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A B S T R A C T

Route selection is the first and significant step for hazardous liquid railway network design project. Not only the
economy, but the safety factors need to be considered for making a comprehensive analysis and determining an
appropriate design plan. However, the railway network route selection is a complex multi-objective decision
problem. Considering the construction cost and safety factors of hazardous liquid railway, this paper proposed a
multi-objective optimization model. Considering the impact metrics, air pollution, river pollution, soil-under-
ground water pollution, sensitive area and emergency system, a comprehensive risk assessment model was
further built. The weight of each metric was decided by expert scoring. Based on index pricing method, risk
factors were considered into maintenance and operation cost. Aiming at the strong non-linearity, a three-stage
method was adopted to solve the problem. A virtual case and a real case with two refineries as sources and two
terminals in midwestern China were studied in this paper. The construction schemes of hazardous liquid railway
network in the study region were obtained by using the proposed method with considering the complex geo-
graphical and social environment. The effect of algorithm parameters on model was discussed in paper. Due to
the high subjectivity of the emergency system score, the sensitivity of which was further analyzed. The prac-
ticality of the proposed method was verified through the case study.

1. Introduction

The railway transport, as the main inland logistics carrier, plays a
decisive role in the development of national economy. However,
railway accidents happen in the world every day (Mirabadi and
Sharifian, 2010; Figueres-Esteban et al., 2016; Mishara and Bardon,
2017). We are trying our best to prevent and stop them but still can’t
eradicate them. Property loss, environmental pollution even casualties
may caused by those accidents. Especially for the rail way system
transporting dangerous liquid, any security accident will bring tre-
mendous losses (Kyriakidis et al., 2015). Furthermore, due to the in-
creases of the speed and load of railways, as the commercial require-
ment, the safety issue become even more significant (Min et al., 2010).
The increase in momentum and kinetic energy during running will lead
to the increase in inertia, thus any accident happening in operation will
result in major damage. Therefore, risk assessment is always necessary
for railway design and operation management. The risk assessment of
railway transport is extremely crucial to the its route selection (Dong
and Wan, 2013). To prevent or decrease the damage in case of natural
disasters, it must consider all unfavorable factors of railway

construction and operation process when selecting routes (Gao et al.,
2017). Comprehensive analysis should be made, and appropriate
measures should be adopted to control the risks.

However, the railway route selection is a complex multi-objective
decision-making problem. It includes many factors, not only the
quantitative indexes, such as construction cost, operation cost and so
on, but also the qualitative indexes such as construction conditions,
social impacts, political effects and economic significance (Silla and
Luoma, 2012).

To solve this issue, many scholars have developed abundant re-
searches (Zhu et al., 2009; Wu et al., 2010; Yong-Gui and Amp, 2014;
Wang, 2016). Kiema and Dang’ana (2007) described a procedure de-
veloped for automated railway feasibility analysis based on GIS and
Multi-Criteria analysis. Good engineering railway alignment require-
ments were assessed and suitable factors and constraints for feasibility
analysis were derived. Liu et al. (2010) proposed a three-dimensional
modeling method for railway route selection design. Based on the
principle of constrained Delaney triangulation, a two-step method was
adopted in the paper in order to solve the problem and the corre-
sponding algorithms were proposed. Chen (2016) introduced three

https://doi.org/10.1016/j.ssci.2018.04.003
Received 30 July 2017; Received in revised form 17 November 2017; Accepted 4 April 2018

⁎ Corresponding author.
E-mail address: liangyt21st@163.com (Y. Liang).

Safety Science xxx (xxxx) xxx–xxx

0925-7535/ © 2018 Elsevier Ltd. All rights reserved.

Please cite this article as: Zhang, H., Safety Science (2018), https://doi.org/10.1016/j.ssci.2018.04.003

http://www.sciencedirect.com/science/journal/09257535
https://www.elsevier.com/locate/safety
https://doi.org/10.1016/j.ssci.2018.04.003
https://doi.org/10.1016/j.ssci.2018.04.003
mailto:liangyt21st@163.com
https://doi.org/10.1016/j.ssci.2018.04.003


kinds of uncertain decision making methods (“good seek good”, “bad
seek good” and α coefficient decision method) into railway route se-
lection issue, and took a real case in China as an example. Huang and
Wang (2013) discussed about geological aspects for route selection of
the railway, and countermeasures for geo-risk control were proposed
accordingly. Kosijer et al. (2012) proposed a multi-criteria decision-
making for railway route planning and design. The proposed metho-
dology enables an integrated and systematic resolution of this problem,
and it results in the most favorable route proposal based on predefined
criteria and real-life constraints. Wang et al. (2017) developed the cusp
catastrophe model to describe the dynamic changing process of railway
system safety and proposed a new mathematical framework for the
system risk of railway system. An et al. (2016) proposed a modified
FAHP approach in railway risk decision making which can reduce in-
consistency in risk judgments and handle qualitative and quantitative
information in a consistent manner. Liu et al. (2015) investigated the
high-speed railway accidents by employing the fault tree analysis
combined with quantitative analysis and proposed a ranking method by
defining the expected value and the compromise possibility. Zhan et al.
(2017) proposed a HFACS-Railway accidents framework for the railway
system in China. The hierarchical framework and comprehensive
taxonomies make the HFACS-RAs framework a convenient analysis tool
for incidents and accidents with different complexities.

Even though there are many studies conducted on this issue, their
route evaluations are based on the existing routes, few of them com-
bined the optimization algorithm to conduct the optimal selection for
railway route and there are few literatures on the optimal selection and
the safety evaluation in railway route which considering both economy
and safety, and utilizing the optimization algorithm. However, there are
some route selection researches on pipeline system (Zhang et al., 2015,
2017a, 2017b; Dey et al., 2001; Mollard et al., 2008), highway system
(Li and Leung, 2011; Cai and Wang, 2009; Nicholson et al., 1975) and
transportation in Urban hazmat (Alexiou and Katsavounis, 2015; Luè
and Colorni, 2015; Zografos and Androutsopoulos, 2008) that can show
the guideline to our research. Zhao and Verter (2014) presented a new
bi-objective model for the used oil location-routing problem under the
consideration of safety. They modified the weighted goal programming
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Fig. 1. Structure of the optimization method.

Table 1
Risk level of hazardous liquid railway.

Risk score Risk level Note

1–1.5 High Unacceptable, need significant adjustments
> 1.5–2.5 Above normal Acceptable after great adjustments
> 2.5–3.0 Under normal Acceptable after slight adjustments
> 3.5–4.0 Low Acceptable

Table 2
Weight of metric.

Metric Weight

Air pollution 0.20
River pollution 0.21
Soil-underground water pollution 0.19
Sensitive area 0.18
Emergency system 0.22

Fig. 2. Topological structure of hazardous liquid railway network.
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