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Figure 1: Location of Tabriz city
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Figure 2: Flowchart of research
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Figure 11: Risk map of city gas pipes with fuzzy SUM operator
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Vulnerability Modeling of the Urban Gas Pipeline Network after an Earthquake in Tabriz

Abstract

Iran is very vulnerable to earthquakes due to its location on the earthquake belt. The pipeline
system plays a key role as one of the influential components in reducing or increasing damage
after an earthquake, including explosions and fires. The purpose of this research is to model the
vulnerability of Tabriz gas line network based on different input layers, using fuzzy logic and
seismic risk zoning. According to the underlying structures of the city, the ground resistance in
different parts of the various dimensions of gas pipelines and construction was investigated
according to the high-risk areas in seismic risk zoning. In the following, by extracting different
risk layers in the city and combining the layers, with four fuzzy operators, the hazard map of
Tabriz gas pipes after the earthquake was extracted and In addition to estimating the vulnerability
of gas pipelines in different areas of the city, these four operators were compared in the end, the
gamma operator was chosen as the best operator due to its greater compliance with the conditions
of gas pipelines and population and seismic peak points. The results of this research show that the
central areas of Tabriz city are more vulnerable than other places and gas pipelines in this area
should be given more attention in terms of safety and retrofitting. Also, the results of this
research prove the capability of geographic information systems in modeling the damage caused
to gas lines after the earthquake phenomenon.

Key words: gas pipelines, vulnerability, zoning, fuzzy logic, Tabriz

Introduction

Earthquakes are among the most destructive natural hazards, particularly in Iran, which lies on
one of the world’s major seismic belts and contains numerous active faults. Tabriz, a major and
historic city in northwestern Iran, is located on the active North Tabriz Fault and is therefore
exposed to a very high seismic risk. The urban gas distribution network, as a vital infrastructure,
is highly vulnerable to earthquakes, where gas leakage can trigger extensive fires and explosions.
Previous studies in Iran and other countries have used GIS, AHP, and fuzzy logic approaches to
assess urban and gas network vulnerability to seismic events. The present study aims to model
and map the vulnerability of Tabriz’s gas network using fuzzy logic and multiple spatial data
layers within a GIS framework. The study area, Tabriz city, covers about 273 km? has a
population exceeding 1.5 million, receives an annual average precipitation of 330 mm.

Materials and Methods

In this study, earthquake hazard analysis was performed using fuzzy logic within a Geographic
Information System (GIS) environment. The required data were collected from topographic and
geological maps, municipal datasets, and Landsat satellite imagery, and were refined through
field surveys. Spatial layers such as slope, faults, population density, land use, gas pipelines, soil,
roads, and other vital infrastructures were prepared, standardized, and converted into raster
format. These layers were then transformed into fuzzy format using the Spatial Data Modeller
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tools in ArcGIS 10.2. Finally, the earthquake hazard zoning was conducted by applying fuzzy
operators including AND, OR, SUM, and fuzzy gamma to integrate the membership functions
and generate the final vulnerability map.

Results

According to the earthquake hazard zonation map prepared by the Geological Survey of Iran
(2018), most parts of Tabriz, particularly the western, southern, and central regions, are located
within high-risk zones. The highest vulnerability corresponds to Districts 3 and 4, which have the
greatest population density, while District 9 falls within the low-risk area. The results obtained
from different fuzzy operators indicated that in the fuzzy OR map, a large portion of the city lies
within the very high vulnerability zone, with Districts 3 and 4 showing the highest risk, whereas
Districts 5, 6, 7, and 8 exhibit lower vulnerability. In the fuzzy AND map, the southern parts of
District 6 and District 4 are the most affected areas, while the central and northern parts of Tabriz
show lower risk levels. In the fuzzy SUM map, almost the entire urban area appeared within high
and very high vulnerability classes, since the SUM operator has an additive property, and the
resulting output tends to be exaggerated. In the fuzzy Gamma map, the northern, central, eastern,
and western areas of Tabriz show the highest vulnerability due to high population density and the
concentration of urban gas pipelines, while the southern areas and northern parts of District 6 are
identified as low-risk zones. Overall, population density and the density of gas pipelines are the
main factors contributing to the increased seismic vulnerability of Tabriz’s urban gas network

Conclusion

Among the fuzzy operators, the fuzzy Gamma operator provided the most reliable results for
assessing the vulnerability of Tabriz’s urban gas pipelines, indicating that District 4 is the most
susceptible area. Hence, strengthening the gas network using high-density polyethylene pipes
instead of steel ones and improving emergency infrastructure in this district are recommended.
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