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Abstract: During the emergency period of flood disasters, the logistics risks of important railway
materials may couple with other risks, leading to accidents. This paper proposed a triangular
intuitionistic fuzzy number method (TIFNs—ICI-CN) considering individual consensus levels and
risk coupling networks to evaluate the logistics risks of important railway materials during the
emergency period of flood disasters. Firstly, the work breakdown structure-risk breakdown structure
(WBS-RBS) method was used to conduct work and risk decomposition for the logistics process and
risks of important railway materials under a flood disaster emergency. Secondly, the seven-level
linguistic evaluations provided by experts for logistics during the flood disaster emergency period
were converted into triangular intuitionistic fuzzy numbers (TIFNs), and the TIFNs were input into a
single-objective linear scale model reflecting the individual consensus level (ICI) to solve for expert
weights. The effect values were calculated based on the TIFNs incorporating expert weights, and
were input into a single-objective linear programming model reflecting the ICI to calculate risk
weights. Then, based on the risk coupling matrix, a risk coupling network (CN) was constructed, and
the TIFNs scored by experts on the risk coupling situation were used to assign values to the network
paths, thereby calculating the weighted out-degree centrality of each risk. Finally, the risk weights
were multiplied by the weighted out-degree centrality of the risks, and the ranking values were
calculated based on the TIFNs operation rules to rank the risks. The calculation results show that
multiple high-risk factors appear in work processes such as the shipment of important railway
materials, warehouse safety and flood control management, transportation of important railway
materials, and distribution and delivery; risks such as incomplete emergency operation procedures
for important materials, unimplemented safety responsibility systems, unreasonable emergency
logistics plans, and lack of training for temporarily deployed personnel can significantly increase
the probability of multi-risk coupling. Finally, a three-level risk emergency architecture of risk
management-accident management-emergency rescue management was proposed, providing certain
suggestions for the risk prevention and control of important railway material logistics during the
flood emergency period.

Keywords: Important Railway Material; Flood Disaster Emergency; Risk Assessment; TIFNs—ICI-CN;
Risk Coupling
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Fig.1  Work breakdown structure of logistics process of important

railway materials
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Fig.2 Risk breakdown structure of logistics process of important railway materials
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Fig.3  Methodology flowchart
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Tab.1 Triangular intuitionistic fuzzy numbers corresponding to
linguistic evaluation levels

WErE SMEEEWEL | IREAE S ESOERIEL
JEH 55 (0, 0, 0.167) B (0.500, 0.667, 0.833)
55 (0, 0.167, 0.333) G (0.667, 0.833, 1)
55 (0167, 0333, 0.500) || AEHR (0.833, 1, 1)

—f  (0.333, 0.500, 0.667)

PR A E R NE 2 iR, 21 7) e =
0, =05, 0=1, XIEFEGIEMN 300 XK MiE
VP R R L RUCR AR, RABIRI(10)15 LK
FHE N w) =027, w,=054, wh=0.18, Hils4EE
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Tab.2  Single risk factor weights

Ranking values for each work process and risk factor based on expert weights determined by individual consensus level

x4 YRR BKEHEE

Tab.4  Ranking of total risks in logistics process

W K W g

mx Y | wmx Y | Wz Y | mx Y
R, 0039 | R, 0044 | R, 0048 | R, 0028
R, 0009 | R, 0009 | R, 0302 | R, 0.009
R, 0006 | R, 0009 | R, 0051 || R, 0037
R, 0033 | R, 0009 | R, 0048 | R,  0.037
R, 0051 || R, 0010 | R, 0028

R, 0050 | R, 0011 | R,  0.009

R, 0051 | R, 0037 | R, 0035

K3 ZRKEHEE KB H ol E

Tab.3 Weighted out-degree centrality of multi-risk coupling risks

W L] B )| R )| B el
R, 5219 | R, 0955 || R, 0 R, 6074
R, 2337 | R, 2354 » 0 R,  3.679
R, 3973 | R, 3060 | R, 0 Ry, 7641
R, 2237 | R, 4621 | R, 0 Ry,  9.189
R, 3685 | R, 0748 | R, 2535
R, 6611 | Ry 1622 | R, 1628
R, 388 | R, 0 R, 1752
BAALHE(W R, = 0.940)HEFl 15 . 7550 S8 W vk

kA

R IESE T IR P G R A R, K
BRI v L GO HL ) 72 T3 15 49 CRITIC AL %
TS . 5 4L L AP R e = B
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Yl KESE HF || P RE HeF
W, 1.690 4 W, 1.210 13
W, 1.382 11 W, 1.617 8
W, 2.118 1 W, 1.618 7
W, 1.485 10 W, 1.345 12
W, 1.650 6 W, 1.925 2
W, 1.611 9 Wi, 1.663 5
W, 1.737 3

ORI A HE P S . ST CRITIC AL 155K fi
LRIE, W15 e, =0264, e,=0242, e, =0.236Fl
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Fig.5 Ranking values for each work process and risk factor based on expert weights determined by CRITIC
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