses after al. (2019
and prioritizing - ” on a conceptual
to earthquakes ~ . " urban fabricand an earthquake” and
indicators “ " framework, and
structure, land the adaptability o
L their priorities
uses, and natural and flexibility of land -
»” and weights were
factors ranked uses. .
determined.
Case study lower.
Uncertainty in
earthquake- The study high-
related The study focused lighted the neces-
Assessment e . : .
. parameters has  on a specific build- sity of incorporat-
of the seismic ~ Monte Carlo . . . .
- . 5 asubstantially  ing type; therefore, ing the inherent L
. resilience of  simulation and N . De Risi et
De Risi 2018 . B . greater effect on generalization of the  uncertainty of
high-rise rein-  uncertainty B S ) al. (2018)
. the variability of findings requires the earthquake haz-
forced-concrete analysis - o .
s resilience results examination of other  ards into any

realistic resilience
assessment.

than uncertainty structural systems.
in building mod-

eling.

Literature review
Theoretical foundations

In recent decades, the approach to natural-disaster risk
management has shifted from an exclusive focus on
vulnerability reduction toward resilience enhancement
(Adger et al., 2005). As a holistic paradigm, resilience
emphasizes not only the resistance of structures to earth-
quake forces but also the ability of a system to absorb

shocks, adapt to changing conditions, and rapidly return
to an acceptable level of functionality (Proag, 2014). Al-
though resilience has been defined in various ways across
scientific disciplines, the common core of these defini-
tions lies in the capacity of a system to cope with disrup-
tions, maintain its primary functions, and recover rapidly
and effectively (Alberti, 2005).

Biglari & Biglari. (2026). Multicriteria Assessment of Seismic Resilience Indicators in Urban Apartment Housing in Mashhad. DMKP. 16(2),214-263.
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Accordingly, seismic resilience may be more specifi-
cally defined as the capacity of a community’s social,
economic, physical, and managerial systems to anticipate,
withstand, and reduce the impacts of an earthquake, as
well as their ability to recover, reconstruct, and return to
normal conditions—or even improve upon pre-event con-
ditions—as quickly as possible, with the lowest possible
costs and social consequences (Kérrholm et al., 2014).

Studies have demonstrated that resilience is a multidi-
mensional phenomenon. One of the most influential theo-
retical frameworks emphasizing the various dimensions
of resilience is the Brune model. This framework, which
guides the methodology of the present study, identifies
the following principal dimensions (Brune et al., 2003):

o Technical resilience: This refers to the ability of physi-
cal systems and infrastructure to withstand an earthquake
and maintain their functionality (Boon et al., 2012). Its
indicators include the quality of construction materials,
compliance with building codes, structural ductility, and
related factors.

e Economic resilience: This concerns the capacity of
a community’s economic system to absorb earthquake-
related losses and rapidly return to normal economic ac-
tivities (Michel et al., 2014). Relevant indicators include
access to insurance coverage and the occupational and
income diversity of residents.

o Social resilience: This refers to social capital, place at-
tachment, public awareness, and the capacity of local com-
munities to cooperate and provide mutual assistance during
periods of crisis and reconstruction (Adger, 2000). This
dimension assesses indicators, such as social cohesion,
educational attainment, and awareness of earthquake risks.

e Organizational resilience: This dimension addresses
the capacity of responsible organizations and institutions
to plan, coordinate, and effectively manage emergency
response under crisis conditions (Klein et al., 2003). In-
dicators such as the speed of emergency assistance and
the availability of evacuation and temporary-shelter plans
fall within this category.

Taken together, these dimensions constitute a general
framework for comprehensively assessing resilience.
However, given the broad scope of the physical dimen-
sion, and depending on the objectives of the study, it may
be examined in two separate domains: the physical do-
main, which is associated with buildings, and the infra-
structural domain, which is related to urban utilities and
facilities.

Summer 2026. Vol 16. Issue 2

The precise identification of the dimensions and do-
mains directly and indirectly affected by earthquake
hazards makes it possible to define and measure quan-
titative and qualitative indicators to assess the degree of
vulnerability in each domain. These indicators can evalu-
ate various forms of vulnerability, including the physical
vulnerability of buildings, the vulnerability of critical in-
frastructure, and economic and social vulnerability. The
integrated and systematic analysis of these indicators,
together with the determination of the relative weight
and importance of each indicator based on local condi-
tions and demographic characteristics, operationalizes the
process of identifying the key factors contributing to en-
hanced seismic resilience.

By providing a comprehensive perspective on the key
factors influencing resilience, this integrated approach
facilitates the development and implementation of effec-
tive and targeted programs to reduce vulnerability and
enhance earthquake preparedness. Ultimately, it can con-
tribute to reducing the human and financial losses caused
by this natural hazard. Figure 1 illustrates the conceptual
model of this comprehensive and integrated process, pre-
senting the relationships among the various indicators and
their effects on resilience.

Review of previous research

Early studies focused primarily on physical resilience
and the assessment of structural vulnerability. Gradually,
with the development of frameworks such as the Brune
model (Brune et al., 2003) and Cutter’s community resil-
ience model (Cutter et al., 2003), research shifted toward
a more comprehensive perspective and the quantification
of various dimensions of resilience. Applying multicrite-
ria decision analysis to assess and weight different indica-
tors can provide an operational approach for identifying
and better understanding of resilience.

In Iran, although numerous studies have examined the
seismic vulnerability of cities and deteriorated urban ar-
eas, the concept of resilience—particularly from a multi-
dimensional perspective—remains relatively new. Most
existing studies have focused on a specific dimension,
primarily physical characteristics. Moreover, despite the
fact that residential land use accounts for approximately
50% of the total urban land-use area on average and rep-
resents the most important and sensitive domain in any
city, many studies conducted at the metropolitan scale
have failed to consider the specific characteristics of dif-
ferent types of residential fabrics—including historic and
newly developed areas, as well as apartment-based and
detached housing—their physical conditions, and the eco-
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Figure 1. Conceptual model of the research (developed by the authors)

nomic, social, and other circumstances governing them
(Amanpour et al., 2016). Table 1 presents some of the
most important studies conducted on the assessment of
seismic resilience in residential buildings.

A review of the relevant literature reveals several re-
search gaps that the present study seeks to address. First,
there is a clear shortage of integrated models for assessing
resilience at the micro scale, particularly at the building
level. Most existing models operate at the metropolitan
or regional scale and do not facilitate the assessment
and comparison of individual residential units. Second,
comprehensive studies that simultaneously address the
various dimensions of resilience in apartment-based
residential environments, particularly within Iran’s urban
context, remain limited. These dimensions have generally
been examined separately rather than through an inte-

grated framework. Third, the lack of comparative studies
across different residential fabrics within a single city has
hindered an understanding of the differences, strengths,
and weaknesses of each fabric in confronting earthquake
hazards. For example, no systematic assessment based on
a consistent methodology has yet compared the seismic
resilience of buildings in historic neighborhoods with that
of buildings in intermediate and newly developed urban
areas within a city, such as Mashhad. Fourth, contextual-
izing and weighing resilience indicators is crucial, since
many indicators incorporated into global models are not
fully compatible with Iran’s cultural, social, and eco-
nomic conditions. Therefore, identifying and weighting
localized indicators that accurately reflect the realities of
Iranian society constitutes a fundamental research need
and gap that the present study seeks to address.

Figure 2. Location of the sample buildings in Mashhad, Iran (authors’ compilation)

Biglari & Biglari. (2026). Multicriteria Assessment of Seismic Resilience Indicators in Urban Apartment Housing in Mashhad. DMKP. 16(2),214-263.
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Table 2. Characteristics of the neighborhoods containing the sample buildings (data extracted from the atlas of Mashhad neighbor-
hoods (Peyravi et al., 2020)

z'f‘?l'cr)e Green- Green- Share of Population Male- Average predomi
Neighbor- Urban Area .. Space Space Popula- TotalCity Density to- 8 Literacy
Sample L tal City . House- nant Age
hood District (ha) Coverage Per tion Popula- (Persons/ Female .. Rate (%)
Area X . . hold Size Group
%) (%) Capita tion (%) ha) ratio
0

1 Haft-e Tir 9 23119 067 216 1.03 31,021 1.01 134.18  95.68 2.96 97.61 25-39
2 Farhang 11 206.77 0.60 3.34 1.52 33,048 1.08 159.83  95.13 3.14 97.63 25-39
3  Ghasemabad 10 24948 0.73 7.20 3.77 42,392 1.38 169.92 100.44 3.25 97.25 20-34
4 Amel 2 55.64 0.16 0.00 0.00 10,303 0.34 185.16  96.70 3.05 91.77 30-34
5 Gaz 2 7031 020 0.00 0.00 15,187 0.50 216.00 97.85 3.16 91.58 25-34
6 Emamat 11  182.28 0.53  0.65 0.25 28,777 0.94 157.87  97.52 3.12 96.97 25-39
7 Hashemieh 9 106.67 031 1678 081 16,126 0.53 151.18 97.33 3.07 98.02 25-39
8 Motahari 2 16520 0.48 0.9907 0.38 42,510 0.14 25733 100.00 3.15 92.06 30-34

9 Ebadi 2 51.73 015 814 247 13,013 0.004 251.58 101.88 3.01 92.58 25-34

Applying a multicriteria analysis approach to assess
the seismic resilience of residential apartments in Mash-
had City is an innovative and multifaceted necessity that
extends beyond the limitations of traditional studies.
Such studies have often focused exclusively on physical
characteristics and have consequently failed to develop
a comprehensive assessment of resilience dimensions
within the context of building as dynamic social-physical
systems. By incorporating diverse indicators from mul-
tiple resilience dimensions within the context of Mashhad
City, the multicriteria approach enables a more compre-
hensive assessment. It also facilitates comparisons among
the city’s different residential fabrics. By assigning appro-
priate weights to the indicators, the resilience of buildings
in each area can be measured separately and compared
with that of other areas or building groups.

For example, a newly constructed building may exhibit
favorable physical conditions but perform poorly in the so-
cial dimension because of weak social cohesion among its
residents. This type of comparative analysis provides valu-
able information for urban planning and the optimal allo-
cation of crisis-management resources. In addition, multi-
criteria methods, by determining the relative weight and
importance of each indicator, help identify the most influ-
ential factors affecting resilience in each area. This enables
urban managers to focus on strengthening key indicators
in accordance with the specific characteristics of each area
rather than implementing broad and costly programs. For
instance, seismic resilience in one area may be improved

by prioritizing social education and preparedness pro-
grams, whereas in another area, greater emphasis may be
placed on structural renewal and seismic retrofitting.

Study area

Mashhad, the administrative center of Khorasan Razavi
Province, with a population exceeding 3.5 million ac-
cording to the 2026 census, is the second most populous
metropolis in Iran. The city is situated on a plain between
59°15" and 60°36' East longitude and 35°43" and 37°08'
North latitude, covering more than 400 square kilometers
(Peyravi et al., 2020). The urban fabric of Mashhad City
is highly heterogeneous, comprising a mosaic of deterio-
rated historical quarters, intermediate zones with moder-
ate building density, and newly developed, high-density
residential districts. This pronounced diversity in terms of
residents’ socioeconomic status, construction quality, and
building age makes Mashhad City an ideal case study for
assessing urban seismic resilience.

Moreover, Mashhad City is located in a high-seismicity
zone and has historically experienced devastating earth-
quakes. The most prominent historical event was the 1673
earthquake (1084 AH), with an estimated magnitude of
approximately 6.5, which caused widespread destruc-
tion across the city and resulted in thousands of fatalities
(Moghadas et al., 2018). Other historical and instrumen-
tally recorded seismic events in the surrounding areas
further corroborate the active tectonic nature of this fault
zone. The primary source of seismic hazard in the city

Biglari & Biglari. (2026). Multicriteria Assessment of Seismic Resilience Indicators in Urban Apartment Housing in Mashhad. DMKP, 16(2),214-263.
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Table 3. Indicators and variables affecting seismic resilience

Dimension Variables Description Source
Structural type Type of structural system used in the building Martinez et al. (2012)
Structural quality Building usability under crisis conditions Sinha et al. (2016)
Lateral-force-resisting system Type of lateral-force-resisting system Martinez et al. (2012)
Physical Time elapsed since the construction of the build
Building age ime elapsed since eicr:]ogns ruction of the build- Sinha et al. (2016)
Structural dimensions Length, width, and height of the building Armas et al. (2015)
Structural separation distances Distance from adjacent and facing buildings Ovist et al. (2012)
Proportion of residential land use relative to
Percentage of residential land use other land uses in the area surrounding the Carrefio et al. (2007)
building
Access to the tran§portat|0n network and Distance from the building tf’ major roads and the El-Maissi et al. (2022)
major roads urban transportation network
Quality of adjacent rc?a.ds under hazardous Level of safety of .roads adjaceth to the building Kilanitis et al. (2019)
conditions during emergencies
Infrastructural T o e Distance from the building to the nearest open or Armas et al. (2015)
safe space
Access to emergency-service facilities Average distance from the building to the three -
. . - . e Niazi et al. (2021)
(healthcare, fire, and police) main types of emergency-service facilities
Distance from hazardous areas, sites, and ~ Average distance from the building to sites or
. . Armas et al. (2015)
land uses land uses with hazard potential
Access t.o.urban utilities and §erV|ces (water, Availability of urban se?rwces under crisis condi- Alami et al. (2024)
electricity, gas, telephone, internet, etc.) tions
Employment and income status Level of residents economic capacity under crisis Soteli et al. (2017)
conditions
Monetary value per unit area of housing, used
Average housing price as a measure of residents’ financial capacity in Tasman et al. (2023)
Economic the city
. . Floor area of the residential unit, used as a mea- .
Housing quantity sure of residents’ financial capacity in the area Sotelietal. (2017)
Housing quality Capacity of housing to meet residents’ needs Sinha et al. (2016)
Population density in the area Average number of people per unit area Rasheed et al. (2003)
Total number of residents Number of people residing in the building Rasheed et al. (2003)
Physical health status and mean age SRS e r‘e5|den.ts, e a.s 8 TR Hong et al. (2024)
- their physical capacity
ocia . L
Sex ratio Female-to-male ratlp among the building’s Soteli et al. (2017)
residents
Household size Number of people residing in a residential unit Hong et al. (2024)
Literacy rate Average educational level of residents Soteli et al. (2017)
Level of preparedness in the event ofan  Extent to which crisis response has been_ anpu— Walker et al. (2014)
earthquake pated by the urban-management organization
Availability of multipurpose and emergency Presence of an emergency center within a radius Bruneau et al. (2007)
. centers of 5,000 m
Managerial Provision of tial faciliti d equi Availability of urb i t fi d
rovision of essential facilities and equip- vailability of ur ban equipment for use under Bruneau et al, (2007)
ment crisis conditions
Availability ofapproprlate signs and wayfind- Installation of urpan signs to p.rowde guidance Zhao et al. (2023)
ing systems during emergencies
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is the Mashhad Fault (Shad et al., 2020), which trends
northwest—southeast over a length of approximately 150
km, passing through the central and southern parts of the
metropolis. Geological and seismotectonic investigations
confirm that this fault is active and capable of generating
an earthquake with an estimated magnitude of up to 7.0
(Hayati et al., 2015).

To account for this urban and spatial heterogeneity, case
study buildings were selected through a purposive and
clustered sampling scheme across neighborhoods with
distinct urban characteristics. Consequently, samples
were drawn from two broad categories: central deterio-
rated urban fabrics and intermediate/newly developed ar-
eas. The central districts are primarily characterized by
fine-grained urban fabrics, narrow access passages, high
population densities, deteriorated building stock, compar-
atively lower socioeconomic profiles, and a severe deficit
of open and refuge spaces. These quarters represent areas
with the highest intrinsic seismic vulnerability. Converse-
ly, the intermediate and newly developed districts feature
modern apartment complexes, wider road networks, su-
perior access to public services and urban green spaces,
and residents of middle-to-high socioeconomic status,
representing semi-regular, planned fabrics with moderate-
to-high levels of resilience.

The case studies were selected via a systematic, multicri-
teria procedure to facilitate an operational and empirical
assessment of seismic resilience. This selection accounted
for physical, infrastructural, economic, social, and mana-
gerial-institutional dimensions. The sampling strategy
employed a hybrid approach combining stratified, cluster,
and random sampling techniques. In the initial stage, the
city was categorized into relatively homogeneous spatial
zones based on the aforementioned dimensions, yield-
ing two principal fabric typologies (deteriorated fabrics
vs. intermediate/newly developed fabrics). Representa-
tive neighborhoods were then selected as sampling clus-
ters from each typology. Finally, individual residential
apartment buildings were randomly selected within each
cluster for in-depth assessment. This hybrid sampling
framework ensures adequate representation of the diverse
urban typologies, thereby enhancing the internal validity
and generalizability of the resilience assessment findings.
Table 2 presents the general characteristics of the districts
encompassing the selected case studies, and Figure 2
shows their spatial distribution across the city.

Summer 2026. Vol 16. Issue 2

Materials and Methods
Indicators and variables

The multidimensional concept of resilience in the face
of seismic hazards can be adequately described only by
selecting an appropriate set of influential variables. Ac-
cordingly, this study considered five categories of indi-
cators: physical, infrastructural, economic, social, and
managerial characteristics. Statistical methods were then
employed to identify the variables affecting integrated
seismic resilience.

The first step in the methodological framework involved
identifying and integrating the relevant data to establish a
comprehensive assessment platform (Table 3). From the
physical perspective, seismic resilience encompasses the
structural characteristics of buildings. From the infrastruc-
tural perspective, it depends on the facilities and capacities
available under hazardous conditions, including the spatial
configuration and quality of transportation infrastructure,
which determine accessibility to hospitals and emergency-
management stations. In addition, the economic dimension
of seismic resilience is associated with the capacity to cope
with and recover from a crisis, as well as the value of as-
sets potentially exposed to damage in the event of a hazard.
From the social perspective, seismic resilience includes the
total number and proportion of vulnerable populations ex-
posed to risk. Finally, the managerial dimension depends
on the capacity to provide emergency services, reduce dam-
age, and prevent the escalation of hazardous conditions.

Data collection

The final variables comprised six physical, seven infra-
structural, four economic, six social, and four managerial
variables. Data for these variables were collected through
field observation and investigation, consultation of mu-
nicipal databases and official government documents,
face-to-face interviews using a structured questionnaire,
and an expert survey. Table 4 presents the data-collection
method and source of information for each variable.

Physical variables

Physical data were collected at two levels: the building
level and the surrounding-environment level. To obtain
accurate, reliable building-level data, information re-
lated to the physical characteristics of the buildings was
extracted by examining and analyzing official building
completion certificates. This approach provided access to
comprehensive information, including floor area, number
of stories, and other technical specifications.

Biglari & Biglari. (2026). Multicriteria Assessment of Seismic Resilience Indicators in Urban Apartment Housing in Mashhad. DMKP, 16(2),214-263.
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Conversely, variables associated with the environment
surrounding each building were assessed and recorded
through direct observation and field investigations. This
method enabled the collection of information on inter-
building distances and comprehensive conditions and
characteristics of the buildings’ surroundings. Accord-
ingly, this dual approach produced a comprehensive,
integrated dataset of physical characteristics at both the
building and environmental levels, providing the basis for
subsequent analyses and assessments.

Infrastructural variables

Data collection for the infrastructural variables relied on
two primary sources: first, the information available in the
comprehensive municipal database; and second, detailed
observations and field investigations conducted within a
100-m radius of each study building. This dual-source ap-
proach was adopted to ensure the accuracy and compre-
hensiveness of the information.

Nevertheless, whenever discrepancies were identified
between the data recorded in the municipal information
system and the conditions observed in the field—particu-
larly with respect to road conditions, urban infrastructure
such as water, electricity, and gas networks, and facilities
surrounding the sample buildings—the existing condi-
tions and findings obtained through field observations
were treated as the primary basis for analysis and assess-
ment. This decision was based on the assumption that
current on-site conditions provide a more accurate and
up-to-date representation of the area’s infrastructure and
therefore constitute a more reliable basis for subsequent
analyses and the development of context-sensitive recom-
mendations.

Economic variables

In the economic dimension, data were collected using
several complementary methods to provide a comprehen-
sive and accurate representation of existing conditions.
Information on the employment-income variable was
obtained through the design and administration of stan-
dardized questionnaires. Average housing prices were
estimated through a survey of experienced experts active
in the housing market. Housing quantity was determined
based on information obtained from building completion
certificates. Finally, housing quality was assessed through
direct observation and field investigation.

' Disaster Prevention and
‘ Management Knowledge

Social variables

For the social dimension, data on population density at
the neighborhood level were obtained from the municipal
information database, while the remaining social vari-
ables were collected through questionnaires. The ques-
tionnaire identified the social characteristics of residents
in the study buildings. Accordingly, the statistical popula-
tion consisted of residents of the selected buildings, and
purposive, non-probability sampling was employed.

Respondents ranged in age from 14 to 76 years, and all
resided in the buildings under investigation. The questions
were designed as closed-ended items to generate quanti-
tative data, with predefined response options based on a
Likert scale. Cronbach’s alpha was used to evaluate the
reliability and internal consistency of the questionnaire.

In total, 98 structured interviews focusing on residents’
social characteristics were conducted. Table 3 presents
the characteristics examined, including sex, age, health
status, literacy level, and economic conditions. Section
4.4 (Sample Selection) provides further details on the sta-
tistical population, while Section 4.5 (Data Analysis) de-
scribes the statistical analysis procedures.

Managerial variables

For the managerial dimension, data related to the re-
search variables were collected through two procedures.
Information concerning the level of urban-management
preparedness for earthquakes, including the availability of
essential facilities and equipment, was extracted from the
comprehensive municipal database. Information on the
availability of multipurpose centers, as well as appropri-
ate signs and wayfinding systems to facilitate rapid and
easy access to these centers, was collected through direct
observation and detailed field investigations.

In accordance with the objective of the study, data for
the physical, infrastructural, economic, social, and mana-
gerial dimensions were collected through the following
methods: 12 variables through field observation and in-
vestigation, four variables from the municipal database,
four variables from official government documents, six
variables through face-to-face interviews with residents,
and one variable through an expert survey (Table 4).

Data processing
To convert the collected data into a manageable dataset

and facilitate its representation, examination, and analy-
sis, the data processing procedure was carried out with
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Table 4. Data collection methods (authors’ compilation)

Summer 2026. Vol 16. Issue 2

Dimension Variables Data Type Measurement Method Data Source
N . Building completion
D p
Structural type Quantitative ocument review certificate
Structural quality Quialitative Observation and field Building
survey
. — Observation and field -
Lateral-force-resisting system Quantitative survey Building
Physical Buildi leti
- . uilding completion -
Building age Quantitative certificate Building
. . N . Deed and completion
Structural dimensions Quantitative Document review oo p
certificate
. . N rvation and fiel .
Structural separation distances Quantitative Observation and field Building
survey
Percentage of residential land use Quantitative Document review Municipal database
Access to transportation network and . Observation and field - i
. Qualitative Building surroundings
major roads survey
Quality of adjacent rt.)éd under hazardous Qualitative Observation and field e el
conditions survey
N Observation and field - .
Dirastrnetaral Access to open and safe spaces Qualitative —— Building surroundings
Access to emergency-service land uses o Observation and field - .
gency ) Qualitative Building surroundings
(healthcare, fire, police) survey
Distance from hazardous areas, sites, and . Observation and field . .
Quantitative Building surroundings
land uses survey
Access to urban utilities and services . )
- . o Observation and field - i
(water, electricity, gas, telephone, internet, Qualitative surve Building surroundings
etc.) 4
Employment—income status Quantitative Questionnaire Residents
Average housing price Quantitative Expert survey Expert
Economic Buildi leti
. . - . uilding completion
H n n n Document ri op
ousing quantity Quantitative ocument review certificate
. . - Observation and field . . .
Housing quality Qualitative Residential unit
survey
Population density in the area Quantitative Document review Municipal database
Total number of residents Quantitative Questionnaire Residents
Physical health status — mean age Quialitative Questionnaire Residents
Social
Sex ratio Quantitative Questionnaire Residents
Household size Quantitative Questionnaire Residents
Literacy rate Quantitative Questionnaire Residents
Level of preparedness in the event of an o . .
prep Qualitative Document review Municipal database
earthquake
Availability of multipurpose and emer- - Observation and field - .
¥ purp Quantitative Building surroundings
. gency centers survey
Managerial
Essential facilities and equipment Qualitative Document review Municipal database
. . - o Observation and field - )
Appropriate signs and wayfinding systems Qualitative Building surroundings

survey



https://dpmk.ir/index.php?slc_lang=en&slc_sid=1

Summer 2026. Vol 16. Issue 2

Table 5. Buildings examined in the city

' Disaster Prevention and
‘ Management Knowledge

Samplel Sample2 Sample3 Sample4 Sample 5

Sample 6

Sample7 Sample8 Sample9 Sample 10

Hashemieh Hejab Haft Tir Farhang Emamat

. V.

Motahhari Abadi Amel Kamab

Khajehrabi

precision and close attention. In this regard, Microsoft
Excel (2021) was used as the primary data management
tool. Specifically, a comprehensive profile was created for
each building sample, and all initial raw data, including
the values of 27 predefined variables, were recorded and
documented therein. These structured profiles provided a
reliable information source for precise, in-depth analyses
in the subsequent stages of the study.

Data cleaning and management of missing data

Before any analysis, the data were examined for entry
errors, inconsistencies, and omissions. This process em-
phasized identifying and managing outliers and missing
data. During this stage, missing data were handled in two
ways: when missing data for a variable were less than 5%,
case deletion was performed; and when a random miss-
ingness pattern was detected, mean imputation was used
for continuous variables (Osborne et al., 2004). Any data

inconsistencies in the data were also resolved through re-
examination.

Conversion of qualitative data to quantitative data
and coding

Given the multivariate and mixed nature of the study
(quantitative and qualitative), qualitative data had to be
converted into quantitative form for statistical analysis.
This was achieved using a combination of validated cod-
ing, content analysis, and scaling methods. For open-
ended qualitative variables, such as expert opinions, con-
ventional content analysis was applied (Elo and Kyngis,
2008). This process included unitization, open coding,
axial coding, and ultimately assigning a numerical value
to each category. For quantifying observed variables col-
lected through instruments such as Likert-scale question-
naires, ordinal methods were used.

Table 6. Preference scale between two parameters in AHP (Saaty, 1977)

Weight Degree of Preference Description
1 Equally preferred Two factors are of equal importance.
3 Moderately preferred One factor is slightly preferred over the other.
5 Strongly preferred One factor is preferred over the other.
7 Very strongly preferred One factor is very strongly preferred over the other.
9 Extremely preferred One factor is absolutely preferred over the other.
2,4,6,8 Intermediate preferred Intermediate preferences between 1, 3,5, 7, and 9.

Reciprocal values Opposite preferred

One factor is the inverse of the other.

Biglari & Biglari. (2026). Multicriteria Assessment of Seismic Resilience Indicators in Urban Apartment Housing in Mashhad. DMKP. 16(2),214-263.



https://dpmk.ir/index.php?slc_lang=en&slc_sid=1

Summer 2026. Vol 16. Issue 2

ter Prevention and
Management Knowledge

isas

D

./

SNJe1s awooul

6EE0 8620 7050 OEZO 9TT'0- SITO- 88T0- SBOO OTTO- LSTO €000 BITO IO )\, Aojdws3
) . . . . . . . . . . ) S90INIBS
80L0 S6.0 7040 6890 V6.0 6C40- TIv0 LCTO 690 0850 Tv8O 7SL0 . qun 03 55999y
. . . . . . . ’ . . . sease ysu-yiy
T¢6'0 8780 TLEO S9Y'0 6060 C9S0 €EE0 060 ¥CS0 ¢TSLO LTILO wouy 30UeISIq
. . . . . ) . . . _ sasn pue| Aoua3
650 6YE0 YSY0 TO80- YS90 EVEO 8880 TyyO TILO 8690 ., o s5300Y
. . . . . . . . . 2oeds ajes
7990 0890 S68°0- 6EV0 SYFO 6£90 €580 6I60 TE60 9 Uado 0 $5399Y
. . . . . . . ) Ayjenb Aem
LV6'0 TIS0- S8E0 8ES0 6CZy'0 1880 86L0 €80 -red usoelpy
. . . . . . . J40M3au pod
8190~ S6E0 vLSO TvSO SI80 8SBO ZEBO b ceanny
. . . . . ) 9% asn
9Ev'0- SOV'0- 859°0- 0S9'0- 9I8'0- 68L0 -pue| [equapIsaY
T8L'0 6980 €EWp0 8ey'0 (850 Suieds [einjnag
. . . . suols
LS9°0 9€90 v6Y0 290 -UBWIp [INPNAS
SLy'0 SL90 €690  98e3ulp|ing
) ) widsAs
080 w60 juie.isal [es3e
60 Alenb jeinjpnig
9dA} |leanyonis
()
"]
] © 9 @ x
E £ 2 ¢ & 35 3 S
] - S g ®& ¥ ® - o = DN @ £
(] [] K] & 9 o a - A " <
= E g s = 2 B 2 = a ) 3 [ @ e 2 %
E 8 . 2 o 8 w ® @ g £ & ¢ £ 2 =& @ 7z g 35 £ 3 2 £ g
s 5 @ - 2 S 3 o c = ] w0 £ 9 _ > 8 > & ? S 2 g z =
5 F E § B 3 8 B 5 3 S 8 £ 8 ¢ § @2 3 S 0o T 2 g & £ 3 2
& v @ ] S ] 171 [ c o W. u c © 20 @ 3 a ® n E w S S
T 2 o § § 2 [ £ 5§ £ » = 2 I £ £ P §g £ 2 5 E S £ EE 5 somee
c = B @ - @ ) = -1 B = c = e 3 [ a s G K 5 = 5 = 2
°© 3 5 §8 £ § 4 3 E £ %3 3 & & 2 g 5§ 5 ¢ 5 B E 3 3 £ % 3
e 9 (&) Q | (=] T =1 a o 3 © £ = w“— (7} o ] o o 3 2 a = m E
2 £ £ T = & 2 2 §F 3 § 8 28 % § % % & 3 E E &
N - a = - O b1 © (7] =
2 B 2 Z & &8 § 84 @ g ¢ g & &
- © E < % & 8 <& 8 =
L =] S < <

(Apras juasaxd oy Jo s3urpuly) XLjew uone[aLI0d ueulredds *£ diqel,

Biglari & Biglari. (2026). Multicriteria Assessment of Seismic Resilience Indicators in Urban Apartment Housing in Mashhad. DMKP, 16(2),214-263.



https://dpmk.ir/index.php?slc_lang=en&slc_sid=1

ter Prevention and
Management Knowledge

isas

/ /K

Issue 2

1
)
>
©
I
=]
1]
Py
]
E
=
3
(7]

2oue
¥6E0 LLYO YSED 9CE0 TEOD TOTO- COE0 TIO0 O0SE0- 950 9I80 TIY0 60€0 TVED SLYO ¢SC0 0850 €0E0 6920 TLSO- 06T°0- L90°0- LEO'O- 0870 OSF'O 2OV0 -ping pue susis
awdinba
9560 €¥6'0 TC80 ¢80'0- ¥9E0- 6950 vCT'0 8¢L0- 0560 LLSO ¥¥80 S600 EI80 980 €C80 9680 90L0 96L0 Ov6'0- ¥EYO 0650 66,0 S9L0 S680 TO60 pue saaioey
¥060 6580 6v0'0- YEFO- 09v'0 TIZTO 8SL'0- 9960 /850 €980 69T0 8690 V680 8080 [S60 0990 T0L0 0T60- CI90 L850 (9,0 8080 T80 LI60  JIIUISISMD
EIEl
T/80 TE00 S8Y0- 6Y'0 0000 €690- E€I60 9970 SEBO 900 E€€80 SCL0 OTLO €680 9/80 €ET60 LI8O- €850 0790 92£0 9680 9560 SL60 ssaupasedaid
L€T0- 99£°0- 8ET0 6000- £S80- 9180 PYOEO 6960 OIV'0 SZ80 TSLO 6180 0S80 900 Ev/0 TILO- €550 SOSO 660 [vL0 €/80 /80  9esAdesady
SIS0 9000 TEFO- LTG0 TIO0- €0T'0 8OE0- S69°0- 6670~ TTEO- LISO- ¥TO0 LSTO €LT0 ¥/00 OEy'0- T60'0- ¢640- CTZO 0000 TE00 SIS P|OYasnoH
1900~ €CT0- SYL'0 86E0- 6L00 80L0- 8290~ TI90- 8EVO- SO9°0- ¢80~ Ovy0- ¥9E0- LZTO 90V0- 9LTO- €550~ 6¥y0- TESO- v¥SO- onel xas
TIT0 6SE0- L6v'0 8670 SIEO CSO0- SESO G850 €TIS0 Sey'0 GZEO CZEO 8850- L9200 9IT0- COE0 SCC0 CLEO €8€0  SNIelIs YyyesH
. . . . . ) . . . . . . . ) . . . . sjuspisal
UTO- SIT0 8900 TEODO- TEOD O06T'0- LOEO TECO 0600 8ST'O- ISTO- ¥80'0- 090 ¥6ED TSED 900 €90°0- 0600 40 JaqUINU [€30]
Aysusp
87L°0- TTT0- 898'0- 0TL'0- 09L°0- TLLO- OT60- 0SL0- TZv'0- TSY'O- 6690 8850- 8SE0- 99L°0- 9ES0- €L90- YELO-
uone|ndod
1690 1S8'0 6910 Sv/0 7880 08L0 860 ¥99°0 070 0S60- €8Y'0 687’0 8/90 080 8260 €¢60 Aujenb Suisnoy
TEY0 €VO0- T9E0 6650 ZIEO0 ¢C90 00€0 TOVO 9€°0- 8T00- 000 OLT0 ¢6v'0 8950 /vy0 Ajuenb Suisnoy
. . . . . . . . . ) . . . . aoud
SSY'0 L9800 9¥8'0 9880 V980 9650 /890 86L0- 08Y0 V6ED 66L0 8590 8/80 €C80 Suisnoy agesany
(7]
wn
[} © (1] Q >
o 2] 3 o = (] =
€ £ g B 8§ 5 3 & £ 9 @ £
@ [ _— [} (=3 9 T ) [} O c Q
] £ [] S = 1] ~ c ot s a0 6 ]
c > Q - o= .w. o @ W ] 1} om & (< == w (7]
s £ § 2 2 & 2 B € £ & 5 g 8 T S % = £ I 8% 8 e @& F e
2 3 8§ , § 5 o 2 & § 5 £ E & 1 5 8 2 £ 3 8 § & 2 8 Z
s § § ¢ - ® v 8 % ® 32 3 F ¢ § m 5 & 2 8§ § & E o £ ©T =
» 5 8§ 8 F @ ® © 2 ¢ T 3 £ g9 £ & ¢ £ § 2 £ $ 2 8 7T B sa|qenep
T E 2 % B 5§ 3 £ § £ P w» 2 I 5 ¢ F g 8 EFCE Z 5§ g & z 0
o ‘@ a = = c c o B ] © = 13
& 2 £ g @ © 8 B 5 o o 6 E o S 5 & g
n = © = > ] o [ = 5 7] [ S 1~ - - c B S S - S
] 4] o a 5 <) 3 S 20 = v o c ] 3 - m — S 5
& £ g 7 2 * 2 &2 2 ¢ B gy o= 2 8 2 2 BB L & @
% 75 = F ° : = 8§ 5§ 2 & = & 8 ° & 5
it o < < 8 § ¢ ® ¢ = v 3
- £ 12 Q Q < Q
wi a M < <

o
el
q
=
N
=
&)
)
2
y
s
q
=
=
Z
<
=
g
=l
g
Z
=1
=]
es)
=
o
g
£
=3
g
<
i=1
=<3
£
=]
8
2
2
1=
g
=
S
(53
8
i=}
2
Z
3
~
.2
£
Z
3
172)
2
=]
=
5
=]
2
2
3
2
2
<
-]
=
2
£
g
=
=
=
o
=
f=3
g
£
=
A
]
=i
=
=
A



https://dpmk.ir/index.php?slc_lang=en&slc_sid=1

VAR, Dissser Prevention and
‘ Management Knowledge

Table 8. Variance explained by the extracted principal components (PCA method)

Component Eigenvalue Component Variance (%) Cumulative Variance (%)
1 9.21 34.12 34.12
2 4.87 18.04 52.16
3 3.55 13.15 65.31
4 241 8.93 74.24
5 2.18 8.08 82.32

Control, validity, and reliability

The content validity of the questionnaire and the coding
framework was established through expert review. In addi-
tion, exploratory factor analysis was employed to assess the
construct validity of the scales used.

The internal consistency reliability of the Likert-scale ques-
tionnaires was assessed using Cronbach’s alpha, which was
0.73, indicating acceptable reliability. To assess the reliability
of the qualitative coding process, intercoder reliability was
examined. Accordingly, 20% of the samples were indepen-
dently coded by two coders, and agreement was measured
using Cohen’s kappa coefficient. The kappa value was 0.82,
indicating strong agreement.

Quality control throughout the process

Quality control was a continuous process. In addition to
the above measures, the overall logic and integrity of the
data after quantification were re-examined using descriptive
statistics and box plots to identify any remaining anomalies.
This systematic approach ensured the accuracy, validity, and
reliability of the data for advanced statistical analysis and
decision-making in later stages of the study.

Sample selection

The sample selection process, aimed at an operational as-
sessment of seismic resilience, was conducted using a scien-
tific and multi-criteria approach. For this purpose, a combined
sampling method comprising cluster, random, and stratified
techniques was employed. In this method, the city was first
divided into separate zones based on homogeneity in physi-
cal, infrastructural, economic, social, and managerial criteria.
This initial classification identified two main urban fabrics:
the deteriorated fabric and the middle-new fabric, each with
its own characteristics and resilience challenges. In the next
stage, several neighborhoods were selected from each fabric
as sample clusters to adequately cover the existing diversity
within each fabric. Finally, within each sample cluster, build-

ings were randomly selected for more precise and detailed as-
sessments. This combined sampling method, by ensuring ad-
equate coverage and sufficient representation of urban fabric
diversity, guarantees that the resilience assessment results are
valid and can be generalized to other similar areas of the city.

The sample buildings were selected from among the com-
mon residential apartments in Mashhad City for the middle
social class. The selected plots ranged from 150 to 300 square
meters, and the number of floors ranged from 3 to 6. In total,
51 residential units from 10 buildings, with a population of
109 individuals and 51 families, were selected, with a gender
ratio of 53.56 (female to male). Table 5 presents the site map
and a photo of the main facade of the selected samples.

Data analysis

Given its multidimensional nature, seismic resilience as-
sessment requires an approach capable of both handling data
complexity and reflecting the relative importance of different
criteria. To achieve this objective, the present study employed
a hybrid framework combining principal component analy-
sis (PCA) and the analytic hierarchy process (AHP). This
integration merges the objectivity of statistical analysis with
expert judgment to achieve a comprehensive and balanced as-
sessment (Martinez et al., 2012).

Data preprocessing

To prepare the data for analysis, preprocessing focused on
Z-score normalization. The main reason for this step was the
difference in the measurement scales of the variables. Stan-
dardization, by converting all variables to a dimensionless
scale with a mean of zero and a standard deviation of one,
prevents the possible dominance of variables with higher
variance. This essential step is a necessary prerequisite for
performing PCA and significantly improves the accuracy and
reliability of the results (Freire-Garv. et al., 2016). In addition,
the Shapiro—Wilk test was used to examine the normality of
the data distribution, and the corresponding P value was cal-
culated.
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Table 9. Factor loadings of variables for each component (PCA method)

Variables F1 F2 F3 F4 F5

Structural type 0.861
Structural quality 0.958
Lateral restraint system 0.823
Building age 0.697
Structural dimensions 0.465
Structural spacing 0.678
Residential land-use percentage -0.960
Access to transportation network 0.805
Adjacent pathway quality 0.731
Access to open and safe space 0.869
Access to emergency land uses 0.802
Distance from high-risk areas 0.878
Access to urban services 0.846
Employment-income status 0.366
Average housing price 0.897
Housing quantity 0.672
Housing quality 0.996
Population density in the area -0.749
Total number of residents 0.546
Health status 0.541
Sex ratio -0.583
Household size -0.687
Literacy rate 0.919
Preparedness level 0.752
Crisis center 0.862
Facilities and equipment 0.977

Signs and guidance 0.567

Biglari & Biglari. (2026). Multicriteria Assessment of Seismic Resilience Indicators in Urban Apartment Housing in Mashhad. DMKP. 16(2),214-263.
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Table 10. Weights of the criteria and subcriteria of seismic resilience (AHP method)

Rank Subcriterion Subcriterion Weight Subcriterion (_:on5|stency Criterion Crlte.rlon Criterion C9n5|stency
Ratio Weight Ratio
Structural type 0.278
Structural quality 0.326
Lateral restraint system 0.130
1 0.032 Physical 0.5421 0.06
Building age 0.097
Structural dimensions 0.105
Structural spacing 0.064
Residential land-use 0376
percentage
Access to transportation 0.228
network
Adjacent pathway quality 0.137
o  Accesstoopenand safe 0.087 0.073 Infrastructure 0.2001 0.06
space
Access to emergency land 0.088
uses
Distance from high-risk 0.057
areas
Access to urban services 0.027
Preparedness level 0.296
Crisis center 0.069
3 0.053 Management 0.1124 0.06
Facilities and equipment 0.515
Signs and guidance 0.121
Population density in the 0.083
area
Total number of residents 0.116
Health status 0.097
4 0.080 Social 0.0839 0.06
Sex ratio 0.012
Household size 0.114
Literacy rate 0.578
Employment-income
0.212
status
Average housing price 0.047
5 0.062 Economic 0.0615 0.06
Housing quantity 0.153
Housing quality 0.588

Biglari & Biglari. (2026). Multicriteria Assessment of Seismic Resilience Indicators in Urban Apartment Housing in Mashhad. DMKP, 16(2),214-263.
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Principal component analysis

PCA was conducted to reduce data dimensionality, iden-
tify the underlying structure, and objectively determine
the most influential set of variables affecting seismic re-
silience. The analysis was based on the correlation matrix
derived from the 27 standardized variables. At the begin-
ning of the process, the Spearman correlation coefficient
was calculated for each pair of variables and assembled
into a matrix. Then, the eigenvalues and eigenvectors of
the covariance matrix, which can determine the direction
of data dispersion, were calculated. To ensure the valid-
ity of the results, collinearity, sample adequacy, and suf-
ficient correlation among variables were assessed using
the Kaiser—-Meyer—Olkin (KMO) measure and Bartlett’s
test of sphericity.

To determine the optimal number of principal compo-
nents, variables with eigenvalues greater than 1 were re-
tained. In addition, a scree plot was used to identify the
elbow point. The elbow point in the scree plot, represent-
ing a sharp reduction in the slope of the curve, was con-
sidered an indicator for determining the optimal number
of principal components.

To simplify the factor structure and facilitate interpret-
ability, varimax rotation was applied. Variables with an
absolute factor loading greater than 0.6 on a component
were identified as influential variables in that dimension.
Variables whose loadings did not reach this threshold on
any component, or that loaded simultaneously on mul-
tiple components, were removed from the final analysis.
The output of PCA provided an objective reduced set of
variables, which served as the basis for the hierarchical
analysis structure.

Analytic hierarchy process

In the next step, to assign weights to the criteria and
sub-criteria identified through PCA, the AHP method de-
veloped by Saaty (1977) was used. For data collection in
this section, a pairwise comparison questionnaire based
on Saaty’s 9-point scale (Table 6) was designed, and 6
experts with academic and executive experience in con-
struction, urban planning, and crisis management were
asked to compare the relative importance of the main
criteria extracted from PCA, as well as the sub-criteria
within each criterion. For each pairwise comparison, a
comparison matrix was constructed, and the final weight
of each factor was calculated using the geometric mean of
expert judgments and the eigenvector method. To ensure
the reliability of the judgments, the consistency ratio (CR)
was calculated for each matrix. Accordingly, only matri-

' Disaster Prevention and
‘ Management Knowledge

ces with a consistency ratio of less than or equal to 0.1
were considered acceptable. Otherwise, the judgments
were returned to the experts for revision. The final aver-
age consistency ratio for all matrices was 0.06, indicating
consistent and reliable judgments.

Integration of principal component analysis and ana-
lytic hierarchy process results

The final output of this hybrid process was the deter-
mination of a final weight for each resilience indicator.
These weights were calculated by multiplying the weight
of each indicator at its level in the hierarchical structure
by the weight of the corresponding upper-level criterion
(the principal component in which the indicator was
placed). These integrated weights simultaneously reflect
both the intrinsic importance of each indicator based on
expert judgment and its role within the overall resilience
structure based on data analysis. Ultimately, these weights
formed the basis for calculating the resilience score for
each residential apartment examined in Mashhad City.

Results
Descriptive statistics and normality assessment

The data in this study comprised 27 quantitative vari-
ables under five criteria: physical, infrastructural, eco-
nomic, social, and managerial, which were collected for
the samples. Prior to conducting multivariate analyses,
the normality of the data distribution was examined us-
ing the Shapiro—Wilk test. The results showed that most
variables (23 variables) did not meet the assumption of
normality (P<0.05). Accordingly, nonparametric meth-
ods, particularly the Spearman correlation coefficient and
factor analysis based on the Spearman correlation matrix,
were used for subsequent analyses.

Assessment of data adequacy and significance of cor-
relations

Before extracting the principal components, the prereq-
uisites for factor analysis were evaluated using the KMO
measure and Bartlett’s test. The K KMO value, which as-
sesses sampling adequacy, was 0.842, exceeding the ac-
ceptable threshold of 0.7 and indicating a high level of
data adequacy for factor analysis. Bartlett’s test, used to
assess the overall significance of the correlation matrix,
yielded an approximate chi-square value of 2187.34 with
a significance level of P<0.001, leading to the rejection of
the null hypothesis (that the correlation matrix is identi-
cal to the identity matrix). This result indicates sufficient

Biglari & Biglari. (2026). Multicriteria Assessment of Seismic Resilience Indicators in Urban Apartment Housing in Mashhad. DMKP. 16(2),214-263.



https://dpmk.ir/index.php?slc_lang=en&slc_sid=1

T i preventon and

Management Knowledge

Scree plot
10 o m e = 100 __
o &K
y -3
8 V4 80 Z
/ E
3 6 / 60 =
© >
>
g 4 50 8
20 K
w >
2 I I 20 €
5]
0 l . - 0
DRI R2SENISILSSRARSNAITALSR
N Figenvalue  ==@== Cumulative variability
Figure 3. Scree plot of eigenvalues for extracted components (PCA method)
0/958 0/996 0/977
0/897 0/919
1/000 o/861 0/823 o805 /869 ep /878 07845 o 0/862
0/697 0/678 0/731 of672
0/546 0/541 0/567
0/465
0/500 0/366 I I
0/000 -0/960 I -0/749 -0/583 -0/687
el S 9 Y 7} © H 3 I3 > © > - Q S S o 3 2 = - - o} £ 8
¢ & =z £ § @ ¢ T o 2 x ¢ o » 3 °T ¢ @ 2 § 5 3 84 5 £ =
-0/500 2 [ £ 2 £ © g 3 E =2 S c £ KT 3 ED < j_'—’ = | ] 9] g ) = o0
5 2 &8 &8 3 3 s £ - ¥ % 8 8 3 £ B 3 B @ s 5 % &5 £ 2
& 5 % [ T 3 § § =z 5 £ £ 5 5 & 3 o 5 e
g = 2 & 5 & ¢ ® g 2 & % 2 T 5 2 § -
K s & g & § g g w g 3 ° 3 & £
-1/000 2 3 5 8 8 2 s 8 § & =< S 5 3
€ o ¥ g »w 5§ < g £ 2 £
S 9 g ¢ 2 I 3
g ¢ < & ° <
-1/500 «--g
Figure 4. Factor loadings of the variables (based on the data presented in table 9)
and significant correlations among the variables for factor Examination of the Spearman correlation matrix pre-
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Figure 5. Integrated seismic resilience comparison of the samples by variable (AHP method)
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Figure 7. Integrated seismic resilience comparison of the samples in the physical dimension (AHP method)

with other variables. On the other hand, significant nega-
tive correlations were identified between the percentage
of residential land use in the infrastructural component
and other variables (P<0.05, rs = —0.65). These findings
preliminarily confirm the presence of latent dimensions
and an underlying structure in the data.

Principal component extraction

To reduce data dimensionality, PCA was employed us-
ing Varimax rotation, guided by two criteria: eigenvalues
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greater than 1 and the scree plot. The scree plot (Figure
3) shows a clear break (elbow point) after the fifth com-
ponent, confirming the extraction of five principal com-
ponents.

Ultimately, five principal components were extracted,
which collectively explain 82.32% of the total data vari-
ance. Table 8 presents the variance explained by each
component.
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Figure 8. Integrated seismic resilience comparison of the samples in the infrastructural dimension (AHP method)
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Figure 9. Integrated seismic resilience comparison of the samples in the economic dimension (AHP method)

Following the initial component extraction, Varimax rota-
tion was utilized to simplify their interpretation. This rota-
tion aims to maximize the variance between factors, ensur-
ing that each variable exhibits a high factor loading on only
one factor. This process facilitates easier labeling and inter-
pretation of the factors. Table 9 and Figure 4 present the
factor loadings of the variables following Varimax rotation,
indicating the component to which each variable belongs.

Determination of criterion weights

To assign weights to the criteria and integrate them into
a final composite index, the AHP was employed. The data
required for this method were collected through a pairwise-
comparison questionnaire based on experts’ opinions. After
the questionnaires were collected, a pairwise-comparison
matrix was constructed for each expert, and the weight of
each criterion and its corresponding consistency ratio were
calculated. The geometric mean of the opinions of all ex-
perts was considered the final pairwise comparison. The
weights of the criteria, subcriteria, and the final consistency
ratio were calculated, and the results are presented in Table
10. As shown, the final CR value was 0.06, which is lower
than 0.1 and indicates the high reliability and consistency in
the experts’ judgments.
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Based on a comprehensive analysis of the collected data
and the results obtained from the multicriteria assessment
of seismic-resilience indicators, Figures 5 and 6 show the
conditions of the ten selected residential buildings in Mash-
had City. The findings indicate that Sample 2 achieved the
highest scores for most of the evaluated variables and was
identified as the most resilient building among the examined
samples. In contrast, Sample 10 received the lowest scores
for most indicators and was assessed as the most vulner-
able building to earthquake hazards. Buildings in the cen-
tral and old urban fabric generally demonstrated the lowest
resilience compared with those in other areas. In contrast,
buildings in the new urban fabric of Mashhad City were in
considerably better condition in terms of seismic resilience
and exhibited greater resilience to the effects of earthquakes.

Discussion

Assessment of seismic resilience from a physical per-
spective

Several variables can represent physical resilience; how-
ever, in the present study, the variables that had received the
greatest emphasis in the literature and also met the require-
ments of precise measurement and accessibility—namely,
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Figure 10. Integrated seismic resilience comparison of the samples in the social dimension (AHP method)
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Figure 11. Integrated seismic resilience comparison of the samples in the managerial dimension (AHP method)

structural type, structural quality, lateral restraint system,
building age, structural dimensions, and structural spac-
ing—were examined. Among these, structural type, struc-
tural quality, and the lateral restraint system play a more
important role in ensuring seismic resilience and are the
most relevant predictors. A strong correlation is observed
between seismic resilience and these variables, although it
sometimes leads to inaccurate conclusions.

Although apartments with more than four floors accom-
modate more people and have higher asset value, their
construction methods, quality, and materials generally
reduce the risk of collapse and increase resilience. Build-
ings with lower resilience are, for the most part, low-rise
and located in the city’s old urban fabric (Figure 7).

Assessment of seismic resilience from an infrastruc-
tural perspective

The variables examined in the present study to assess
infrastructural resilience include the percentage of resi-
dential land-use coverage within the surroundings of the
building under study, the accessibility conditions of the
building to the transportation network and main path-
ways, the quality of the adjacent pathway under hazard-
ous conditions, access to open and safe space, access to
emergency land uses (medical, firefighting, and police
services), distance from hazardous zones, locations, and
land uses, and access to urban services (water, electricity,
gas, telephone, internet, etc.).

The high density of urban buildings reduces resilience,
as it can create obstacles in the event of seismic damage.
In central urban areas, building collapse can block access
to the area, whereas in newer areas—which have a higher
proportion of open spaces and lower housing density—re-
silience is increased (Figure 8). Moreover, distance from
emergency and service centers, ease of circulation, and

distance from hazardous locations are significantly asso-
ciated with survival probability and enhanced resilience.

Assessment of seismic resilience from an economic
perspective

Seismic resilience conditions from an economic per-
spective were evaluated based on employment—income
status, average housing price, housing quantity, and hous-
ing quality, among which housing quality exerted the
greatest influence on seismic resilience. Figure 9 shows
the condition of the examined samples from this perspec-
tive.

Evaluating the data trends for economic variables across
the ten examined samples indicates that the housing qual-
ity parameter serves as a highly decisive indicator of resil-
ience from an economic perspective.

Assessment of seismic resilience from a social perspec-
tive

The population exposed to earthquakes is the most criti-
cal variable to consider when assessing seismic resilience.
To evaluate seismic resilience from a social perspective,
population density in the area, total number of residents,
physical health status (average age), sex ratio, household
size, and literacy rate were examined. Among these, the
literacy rate played a more prominent role in ensuring
seismic resilience. Figure 10 shows the conditions of the
examined samples from a social perspective.

In addition to the literacy rate variable, individuals’
health status is also closely associated with ensuring re-
silience conditions. Accordingly, it can be concluded that
variables fostering resilience in the social dimension share
substantial common ground with the quality of social life
as well as cultural and educational components of society.

Biglari & Biglari. (2026). Multicriteria Assessment of Seismic Resilience Indicators in Urban Apartment Housing in Mashhad. DMKP. 16(2),214-263.
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Assessment of seismic resilience from a managerial
perspective

Managerial variables influencing seismic resilience are
highly complex and multifaceted; however, they can gen-
erally be examined across two stages: pre-carthquake and
post-earthquake measures. In this study, the level of urban
management preparedness in the event of an earthquake,
the presence of multipurpose and crisis centers within the
catchment radius of the examined samples, essential fa-
cilities and equipment anticipated prior to a crisis, and the
installation of appropriate signs and guidance for emer-
gency access were among the evaluated variables against
which the conditions of the examined samples could be
compared (Figure 11).

Principal components of seismic resilience

The PCA results indicate significant correlations between
the studied variables and the level of seismic resilience in
buildings. Based on this analysis, the physical component,
as one of the most critical principal components, exerts the
greatest impact on determining the level of seismic resil-
ience. Meanwhile, given the direct relationship between
the evaluated parameters and the resilience indicators, it
can be asserted that housing quality—with a factor load-
ing of 0.99-is the most critical parameter.

Conclusion

By presenting an integrated, quantitative framework,
this research has transformed seismic resilience from a
theoretical concept into an operational and measurable
scale for Mashhad City. The findings clearly demonstrate
that investment solely in engineering, without simulta-
neous attention to social and managerial components, is
not a comprehensive strategy for increasing resilience.
The model presented in this study is not only a powerful
tool for urban planners and crisis managers in Mashhad
City but can also be utilized as a methodological model
for other Iranian metropolises facing similar challenges.
Implementing the proposed solutions based on scientific
prioritization can significantly increase the seismic resil-
ience of the Mashhad metropolis and prevent a natural
event from turning into a widespread human catastrophe.

Quantitative analyses using a combination of AHP and
PCA showed that physical and infrastructural indices ac-
counts for 74.22% of total resilience, making them for
more prominent than other dimensions. Among the vari-
ables affecting resilience, housing quality (factor loading
0.996), essential facilities and equipment (factor loading
0.977), residential land-use percentage (factor loading

Summer 2026. Vol 16. Issue 2

-0.960), structural quality (factor loading 0.958), and lit-
eracy rate (factor loading 0.919) have the greatest impact
on the calculation of integrated resilience. On the other
hand, although socio-economic indices with a cumulative
weight of 14.54% have a smaller share in ensuring resil-
ience, the factor loadings of the housing quality (0.996)
and literacy rate (0.919) variables indicate that the con-
centration of low-income and low-literacy populations,
especially in deteriorated urban fabrics, is a critical risk-
intensifying point; consequently, in these neighborhoods,
the resilience index in the social dimension is at its lowest
compared to other parts of the city.

Given the obtained quantitative findings, strategies for
improving urban resilience are categorized and presented
in three priorities: short-term, medium-term, and long-
term. The first priority, which has a short-term nature and
involves physical-managerial interventions, focuses on
implementing emergency programs, technical audits, and
retrofitting buildings, especially in areas with a construc-
tion quality index lower than 0.5. Supplying and equip-
ping urban spaces with essential facilities and remov-
ing physical barriers to accessing these spaces are also
considered vital measures. In the second priority, with a
medium-term approach based on capacity building in the
infrastructural sector, creating and increasing the per cap-
ita open space in areas identified as high-risk centers with
very low resilience should be on the agenda. In parallel,
developing an integrated building information system for
continuous monitoring and updating of physical indices
is essential. Finally, the third priority, with a long-term
horizon focused on social empowerment, emphasizes
implementing targeted educational programs for residents
of high-risk neighborhoods with crisis response content,
tailored to the socio-economic characteristics of the local
community. Improving citizens’ literacy and awareness is
also considered an integral part of this long-term priority.

Limitations

In this research, to focus on the functional comparison
of the options under study within Mashhad’s urban fab-
ric, climatic and geographic parameters, as well as earth-
quake occurrence scenarios, were considered identical
for all options. However, climatic conditions, geographic
location, and the intensity of potential earthquakes can
potentially exert different effects on the seismic resilience
of each option. Additionally, the cybersecurity and infor-
mation security variable, especially in the managerial sec-
tor, is recognized as an influential and determining factor.
Nevertheless, due to existing limitations in accessing reli-
able sources and sufficient data, this variable was not ac-

Biglari & Biglari. (2026). Multicriteria Assessment of Seismic Resilience Indicators in Urban Apartment Housing in Mashhad. DMKP, 16(2),214-263.



https://dpmk.ir/index.php?slc_lang=en&slc_sid=1

T s oz

Management Knowledge

curately evaluated in the research. It is recommended that
future research address and investigate this aspect.

Furthermore, despite utilizing PCA as an objective basis
for initial weighting, the judgment and evaluation phase
in the AHP has a subjective nature. To reduce this inher-
ent limitation, the consistency ratio control criterion was
strictly and precisely applied. Moreover, significant ef-
forts were made to utilize the opinions and expertise of
experienced experts in this field. However, reaching a
complete consensus in all pairwise comparisons was a
difficult and challenging task. To mitigate this challenge,
the geometric mean of expert opinions was employed,
which helped alleviate this limitation to some extent.

Finally, it should be noted that the generalizability of
this research’s findings is limited to Mashhad’s urban fab-
ric, and the weights obtained are specific to this region.
Therefore, to use these results in other cities, the localiza-
tion process must be carried out separately, proportional
to the specific conditions and characteristics of each city.
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1. Robustness

2. Redundancy

3. Resourcefulness
4. Rapidity
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8. Economic Resilience
9. Social Resilience

10. Organizational Resilience

5. Vulnerability Reduction
6. Resilience Enhancement

7. Technical Resilience
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11. Multiple-criteria decision analysis (MCDM)
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12. Outlier Data

13. Missing Data

14. Coding

15. Content Analysis

16. Scaling

17. Ordinal

18. Construct Validity

19. Inter-coder Reliability
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30. Elbow Point

31. Varimax Rotation
32. Factor Loading
33. Cross-Loading
34. Geometric Mean

35. Consistency Ratio
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20. Principal Component Analysis (PCA)
21. Analytical Hierarchy Process (AHP)
22. Z-Score Normalization

23. Shapiro-Wilk

24. Spearman

25. Eigenvalues

26. Eigenvectors

27. Kaiser-Meyer-Olkin (KMO)

28. Bartlett

29. Scree Plot
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