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ABSTRACT

In recent years, various earthquakes have occurred
in different regions of Iran, which have caused
financial and human losses. The range of
dilapidated structures, mainly located in the central
areas of the cities, has remained hidden from the
eyes of those involved in housing development.It
has been forgotten that these areas are more
vulnerable to accidents and earthquakes. In this
research, the worn texture of the city of Kangan is
examined with factors such as the type of materials
used and the quality of the building, the age of the
building, accesses, and passages, the area of the
parts, population density, access to public open
spaces, compatibility and incompatibility of uses
and the number of stories. According to the
available datausing hierarchical analysis (AHP) and
with the help ofGIS software, the vulnerable points
of the worn-out urban areas of Kangan Cityare
extracted and prioritized. According to the results,
the area of parts and access to the damaged area
significantly ~ affect  vulnerability — against
earthquakes.It can be seen in the vulnerability map
that the most vulnerable area is related to the
central of the worn-out urban of the city, so the
structural modification and strengthening of this
part has a high priority, and crisis management is
required to pay more attention to these areas. The
losses and damages caused by the earthquake in
these areas should be minimized.

Keywords:AHP, GIS, Kangan City, Seismic
vulnerability, Earthquakes

I. INTRODUCTION
A GIS-based model has been proposed for
estimating earthquake losses in a Tehran district,
considered a high-risk city in Iran.The results of

this study revealed significant losses, including
structural damage to 64% of the buildings, a death
rate of 33% among all residents, a severe injury
rate affecting 27% of the population, and street
closures exceeding 22% due to building collapses
(Hashemi andAlesheikh,2011).Similar studies have
been conducted for Tabriz City utilizing a GIS-
based approach and the Analytic Hierarchy Process
(AHP). The findings indicate that 69.5% of the
existing buildings would be destroyed, and the
estimated fatality rate is around 33% in the event of
a nighttime scenario (Karimzadeh et al. 2014). An
earthquake risk assessment in Sanandaj, Iran, used
an integrated approach combining a fuzzy
analytical hierarchy process (FAHP) and artificial
neural networks (ANN) within a GIS framework.
The FAHP-ANN model effectively identified areas
at the most significant risk of earthquake
vulnerability, particularly in densely populated
regions with deteriorating building
infrastructure(Yariyan et al. 2020).

In a recent study in India, an earthquake
vulnerability assessment of RC Building was done
using a GIS system anda rapid visual screening
score sheet. This research considersseveral criteria,
such as soft story, long cantilever, building age,
quality of construction, maintenance, type of soil,
and the story's number of buildings. The
vulnerability score sheet is presented in terms of
damage class ranging from grade 1 to grade 5 as
per the damage classification of the Indian code
system (Ningthoujamand Nanda, 2018).

In a case study, a seismic damage
assessment of Sylhet City in Bangladesh was done
using risk assessment tools and GIS. The study
reveals extensive damage and many casualties in
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two earthquake scenarios(Mazumder and Salman,
2019).

The AHP method and GIS are commonly
utilized to estimate vulnerability to seismic hazards
(Shadmaan and Islam,2021; Frigerio et al.,
2016;Hassanzadeh,2019; Ahmad et al., 2017; Zhai
et al., 2019; Sheykhali et al, 2020a , 2020b). Some
studies also examine earthquake-related social
vulnerability and socioeconomic factors (Nafeh et
al., 2020; Agrawal et al., 2022; Ye and Jia,2023;
Rahman and Harun-Or-Rashid, 2023; Mengal et
al., 2021; Alizadeh et al, 2018). Social
vulnerability refers to the susceptibility of
communities and individuals to the impacts of
earthquakes, influenced by factors such as low
literacy rates, high unemployment, and inadequate
housing conditions. Areas characterized by these
factors often experience moderate to high levels of
vulnerability, which can adversely affect their
resilience to seismic events (Cerchiello et al.,
2018). Assessing this vulnerability is essential for
effective disaster preparedness and mitigation
strategies. A study explored various mitigation
strategies to address seismic hazards and enhance
earthquake resilience. This research contributes to
developing informed strategies to minimize risks
associated with seismic events(Navdeep et al.,
2021). Additionally, some studies have proposed
urban planning approaches focused on earthquake
disaster prevention, while others have investigated
the probabilistic assessment of earthquake
casualties in residential areas(Ren et al., 2024).

Kangan City in Iran has been studied as a
case study. This city has experienced relatively
severe earthquakes in recent years(Ansari, S.
2017;Berberian, 2014), which may be due to
various reasons, such as the increase in gas
extraction (Hassanzadeh et al., 2024;Vlek, 2018) or

human-induced activity (Gillian et al., 2018)from
the South Pars field. Therefore, considering that the
primary purpose of this research is to assess the
seismic vulnerability of Kangan city buildings
against possible earthquakes, the required
information on Kangan city buildings is
collected.After checking them using GIS software,
the danger points and safety will be determined.

1. BASIC CRITERIA FOR IDENTIFYING
WORN TISSUES

Generally, more than 80% of the buildings
in worn tissues, as shown in Fig. 1,are more than
50 years old or were built in the last 50 years and
do not comply with technical standards so that their
non-standardity can be recognized from the
appearance of the building(Sarvari et al.,
2021).Granulation: Residential buildings in worn
tissues are primarily fine-grained,with an average
area of less than 200 square meters.Types of
materials: The materials used in these textures are
mostly clay or brick-brick and wood, or brick and
iron without observing horizontal and vertical
connections  and without a  structural
system.Number of stories:Most buildings are one
or two stories in worn textures.Access
status:Worn-out structures, which are primarily
created without a previous plan, mostly have an
irregular structure and the passages are narrow, and
the accesses in them are mainly pedestrian, so that
most of the passages are dead ends or less than 6
meters wide, and the coefficient Their permeability
is low—the state of services and urban
infrastructures. Dilapidated areas severely lack
infrastructure services, open spaces, and green
spaces. The intervention in these areas is
consolidation and renovation.

I11. DEFINITION OF THE PROBLEM AND

STUDY AREA
Bandar Kangan, illustrated in Fig. 2,
serves as the central area of Kangan County in

Bushehr province. Kangan County is the
operational hub for many projects related to the
South Pars refinery. It is bordered to the east and
northeast by Jam County, to the northwest by
Dayyer County, to the south by Asaluyeh County,
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and the west by the Persian Gulf. Known as the
economic capital of Iran, Kangan County hosts the

country’s largest gas and petrochemical industries.
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Figure (2): (a)Kangan is located in the south of Iran near the gas fieldand (b) a worn-out urban area of the City,
and(c) Earthquake history (Ambraseys and Melville, 1982)

Table 1. Earthquake history of Kangan city

Year Location Name Mag Deaths Ref.

1883 Iran: Kangan,Taheri 5.8 Unknown | (Manuel,
1994),
(Nabavi, 1978)

1954 Iran: Tonbak,Kangan,Sabakhi,Akhtar | 5 1 (Manuel, 1976)

According to statistics, there are 3,301
habitable and usable plaques in Kangan City's
worn-out texture. Each plaque is assigned a
vulnerability score, calculated based on the
statistics and information from the detailed plan.

1V. DECISION-MAKING CRITERIA
The study population is all the buildings
and lands built in the worn-out texture of Kangan
City, and the main field of study is the worn-out
texture of Kangan City consisting of some criteria
as shown inFig.3, such as population density,

building age,parts area, the amount of access to the
vulnerable area based on the minimum width of the
passages,proximity and incompatibility of land
uses, public open spaces, such as parks, sports
fields, and barren fields can shelter, evacuate, and
house the injured,type of materials and quality of
the building and floors number of building.

The Analytical Hierarchy Process (AHP)
can be used when the decision-making process
faces several competing options and criteria
(Forman and Gass 2001; Saaty, 2008; Navneet and
Rai, 2004).
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Figure (3): Decision-making criteria andindicators

V. ANALYTICAL HIERARCHY PROCESS

In this research, as shown in Fig. 4, the
analytical hierarchy process has been applied to
estimate criteria weight, rank priorities, and
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Figure (4):Hierarchical decision tree for vulnerability classification of regions according to criteria

There are four scores for each
vulnerability item: low wvulnerability, moderate
vulnerability, significant vulnerability, and high
vulnerability.

VI. VULNERABILITY VARIABLES
The high density of the population, the
high density of buildings, and the lack of open and
sufficient spaces in times of congestion will disrupt
the conditions of escape, shelter, rescue, and relief.

Therefore, the variables used in the model are as
follows:

Population density (K;)

This factor can be investigated,
considering that the lower the population density in
physically vulnerable areas, the less vulnerability
(casualties) there is. Of course, in the condition of
having an ideal body whose destruction rate
reaches zero or near zero, population density is not
considered a sensitive variable. However, this
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factor is significant in physically vulnerable
areaswith weak structures against earthquakes.

The index per hectare, as presented in
Table 1, is utilized to calculate this variable, and
vulnerability is categorized into four scores. It is

important to note that this criterion has been
applied in research related to metropolitan areas.
Since there is no specific criterion tailored for
metropolises, the criteria from the metropolitan
model have been employed.

Table 1. Vulnerability caused by population density (K;)

Criterion (number of people) Vulnerability Level Class
Equal to or less than 100 people P 0w 1
hectare

Between 101 and 200 people per hectare [Moderate 2
Between 201 and 300 people per hectare [Significant 3
I/Above 300 people per hectare High 4

Buildings Age (K,)

The age of buildings is one of the most
influential factors in the level of vulnerability, so
the longer the age of the buildings and the older the
structures, the more vulnerable they are to

earthquakes.The vulnerability caused by building
age may placed in four categories as in Table 2.In
this context,the argument is that the longer the life
of the buildings, the less resistant they are to
earthquakes; as a result, the vulnerability increases.

Table 2. Vulnerability caused by buildingage (K,)

Criterion (Buildings Age) Vulnerability Level Class
Year of construction after 1996 Low 1
Year of construction: 1986 to 1995 Moderate 2
Year of construction: 1976 to 1985 Significant 3
Year of manufacture before 1976 High 4

Area of parts (Ks)

The separation of lands into smaller
dimensions causes the fragmentation of open
spaces and practically prevents the efficiency of
these spaces for escape and shelter. Therefore, we

conclude that the smaller the area of the separation
according to their type of use, the greater the
vulnerability caused by earthquakes due to the
small area as Table 3.

Table 3.The vulnerability caused by the area of parts (Ks)

Criterion (Area(m?)) \Vulnerability Level Class
S > 300 Low 1
200 > S > 300 Moderate 2
100 > S > 200 Significant 3
S <100 High 4

Access to the affected area (K,)

To calculate the above factor, it can be
said that the users inside the dead-ends and
passages with a width of less than 6 meters are the
most vulnerable because it is possible to block the
above passages and practically disrupt the

implementation of immediate measures and relief.
Therefore, according to the hierarchy of urban
roads, the further away the users are from the
primary and wider roads, the higher their
vulnerabilities as Table 4.

Table 4. Vulnerability due to access to the damaged area (K,)

Passage width (m) Vulnerability Level Class
More than 14 Low 1
Between 9 and 14 Moderate 2
Between 6 and 9 Significant 3
Less than 6 High 4
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Proximity and incompatibility of land uses (Ks)
Adaptation and incompatibility of land use
in earthquake-prone areas effectively reduce the
damage to the urban fabric. Deploying users with a
high potential for damage and other uses,
especially  residential ones, increases the
vulnerability. This section considers the distance
criterion from these land uses as an influential

factor. As the distance from potentially hazardous
uses increases, vulnerability severity decreases as
Table 5. Also, the location of crowded land used
next to each other increases vulnerability during
escape and shelter due to the congestion and
congestion in the passages. Therefore, the
conditions for scoring this criterion can be
determined regarding distance.

Table 5. Vulnerability caused by the proximity and incompatibility of uses (Ks)

Criteria (access) \Vulnerability Level Class
Radial distance above 300 meters with dangerousjLow 1
spaces

Radial distance between 150 and 300 meters withModerate 2
dangerous spaces

Radial distance between 50 and 150 meters withiSignificant 3
high-risk areas

Radial distance of at least 50 meters from high-risk|High 4
areas

Access to public open spaces (Kg)

Public open spaces are available in parks,
sports fields, and barren fields. The role of open
spaces in reducing the loss of life from the
earthquake, evacuation, and accommodation of the
affected people is significant. The more open
spaces are suitable for escape and shelter,
temporary accommodation, and the transfer and

evacuation of debris caused by the existing
destruction, the less vulnerable they are. Therefore,
as shown in Table 6, the measurable index to
calculate this criterion is the distance from open
urban spaces. The map of open and green spaces in
the city has been received from Kangan's detailed
and comprehensive plan consultant (Maab
Consulting Engineers).

Table 6.VVulnerability due to access to public open spaces (Kg)

Criteria (Radial distance) Mulnerability Level Class
Radial distance of at least 50 meters withlLow 1
open spaces

Radial distance between 50 and 150 metersModerate 2
with open spaces

Radial distance between 150 and 300 metersSignificant 3
with open spaces

Radial distance above 300 meters with openHigh 4
spaces

Type of Materials and Quality of the Building
(K7)

Uses with weak structures and long
history, which is due to the type of materials and
the quality of the building, are more at risk of
demolition due to their high vulnerability, which in
this case causes damage to other uses as well, and
also causes the blocking of passages and falling

debris on pedestrians and vehicles.Regarding
vulnerability caused by the type of materials used
in the building, we have a table based on the degree
of wvulnerability, quality, and materials. The
definition of the building materials is described
below, and the quality criteria are according to the
data collected fromTable 7.

Table 7. Vulnerability caused by the proximity and incompatibility of uses (K-)

Type of material \Vulnerability grade Class
Steel Frame Building A Low Newly constructed 1 1
Steel Frame Building A Moderate /Acceptable 2 1
Steel Frame Building A Low Restoration 3 3
Steel Frame Building A High Destructive 4 4
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Concrete Frame A Low Newly constructed 1
Concrete Frame A Moderate /Acceptable 2
Concrete Frame A Low Restoration 3
Concrete Frame A High Destructive 4

Brick and iron buildings C Low

Newly constructed 1

Brick and iron buildings C Moderate

/Acceptable 2

Brick and iron buildings C Significant

Restoration 3

Brick and iron buildings C High

Destructive 4

stone and plaster buildings H  |Low

Newly constructed 1

stone and plaster buildings H  |Moderate

IAcceptable 2

stone and plaster buildings H  [Significant

Restoration 3

stone and plaster buildings H  [High

Destructive 4

Stone and cement buildings E  [Low

Newly constructed 1

Stone and cement buildings E  |Moderate

IAcceptable 2

Stone and cement buildings E  [Significant

Restoration 3

Stone and cement buildings E  [High

Destructive 4

Cement block buildings D Low

Newly constructed 1

Cement block buildings D Moderate

IAcceptable 2

Cement block buildings D Significant

Restoration 3

Cement block buildings D High

Destructive 4

Clay and mud building G High Newly constructed 1
Clay and mud building G High IAcceptable 2
Clay and mud building G High Restoration 3
Clay and mud building G High Destructive 4

INEY R EIENEE IR RTINS D Y

Number of floors (Kg)
The number of floors in earthquake-prone
areas is very effective in the amount of damage to

the urban fabric. As shown in Table 8, The higher
the number of floors, the greater the vulnerability.

Table 8. Vulnerability due to the number of stories in the building(Ks)

Criteria (Number of stories) \Vulnerability Level Class
One-story building Low 1
[Two-story building Moderate 2
Three-story building Significant 3
More than Four-story building High 4

VII. RESULTSANDDISCUSSION
As noted in previous section in Tables 1 to
7, a classification of the vulnerability of each

criterionis shown. According to these tables and
GIS base data, the map of degrees of vulnerability

due to each criterion is shown in Fig.5.
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Figure (5): Degrees of vulnerability maps

Weighting Variables methods for determining weight. According to a

The variables mentioned in the previous survey of experts as Table 9 and the use of the
sectionare each important in the relevant function. model, this method makes each variableaffect the
The extent and importance of these variables are model as much as its fundamental importance and
related to their effect on the damage caused by value.

earthquakes.AHP is one of the most common

Table 9:.Matrix of average expert opinions collected

K1 K; Ks K4 Ks Ks K; Ks
K1 1.0000 1.7075 2.7750 | 2.0625 | 3.7500 | 2.9375 | 1.4375 1.7500
K 1.0000 1.5250 | 1.3150 | 1.3525 | 1.7750 | 0.4900 1.2075
Ks 1.0000 | 0.9375 | 0.9575 | 0.9150 | 1.5200 0.7475
K4 1.0000 | 1.0250 | 1.1000 | 0.9125 0.4700
Ks 1.0000 | 0.9068 | 0.5000 0.7075
Ke 1.0000 | 0.6525 0.3950
K7 1.0000 1.6250
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Total vulnerability model

The following model has been used to
estimate and measure the vulnerability of urban
fabric based on the eight criteria mentioned:

K, = A{K; + AK, + AK; + ALK, + AsKs +
AcKe + AJK; + AgKg (1)

In the above formula, A is the weight or
impact of the eight items on each other, obtained
based on a survey of experts. The values are placed
in the above model, and the highest and lowest
vulnerability values are investigated and analyzed
to calculate the total vulnerability (Ky).

Finally, the critical areas will also be
determined when the wvulnerable areas are
identified, as shown in Fig.6. According to the
critical points, the worn-out texture of Kangan City
will be examined before the earthquake crisis. The
obtained information can manage the situation.
Also, with this method, the vulnerability of the
areas can be ranked, and as a result, the critical
areas of the city can be identified, and the areas
with fewer risks can be suggested as the area of the
crisis room.
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Figure (6): Raster layers from the eight factors for running the AHP plugin in ArcGIS software

After calculating the values of A, and K,
in each house number plaque, the K; is calculated
for each eht ,seulav gnitluser eht no desaB .euqalp

si euqalp hcae fo ytilibarenluv fo eerged
si hcihw ,pam ytilibarenluv latot eht ni denimreted

giF nl .ssecorp siht fo pets tsal eht.7, the AHP
extension in ArcGIS software shows the whole
vulnerability map.
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VI1Il. CONCLUSION

Considering that most of the decisions in
urban planning deal with space and place and many
factors affect spatial issues, the use of GIS can be a
powerful tool for integrating information with
different structures and making decisions in this
area. According to the presented statistics and by
examining the city's vulnerable map, the
conclusions are as follows:
1) Vulnerability due to population density was
divided into 4 points based on the number of
people per hectare, and the final result shows that
34.7% of the city's license plates in the area of
worn-out fabric have low vulnerability, decreasing
to 0. 6% of the plates that have high vulnerability.
2) The highest density of population, shopping
centers, and most transactions are located around
the city center and its dilapidated fabric, which
should be implemented by the city authorities to
realize crisis management before the earthquake
and minimize the damage caused by the crisis. take
3) According to the results, 44.1% of the buildings
are over 40 years old.
4) The lack of open spaces is a massive problem in
the city's central part and worn-out fabric, making
it difficult for relief and rescue operations and
organizing the injured.
5) One issue with the worn texture is the small area
of the plaques, referred to as "smallness™ in urban
planning terminology. In the deteriorating fabric of
Kangan City, 33.5% of the plaques exhibit high

vulnerability due to their size. This situation can
lead to several problems during an earthquake:

a) Increase in casualties and, unfortunately,
increase in casualties during the earthquake

b) The intertwining of more devices due to the
earthquake's destruction complicates the situation
and causes increased casualties.

¢) The density of license plates is directly related to
the population; the higher the population in a
particular area, the higher the probability of
casualties and injuries.

6) In the available vulnerability maps, due to the
density of the plates, the amount of passages and
their width in the worn-out and central fabric of the
city is limited.

7) According to the vulnerability maps, it is clear
that more than 53% of the buildings in the worn
fabric of Kangan City have significant and high
vulnerability due to the type of materials. With
these results, construction in the worn fabric of
Kangan City does not have favorable statistics.
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