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1. Introduction

The experiences of past earthquakes show that if a gas system is affected by severe and sudden damages of
earthquake, gas leakage may cause extensive fire, massive explosions and consequently significant human fatalities
and casualties. The importance of this issue is so that Byerly has indicated that fires following major earthquakes are
so common that it should be considered as the complementary part of earthquake [1]. Due to the long lifetime of gas
pipelines in district No. 20 of Tehran, and, in some cases, the passing of gas pipes across the existing faults or in
close proximity, this municipal district has a high damage potential in times of probable disasters, such as
earthquakes and subsequent fires. Therefore, in this research a numerical analysis method for the estimation of
ignition probability of gas pipelines following an earthquake in district No. 20 of Tehran is presented.

2. Methodology

This research process includes three stages: 1- Seismic hazard analysis, 2- Vulnerability assessment against
earthquake, 3- Fire following earthquake hazard analysis [2].

In the first stage, for analysis of seismic hazard, the power and gas network components, and related
characteristics of the study area, and existing land uses were identified; also the related information in segregated
information layers using “ARC GIS” software were entered into the geographic information system. Then three
probable earthquake scenarios (North-Ray fault, South-Ray fault, and North-Tehran fault) for the study area were
considered, and, after choosing appropriate attenuation relationships [3], the seismic parameters (Peak Ground
Acceleration and Velocity) for each of the segments of gas pipeline were calculated.

In the second stage, for estimating the earthquake vulnerability, the repair rate and probability of damage
following an earthquake on the basis of peak ground velocity, and repair rate, and the probability of damage from
permanent ground deformation in the center of each segment for each of the three earthquake scenarios were
calculated using HAZUS methodology [4]. In this stage, for determining the type of damage in the segment i.e.
break or leak, the damage probabilities of the segments in each iteration of the Monte Carlo simulation were
compared with random numbers. Then the damage probability of the aerial power distribution lines in different
damage states in the district was calculated.

In the third stage, for estimation of the ignition probability of each gas pipeline segment, fault tree method was
used. In this stage, in the considered fault tree method, two different factors for fire following earthquake i.e. the
source of spark and the damage of the gas network, were considered. For this aim, the probability of existence of a
flammable fuel was considered to be equal to the probability of the failure or leak of gas pipeline. The probability of
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the source of spark existence was assumed to be equal to the probability of a spark from the damaged power
distribution network. Finally, the probability of fire occurrence after earthquake for each segment is calculated by
combining the damage probability of the segment and the ignition probability from the damaged adjacent power. In
this stage, in determining whether the considered segment would be ignited or not, the ignition probability of the
considered segment was compared with a random number, and it was decided accordingly.

In this research, the mentioned process (stages 2 and 3) was repeated 10000 times for each earthquake scenario
using Monte Carlo simulation. In this way, the uncertainty of decision about occurrence of break or leak and ignition
for each segment for each earthquake scenario was modeled. Finally, the output results for the considered scenarios
were analyzed using SPSS software, and the proper probability distribution functions of the output variables and
their parameters were determined to be used as a base in decision making process for retrofitting and risk reduction
studies.

3. Results and discussion

The output results for the considered scenarios were statistically analyzed using SPSS software. Overall, in this
study, the following results for gas pipelines in district No. 20 of Tehran were obtained as average:

(A) The first scenario: the occurrence of an earthquake with a magnitude of 6.7 on the North-Ray Fault causes
19 leaks, 6 breaks and 8 ignitions.

(B) The second scenario: The occurrence of an earthquake with a magnitude of 6.7 on the South-Ray fault causes
20 leaks, 7 breaks and 9 ignitions.

(C) The third scenario: The occurrence of an earthquake with a magnitude of 7.2 on the North-Tehran fault
causes 4 leaks, 1 break and no ignition.

According to the results, it seems that for preventing and mitigating fire following earthquake, offering
retrofitting solutions and mitigation strategies are necessary. To this end, all the stages of analysis were repeated
assuming the replacement of brittle pipes with ductile pipes as an example, and the results of the analyses of all
three scenarios in the existing state (brittle pipes) were compared with the state of the replacement ductile pipes, as
shown below:

In the first scenario, on average, 19 leaks, 6 breaks, and 8 ignitions in the first state were reduced to 7 leaks (63%
reduction), 2 breaks (67% reduction), and 1 ignition (87% reduction) in the improved state.

In the second scenario, on average, 20 leaks, 7 breaks, and 9 ignitions in the first state were reduced to 7 leaks
(65% reduction), 2 breaks (71% reduction), and 1 ignition (89% reduction) in the improved state.

In the third scenario, on average, 4 leaks, 1 break, and zero ignitions in the first state were reduced to 1 leaks
(75% reduction), no break (100% reduction), and no ignition (0% reduction) in the improved state.

4. Conclusions

Based on the results of this research in the extreme state, which is related to the second earthquake scenario
(South-Ray Fault), on average, the occurrence of 20 leaks, 7 breaks, and 9 ignitions due to the seismic damage of
gas pipelines was estimated. These results show the high vulnerability of the studied gas pipelines against
earthquake and related subsequent fires in district No. 20 of Tehran. By applying the retrofitting solution based on
the replacement of the brittle pipes with ductile pipes, the mentioned results in the leak state was reduced by 65%, in
the break state was reduced by 71%, and in the ignition state was reduced by 89%. The type of the proper
probability distribution functions and their parameters were determined for the output results of the Monte Carlo
simulation. Performing sensitivity analysis of various parameters is suggested as a proposal for the continuation of
the research.
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