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Abstract: Organizations have been always attempting to increase market share and competitive advantage. To
achieve the aim, efficiency and effectiveness play an inevitable role in supply chains. Moreover electronic methods,
information technology and interconnections have been made more effective organizations and firms in changing
environment of markets. With e-business emerging as a key enabler to drive supply chains, the focus of supply chain
management has been shifted from classic production to electronic customer-driven approaches. These changes
propose new challenges in supply chains and have had great influence in construction of them. What worsens the
situation is to postpone customer needs which has also called for another challenge under the name of delay risk. In
this paper a mathematical model is developed for the quantitative assessment of delay risk based on occurrence
scenarios. Therefore, for the entire risk estimation, tree of scenarios is constructed. The risk assessment model
considering domino effect, will be built in order to carry out the overall quantitative risk assessment.
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1. Introduction (van et al., 2008) and constitutes a needful tool for the
A supply chain is a worldwide network of safety policy of a company. The diversity in risk
organizations and their associated activities that work analysis procedures is such that there are many
together to produce value for the customer. Supply appropriate techniques for any circumstance and the
chain management represents a critical competency in choice has become more a matter of taste (Cuny and
today’s global market. By adopting e-business Lejeune, 2003). A brief review in literature shows the
approaches, supply chains can, more rapidly and risk analysis and assessment (RAA) techniques are
effectively, reap the benefits of reduced costs, classified into three main categories: (a) the
increased flexibility and faster response times qualitative, (b) the quantitative, and (c) the hybrid
(Trkman and McCormack, 2009). Nowadays, supply techniques (qualitative-quantitative,
chain networks that are temporarily integrated and semi-quantitative). The qualitative techniques are
driven by demands have emerged and operated for the based both on analytical estimation processes, and on
lifespan of the market opportunity. However, the the safety managers engineers ability. According to
widespread use of information technology to create quantitative techniques, the risk can be considered as a
electronic linkages among partners may also result in quantity, which can be estimated and expressed by a
unintended adverse effects on supply chain flexibility. mathematical relation, under the help of real
Supply chains are confronted with increased business accidents’ data recorded in a work site. The hybrid
dynamics from both demand and supply, complex and techniques, present a great complexity due to their ad
dynamic relationships between partners, and much hoc character that prevents a wide spreading. Below, a
shorter response times to changes (Wang et al., 2008). quantitative risk assessment method which can be
For many global supply chain networks that can appropriate for applying in interconnected supply
comprise hundreds of companies with over several chains, is presented. The presented model is based on
tiers of suppliers and intermediate customers, there are the concept of this quantitative method (Brouwer and
numerous presenting risks to consider and tackle (Goh Blois, 2008).
et al., 2007). Furthermore, risk assessment is an 1-1. Quantitative assessment of domino scenarios
essential and systematic process for assessing the (QADS). The domino effect is assumed as an accident
impact, occurrence and the consequences of human in which a primary event propagates to nearby
activities on systems with hazardous characteristics equipment, triggering one or more secondary events
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resulting in overall consequences more severe than
those of the primary events. Furthermore, an accident
is usually considered as a “domino event” only if its
overall severity is higher or at least comparable to that
of the primary accidental scenario, while domino
accidental scenarios result from the escalation of a
primary accidental event. The escalation is usually
caused by the damage of at least one equipment item.
Due to the effects of the primary event, four elements
may be considered to characterize a domino event: (i)
A primary accidental scenario, which triggers the
domino effect. (ii) A propagation effect following the
primary event, due to the effect of escalation vectors
caused by the primary event on secondary targets. (iii)
One or more secondary accidental scenarios, involving
the same or different plant units, causing the
propagation of the primary event. (iv) An escalation of
the consequences of the primary event, due to the
effect of the secondary scenarios (Mebaraki et al.,
2012). The quantitative assessment of domino
accidents requires the identification, the frequency
evaluation and the consequence assessment of all the
credible domino scenarios, including all the different
combinations of secondary events that may be
originated by each primary event. The identification of
the credible domino scenarios should be based on
escalation criteria addressing the possible damage of
equipment due to the physical effects generated in the
primary scenarios. In the approach to the frequency
assessment of domino scenarios, the damage
probability of a unit due to a given primary event may
be considered independent on the possible
contemporary damage of other units (Marhavilas et
al., 2011).

Regarding the characteristics of supply chains,
calculating the risk in these systems is never an easy
task as there are many qualitative factors concerned
with designing and decision making processes. In the
literature, domino events are widely employed
methodology to facilitate risk calculation process,
because of existing interactions between different
units. Despite of the vast research efforts on risk
assessment, all works dealt with supply chain risks
focus on particular supply chain risks and/or contexts,
but do not explore the process of supply chains such
as rate, distance and performance of different units,
however these considerations ameliorate abnormalities
in supply chain processes and integrate decisions
across the supply chain. Their approach to risk
estimation is limited as they do not provide the basis

for an integrated supply chain management framework.

In this paper, these previous works are synthesized
and extended through the development of a modeling
procedure for a supply chain and calculating the risk
deal with supporting customers. The proposed method
is enriched by estimating escalation of domino effect
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in a supply chain.

The rest of the paper is organized as follows. In
next section related materials and method is
introduced for modeling process. It formulates a
model and solution methodology to estimate domino
effect based on mathematical and statistical methods.
Section 3 provides results of implementation. Then,
conclusions and future research opportunities are
addressed in the final section.

2. Materials and Methods

Domino phenomenon has been recognized long
before, but the definition of the domino effect has not
been unified. Many scholars give the different
definition in different literatures, but it is generally
believed: domino accident is that an initial accident
happens and spreads to neighbouring device, makes
one or more secondary accidents happen, and then
leads to more serious consequences accident than
initial accident (Aihua et al., 2012). In addition the
assessment and mitigation of industrial risk, the
analysis of potential escalation of primary scenarios
leading to severe accidents due to ‘‘domino effect’” is
of utmost importance (Antonioni et al., 2009).
Therefore, the linear model is developed in this
section by means of different domino scenarios and is
applied in mathematical formulation afterwards. The
modeling process includes 4 steps:

step 1. Identifying the concept of supply chain
process.

step 2. Illustrating failure scenarios in supply
chain. Mapping all failure scenarios are not an easy
task, as failures are not homogeneous and different
consequences are result of different activities.
Furthermore, different scenarios occur in different
period which can not be recognized. With considering
different failure events in a scenario, tree of scenarios
can be traced. Figure 1 shows a failure scenario in a
supply chain.
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Figure 1. Tree of scenarios in a supply chain

S, is first scenario showing that there is failure
mode starting from unit 1, then unit 2 and 3 may/may
not work properly.

S5 is second scenario showing that there is failure
mode starting from unit 2, then unit 3 may/may not
working properly.
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S5 is third scenario showing that there is failure
mode in unit 3, then unit 1 and 2 are working properly,
but we never consider S;in modeling activities, since

more than one unit is needed for estimating domino
effect.

step 3. Calculating occurrence probability of scenario by means of probability rules in relation (1):
a, = P(failure in scenario S)) = P( failure in 1U failure in 2U failure in 3)

a, =1- P(failure in 1) failure in 2() failure in 3)

Step 4. All parameters, decision variables and
scenarios are introduced here, as follows:

i index of subagents

j index of domino effects

a set of failure probability of agents (a; denotes
failure probability of agent 7).

xe10,1; .

x set of subagents ( { }, if x=0 then the sub
agent is out of order and will not take into account in
scenario).

z set of target agents (Z < {0’1} , if z=0 then the
agent is out of order and will not take into account in
scenario).

¢ set of domino effects (c; denotes j-th domino
effect caused by i-th subagent).

n active units in a scenario.

Thus domino effect estimation modeling depends
on how scenario occurs and is constructed as follows
in relation (2):

max = Hcl-jxl-

2a;x; + Zcijxl- <a,z
1 LJ
Xx;+z=n+l
' 2
¢; 20

Then we apply the model to S; for instance and
describe solution methodology.

In S}, there is failure mode starts in unit 1, then
units 2 and 3 affected with the failure. This scenario
contains 4 failure modes as following:

1) Unit 1 has a failure but units 2and 3 are
working properly, then failure of unit 1 propagates as
domino effect. It is calculated by means of relation (2)
and results relation (3):

max =c, X, Xc,X,

ax, tcx,te,x,<az
X, +tx,+x,+z =4

€€, 20

€)
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(1)

Where failure in x; propagates to x, and x; and
domino effects is limited by a. (probability of the
scenario), calculated by relation (1) and results
relation (4):

a, = 1- P(failure in 1/ failure in 2 N failure in 3)
“4)

a, = P(failure in scenario) = P(failure in 1 Ufailure in 2 Ufailure in 3)

2) There are failure mode in units land 2, then unit 3
is working properly. Therefore modeling process will
consider domino effect from 1, 2 in relation (5):

max = ¢, X, X, , X,

ax, +a,c, X, +¢,,,Xx

25112 (1,2)273 Sazz

X +x,+x,+z=4

C1>Cluay >0

112

)
Where failure in x; and x, propagates to x;.
3) There are failure mode in units land 3, then
unit 2 is working properly. Domino effects come from
units 1 and 3 in relation (6):

max = ¢ X, X c(1)2)2x3

ax, +c¢, x, +a,c,,,x

3%(1,2)27"3 < az

X +x,+x,+z=4

¢,,¢, 20

(6)

4) There are failure modes in units 1, 2 and 3,
then all units are responsible for domino effects in
relation (7):

max = ¢, X, XC ,,%;

a,x, +a,c, X, +a,c,,,x

251172 3%(1,2)27"3 Sazz

X +Xx,+x,+z=4

Cp15Clapn 20

112

()

This modeling process continues for S,, as well.
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Since this procedure suggests linear models all the
models are solved in Lingo software easily, thus it
simplest the methodology of assessment in a supply
chain.

3. Results

In order to evaluate the possibility of modeling a
series of computational tests is run in this section.
Required data have been obtained from expert teams
that have designed the electronic supply chain network
since specialists in this field are appropriate options to
evaluate reliability of supply chain. Table 1
demonstrates failure probability of all units:

Table 1. Failure probability of units obtained from
expert teams

units Failure probability a,
1 0.12 0.3
2 0.14 0.3
3 0.07 0.3

Construction of model in supply chain A:
scenario S; is assumed and data are assigned in
relation (3) as following and solution is provided by
Lingo:
max = ¢, X, XC,X,

0.07x, + ¢, x, +¢,x, <03z
X +x,+x,+z=4

C

11’C12 20

and all information provided in table lare
assigned in relations (5)-(7). Results gained from Lingo

software are demonstrated in Table 2:

Table 2. Domino effects gained from Lingo

Supply chain Scenario Domino effect
A M (0.115,0.95)
M (0.1,0.83)

Since in some models produce two separate
domino effect, it is preferred to consider this effect as
interval scale. In other words, the deterministic model
will be led to better responses, without loss of
modality, if all answers are adapted to interval data.

4. Conclusion and discussion

The industrial world as we know it today has
become a global network of demand and supply nodes,
interlinked through interacting logistics systems. The
Internet and related ‘e-services’ have opened up the
demand and supply markets of the world, so that the
‘next-door’ marketplace could as well be the
‘next-continent’ marketplace. These systems are
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complex entities with multiple physical and virtual
relationships, and multiple internal and external
interfaces which are the major preference in research
arias. Judging from the growing number of papers in
research journals and various stories in professional
magazines, supply chain risk management is a field of
growing important. Thus estimating the risk and
managing it, is critical for today’s supply chains. In
this paper we focused on quantitative methods of risk
measurement, in particular estimating domino effect.
In addition, a linear model was presented for
estimating domino effect which is understandable with
mathematical relation and easily be solved with Lingo.
As supply chains shifted to e-services, some other
variables such as net transactions can be apply in this
model which can be considered as further researches.

Correspondence to:

Leila Ahmadpour.
Industrial Engineering Department, Faculty of
Mechanical and Industrial Engineering, Qazvin

Branch, Islamic Azad University, Iran.
Tel: +982813665275.

Emails: l.ahmadpour@giau.ac.ir
leila8061@gmail.com

submission date: 14-Jun-2014

Reference

1.  Aihua LIU, Chao WU, Xiaoqin PENG. Research
on area risk assessment for chemical park based
on domino effect model. Procedia Engineering
2012; (45)47 -52.

2. Antonioni G, Spadoni G, Cozzani V. Application
of domino effect quantitative risk assessment to
an extended industrial area. Journal of Loss
Prevention in the Process Industries 2009; (22)
614-624.

3. Brouwer R, Blois CD. Integrated modelling of
risk and uncertainty underlying the cost and
effectiveness of water quality measures.
Environmental Modelling & Software 2008; (23)
922-937.

4. Chopra S, Sodhi S. Managing risk to avoid
supply chain  breakdown. @ MIT  Sloan
management review 2004; (46) 1.

5. Cuny X, Lejeune M. Statistical modelling and
risk assessment. Safety Science 2003; (41)
29-51.

6. Goh M, Lim YSJ, Meng F. A stochastic model
for risk management in global supply chain
networks. European Journal of Operational
Research 2007; (182), 164—173.

7. Marhavilas PK, Koulouriotis D, Gemeni V. Risk
analysis and assessment methodologies in the
work sites: On a review, classification and
comparative study of the scientific literature of



Report and Opinion 2014;6(1)

http://www.sciencepub.net/report

10.

the period 2000-2009. Journal of Loss
Prevention in the Process Industries 2011; (24)
477-523.

Mebaraki A, Jerez S, Matasic I, Prodhomme G,
Reimeringer M. Explosions and structural
fragments as industrial hazard: domino effect and
risks. Procedia Engineering 2012; ( 45 ) 159 —
166.

Trkman P, McCormack K. Supply chain risk in
turbulent environments—A conceptual model for
managing supply chain network risk. Int. J.
Production Economics 2009; (119) 247-258.
Van der Voort MM, Klein AJJ, de Maaijer M,
van den Berg AC, van Deursen JR, Versloot

1/16/2014

51

11.

12.

NHA. A quantitative risk assessment tool for the
external safety of industrial plants with a dust
explosion hazard. Journal of Loss Prevention in
the Process Industries 2008; 20(4-6), 375-386.

Wang M, Liu J, Wang H, Cheung WK, Xie X.

On-demand e-supply chain integration: A
multi-agent constraint-based approach. Expert
Systems with Applications 2008; (34) |,
2683-2692

Kadri F, Chateletc E, Chen G. Method for
quantitative assessment of the domino effect in
industrial  sites. Process Safety and
Environmental Protection 2 0 1 2; 324.



