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Road accidents, as one of the causes of mortality in human societies, have
many adverse social and economic consequences. Various measures can
improve the safety of travel. One of them is to find appropriate location
of relief infrastructures. The proper pre-positioning of relief chains
locations can decrease road users’ fatalities. Thus this paper presents a
multi-objective mathematical model to the pre-positioning of a relief chain
for road accidents. Then the model is solved by a non-dominated sorting
genetic algorithm. Factors that affect the location of relief chains are
identified using a multi-attribute decision-making method. Finally,
potential locations are proposed for the relief chain locations.
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Padongelukke is een van die oorsake van dood in die samelewing en het n
verskeidenheid maatskaplike en ekonomiese gevolge. Verskeie
maatstawwe kan padveiligheid verbeter. Een maatstaf is die identifisering
van gepaste liggings vir verligtingsinfrastruktuur. Die ordentlike
posisionering van verligtingstasies kan die aantal padsterftes verminder.
Hierdie artikel bied 'n meerdoelige wiskundige model aan om hierdie
liggings vooraf te identifiseer. Die model is opgelos deur 'n nie-
gedomineerde sorterings genetiese algoritme. Faktore wat die ligging van
verligtingstasie beinvloed is identifiseer deur 'n multi-eienskap
besluitnemingsmetode. Laastens is moontlike liggings vir verligtingstasies
voorgestel.

1 INTRODUCTION

Iran is a vast country with different kinds of roads and vehicles. Along with the economic and welfare
benefits, the country faces difficulties caused by this volume of traffic, such as an increased number of
traffic accidents and their related costs. The safety issues associated with transportation and social
responsibility have always been addressed. However, in the two past decades, because of the increase in
the number of accidents and their corresponding costs, safety issues have gained more importance.
Accidents are one of the great problems that endanger human health worldwide. The injuries caused by
these events are so extensive that the siutation is referred to as ‘the war on the roads’ [1] and is one of
the main causes of death and disability in developing countries [2, 3]. According to World Health
Organization (WHO) statistics, about 1.35 million people die in road accidents globally every year, and
Between 20 and 50 million are injured. [4]. A survey in Iran has shown that road accidents are the primary
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cause of death in those aged below 40 years [5]. However, no adequate studies have been done on what
factors are important in determining suitable locations for a road relief chain.

This paper attempts to locate a relief chain on the arterial road network in Semnan province, such that the
responsible organisations (as beneficiaries of government) can help with accident injuries at the least cost
and in the shortest time. To do this, the appropriate factors are selected by experts. What is considered is
that injured people (as beneficiaries of society) want relief hubs to serve them with the maximum capacity.
This makes the deviation of existing capacity and budgets inevitable; but the model tries to minimise this
deviation. Thus a model is developed to represent the requirements of the government and the needs of
road users as those who experience road accidents. Finally, data from Semnan province are entered into
the model, and the potential location of a relief chain is suggested.

2 LITERATURE REVIEW

The location of a relief chain is one of the new issues that have become prominent in the context of location
problems in recent decades. Natural and unnatural disasters occur in different parts of the world every
year. Since disasters are increasing for several reasons (e.g., population growth, climate change, and the
widespread use of mechanisation), it is predicted that existing relief measures may not be sufficient [6].
On the other hand, the nature of the disasters is such that they must be responded to quickly, and
responders must transfer injured people from affected areas to predetermined centres [7]. The
unpredictable nature of disasters make it necessary to provide comprehensive plans to reduce the danger
of the events. One effective measure to reduce delays is to pre-position and store relief facilities near to
an affected region. Pre-positioning facilities not only leads to a more rapid response, but also gives rise to
better and more sustainable planning and lower associated costs. For these reasons the issue has been
addressed by disaster management researchers.

Akkihal [7] proposed a model for locating a disaster management warehouse to manage the distribution of
relief goods. Balcik and Beamon [8] proposed a location model to identify the optimal location, the capacity
of relief centres, and the time needed to provide relief. This model considered budget constraints before
and after a disaster. Brotcorne, Laporte and Semet [9] categorised location models for ambulances and
other emergency vehicles into three groups (i.e., deterministic, stochastic, and dynamic models). Ukkusuri
and Yushimito [10] created a model to select the best locations so that the ability of demand points to be
in touch when a transportation network was disrupted was maximised. Salmeron and Apte [11] considered
the budget allocation for the location of a relief chain, and developed a two-stage stochastic model.

Considering the different types of emergencies and their corresponding relief requirements, Duran,
Gutierrez and Keskinocak [12] proposed a model to evaluate the effect of pre-positioning on a relief
organisation’s average emergency reaction time. Their model considered the constraints of capacity,
supply, demand, and number of warehouses. Doyen, Aras and Barbarosoglu [13] proposed two-step two-
level stochastic programming, in which decisions are made about the location of local and regional relief
centres. Bozorgi-Amiri, Jabalameli and Al-e-Hashem [14] proposed a two-stage stochastic multi-objective
method for a relief logistics network to identify the location of relief centres and the assighment of relief
goods, considering specified constraints. Rezaei-Malek and Tavakkoli-Moghaddam [15] presented a two-
objective mathematical model for network design by simultaneously minimising the response time and the
total cost. By identifying the urban areas against the earthquake based on the results of loss estimation of
risk evaluation software, Barzinpour and Esmaeili [16] contributed to literature of this context

Ahmadi, Seifi and Tootooni [17] presented a two-stage multi-depot location-routing model that considered
travel times, different applications of vehicles, and standard relief time. Rezaei-Malek, Tavakkoli-
Moghaddam, Zahiri and Bozorgi-Amiri [18] proposed a multi-objective mathematical model to design a
relief logistics network. Caunhye, Zhang, Li and Nie [19] proposed a two-stage location-routing model with
capacity for integrated preparedness and response planning under uncertainty for pre-positioning and
distributing emergency supplies. Bai [20] presented a new class of a fuzzy pre-positioning emergency
supplies model for a three-echelon humanitarian logistics network, in which the post-disaster acquisition
and transportation costs, the suppliers’ supply, and the affected areas’ requirements were uncertain.
Tavana et al. [21] proposed a humanitarian logistics network that considered the inventory of perishable
products in the pre-disaster phase and routing relief vehicles in the post-disaster phase.

Gharib, Bozorgi-Amiri, Tavakkoli-Moghaddam and Najafi [22] considered relief distribution and emergency
transportation using a three-stage approach. In the first stage, pre-processing of model inputs was done
through an artificial neural fuzzy inference system, followed by investigating the safest route for each
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cluster. In the second stage, a heterogeneous multi-depots multi-mode vehicle routing problem was
formulated. Finally, two multi-objective meta-heuristic algorithms were proposed to obtain a near-optimal
solution. Veysmoradi, Vahdani, Sartangi and Mousavi [23] investigated the response phase in the
management of natural disasters, and offered a mixed-integer nonlinear open location-routing model in
conditions of uncertainty.

Bai, Gao and Liu [24] studied the pre-positioning problem by using a robust parametric optimisation
method. The transportation cost, supply, demand, and capacity are unknown before the extraordinary
event, which is represented as fuzzy parameters with variable possibility distributions. Torabi, Shokr,
Tofighi and Heydari [25] proposed a novel two-stage scenario-based mixed fuzzy-stochastic programming
model for integrated relief pre-positioning and procurement planning, based on a Quantity-flexiblecontract
under a mixture of uncertain data. Chen, Liang and Yao [26] considered a relief agent that required
stockpiling multiple products for responding to multiple potential disaster events. By employing the multi-
product newsvendor approach, they established a storage model for multiple relief materials. Velasquez,
Mayorga and Cruz [27] developed a multi-agency pre-positioning model under uncertainty, in which the
pre-positioning strategy developed by a major aid agency or a local government considered sharing
resources with other aid agencies. The proposed model considered multiple relief item types, storage
capacity, and budgetary and equity constraints while integrating supplier selection, inventory, and facility
location decisions. Uncertainty was modelled using robust optimisation.

Aslan and Celik [28] focused on the design of a multi-echelon humanitarian response network, in which the
pre-disaster decisions of warehouse location and item pre-positioning were subject to uncertainties in relief
item demand and the vulnerability of roads and facilities following the disaster. Once the disaster strikes,
relief transportation is accompanied by the repair of blocked roads, which delays the transportation
process, but gradually increases the connectivity of the network at the same time. A two-stage stochastic
programming model was formulated for this system, and a sample average approximation scheme was
proposed for its heuristic solution. Hosseininezhad, Makui and Tavakkoli-Moghaddam [29] presented a
model for pre-positioning a relief chain based on the needs of road users, in which minimising the transfer
time and maximising the capacity of relief centres were considered to be what road users would need.

Boonmee and Kasemset [30] proposed a multi-objective fuzzy mathematical programming model for
humanitarian relief logistics. They presented an integrated facility location problem, an inventory problem,
and a distribution problem in humanitarian relief logistics when considering the inherent uncertainty of the
input parameters. Sharifi-Sedeh et al. [31] showed that a wide range of personal, managerial, professional,
structural, environmental, and sociopolitical factors can affect the pre-positioning of relief items.
Uncertainties about disasters, shortages of human, financial, and structural resources, lack of inter-
organisational agreements and collaboration, lack of clear protocols and guidelines and, most importantly,
lack of thorough risk assessment studies were among the main factors behind pre-positioning the relief
items.

In the logistics literature, different methods address multi-objective mathematical models such as
stochastic programming or fuzzy-based methods. There are two basic drawbacks of stochastic optimisation.
1) In many real problems, there is insufficient historical data for the uncertain parameters; thus the true
and real distribution of the undetermined parameters can rarely be specified. 2) In most previous work in
the context of relief logistics, the uncertainty of the parameters was modelled by scenario-based stochastic
programming. Here, the large number of scenarios for explaining the uncertainty can result in
computational problems and challenges [32]. As an alternative, the fuzzy set theory can provide a
framework to capture different types of uncertainties, including uncertainty in fuzzy coefficients owing to
a shortage of knowledge, along with flexibility in constraints and objectives. This theory can formulate
many of the concepts, variables, and systems that are uncertain and vague, and provide background for
reasoning, inference, control, and decision-making under uncertainty. In systems with a high degree of
uncertainty and complexity, fuzzy logic is a suitable approach modelling [33].

Facility location has an NP-hard nature. For this reason, meta-heuristic algorithms apply for tackling these
problems. A genetic algorithm (GA) is one of the earliest methods of meta-modelling based on modelling
natural behavior. The non-dominated sorting genetic algorithm (NSGA-II) is a common method for solving
multi-objective problems based on genetic algorithms. This algorithm is an efficient way to solve problems
with several objective functions, but it also has weaknesses. For this reason, a modified method called
NSGA-Il is developed. This method works better than the original NSGA-1l, and it is one of the most popular
multi-objective optimisation algorithms with three special characteristics: a fast non-dominated sorting
approach, a fast crowded distance estimation procedure, and a simple crowded comparison operator [34].
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Figure 1 shows the main steps of NSGA-Il. The NSGA-II starts with the initialisation step, in which an initial
population is generated. After this step, obtained solutions are improved using crossover and mutation
operators. Then a fitness function is calculated as a critical and important factor in evolutionary algorithms
[35].
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Figure 1: Steps of the NSGA-II [35].
3 PROPOSED METHOD

After explaining the current state, a review of the literature and the background of the research have been
presented. As mentioned, Hosseininezhad et al. [29] presented a model for pre-positioning a relief chain
based on the needs of road users, in which minimising the transferring time and maximising the capacity
of relief centres were considered to be what road users would need. They considered the transferring time
as a fuzzy uncertainty. However, their proposed model considered only the needs of road users, while — in
addition to the needs of road users — government requirements for the construction and development of
these sites also need to be considered. For this reason, we attempt to develop that model according to the
requirements of both the government and road users. Then the models are solved and their results are
presented. The steps taken in five main phases are shown in the conceptual model (Figure 2).

3.1 Defining and selecting the factors that affect relief chain location

First, by reviewing the related literature, fairly complete information is collected on the nature of the
activity. To extract the factors that affect relief chain location in the arterial network in Semnan Province,
interviews are carried out with experts on safety issues. Then, by combining the results of the interviews,
the literature review, and the characteristics of the investigated area, the factors that affect relief chain
location are identified. This section will be fully described in Section 5.

3.2 Determining the effectiveness factors using the DEMATEL method

After selecting the factors, it is required to prioritise them and to identify the degree of their effectiveness.
In these methods, using the decision-makers’ knowledge, the current factors are compared and prioritised
according to a decision-making method. In this research, because of the impact of the factors on each
other, the DEMATEL method is used to identify the importance of each factor. In Section 5, a table presents
the weights of the factors affecting the location of relief chains.
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Figure 2: Conceptual model of the research
4  MODELLING AND SOLVING METHOD

By using the knowledge acquired in the previous phases, in Phase 4 a model is presented with which the
potential location of relief chains in the arterial network in Semnan Province can be suggested. Using this
model, the organisations responsible for road relief, as beneficiaries of government, can help the injured
at the least cost and in the quickest time by using different transportation modes and, by immediately
transferring victims, reduce possible losses.

4.1  Designing the integrated model

In this section, the sets applied in this model are described first. Then the input parameters of the model
are outlined and its variables are explained. Finally, the model is presented.

Sets of indices:

N: Set of demand points (n=1, ..., N)

H: Set of points at which relief chains can be located (h=1, ..., H)
G: Set of points considered as urban hospitals (g=1, ..., G)

S: Set of transportation modes (s=1, ..., S)

K: Set of factors affecting the location of relief chains (k=1, ..., K)
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Parameters:

Qn: Capacity of the location of relief chain h to accept injured people

Vg: Capacity to accept injured people at urban hospital g

Pnh: Construction cost of the location of relief chain h

Cins: Transferring cost of injured person i to the location of relief chain h using the transportation mode s
C’hgsz Transferring cost of injured from the location of relief chain h to urban hospital g using transportation
mode s

tins : Transferring time of injured person i to the location of relief chain h using transportation mode s
t'hgs : Transferring time of injured from the location of relief chain h to urban hospital g using transportation
mode s

B: Maximum available budget to establish the location of relief chains

Wq: Penalty for deviation from the capacity of urban hospital g

Ws: Penalty for deviation from the budget

I «: Impact rate of factor k

Rkn: Impact of factor k for the location of relief chain h

Variables:

xins: 1 if injured person i is transferred to the location of relief chain h by transportation mode s, 0;
otherwise

Ln: 1 if the h location is selected, 0; otherwise

Zings: 1 if relief chain h transfers injured person i to urban hospital g by transportation mode s, 0; otherwise
yi: 1if injury i is an emergency, 0; otherwise

Sq: Amount of deviation from the capacity of urban hospital g

Sb: Amount of deviation from the budget

Mathematical model:

N H S N H G N
MinFl:Zzzxihs*Cihs'i'zzzzzihgs*a’lgs (1)
i=1 h=1s=1 i=1h=1g=1s=1
H K
MaXF2=ZZlh*th*Fk (2)
h=1k=1
N H S N H G S
Min F3 :Zzzxths*tths+zzzzzihgs*f;1gs (3)
i=1 h=1s=1 i=1 h=1g=1s=1
G
MinF, = Z(Wg * S)+ Wy * S, 4)
g=1
Subject to
H S
D s =1 vieN (5)
h=1s=1
G H S H
ZZZ thszzlehs*YL VieN (6)
g=1h=1s5=1
N S
ZinhSSM*lh VheH (7)
i=1s=1
H
Zlh*PhSB-I-Sb (8)
h=1
N S
szihSSQh VhEH (9)
i=1s=1
N H S
DO D Zugs<Vy+S,  VgeG (10)

...
1l
[y
=
1l
[y
%
1l
[y
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Xins € {0.1} VieEN.heHsES (11)
Zings € {0.1} ViEN.h€HgeG(G.s€S (12)
I, €{0.1} Vhe H (13)
S5.5, 20 VgeG (14)

Since the cost of transferring injured people is uncertain, and if injured person i is an emergency case, the
relief chain should transfer them to an urban hospital, objective function (1) tries to reduce the cost of
transferring injured person i from the location of relief chain h and the cost of transferring injured person
i from the location of relief chain h to urban hospital g using the transportation modes. Objective function
(2) attempts to maximise the impact of factor k on the location of relief chain h. It has already been argued
that affecting factors must be taken into account by the responsible organisations (e.g., government
beneficiaries) to determine the proper location of the road relief chain. Like objective function (1) — that
is, if injured person i is an emergency case, the relief chain should transfer them to the urban hospital —
objective function (3) tries to reduce the time of transferring injured person i from the location of relief
chain h and the time of transferring injured person i from the location of relief chain h to urban hospital g
using the transportation modes. The time needed to transfer the injured people is uncertain. Objective
function (4) intends to control the deviation of the capacity of urban hospital g and the budget to establish
the location of relief chains. (See Hosseininezhad et al. [29] for more details about objective functions (3)
and (4).)

Constraint (5) shows that the injured person i can be transferred only to one relief chain location. Constraint
(6) implies that the injured person i go from relief chain location h to urban hospital g only if injured person
i is an emergency case. Constraint (7) ensures that injured person i goes from relief chain location h to
urban hospital g if relief chain location h is open. Constraint (8) identifies that the sum of the fixed cost of
establishing the relief chain location cannot exceed the available budget and its deviation. Constraint (9)
is about the number of injured people who are transferred to a relief chain location, which must be less
than its capacity. Constraint (10) accepts injured people up to the capacity of the hospital and its deviation.
Constraints (11) to (14) identify the types of variable.

4.2  Solving the proposed model

To solve the model, a numerical example, presented in Table 1, is first solved using mathematical
optimisation software and NSGA-II. This problem has five points: the location of the injured, two relief
chain locations, one urban hospital, two modes of transferring injured people, and two effective location
factors. Also, the maximum value of the budget (B) for constructing relief chain locations is set to 100, and
the penalty for a deviation from the budget is set as Wy, = 500. The problem is solved using the branch-and-
cut method, and the results are shown in Table 2. Then the model is solved by NSGA-Il, whose results are
shown in Table 3. The outputs of mathematical optimisation and NSGA-Il are non-dominated relative to
each other, and so have no superiority one over the other. That is, the decision-maker can select either
solution.
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Table 1: Data of a numerical example

Cins o
1 2 s 1 2 h 1
Ciie [0.60 .66 0.7] [60 66 70] €. [135] [150 160 170] 0 5
Cios [0.75 0.81 0.85] [75 81 85] Cps  [123] [110 120 130] P, g
Cors [02025028]  [202528]
Cons [0.550.62 0.65]  [556265] i 1 2 4
Cars [0.220.250.26]  [222526] ¥, 1 1 1
Cans [0.680.720.75]  [687275]
Cos [0.720.750.78]  [727578] g 1 K 1 2
Cans [02022025]  [202225] v, 5 I, 06 04
Cors [0.68 0.7 0.72]  [687072] W, 1000
Csns [0.25 0.27 03]  [252730]
Rinke
1 2 k 1 2 k 1
Ritk 5 2 R3ik 3 7 Rs1k 6
Rizk 5 4 R3zk 4 2 Rsak 7
Ra1k 2 3 Ry 5 8
Raok 6 2 Razk 4 6
Eins
1 2 s 1 2
Fiis [60 66 70] [0.6 0.66 0.7] Fats [202528]  [0.20 .25 0.28]
Fizs [758185]  [0.750.810.85] Fans [556265]  [0.550.62 0.65]
Fars [222526]  [0.220.250.26] Fats [727578]  [0.720.750.78]
Fare [687275]  [0.680.720.75] F12e [202225]  [0.20 .22 0.25]
Fsis [687072]  [0.680.70.72] s
Fsne [252730]  [0.250.270.3] s 1 2
fis  [150160 170] [135]
. [110 120 130] [123]
Table 2: Results of the experimental problem
Ly=1 Zipgs =1 Xins =1
Ly Zi211 X112
Zy11 Xo11
Sg=0 Z312 X312
Sb=0 Z212 Xa12
Xs12
fi = 479.24 £, = 23.00
. = 270.84 fi=0

93



Table 3: Results of the experimental problem solved by NSGA-II

Ly = Zihgs = Xips =1
L, Zia11 X121
Z211 X221
Sg=0 Z3212 X321
Sb=0 Zy212 Xa21
X521
fi = 641.02 fo = 23.6
fz =112.35 fa=0

In this study, the initial solution of NSGA-Il is expressed as a numerical string. Figure 3 shows the
chromosomes of this problem. In this case, we have the following descriptions: the first chromosome, which
has two rows, indicates which injured person is transferred to which of the relief chains. The length of this
chromosome is the same as the number of injured people. The second chromosome, which has two rows,
represents the injured people transferred from a relief chain to an urban hospital with a length that is
equal to the number of relief chain locations. Based on the current population, the next population is
obtained through selection, crossover, and mutation operators. The selection operator, using the
tournament strategy, selects items that have the potential to move from the current population. First, two
members of the population are randomly selected, and then, if the rank of the two members selected is
not the same, the member with the lowest rank wins; otherwise, the member with the largest distance is
selected.

The crossover operator is then applied to either the first or the second chromosome or to both parents.
Therefore three strategies are considered; and for this purpose, a random number from 1 to 3 is considered.
Now, if the random number is 1, the crossover operator is done on the first chromosome; and if the random
number is 2, the crossover operator is done on the second chromosome; and if the random number is 3, the
crossover operation is done separately on both chromosomes (Figure 4). The mutation occurs on the first
chromosome when the random number 1 is selected, and on the second chromosome when the random
number is 2, and mutations occur in both chromosomes if the random number is 3. That is, after the
chromosome is selected for the mutation, a random number is selected between the upper and lower
bounds, and then the replacement is performed (Figure 5).

Injured i 1 2 3 4 5
relief chain locations j 2 1 2 2 1
modes of transferring s 1 1 2 1 1

decoding Injured i modes of transferring s

N7

L1: [(2,1), (5,1)]
L2: [(1,1), (3,2), (4,1)]

relief chain locations j 1 2
urban hospital g 1 1
modes of transferring s 2 1
decoding
relief chain locations j modes of transferring s

~ S

urban hospital 1: [(2,1), (2,1)]

Figure 3: Chromosome representation
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Figure 5. Mutation operator applied to one parent to create one offspring

In small issues, the outputs of mathematical optimisation and NSGA-II are non-dominated relative to each
other. Consequently, there is no superiority of one over the other. That is, the decision-maker can select
either solution. However, in the larger problem, the exact solution fails to reach the Pareto-optimal
solutions in a reasonable time, while NSGA-II can easily obtain the Pareto-optimal solutions.

5  RESULTS

It has been mentioned that factors that are important to government beneficiaries need to be considered
in the model design. According to Sections 3-1 and 3-2, the factors of the government beneficiaries are
obtained from interviews with experts and inserted into the model. One of the important steps of the
location model is to determine the factors that affect the location. Since the conditions of the location
problem are different for various objectives, a particular method cannot be defined to specify the factors.
In this paper, by using interviews with specialists and literature review, the factors affecting the location
are identified. According to the specialists, the length of the road, the volume of traffic , the number of
accidents, the number of victims, the response time, the intensity of accidents, the number of events, the
volume of traffic, the population, budget limitations, construction and maintenance costs, service level
improvement, low operating costs, reduction of the general travel cost, crossing residential areas, crossing
tourist areas, not crossing environmental zones, membership in transit and international roads, land
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acquisition, and ideal access to other roads that are covered are factors that affect the location of relief
chain on the roads.

Based on our survey, we extract ‘safety’ factors, including the distance from intersections, the distance
from curves and U-turn points, distance from the technical buildings of roads, allowable gradients and the
existence of residential centres; the factor of ‘infrastructural facilities’, including power transmission lines,
water supplies, gas and oil supply stations, telecom lines, and rest areas; the ‘land usage and production
value’ factor, including residential usage or industrial usage, and high production value land (items such as
farms, gardens, forests).

Table 4 shows the final factors, with their abbreviations, used to choose the relief chain locations in the
arterial road network. At this stage, road safety managers are consulted about the factors collected from
literature reviews and the opinions of experts, and the approved factors are selected as the final factors.
After finalising the evaluation factors, a matrix corresponding to Table 5 is designed, and the experts are
asked to rate the impact of each criterion on the others, as shown in Table 6. A simple average of the
opinions is used, and the direct relation matrix M is formed, as shown in Table 7.

Table 4: Ultimate factors in choosing the relief chain location in the arterial road network

Order Factor Abbreviation
1 Length of the toad LR
2 Number of accident points AP
3 Average daily traffic DT
4 Topography of the road TR
5 Number of non-traffic events NE
6 Existence of infrastructure El
7 Service level SL

Table 5: Completed sample form of the relation matrix
LR AP DT TR NE EI SL

LR | - 4 3 2 3 3 3
AP | 0 - 4 0 o 2 3
DT | O 3 - 0 0 0 O
TR | O 4 2 - 2 4 3
NE | O 4 1 2 - 0 3
El | O 2 0 0 0o - 2
SL | 0 4 0 0 o 3 -

Table 6: Rating the intensity of the relationships

Very high effect High effect Very low effect Low effect No effect
4 3 2 1 0

Table 7: Matrix M
LR AP DT TR NE EI SL

LR | - 4 3 2 3 3 3
AP | 0O - 4 1 0 1 3
DT | 0 2 - 0 0o 0 2
TR | 1 2 2 - 2 4 3
NE | O 1 1 2 - 0o 3
El 1 2 1 0 0o - 2
SL | 0 3 1 0 o 3 -
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Figure 6: Diagram of direct relationships

Then the relative intensity matrix that exists among the direct relationships of matrix axM is used to
normalise the direct relation matrix. To do this, the sums of all the rows and columns are calculated, and
then the inverse of the highest element in each row and column is multiplied by all the elements of the
matrix to get the mutual relation matrix. Tables 8 and 9 show the stages of calculating of the relative ratio
of indirect relationships.

Table 8: Matrix M x (1-M)-1

LR AP DT TR NE El SL
LR | 0.036 0.456 0.302 0.161 0.191 0.342 0.345
AP | 0.021 0.137 0.264 0.066 0.011 0.246 0.233
DT | 0.003 0.189 0.044 0.011 0.002 0.041 0.038
TR | 0.136 0.324 0.219 0.048 0.139 0.362 0.315
NE | 0.022 0.346 0.152 0.134 0.018 0.136 0.268
El | 0.061 0.183 0.053 0.018 0.012 0.072 0.165
SL | 0.014 0.283 0.067 0.017 0.004 0.233 0.079

Table 9: Matrix M2 x (1-M)-1
LR AP DT TR NE El SL

LR 0 0.23 0.14 0.05 0.03 0.18 0.18
AP 0 0.14 0.04 0 0 0.08 0.07
DT 0 0 0 0 0 0.04 0.04
TR 0.03 0.21  0.11 0 0.03 0.14 0.15
NE 0.03 0.12 0.10 0 0 0.14 0.10
El 0 0.07 0.05 0 0 0.1 0.05
SL 0 0.06 0.07 0 0 0.07 0.1

Figure 7 shows a diagram of the relative ratio of indirect relationships. According to this figure, the factors
‘number of accident points’, ‘service level’, and ‘existence of infrastructure’ have a self-loop, and these
factors affect themselves. Also, the factor 'number of accidental points’ does not directly affect the factor
‘existence of infrastructure’; however, there is an indirect relationship with a relative intensity of 0.14.
Also, there is no direct relationship with ‘existence of infrastructure’, but the indirect relationship has a
relative intensity of 0.04.
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Figure 7. Diagram of the relative ratio of indirect relationships

The sum of the elements of column D for each factor identifies the effect of that factor on the others. The
sum of the elements of column R for each factor identifies the rate of being influenced by other factors.
Column D-R represents the position of a factor along the width of the latitudes in the final hierarchy of
direct and indirect relationships. In this situation, if the element of column D-R is positive, it is an effective
factor; and if it is negative, it is an influential factor. The value of column D+R also indicates the interaction
between the factors. When the sum of column D+R is higher, that factor has more interaction with and
effect on the other factor, which includes the effect and influence of that factor. The contribution of each
factor is shown in Table 11.

Table 10: Interaction between factors

factor R D D+R D-R
Length of the road 0.297484 1.836559 2.134042 1.539075
Number of accident points 1.921895 0.981808 2.903703  -0.94009
Average daily traffic 1.10432  0.330301 1.434622 -0.77402
Topography of the road 0.459651 1.546165 2.005816 1.086513
Number of non-traffic events 0.378431 1.080805 1.459236 0.702374
Existence of infrastructure 1.435404 0.566848 2.002252 -0.86856
Service level 1.446844 0.701543 2.148387 -0.7453
2
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Figure 8: Diagram of the position of factors in the hierarchy of direct and indirect relations
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Table 11: Share of each factor

Factors Factor’s contribution
Length of the road 15.16
Number of accident points 20.64
Average daily traffic 10.18
Topography of the road 14.24
Number of non-traffic events 10.31
Existence of infrastructure 14.24
Service level 15.23

5.1 Implementation of the proposed integrated model

At this stage, the data for Semnan Province are extracted from the Road and Transportation Organization
database. The exact time and cost data of transferring the injured people are not available, so the data is
fuzzily entered into the model. As mentioned earlier, since budget constraints are among the limitations
of this model, the researcher has attempted to incorporate existing roadside facilities as potential locations
because they have a primary infrastructure. Thus there are 27 potential locations along the road from which
to select the most appropriate locations. The number of accident points is 54, and the number of urban
hospitals is six. The cost of construction, the required capacity of the relief chain location, and the capacity
of the urban hospital are selected and entered into the model ,based on the previous experience of the
experts. Finally, the proposed model is solved using the real data from Semnan Province, using NSGA-II;
and, according to Table 6, points 2, 3, 4, 6, 7, 10, 12, 13, 14, 17, 18, 20, 23, 24 and 26 are proposed to
become the locations of the relief chain (Table 12).

Table 12: Results of the case study using NSGA-II

Ly, = Zipgs =1 Xips =1
Ly La3 Z563.1 Z30.17.21 X1141 Xia71 X2722 X40232
L3 Lay 27322 Z3126.2.1 X2.101 X15.26.1 X2813.1 X131
L4‘ L26 ZB.13.6.2 Z34.6.3.1 X3.14.Z X16.l3.1 X29.12.2 X4Z.3.2
LG 29.17.2.1 Z35.7.5.1 X4.17.l X17.17.l X30.l7.1 X43.l3.1
Ly Z10.142.2 738.20.62 X561 X18.21 X31261 Xa4241
LlU le.18.4.1 Z42.3.2.Z X6.7.l X19.4.1 X3Z.4.1 X45.20.1
Lip Z16.13.62 Z4313.62 X731 X2014.1 X3331 X1622
L1z Z1747.21 2452062 Xg132 X2161 X3461 Xa7122
Lyg Z20.1422 Z47.1251 X917 X22131 X357 X4g241
Li7 2221362 2491721 X10.14.1 X23231 X36.26.2 Xa917.1
Lig Z241841 Zs1.12.51 X11182 X24181 X37182 Xs0.4.2
Lao Z2813.6.2 Z53.2452 X1231 X2561 X3820.2 Xs5118.2
Z29.12.5.1 X13.181 X26.6.2 X39132 Xs212.1
fi =5844 f =1121 Sg=0
f; =17627 f» =12241 Sb=248482

5.2  Results validated by using GIS software

To validate the results of the model, GIS software is used, and the data layers of the factors are prepared.
The study area of this research was arterial roads in Semnan Province that are longer than 60 km. Therefore
the roads studied in Semnan Province are the Garmsar-Semnan road, the Semnan-Damghan road, the
Damghan-Shahroud road, the Shahroud-Miami road, and the Damghan-Moaleman road. Figure 9 shows the
layers of some of the factors. Then, by combining the data layers for each factor, the priority of the roads
is determined. As shown in Figure 10, the Semnan-Damghan road has the highest priority in establishing a
relief chain; the Damghan-Moaleman road has second priority, followed by the Garmsar-Semnan road, the
Damghan-Shahrood road, and the Shahrood-Miami road in third to fifth places respectively. With a maximum
of 20 minutes to reach each relief station, and an average speed of 75 km/h for all roads, the distance of
25 km from the cities is excluded from the selected research area. Thus Figure 11 is a set of suggested
focus points for locating relief chains.

99



Legend
ety

Arterial Roads of Semnan Provice

Index
- 140783
e 148687
——— 2425256
e 248645
e 250364

= worder

Garmsar

Third

Semnan

Figure 9: Data layers of the factors

Fifth

M
Damghan //SI‘ _— iami

Gt

Monaleman

oz

Figure 10:

Priority of the roads

100



37
2

Damghan - Shahrood
——— Damghan - Moaleman

\

Figure 11: Suggested focal points for locating a relief chain

A comparison of the results of the model with the results of the GIS show that 85% of the points are the
same.

5.3 Sensitivity analysis

To determine how some independent variables impact the output of the model, a sensitivity analysis is
used. Figure 12 shows the sensitivity analysis of the capacity of relief chain (Qx). As shown in this figure,
the second and fourth functions (F1 and F4) are constant as the capacity of relief chain (Qn). changes. But
the third function (F3) increases, and the first function (F1) decreases. Figure 13 shows the sensitivity
analysis of the capacity of urban hospital (V). This figure shows that the second function (F2) is constant
as the capacity of urban hospital (Vg) changes. However, the first function (F1) increases, and the third and
fourth functions (F3 and F4) decrease. Changes in the fourth function (F4) show that, if the capacity of the
hospital increases, the penalty for deviation from the capacity of urban hospital (Vg) moves to zero.
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Figure 12: Sensitivity analysis of the capacity of relief chain location (Qn)
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Figure 13: Sensitivity analysis of the capacity of urban hospital (Vg)

Figure 14 shows the sensitivity analysis of the budget to establish relief chains (B). This figure shows that
the second and third functions (F; and F3) are constant as the penalty for deviation from the budget
changes. However, the first and fourth functions (F1 and F4) decrease. Changes in the fourth function (F4)
show that, if the budget to establish relief chains increases, the penalty for deviation from the budget
moves to zero.
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Figure 14: Sensitivity analysis of the budget to establish relief chains (B)
6  CONCLUSION

Road accidents are among the unnatural (man-made) disasters that human societies face as the use of car
expands. The destructive effects of road accidents on the economy, society, and people’s health have
made it a serious disaster. Various measures can be taken to manage the disaster caused by road accidents
and to reduce the resulting casualties. This article has attempted to consider the pre-positioning of a relief
chain as a strategy for disaster management in the face of road accidents in Semnan Province. Thus a multi-
objective model with different modes of transportation was provided. The explored objectives were: i)
minimising transferring costs, ii) maximising the value of the factor of the relief chain location, iii)
minimising the transferring time, and iv) maximising the penalty to control the deviation of capacity and
budget. These objectives conflict with one another. Also, the model is nonlinear; and by increasing the
problem sizes, the computational time to solve the model increases exponentially and makes this problem
hard. Thus solving these problems using an optimal solution is not possible. The population-based approach
of the NSGA-II algorithm makes it very suitable for multi-objective problems; so that this method was used
to solve the model ;and the uncertainty of transferring time and its cost was also considered using a fuzzy
approach.
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Government stakeholder reviews in the field of road traffic accidents, designing effective factors for relief
chain locations based on interviews with experts, using the DEMATEL method to measure the factors’
contribution, applying the factors in solving the model, and finally validating the model by using GIS
software — these were the innovative aspects of this research. In this paper, the length of the road being
considered, the number of accident points, the average daily traffic, the topography of the road, the
number of non-traffic events, the existence of infrastructure, and levels of service were the factors
identified by experts in the field of safety. Then the impact of each of them was calculated and applied in
solving the model.

This paper studied the arterial roads of Semnan Province. Future research could address this issue on a
larger scale, focusing on all the roads in the country. The best combination of transportation systems and
relief equipment could also be explored in future research. Measuring the risk of transferring injured people
from the location of an accident to the relief chain’s location and, if needed, relocating the injured from
the relief chain to an urban hospital, and investigating risk reduction strategies could be the ways to
continue this research. A fine might also be imposed to change the mode of transport and so reduce the
likelihood of road accident injuries.
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