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Study on Reliability Measurement of Multimodal Transport
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Abstract: The weak points in multimodal transport are analyzed by constructing a reliability measurement
model to improve the dynamic adjustment ability of enterprises in the event of unexpected events in
multimodal transport and reduce economic losses. The influencing factors of multimodal transport reliability
are analyzed from both internal and external perspectives, the multimodal reliability evaluation indicator
system is constructed, and the reliability fault tree is built. The fault tree is transformed into Bayesian
network by applying the fault tree-Bayesian network method, and the event failure rate of each influencing
factor is calculated. The reliability of road, railroad, and waterway transport is measured respectively by
using Bayesian network model. The reliability of multimodal transport paths is evaluated by using the
multimodal transport reliability calculation model. The influencing degrees of different influencing factors on
the reliability of multimodal transport system ( event importance) are calculated, the weak links of the
multimodal transport system are determined, and the measures to improve the reliability of the multimodal
transport system are proposed. The case study result shows that (1) the reliability of rail transport is the
highest, the reliability of road transport is the second, and the reliability of water transport is the lowest; (2)
the reliability of multimodal transport parallel system is higher than that of series system, and there is a

positive correlation between the number of parallel system traffic distribution and the reliability of multimodal
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transport; (3) the stability of market environment among the external influencing factors of reliability and the

limitation of transport routes in road transport among the internal influencing factors of reliability, the limited

capacity of carriers in rail transport, and the temporary cancellation of liner in waterway transport are the

main factors affecting the reliability of multimodal transport.

Key words: transport economics; reliability model; fault tree analysis method; Bayesian network ;

multimodal transport
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Tab.1 Reliability evaluation indicator system of multimodal
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Fig. 1 Fault trees of influences on multimodal reliability
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Tab. 2 Failure rates of basic events of external influencing
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Tab.7 Prior probability and posterior probability of

basic events of external influencing factors of

multimodal transport
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Fig. 8 Comparison of prior probability and posterior
probability of basic events of external influencing factors of

multimodal transport
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Tab. 8 Statistics of prior probability and posterior probability of basic events in multimodal transport
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Fig. 9 Comparison of prior probability and posterior

probability of basic events in multimodal transport
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Tab.9 Statistics of prior probability and posterior probability of basic events of railway transport in multimodal transport
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Fig. 10 Comparison of prior probability and posterior
probability of basic events of railway transport in

multimodal transport
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Tab. 10 Statistics of prior probability and posterior probability of basic events of waterway transport in multimodal transport
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Fig. 11 Comparison of prior probability and posterior
probability of basic events of waterway transport in

multimodal transport

XPECAER, FEFT A FEARF R, Yy B, 514
SFIITBOHE Y, SCEAT R A Y,y A GERAERIR
MG SRR B, P BERE . A 4 Al I IO B4 S
SomER A, H AT AL PEAS A i IO 2 22 3N
JK RIS ER Y AP A R Y, OO S A 1 2 R

LU

(1) sk 77 Rl S PEAfAE 22 500 FrP k%
ST DL E TS G A S L R K T Y el 8
shH AR AR, AR OK RIS R, BRARHY
TR TSR

(2) ZAHREH BRG] FE 1k 2 m T R R
G R REYE, I H B I IE R Gtiz 73 e YR 3
m, ZXGs K RSB BT R, FIRRGEH A 2



54

s, %. 2zl

FETEDN EEIF ST 183

ZOTHRRY s i B AR PR I R GE AT Sk TR IR R G rh
ﬂﬁlﬁz%%h,é& LI I D 2 L
Z AP IEF 1817

(3) AN E R, W%ﬂ X} 22 A A2 1)

WK, HUOERRETIE R 17l &k REGR KR
AIBERIE: 25 KA F . BRI ﬂm&%ﬂ%

BRIz g HE, R AkE k&, R,
Al Al 7 3T R E RN AT, ik 2 ks
LA,

(4) Wk R 2, S [A)s o = v 55 B
WAFE . ABkisk, BRI H s 1

s Bk fih, s 8 TR R PR 2 H
AIERT s Kk Iza rh, BERE Y i o BB 2 e i 5

APRAT o Aol AT 38 S A B R 25 F 15 S B LA 2 2k A
ez e, B0k b e A ) SR K A B i
ST I 114 0 2 S5 5 it A A A1 2 0% 3 g XU o
b AT U DA B i iz it RIS 1B 2 RE T

S 3k

References :

(1] EXDY, 80, e & JLT4tis NkHE i
iz SCkEEIR [J]. HEf#z, 2020 (2) : 108-110.
WANG Yun-fanng, FAN Jin-ming, FAN Hua, et al.

Literature Review of Multimodal Transport Based on

Shipper Choice Preferences [ J]. China Storage and
Transport, 2020 (2) . 108-110.

(2] #dh BT ARG LR 2 XS SO0 5 4n 1k R4

T [J]. BRilishi 548955, 2019, 41 (8): 64-67,
76.
YANG Lei. A Study on the Construction of Performance
Evaluation Index System for Multi-modal Transportation
Based on System Engineering [ J].
Economy, 2019, 41 (8) . 64-67, 76.

(3] ik, BAHEE. SR b s i M A B e shas [T ].
i [ 2 Rk aa )k, 2014, 24 (7). 50-56.

SHUAI Bin, HUANG Li-xia.

Rail Transport and

Developments in Research

on Assessment of Risk in Hazardous Materials

Transportation [ J]. China Safety Science Journal, 2014,
24 (7). 50-56.

(4] Xk, SH%, A, &5 RJE N A Rk Y

B 22 B brit il -2 AUoa R [T]. o [E8 PLRL
2013, 21 (2): 144-151.
LI Shuang-lin, MA Zu-jun, ZHENG Bin, et al. Fuzzy

Multi-objective Location-multimodal Transport Problem for
Emergency Material Distribution during Initial Post-

earthquake Period [ J].

Chinese Journal of Management

[5]

(6]

[7]

(8]

(9]

[10]

[11]

[12]

Science, 2013, 21 (2). 144-151.

WEN], 2%z, #hEFE, % AET KT 58K
AR B R e RE R (] A HAAR, 2018, 15
(8): 1256-1264.

FAN Hou-ming, LI Cai-yun, JIANG Xiao-dan,
Inland Port Location Problem Considering Path Reliability

et al.
and Demand Uncertainty [ J ]. Chinese Journal of
15 (8): 1256-1264.

ZHANG 7, ZHAO J, CUL J, et al. Reliability Analysis of

Management, 2018,

Logistics Network of Rail-sea Intermodal Transportation in
Internet of Things Environment [ J]. Journal of Coastal
Research, 2018, 83. 823-827.

X EAHT. BT = MO R BT i 1 10 2 b R g T e
PERFIE [J]. 283520k, 2017 (19): 39-40, 42.
LIU Jing-heng. Research on Reliability of Emergency
Supply Chain Based on Triangular Fuzzy Hierarchy
Analysis [J]. Economic and Trade, 2017 (19) : 39-40,
42.
FERTS. ATE SR Petri 0044 i (N B AT 52 L2 I
R[] HFEAL TR S BT, 2017, 53 (5): 260-
265, 270.
REN Da-yong.
Chain Based on Intuitionistic Fuzzy Petri Net [ J ].
2017, 53 (5):

Reliability Diagnosis Model of Supply

Computer Engineering and Applications,
260-265, 270.

WU C, BARNES D. Design of Agile Supply Chains
Including the Trade-off between Number of Partners and

Reliability [J].

The International Journal of Advanced

Manufacturing Technology, 2018, 97 (9). 3683 -
3700.
HBST-, XIET7. BT DU -GO £5-4 75 iy P fidix

RGNS [J]. Tk TR, 2019, 22 (4): 23-
30, 48.
BAI Xiao-ping, LIU Bing-fang. A Research on Reliability
of Express Delivery System Based on Bayesian-GO Method
[J]. Industrial Engineering Journal, 2019, 22 (4). 23—
30, 48.

B, EA0%, ket B — g SRR Y
BP Mhze o 2 i 0SS (], LBkt 55, 2019

(B51): 161-164.

DENG yang-yang, WANG Shao-hua, ZHANG Liang-xing.
Application Research of BP Neural Network to Two Level
Reliability Evaluation Model of Supply Chain [ J ].

Machinery Design and Manufacture, 2019 ( SI ).
161-164.
LR, 2 B i I ) vl 5 = R DA P 2% 31 [T ].

HEYLTRESR A, 2019, 55 (6): 265-270.

(T2 190 ®)



190 VAN S 1 S 4 39 %
Model [J]. Control and Decision, 2005 (8): 866 — LIU Dong-hua, LIU Mao, REN Chang-xing. Estimating
872, 8717. Water Pollution Risks Arising from Road Accidents [J].
[14] FFHF, 8k TR YE 2B iR TE T XS Journal of Safety and Environment, 2008, 8 (6):
Ty [J]. RSB, 2018, 18 (3): 849-853. 140-143.
WANG Jing-chun, ZHANG Fa. Risk Assessment of the [17] ABH¢, REZ. G5 IE KB & XS TEN 5040 ik
Deep Foundation Pit Based on the Entropy Weight and 2- L sE R [J]. 4 5 BE#EW, 2007 (3):
dimensional Cloud Model [ J]. Journal of Safety and 127-131.
Environment, 2018, 18 (3). 849-853. REN Chang-xing, WU Zong-zhi. Progress of Risk
[15] EHF, BEUIWF, K, . BRTHEBR gl Assessment and Optical Routing for Hazardous Materials
T FE WA T 2R B e T XU PEA [J]. ERIERE Transportation by Road [ J]. Journal of Safety and
ST, 2020, 17 (2): 516-523. Environment, 2007 (3). 127-131.
WANG Jing-chun, DONG Yan-yan, LI Qin, et al. Risk [18] R¥E, IMRE. TEIE ThiB B%is by W 2% XS — A 484
Assessment of Box Culverts Construction under Existing AL W9 [J]. N8B, 2015, 32 (10):
Railway Based on Combined Weighted Two-dimensional 141-145, 152.
Cloud Model [ J]. Journal of Railway Science and SONG Yang, SUN Jun-fu. Study on Risk-cost Synthetic
Engineering, 2020, 17 (2). 516-523. Optimization of Dangerous Goods Transport in Road
[16]  X|&AE, XS, AT 2%, GRS I8 B fnitis 51 & K Network [ J]. Journal of Highway and Transportation

T B S B RS DA D kg (]
4, 2008, 8 (6): 140-143.

LA SR

Research and Development, 2015, 32 (10). 141 -

145, 152.

(E#% 183 1)

[13]

[14]

[15]

REN Hui. Design of Reliable Three-echelon Supply Chain
Network with Transportation Disruption [ J]. Computer
Engineering and Applications, 2019, 55 (6): 265-270.
FHEL, 2 Rsi. AR AN ]S IR Aol £ B b iAol
LR EEEME [J]. Tk TR 548, 2020, 25 (2):
44-50.

FU Hong, LI Liang-qiang. Coordinating a Supply Chain
with Unreliable Supply When Downstream Firm Invests in
[J].
Management, 2020, 25 (2) . 44-50.

ke, EAOKE, KBISE. BRIk ATME R AN st T AT R
PERESE [T]. PS5, 2019 (11) : 25-28.
ZHANG Liang-xing, WANG Shao-hua, ZHANG Ming-
yao. Research on Operation Reliability of Repairable
[J].
Manufacture, 2019 (11) . 25-28.

OZKAN O, KILIC S. A Monte Carlo Simulation for

Upstream  Firm Industrial ~ Engineering and

Series Supply Chain Machinery Design and

Reliability Estimation of Logistics and Supply Chain

[16]

(17]

(18]

Networks [ J]. IFAC Papers OnLine, 2019, 52 (13).
2080-2085.

ZHANG J, LI H, GOLIZADEH H, et al. Reliability
Evaluation Index for the Integrated Supply Chain Utilising
BIM and Lean Approaches [ J]. Engineering, Construction

and Architectural Management, 2020, 27 (5 ).
997-1038.
WANG B, ZHANG H, YUAN M, et al. Sustainable

Refined Products Supply Chain; A Reliability Assessment
for Demand-side Management in Primary Distribution
Processes [ J]. Energy Science & Engineering, 2019, 8
(4): 1029-1049.

G, Wz, RO TR D30T 0 v B R S
EEE AT LD A5 B 5K, 2015, 30 (5):
911-916.

GUO Qian, PU Yun, ZHENG Bin. Reliability Analysis of
Cold-chain Logistics System Based on Fault Bayesian
Networks [ J]. Control and Decision, 2015, 30 (5):
911-916.



