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Abstract - The trend of globalization and the development of the communication-Information technology have led the organization of a
complex supply chains which are more vulnerable to risks. The impact of risk on the supply chain can be adverse so importance of risk
management on a supply chain has increased. In order to analyze the risk factors of transport system, this study described about the
definition of transport risk and investigated the relationship between likelihood index and eflect index of each risk factor. We identified
risk factors on transport system and measured likelihood index and efilect index of each risk factor. Finally, a numerical risk index, which
Is a value of total transport system, has been resulted by aggregating all indices. In addition, a case study using the proposed method
has done on a heavy vehicle transport context with a transport company.
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Table 1 Description of similar terms with reliability in the literature

Term Author Description
Ferdows |The ability of a network to cope with
(1997)  |changes in the competitive environment.
Asbjernslett [The system’s ability to resist an
and accidental event and return to do its
ausand |intended mission and retain the same
(1999) |stable situation.
The ability of a supply chain design to
Mo and |[find a supply chain configuration that
Harrison |provides robust and attractive
(2005)  |performance while considering many
Robust- sources of uncertainty.
ness Bm;td saclhuh The ability of supply chain to maintain
(2006) a given level of output after a failure.
Chandra
and The supply chains ability to withstand
Grabis  |external and internal shocks.
(2007)
Dong  |The ability of a supply chain network to
(2006), |carry out its functions despite some
Dong and|damage done to it, such as the removal
Chen of some of the nodes and/or links in a
(2007)  |network.
Hamel and The capacit for continuous
Valikangas( wpacity
2003) reconstruction.
The ability to react to an unforeseen
1 disturbance and to return quickly to
Resilien- \Peck (2005)|ip iy original state or move to a
ce new.
Dinh et |Resilience helps to recover system states
al.(2012) |after incidents take place.
Soni et |The ability of a system to return to a
al.(2014) |stable state after disruption.
Skipper and |The ability of a system to face, resolve
Hanna |and, if necessary, exploit unexpected
Flexibil- (2009)  |emergencies.
ity Juttner and
Maklan |The ability to supports sensing disruptions.
(2011)
. The capability that embraces
gﬁ:sp}%%};ii organizational  structures,  information
(2001) systems, logistics processes and in
Agility particular, mind sets
Christopher The ability of an SC to respond quickly
and Peck N dictable ch
(2004) [t unpredictable changes.
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Term Author Description
. 1|The capability of the firm, internally,
Brillmzrclgeld and in conjunction with its key partners,
Suresh |t adapt or respond in a speedy manner
(2009) to  marketplace changes as well as to

potential and actual disruptions
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System Risk Analysis

5 o N Risk System Risk System
Risk Analyzing Modelling Evaluation
Identifying risk
factors. *Identifying *Aggregating Risk
« Assessing correlation indices.
likelihood index. between risk *Evaluating the
* Assessing effect factors. system.
index. =Structuring risk *Strategizing for
» Aggregating the system. better system.

indices(risk index).,

Fig. 1 Process of system risk analysis
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Table 2 Classifications of transport risk factor on researches

Factor Vehicle| Driver | Road |External (Telljifq?lr‘lal) Network
factor | factor | factor | factor £ factor
actor
Hakkanen and
Summala(2001) v v v v v
Rodrigue et
al.(2007) v v v Y
Logistics
research v
centre(2008)
Stecke and
Kumar(2009) v v
Wang and
Wang(2011) v v Y
Bradley(2014) v v v
Aqlan and v
Lam(2015)
Chen et
al.(2015) v v v v

Sgzow 4

t}.(Wang and Wang, 2011) ¥
Hig o2 Ak glaa dx} 47}*]‘2 =R, 4
o]

137141 9] &9f el=a A4S & 39 2

Table 3 Risk factors on transport system

Classification Risk factors

. Defective vehicles

a. Vehicle Factors . Vehicle without functional equipment

. Excess load

. Drivers shortage

. Lack of experienced drivers

b. Driver Fact -
river Factors . Driver’s health problem

. Driver’s carelessness

. Traffic congestions

O |0 Q|| N[ |W[N[—

c. Road Factors . Low quality of roads

10. Reconstruction on roads

11. Drivers strike

d. Envi tal -
nvironmenta 12. Natural disasters

Factors ..
13. Terror activities
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and safety, 2009; Lavastre, et al., 2012, Ordouer, et al., 2014)
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0.2
0.3
0.4

Score
0.1

0.5%
1%

10%
10%

=

<

No discernible effect.
0.001% < Loss on business profits < 0.1%
A deviation of transport time approximate

Cost effect evaluation criteria
Time effect evaluation criteria
Notoriety effect evaluation criteria
Loss on business profits < 0.001%
A deviation of transport time approximate  0.1%
0.1% < Loss on business profits
A deviation of transport time approximate
Defect noticed by 25% of customers.

Defect noticed by discriminating customers
1% < Loss on business profits

Degree
None
Very
Minor
Minor
Very

Table 4 Evaluation criteria for effect index
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Low A deviation of transport time approximate  20% - = . B 2o e
Defect noticed by 50% of customers. ‘j’H Arellds elaae] A SAREE R
10% < Loss on business profits < 15% A1 (Fault Tree Analysis: FTA)S o]833 o™ (Tixier et
Low A deviation of @smﬂ time approximate  35% 0.5 al, 2002), o]= oAz Ha Az} A€ HI|AF)E= AL
Defect noticed by 75% of customers.
Ao WAHES AGS] S8 olgHE JEE BaH

15% < Loss on business profits < 30%
Moderate | A deviation of transport time approximate 55% | 0.6 t}.(Choi, 2012).

Customer somewhat dissatisfied. ool = )y = oaz A ~Elo] pARFS uk
30% < Loss on business profits < 50% AT | FTAZ S84t Al=mlel 288

=
High | A deviation of transport time approximate  80% | 0.7 | “3A71E glxzie] @A el SFAFE Fabet 2229
Customer dissatisfied. 22 zEste  HAY gr2aEs ] }S]-% HFH O 2

D i < 709 . . -
Very 504)4< Loss on bus1pess proﬁt§ = 70% RTA(Risk Tree Analysis)& A|¢tsttl, #|ot®E RTAE FTA
high A deviation of transport time approximate  100% | 0.8 o~ e - } o mx .
Customer very dissatisfied. o FYsH HEH f=3E AYsta, olE WA= I

70% < Loss on business profits < 90% o AFAS BFEA Ttz Aot}

Hzados The shipment will not arrive 0.9 Aol & Woa) g ol xhie Al el kol 4]

2 A= 22 e
Imposing penalty by Regulation RTA olA 718 252 /lxhs Alzm el A
Loss on business profits > 90% o] gla2 ofush, @i gHEAT =7 g2z A

Very | No information about the station of  transport 1
Hewacis either arriving or not
Suspension of business by Regulation
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WA= AezA, (o] 7155 EA3CHPallavi and Alok,

2015).
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-

st} (Yacoub and Ammar, 2002; Canadian center for
occupational health and safety, 2009; Lavastre, et al., 2012;
Ordouer, et al., 2014)
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Fig. 4 Serial and parallel Rules
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Table 5 Risk indices and aggregated risk factor
) ) ) Ri.sk Risk
Basic Risk Factors Likelihood Effect Ind
Index
1. Defective vehicles 0.376 0.34
2. Vehlcle without functional 0 023
equipment

3. Excess load 0.040 0.34

4. Drivers shortage 0.054 0.46

5. Lack of experienced drivers 0.015 0.58

6. Driver’s health problem 0.164 0.58

7. Driver’s carelessness 0.002 0.39

8. Traffic congestions 0.043 0.46

9. Low quality roads 0.544 0.31

10. Reconstruction on roads 0.065 0.26

11. Drivers strike 0.0002 0.50

12. Natural disasters 0.077 0.45

13. Terror activities 0.007 0.61

3 A9ns 4 |

o] 0612 7bg ¥& o Uehth ol HEH Jgw
08 AlHE dFEA 07, 7199 344 dFEA 045 1
e grozA A1) o] &3ty =&AL

o) El, = {/Cpy X Tyy < Ry ®)

= 3/0.8x0.7x0.4=0.61

olsh pe WA ow LARY ABEAG AL AR B
Fw A ARl PR Gl £ AR 2 058 =F
HAh o2 e sEAUIGS, 717l dol Zh7F 050, 0.45
2 RE oItk WAL MR S5ayHe] A vl

& JGIAFE Hol= AL FUT

P EAFAE 2EA =] g Axjel] g A
Fob FAT g2 A (©2)E ol&ate] ke, A WA =
I RIARD AFAZ Y] glaA AAE EEFSe AlEE B
) rf, = LI X EIL (6)

= 0.376 < 0.34 = 0.128
AolMe &9 LI ¢ ELE 0376, 0342 )8, rf,
o] 0.128% 2tEE AT oo} e WA oR F IHA AFE
FArgt glaa A Ade 29 33 2k 2 gaa AF

A3 cow vdate] ol gl
TR Rao] b e gl Ag 3l 01692 =

: AZEA T} 00952 9
93 A5 £2E 374 @aa Qae)

- 153 -



Basic Risk Factors Risk Index
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1. Defective vehicles 0.12784 | NN
6. Driver’s health problem 0.00512 |
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2. Vehicle without 0
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Fig. 5 Aggregated risk index
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