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Abstract

Due to the location of Kerman city on the border of mountains and plains, there are several faults in
its vicinity, some of which can cause very destructive earthquakes. The city has a very old central core
in terms of architecture and is mainly made of brick and mud buildings that have a high level of
vulnerability. Based on this, detailed and scientific studies of seismic vulnerability are among the
necessities of Kerman urban management. Therefore, this city was chosen as the study area in this
study. The information research and analysis methods were database-based methods and ELECTRE
FUZZY model. In this study, quality of buildings, household density in a residential unit, width of
passages, distance from the faults, distance from medical centers, access to the fire-fighting station,
access to green space, access to temporary accommodation centers, and land use were examined. The
results indicated that the 4™ and 5" urban areas of Kerman City were the most vulnerable areas against

earthquakes. The vulnerability zoning of earthquake risk in this city revealed that the areas of high
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vulnerability were 28 and 23% in Zones 4 and 5, respectively. More than 50% of the area with high
vulnerability rating was located in these areas. Also, Urban Areas 1, 3, and 2 were in the next ranks of
high vulnerability zone, respectively.
Keyword: earthquake, fault, old texture of Kerman, Vulnerability
Introduction

Due to the location of Iran on one of the two seismic belts in the world and existence of many
faults in this country, occurrence of earthquakes in the Iranian plateau is normal. Due to the location of
Kerman City on the border of mountains and plains, there are several faults in its vicinity, some of
which can cause very destructive earthquakes. The city has a very old central core in terms of
architecture and is mainly made of brick and mud buildings that have a high level of vulnerability.
Considering the importance of the issue of assessing vulnerability of cities to earthquakes, as well as
the issues of geography and urban planning, GIS method and spatial and descriptive data of the main
components and behavioral elements were utilized to make an appropriate estimate of the risk of

earthquake and determine the effect of each vulnerability factor in the mentioned city.

Methodology

A descriptive-analytical research was done through data analysis method according to database-
based methods and by using GIS-based software. The physical factors of urban planning in this study
were as follows: 1) quality of building, 2) household density in a residential unit, 3) width of passage,
4) distance from fault, 5) distance from medical center, 6) access to the fire-fighting station, 7) access
to green space, 8) access to temporary accommodation center, and 9) land use. Fuzzy model was used
for weighting the factors and the weighting factors were placed in a function to identify vulnerability

of the city fabric using GIS.

Discussion

Fuzzyization could be done directly by using algorithms or logic expressions. The method of
number Fuzzyization used in this research included the two methods of direct and expert calculations.
In the expert calculation method, after determining the amplitude of changes in each parameter, the
domains were classified based on the previous studies and then, they were manually calculated
according to reality and weighted according to the experts’ opinions. After matching the areas
specified in the detailed plan of the city with the comprehensive urban plan map, the boundaries of

urban areas were carefully determined and then, each parameter was given tabular information in Arc
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Map. After assigning the data to each layer, weighting was performed according to the vulnerability

spectrum of each parameter. The classifications were based on the previous studies and research.
After obtaining the fuzzy data, the ELECTRE method was used to integrate the fuzzy layers with

each other and deduce the final map that showed the effect of each parameter in vulnerability against

the different real risks of earthquake.

Conclusion

By investigating and evaluating the seismic vulnerability of Kerman City, analyzing the
information collected based on database-based methods, and using the ELECTRE FUZZY model and
the mentioned criteria, the high vulnerability of Kerman Regions 4 and 5 were determined. In general,
based on the vulnerability zoning of earthquake risk in Kerman, the areas of high vulnerability were
obtained to be 28 and 23% in Zones 4 and 5, respectively. In fact, more than 50% of the area with
high vulnerability rating was located in these areas. Also, Urban Areas 1, 3, and 2 were in the next
ranks of high vulnerability zone, respectively. The percentages of medium vulnerability areas were 13
and 15% in Regions 4 and 5, respectively. Moreover, the percentages of low vulnerability areas were

59 and 62% in Regions 4 and 5, respectively.
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Figure (1) Steps and indicators used for urban vulnerability to earthquake risk
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Figure (2) Location of Kerman city
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Figure (3) Faults in the area of Kerman cit
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Figure (4) Function of indicators used to determine Kerman earthquake vulnerability by fuzzy
method
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tabel (2) Vulnerability and Households density in a residntial unit
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tabel (3) Vulnerability and Quality of buildings
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tabel (4) Vulnerability and Access to green space
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tabel (5) Vulnerability and Width of passages
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tabel (6) Vulnerability and Distance from medical centers
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tabel (7) Vulnerability and Access to the fire-fighting station
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tabel (8) Vulnerability and Access to temporary accommodation centers
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tabel (9) Vulnerability and Distance frome the fault
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tabel (10) Vulnerability and land use
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Figure (5) Fuzzy map of earthquake risk vulnerability in Kerman due to the parameters of Quality of

buildings, Households density in a residntial unit, Access to the fire-fighting station, Access to green
space, Access to temporary accommodation centers and land use.
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Figure (6) Fuzzy map of earthquake risk vulnerability in Kerman due to the parameters of Distance
from medical centers, Distance frome the fault and Width of passages.
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Earthquake risk vulnerability map in Kerman city by ELECTRE FUZZY method Figure (7)
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tabel (11) The area of different vulnerable zones in the areas of Kerman city
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