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Objective: The development and expansion of road transport causes a great impact on the
development of a biological community. Today, rollovers and road accidents are considered as
one of the most important man-made hazards in the field of transportation. Accidents that happen
during the transportation of dangerous materials always have a great potential to become a disaster
and a widespread crisis. This research focuses on assessing the risks caused by the transportation
of dangerous substances, identifying the consequences and providing the optimal traffic route in
order to reduce the effects on environmental assets in different seasons of the year. The ultimate
goal of the research is to provide a comprehensive and generalizable model to be able to be used
in achieving the practical purpose.

Method: In this research, the risk of man-made hazards in the transportation of hazardous
materials in the study area was calculated considering criteria such as "the number of accidents
and rollovers on each road”, “the number of traffic intersections according to the number of lanes”,
“the severity of the accident, the number of deaths per kilometer”, and “the travel time on each
route™ and a mathematical model was desinged. Then, considering the risk of each route and their
ranking using the Dijkstra algorithm, the best route for transporting hazardous materials was
prioritized in order to reduce the possible consequences.

Results: Most of the studies related to the transportation of hazardous materials are usually
conducted based on two general sections, including "determining and assessing transportation risk
and identifying and analyzing asset vulnerability" in order to provide a solution to reduce risk.
However, in this study, by utilizing the Dijkstra method to reduce possible consequences after
calculating the risk of each route, the optimal traffic route was determined as the route with the
lowest risk in different seasons of the year. In addition, in this research, in line with the main goal,
a comprehensive conceptual model with generalizability has been presented in the form of a
flowchart.

Conclusions: In the study process of this research the risk of man-made hazards of carriers of
dangerous substances in transportation networks according to various criteria, including the
adjusted number of injured on each road, the inherent risk of each route, the number of injured due
to heavy vehicle accidents and the population around the route are estimated. Therefore, it is
suggested that in future studies, indicators such as the inherent risk of vehicles and the inherent
risk of drivers should also be considered.
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Introduction

The development and expansion of road transport has a great impact on the development of a biological
community. Today, rollovers and road accidents are considered as one of the most important man-made
hazards in the field of transportation. Accidents that happen during the transportation of dangerous materials
always have a great potential to become disasters and widespread crises. Therefore, the environmental
consequences of hazardous substances force decision makers to consider risk reduction as an important
criterion in their calculations. In this regard, optimal traffic routing is one of the ways to reduce risk. So, the
risk assessment of the field of transportation of hazardous materials can be useful in introducing the optimal
route of transportation in order to reduce the risk and consequences affecting environmental assets.

Method

Most of the researches related to risk assessment and management of transportation of hazardous materials use
methods that mainly rely on risk equations and usually aim to provide risk reduction solutions with the
approach of reducing the inherent risk of routes and carriers. However, in this research, by examining the
transportation routes leading to Hamadan city, the following parameters have been used to calculate the risks
of man-made transportation of hazardous materials for each route:

The number of accidents and rollovers on each road (Pij)

The number of traffic passes according to the number of lines (Sij)

The severity of the accident according to the available information (Eij)

The inherent risk of each axis for the number of injured and dead per kilometer (Nij)

Travel time in each route (tij)

The weight of the influence coefficients according to the opinion of experts (W;=0.35, W,= 0.43 , W;=
0.30, W,=0.22).

SR A

After estimating the risk of each path through relation (Rij = Wtij + W,(Pij.Eij) + W3Nij+W,Sij) by applying
a mathematical model and benefiting from Dijkstra's algorithm in order to reduce the effective consequences
on environmental assets, the optimal route for transporting hazardous materials was selected in the network of
roads leading to Hamedan city (which has 49 nodes and 71 arcs).

Results

Looking at the existing research and studies, it can be seen that although many studies have been conducted in
the field of risk assessment of a system in the face of man-made risks, especially transportation (transportation
of dangerous substances), most researchers have tried to use the appropriate method (depending on accuracy
and ease of work) for risk assessment and asset vulnerability analysis based on the studied system. In other
words, in the field of man-made hazards of transporting dangerous substances, previous studies have been
based on two general sections, including determining and assessing transportation risk and identifying and
analyzing the vulnerability of assets" in order to provide a solution to reduce risk. But in this research, the
focus is on assessing the risks caused by the transportation of dangerous substances, identifying the
consequences and providing the optimal traffic route in order to reduce the effects on environmental assets in
different seasons of the year. The ultimate goal of the research is to provide a comprehensive and generalizable
model to be used for achieving the practical purpose. In this research, in line with the main goal, a



393 Evaluation of the Risk in Man- Made Hazards of Transporting ... (Ali Vejdani Nozaret al.,)

comprehensive conceptual model with the ability to generalize was presented in the form of a flowchart.in this
research, in line with the main goal, a comprehensive conceptual model with the ability to generalize is
presented in the form of a flowchart.

Conclusions
In this research, the risk of man-made hazards of carriers of dangerous substances in transportation routes
according to various criteria, including the adjusted number of injured on each road, the inherent risk of each
route, the number of injured people due to heavy vehicle accidents and the population around the route were
estimated. In addition, in this research, in order to standardize and adapt the effective criteria in estimating the
final risk, the opinions of experts have been used for weighting, and also the time interval in each route has
been deliberately considered as an important action. Finally, with the identification of the risk of each route
and in order to reduce the effective consequences on environmental assets, using Dijkstra's algorithm, the
optimal traffic route of carriers of dangerous substances has been selected in each time period. In other words,
the evaluation and analysis of the risk of transportation of dangerous substances in this research was based on
indicators such as "the number of accidents and rollovers on each road, the number of traffic crossings based
on the number of lanes, the severity of the accident based on emergency data, risk. The nature of each axis has
been examined for the number of injured and deceased per kilometer and the duration of travel in each of the
routes, which shows the consequential approach in transportation. Therefore, it is suggested that in future
studies, indicators such as the inherent risk of vehicles and the inherent risk of drivers should also be
considered. In the study area (transportation roads leading to Hamadan city), because the number of traversable
routes was large, determining the optimal routes between both points is time-consuming. The results of the
survey showed that in order to manage the man-made risks of carriers of dangerous substances (reducing the
consequences affecting environmental assets), it is better not to use the following routes in different seasons
of the year:
- Hamedan-Bahar-Subashi route (use Hamedan- Bahar- Salehababad- Subashi route instead).
- Hamedan-Kourijan- Tajarak route (Hamedan- Tehran highway route) (use Hamedan-Kourijan- Vian-
Famenin- Tajarak route instead).
- Jokar-Avarzaman-Nahavand route (use Jokar- Malayer- Avarzaman- Nahavand route instead).
Since Hamedan to Tehran route is very busy and important, according to the estimation of the weight of the
criteria for determining high risk based on the matrix of pairwise comparisons of experts' opinions, the optimal
routing of this axis during different seasons of the year using Dijkstra's algorithm has been determined with
the aim of reducing the effects on environmental assets in the form of research findings.
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