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Emergency logistics is one of the important measures to solve the unconventional sudden disaster. +e research on the dis-
tribution design of emergency logistics project has an important supporting role for the whole emergency rescue system.
+erefore, it is necessary to analyze and plan the emergency logistics project scientifically in order to better serve the emergency
rescue system. In view of the defect that the current emergency logistics model cannot completely describe the whole emergency
logistics process, this paper proposes a new emergency logistics distribution model by using GERT random network. From the
perspective of system, this model fully considers the possible situation in the process of emergency material transportation and
puts forward the corresponding countermeasures, so as to improve the transportation efficiency of rescue materials in the actual
disaster relief activities to speed up disaster relief. Based on the properties of moment generating function and the calculation
method of Mason formula, this paper fully considers the success probability, risk probability, delivery time, and other factors of
the distribution route and puts forward the transshipment scheme of each logistics site to the disaster sites. After that, the
effectiveness of GERT stochastic network in the process of emergency distribution is verified by an example of a logistics
distribution route, which provides decision-making basis for relevant departments. Compared with the literature, this paper uses
GERTnetwork model to intuitively and clearly express the overall process of emergency material distribution, breaks through the
thinking mode of simply choosing the distribution path in the distribution process, combines with the dynamic changes of the
distribution environment, and comprehensively considers the timeliness and traffic capacity of emergencymaterial distribution in
sudden disasters, so as to provide reference for emergency management in complex and random situations for decision-
making reference.

1. Introduction

Emergency logistics and military logistics are closely linked
at first. After World War II, with the deepening of the
understanding of sudden disasters, emergency logistics as
the premise of solving sudden disasters system has been
gradually recognized by people. +e United States, Japan,
Australia, and some European countries are pioneers in
disaster research, which has entered a mature stage of de-
velopment. However, facing the needs of complex emer-
gency relief activities, especially the challenge of medical
material transportation under the impact of the COVID-19,
the emergency logistics system needs to be more flexible and

adaptive. It is important to study the problem of emergency
logistics route planning to improve transportation efficiency
in complex and changing transportation environment.
Sudden disasters have the characteristics of insufficient
precursors, prone to secondary and derivative disasters,
serious losses and consequences, and difficulty in accurate
prevention and effective control [1]. First proposed by
Carter, emergency logistics is a special logistics activity that
guarantees emergency supply of materials in response to
public emergencies such as natural disasters, accidents,
public health incidents, and social conflicts. Although it is
the same as normal logistics in its essential attributes, there is
a big difference. It is the material supply realized to meet the
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sudden material demand in a special period; the demand has
the characteristics of strong timeliness, high uncertainty, and
high supply risk [2]. With the frequent occurrence of
emergency events such as the Wenchuan earthquake, the
Haiti earthquake, the Chile earthquake, and the Nepal
earthquake, more and more researchers have begun to pay
attention to the issue of emergency logistics. +e sudden-
ness, paroxysmal, and destructive nature of sudden disasters
and the urgency of emergency rescue make emergency lo-
gistics require timely and fast response. From the actual
feedback information of work, the emergency logistics
system should solve the following problems: How to locate
the emergency facility [3, 4]? How to optimize the trans-
portation route of emergency supplies [5, 6]? +e former
mainly solves the location allocation problem of facilities,
and the latter solves the transportation and distribution
problems of the entire logistics system. +erefore, it is
necessary to study the emergency logistics distribution
problems in emergencies.

Scholars study emergency logistics from various angles.
For example, from the perspective of traditional emergency
logistics network optimization [7], in order to further reflect
the dynamics of the network, especially considering the
information network [8], due to the advantages of paral-
lelism, genetic algorithm is introduced [9]. Most of these
studies ignore the complexity and dependence of emergency
systems and may lose their research value for practical
applications to a certain extent. Some scholars consider the
coordination of the emergency rescue system based on the
uncertainty of the system [10, 11]. However, emergencies are
uncertain, and the damage caused is also unpredictable; the
emergency logistics distribution environment is complex
and uncertain.

+ere are many theories and methods for studying lo-
gistics routing and scheduling problems, such as stochastic
programming model [12–14], nonlinear programming
model [15, 16], integer programming model [17], multi-
objective model [18–20], and robust optimization method
[21]. Most of the existing studies consider a certain emer-
gency logistics dispatch model based on ideal conditions,
and most of them assume that the emergency logistics
network is always connected normally after a disaster and
the vehicle travel time between any sites is not affected by the
disaster. +e various problems encountered in the actual
disaster are not considered from the perspective of emer-
gency logistics process, such as road congestion and con-
struction caused by secondary disasters. +ese uncertainties
will affect the time and volume of logistics distribution.
Graph evaluation and review technique (GERT) is a network
technology that can reflect the relationship between a variety
of random factors and random variables. In the GERT
model, many kinds of random components such as time,
cost, quality, benefits, and the randomness problems of
various activities in the system and their mutual influence
can be dealt with; thus it provides an effective way for the
research of many complicated problems with many random
factors. Compared with the above literature, this paper uses
GERT network model to intuitively and clearly express the
overall process of emergency material distribution, which

combines with the dynamic changes of the distribution
environment and comprehensively considers the timeliness
and traffic capacity of emergency material distribution in
sudden disasters, so as to provide reference for emergency
management in complex and random situations for deci-
sion-making reference.

2. Graph Evaluation and Review Technique

Graph evaluation and review technique (GERT) is a com-
bination of network theory, probability theory, simulation
technology, and signal flow graph. It uses directed network
graph with probability to analyze, which is completely based
on the real emergency logistics distribution process. It allows
considering the feedback loop of logistics distribution lines,
the selection and abandonment of each distribution path,
and the learning effect brought about by repeating a certain
process [22]. +is method is not affected by the inherent
limitations of the method itself.

In the G � (N,A) network, the site types in a collection
are classified as “exclusive” or “sites.” Let the random var-
iable Tij be the active state of A in (ij). From the site logic,
activity (ij) must be implemented on i. +erefore, to ensure
the implementation of the activity (ij), it needs to know the
probability of activity(ij) being executed under the condi-
tion of given site i implementation and the probability
distribution of tij (discrete) or probability density function
(continuous variable). +e conditional moment generating
function of the random variable is (ij), which is the con-
ditional probability density function of f(tij):

Mij(s) � 
∞

−∞
e

stij f tij dtij. (1)

When site i is implemented, the probability of activity (ij)
being executed is Pij.

Define Wij(s) as the transfer function of active (ij);
Wij(s) � Pij · Mij(s).

Each activity of G network has two parameters Pij and
tij, it can always find a network G′ to replace G, and G′ is the
same as the original network structure, but there is only one
parameter Wij(s) on each activity.

By using a principle flowchart equivalent to a function,
WE(s) is Wij(s) function and the network function is solved
according to the characteristics of the generating function of
moments. +us, two network equivalent parameters, PE and
TE, are obtained. +e moment generating function and
principle in the process flowchart of GERTprovide a tool to
solve the random network.

3. Model Simulation

A serious disaster suddenly occurred in a place, and the
national emergency logistics distribution center A delivers
materials to the provincial emergency logistics distribution
center B. At the same time, emergency logistics distribution
centers A and B also deliver emergency relief materials to the
material distribution sites scattered around the disaster area.
In view of the actual complex situation, the GERTstochastic
network model diagram of emergency logistics distribution
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process is constructed according to the situation of disaster-
stricken areas by using the idea of system theory and GERT
stochastic network principle, as shown in Figure 1.

In Figure 1, sites 3, 9, 12, 13, and 15 are the main disaster
sites, and the disaster situation is more serious. +e other
sites are the disaster sites affected by emergencies, and the
disaster situation is lighter. +erefore, two emergency lo-
gistics distribution centers, A and B, mainly distribute di-
saster relief materials to disaster sites 3, 9, 12, 13, and 15 and
distribute corresponding emergency materials along the way
through the disaster sites less affected by emergencies.
According to the operation of emergency logistics distri-
bution, the meaning of each activity in the network diagram
is listed in Table 1.

In GERT network, the parameters such as the time re-
quired for the operation process of each activity and the
probability of realization are usually analyzed by experts
according to the actual situation and combined with the
previous data of emergency logistics distribution, and the
approximate estimation and judgment are given. In order to
simplify the calculation, this paper uses two kinds of state
distribution to describe the complexity of emergency lo-
gistics activities, that is, normal distribution to describe the
emergency logistics distribution activities with complex road
conditions and constant distribution to describe the

emergency logistics distribution activities with smooth road
conditions. +e GERT random network parameters are
shown in Table 2. +e length of time is determined by the
road condition and distance. +e better the road condition
is, the shorter the distance is, and the shorter the time is.

3.1. Calculation of Expected Time. +e transportation ma-
terial data from the material distribution center A to disaster
site 13 are calculated as follows:

WA⟶13 �
1 × e

s
× 0.95 × e

0.5s
× 1

1
� 0.95e

1.5s
,

pA⟶13 � WA⟶13|s�0 � 0.95,

MA⟶13 �
W

p
�
0.95 × e

1.5s

0.95
� e

1.5s
,

MA⟶ 13′ � 1.5e
1.5s

,

EA⟶13 � MA⟶ 13′ |s�0 � 1.5.

(2)

Calculation of various data from the material distribu-
tion center A to disaster site 3 is as follows:

WA⟶3 �
1 × e

s
× 0.6 × e

2s+s2
+ 0.4 × e

s
  × 0.8 × e

2s+s2
× 0.4 × e

s
× 1

1 − 0.4e
s �

0.4 × 0.8e
4s+s2

× 0.6e
2s+s2

+ 0.4e
s

 

1 − 0.4e
s ,

pA⟶3 � WA−3|s�0 �
0.8 × 0.4

0.6
� 0.533 ≈ 0.53,

MA⟶3 �
W

p
�
0.32e

4s+s2
× 0.6e

2s+s2
+ 0.4e

s
 

0.535 × 1 − 0.4e
s

( 
,

MA⟶ 3′ � 0.6 ×
0.6 ×(6 + 4s) × e

6s+2s2
+ 0.4 ×(5 + 2s) × e

5s+s2
  × 1 − 0.2e

6s
  + 1.2e

6s 0.6 × e
6s+2s2

+ 0.4e
5s+s2

 

1 − 0.4e
s

( 
2 ,

EA⟶3 � M′|s�0 � 9.467 ≈ 9.47.

(3)
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Figure 1:+e route map of emergency logistics distribution center deliveringmaterials to material distribution sites around the disaster site.

Table 1: +e network diagram of the meaning of each site activity.

Activity Activity description
(A, B) +e delivery route from the national emergency logistics distribution center A to the provincial logistics center B
(A, 1) +e delivery route from the national emergency logistics distribution center A to site 1

(1, 2) +ere are two routes from site 1 to site 2. Route a is long journey but in good road condition. Route b is short distance but in bad
road condition

(2, 3) Transport supplies from site 2 to disaster site 3
(3, 3) Disaster site 3 has a wide variety of materials, too many to load, to other sites
(3, 6) Starting from disaster site 3, load the car back with full load and arrive at site 6
(B, 4) Starting from the provincial logistics distribution center, load the goods to site 4
(4, 6) From site 4 to site 6

(5, 14) Inform the superior who has arrived at a major disaster area in advance that the road is being repaired and the convoy cannot
move forward and supplement the supplies to the logistics site

(6, 7) Some of the vehicles arriving at site 6 deliver materials to site 7
(6, 10) Some of the vehicles arriving at site 6 deliver materials to site 10
(7, 10) +e road from site 7 to site 8 is heavily congested and difficult to pass, so vehicles can only drive up to site 10
(7, 8) After the road is clear, the car arriving at site 7 drives to site 8
(8, 9) Starting from site 8, go to disaster site 9
(10, 11) Starting from site 10, go to site 11
(11, 11) Load at site 11 and send to other areas
(11, 9) Starting from site 11, go to disaster site 9
(11, 12) Starting from site 11, go to disaster site 12
(B, 13) From the provincial logistics and distribution center, a full load of supplies to disaster site 13

(13, 14) +ere are two routes from disaster site 13 to site 14. Route a is long journey but in good road condition. Route b is short distance
but in bad road condition

(14, 5) +e road from site 14 to site 5 was repaired successfully, and the motorcade supplied materials and transported them to the
disaster area

(14, 15) Starting from site 14, go to disaster site 15

Table 2: GERT random network parameters.

Activities Pij Distribution type Time (hours) Moment function
(A, B) 1 Constant t � 1 es

(A, 1) 1 Constant t � 1 es

(1a, 2) 0.6 Normal distribution t � 2, z � 2 e2s+s2

(1b, 2) 0.4 Constant t � 1 es

(2, 3) 0.8 Normal distribution t � 2, z � 2 e2s+s2

(3, 3) 0.4 Constant t � 1 es

(3, 6) 0.6 Constant t � 3 e3s

(B, 4) 0.6 Constant t � 1 e1s

(4, 6) 0.9 Constant t � 3 e3s

(5, 14) 1 Constant t � 3 e3s

(6, 7) 0.4 Constant t � 3 e3s
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+e transportation material data from the material
distribution center A to disaster site 15 are calculated as
follows:

WA⟶15 �
e

s
× 0.95 × e

0.5s 0.6 × e
2s+s2

+ 0.4e
s

  × 0.5e
3s

× 0.2e
3s

× e
3s

1 − 0.2e
3s

× e
3s

�
0.095e

10.5s
× 0.6e

2s+s2
+ 0.4e

s
 

1 − 0.2e
6s

,

pA⟶15 � WA−15|s�0 �
0.095
0.8

� 0.11875 ≈ 0.12,

MA⟶15 �
W

p
�
0.095e

10.55
× 0.6e

2s+s2
+ 0.4e

s
 

0.11875 1 − 0.2e
6s

 
,

MA⟶ 15′ � 0.8 ×
0.6(12.5 + 2s)e

12.5s+s2
+ 0.4 × 11.5e

11.5s
  × 1 − 0.2e

6s
  + 1.2e

6s
× 0.6e

12.5+s2
+ 0.4e

11.5s
 

1 − 0.2e
6s

 
2 ,

EA⟶15 � M′|s�0 � 0.8 ×
0.8 ×(7.5 + 4.6) + 1.2

0.82
� 13.6.

(4)

From the material distribution center A to disaster site 9,
it can be decomposed into the following.

By the route of A⟶ 1⟶ 2⟶ 3⟶ 6⟶
7⟶ 10⟶ 11⟶ 9,

e
s

× 0.6e
2s+s2

+ 0.4e
s

  × 0.8e
2s+s2

× 0.6e
3s

× 0.4e
3s

× 0.3e
s+s2

× 0.9e
0.5s

× 0.5e
4s

(1 − 0) × 0.4e
s

× 0.3e
s

� 0.00311e
16.5s+2s2 0.6e

2s+s2
+ 0.4e

s
 .

(5)

By the route of A⟶ 1⟶ 2⟶ 3⟶ 6⟶
7⟶ 8⟶ 9,

e
s 0.62s+s2

+ 0.4e
s

  × 0.8e
2s+s2

× 0.6e
3s

× 0.4e
3s

× 0.7e
2s

× 0.8e
2s

× 0.4e
s 1 − 0.3e

s
( 

� 0.043e
14s+s2 0.6e

2s+s2
+ 0.4e

s
  × 1 − 0.3e

s
( .

(6)

By the route of A⟶ 1⟶ 2⟶ 3⟶ 6⟶
10⟶ 11⟶ 9,

e
s 0.62s+s2

+ 0.4e
s

  × 0.8e
2s+s2

× 0.6e
3s

× 0.6e
2s+s2

× 0.9e
0.5s

× 0.5e
2s

× 0.4e
s

× 0.3e
s
(1 − 0)

� 0.015552e
12.5s+2s2 0.6e

2s+s2
+ 0.4e

s
 .

(7)

Table 2: Continued.

Activities Pij Distribution type Time (hours) Moment function
(6, 10) 0.6 Normal distribution t � 2, z � 2 e2s+s2

(7, 10) 0.3 Normal distribution t � 1, δ � 2 e1s+1s2

(7, 8) 0.7 Constant t � 2 e2s

(8, 9) 0.8 Constant t � 2 e2s

(10, 11) 0.9 Constant t � 0.5 e0.5s

(11, 11) 0.3 Constant t � 1 es

(11, 9) 0.5 Constant t � 4 e4s

(11, 12) 0.2 Constant t � 2 e2s

(B, 13) 0.95 Constant t � 0.5 e0.5s

(13a, 14) 0.6 Normal distribution t � 2, z � 2 e2s+s2

(13b, 14) 0.4 Constant t � 1 es

(14, 5) 0.2 Constant t � 3 e3s

(14, 15) 0.5 Constant t � 3 e3s
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By the route of A⟶ B⟶ 4⟶ 6⟶ 7⟶
8⟶ 9,

e
s0.6e

s
× 0.9e

3s
× 0.4e

3s
× 0.7e

2s
× 0.8e

2s

× 1 − 0.4e
s

− 0.3e
s

+ 0.12e
2s

 

� 0.12e
12s 1 − 0.4e

s
− 0.3e

s
+ 0.12e

2s
 .

(8)

By the route of A⟶ B⟶ 4⟶ 6⟶ 7⟶ 10⟶
11⟶ 9,

e
s0.6e

s
× 0.9e

3s
× 0.4e

3s
× 0.3e

s+s2
× 0.9e

0.5s

× 0.5e
4s

× 0.3e
s

× 1 − 0.4e
s

( 

� 0.008748e
14.5s+s2 1 − 0.4e

s
( .

(9)

By the route of A⟶ B⟶ 4⟶ 6⟶ 10⟶
11⟶ 9,

e
s0.6e

s
× 0.9e

3s
× 0.6e

2s+s2
× 0.9e

0.5s
× 0.5e

4s
× 0.3e

s
× 1 − 0.4e

s
( 

� 0.04374e
12.5s+s2 1 − 0.4e

s
( ,

WA⟶9 �
((1) +(2) +(3) +(4) +(5) +(6))

1 − 0.4e
s

− 0.3e
s

+ 0.12e
2s

 
,

pA⟶9 � WA⟶9|s�0 �
0.0301 + 0.00311 + 0.015552 + 0.0504 + 0.00525 + 0.0262

0.42
�
0.130612
0.42

� 0.3109 ≈ 0.31,

MA⟶9 �
W

p
�

WA⟶9

0.3109
,

EA⟶9 � M′|s�0 �
1

0.3109
×
1.665 × 0.42 − 0.1306 ×(−0.46)

0.422
�

1
0.3109

×
0.759376
0.422

� 13.846 ≈ 13.85.

(10)

+e calculation of various parameters from the material
distribution center A to disaster site 12 can be broken down
as follows.

By the route of A⟶ 1⟶ 2⟶ 3⟶ 6⟶ 7⟶
10⟶ 11⟶ 12,

e
s 0.62s+s2

+ 0.4e
s

  × 0.8e
2s+s2

× 0.6e
3s

× 0.4e
3s

× 0.3e
s+s2

× 0.9e
0.5s

× 0.2e
2s

× 0.4e
s

× 0.3e
s
(1 − 0)

� 0.00124e
14.5s+2s2 0.6e

2s+s2
+ 0.4e

s
 .

(11)

By the route of A⟶ 1⟶ 2⟶ 3⟶ 6⟶ 10⟶
11⟶ 12,

e
s 0.62s+s2

+ 0.4e
s

  × 0.8e
2s+s2

× 0.6e
3s

× 0.6e
2s+s2

× 0.9e
0.5s

× 0.2e
2s

× 0.4e
s

× 0.3e
s

× 1

� 0.00622e
12.5s+2s2 0.6e

2s+s2
+ 0.4e

s
 .

(12)

By the route of A⟶ B⟶ 4⟶ 6⟶ 7⟶ 10⟶
11⟶ 12,

e
s

× 0.6e
s

× 0.9e
3s

× 0.4e
3s

× 0.3e
s+s2

× 0.9e
0.5s

× 0.2e
2s

× 0.3e
s

× 1 − 0.4e
s

( 

� 0.00349e
12.5s+s2 1 − 0.4e

s
( .

(13)

By the route of A⟶ B⟶ 4⟶ 6⟶ 10⟶
11⟶ 12,
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e
s

× 0.6e
s

× 0.9e
3s

× 0.6e
2s+s2

× 0.9e
0.5s

× 0.2e
2s

× 0.3e
s

× 1 − 0.4e
s

(  � 0.0175e
10.5s+s2 1 − 0.4e

s
( ,

WA⟶12 �
(I + II + III + IV)

1 − 0.4e
s

− 0.3e
s

+ 0.12e
2s

 
,

pA⟶12 � WA⟶12|s�0 �
0.00124 + 0.00622 + 0.0021 + 0.0105

0.42
� 0.0478 ≈ 0.05,

MA⟶12 �
W

p
�

WA⟶12

0.0478
,

EA⟶12 � M′|s�0 �
1

0.0478
×
0.2355 × 0.42 − 0.02 ×(−0.46)

0.422
�

1
0.0478

×
0.10811
0.422

� 12.82.

(14)

+e GERT network parameters calculated from the
above emergency supplies dispatching center to multiple
emergency supplies distribution networks are all active
calculated values, as shown in Table 3.

According to the random network model of emergency
distribution GERT and the calculated values of the pa-
rameters of emergency distribution activities of each
emergency logistics distribution center in the network, the
following conclusions can be drawn:

(1) +e probability of successful delivery of emergency
supplies to disaster site 3 is 0.53, the risk to be borne
is 47%, and the arrival time is 9.47 hours. +is
conclusion shows that the success probability of
distribution to disaster site 3 is close to the risk
probability. It should increase the quantity of ma-
terials to make up for thematerial loss and delay after
transportation failure.When the materials in disaster
site 3 are sufficient, they can be converted into
material storage transfer station to supply resources
for other disaster areas.

(2) +e probability of successful distribution of emer-
gency materials to disaster site 9 is 0.31, which needs
to bear 69% of the risk, and it is estimated that it will
take 13.85 hours. +e probability of successful dis-
tribution of emergency materials to the disaster site 9
is low and the risk is high. +is is because there is
congestion from site 7 to site 8 during trans-
portation. In addition, some materials are trans-
ferred to the disaster area after meeting the needs of
disaster site 3. It is necessary to dispatch enough
emergency materials from provincial emergency
logistics distribution center B to the disaster area,
dredge the traffic, and open up a green channel. At
the same time, the vanguard team bypasses the
congested area and transports materials from site 11
to disaster sites 9 and 12 at the same time.

(3) +e probability of successful distribution of emer-
gency supplies to disaster site 12 is 0.05, which needs
to bear 95% of the risk. It is estimated that it will take
12.82 hours. From the model, it can be seen that

there are four distribution routes leading to disaster
site 12, which should increase the possibility of
successful distribution to a certain extent. However,
after calculation, we find that there are still some
problems, such as low success rate of distribution,
high risk, and long transportation time, which lead to
the possibility of this phenomenon.+e factors are as
follows:① like the materials transported to disaster
site 9, some of the relief materials must meet the
needs of the disaster site in front before they can be
delivered, and ② the road condition from site 7 to
site 8 is very poor, which brings about risks to the
distribution process.

(4) +e probability of successful distribution of emer-
gency materials to disaster site 13 is 0.95, which
needs to bear 5% of the risk and is expected to take
1.5 hours. +e probability of success is the largest
among all disaster areas. +is is because the road
conditions leading to disaster site 13 are good, and
they are directly distributed by the provincial
emergency logistics distribution center, which re-
duces the risk of transshipment from other places.

(5) +e probability of successful delivery of emergency
supplies to disaster site 15 is 0.12, which needs to
bear 88% of the risk. It is estimated that it will take
13.6 hours. +is is because site 14 to disaster site 15
may encounter road damage halfway and need to
transit at site 5, which increases the time and risk.

From the model, it can be seen that if the emergency
logistics distribution center is established in advance be-
tween site 9 and site 12, the risk of transferring materials
from other disaster sites can be reduced, and the distribution
process can be completed in the shortest time, which can
improve the success probability to a certain extent.When the
transportation link of rescue materials breaks in the process
of emergency relief, the successful distribution will be
caused. When the road patency probability is too low, we
should immediately take a detour plan and remove obstacles
to establish a green channel. In addition, through the es-
tablishment of emergency logistics distribution, we can
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reduce transportation links and effectively reduce trans-
portation risks.

3.2.*eNumberofTimesExpected inaComplexEnvironment.
Suppose that the situation suddenly changes, and a new
disaster site 21 appears behind the disaster area. Disaster site
21 has a long way to go, and the required materials can only
be transferred from site 11. +e terrain of the road from site
11 to disaster site 21 is complex and easy to be blocked. In
this environment, the emergency logistics strategy is as
follows: as long as there is a jam in the front, the transport
vehicles return to the upper site to wait until the road is clear
and then start the distribution. Let the road patency
probability p � 0.7 and probability of blockage q � 0.3.
Mark each traffic with z; then the coefficient u of zu is the
number of attempts to transport from site 11 to disaster site
21. According to the known data, the probability of trans-
portation success, risk probability, and expected times are
calculated.

+ere are six first-order loops in Figure 2, which are (1)
self-loop of site 11, (2) self-loop of site 16, (3) self-loop of site
19, (4) self-loop of site 18, (5) loop 16⟶ 17⟶ 16, and
(6) loop 18⟶ 19⟶ 20⟶ 18. +eir values are, re-
spectively, qz, qz, qz, qz, pz × qz, and pz × qz × pz×

pz × qz.
+ere are twelve second-order loops in Figure 2, which

are (1) self-loop of site 11 and self-loop of site 16, (2) self-
loop of site 11 and loop of 16⟶ 17⟶ 16, (3) self-loop of
site 11 and self-loop of site 19, (4) self-loop of site 11 and self-
loop of site 18, (5) self-loop of site 11 and loop of
18⟶ 19⟶ 20⟶ 18, (6) self-loop of site 16 and loop of
18⟶ 19⟶ 20⟶ 18, (7) self-loop of site 16 and self-
loop of site 19, (8) self-loop of site 16 and self-loop of site 18,
(9) loop of 16⟶ 17⟶ 16 and self-loop of site 19, (10)
loop of 16⟶ 17⟶ 16 and self-loop of site 18, (11) loop
of 16⟶ 17⟶ 16 and loop of 18⟶ 19⟶ 20⟶ 18,
and (12) self-loop of site 18 and self-loop of site 19. +eir
values are, respectively, qz × qz, qz × qz × pz, qz × qz,
qz × qz, qz × pz × pz × qz, qz × pz × pz × qz, qz × qz,
qz × qz, pz × qz × qz, pz × qz × qz, pz × qz × pz × qz × qz,
and qz × qz.

+ere are nine third-order loops in Figure 2, which are
(1) self-loop of site 11 and self-loop of site 16 and self-loop of

site 19, (2) self-loop of site 11 and self-loop of 16 and loop of
18⟶ 19⟶ 20⟶ 18, (3) self-loop of site 11 and self-
loop of site 16 and self-loop of site 18, (4) self-loop of site 11
and self-loop of site 18 and loop of 16⟶ 17⟶ 16, (5)
self-loop of site 11 and self-loop of site 18 and self-loop of
site 19, (6) self-loop of site 11 and self-loop of site 19 and
loop of 16⟶ 17⟶ 16, (7) self-loop of site 11 and loop of
16⟶ 17⟶ 16 and loop of 18⟶ 19⟶ 20⟶ 18, (8)
self-loop of site 16 and self-loop of site 18 and self-loop of
site 19, and (9) self-loop of site 18 and self-loop of site 19 and
loop of 16⟶ 17⟶ 16. +eir values are, respectively,
qz × qz × qz, qz × qz × pz × pz × qz, qz × qz × qz, qz×

qz × pz × qz, qz × qz × qz, qz × qz × pz × qz, qz × pz×

qz × pz × pz × qz, qz × qz × qz, and qz × qz × pz × qz.
+ere are two fourth-order loops in Figure 2, which are

(1) self-loop of site 11 and self-loop of site 16 and self-loop of
site 18 and self-loop of site 19 and (2) self-loop of site 11 and
loop of 16⟶ 17⟶ 16and self-loop of site 18 and self-
loop of site 19. +eir values are, respectively, qz × qz × qz ×

qz and qz × pz × qz × qz × qz.
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+ere is only one path from site 11 to disaster site 21,
whose value is p6z6; and there are no loops in contact with
the path, so Δ1 � 1.
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Table 3: Active calculated values of the GERT network parameter

Activity Realize probability Pij Risk probability PV � 1 − PE Expected time (hours)

W1⟶3: emergency supplies to disaster site 3 0.53 0.47 9.47
W1⟶9: emergency supplies to disaster site 9 0.31 0.69 13.85
W1⟶12: emergency supplies to disaster site 12 0.05 0.95 12.82
W1⟶13: emergency supplies to disaster site 13 0.95 0.05 1.5
W1⟶15: emergency supplies to disaster site 15 0.12 0.88 13.6

11 16 17

21 20 19 18

qz

qz

qz 

qz
qz qz

pz
pz pz 

pz

pz
pz

Figure 2: Random network diagram for distribution.
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When p � 0.7 and q � 0.3 are substituted into equation,
we can get

W �
0.117649z

6

1 − 1.2z + 0.33z
2

− 0.066z
3

+ 0.0396z
4

− 0.0252z
5.

(17)

Take the derivative of zwith respect toW and set z � 1 to
get the expected value of the number of attempts; namely,

W′|z�1 �
0.705894 × 0.0784 + 0.083013134

0.07842
� 22.5094 ≈ 23.

(18)

It takes 23 attempts to reach disaster site 21 at one time,
which may be due to poor road conditions. Almost every
road in front of the transportation site needs to be sorted out
before passing. In order to reduce the risk of transportation
failure, we can establish an emergency logistics reserve
center in the nearby area in advance to transport and reserve
disaster relief materials in advance. It can directly transport
the materials from the reserve center to the disaster site,
which improves the response speed of emergency rescue and
the arrival rate of transportation.

4. Conclusions

Timely and reasonable resource distribution is one of the
preconditions to ensure the normal development of emer-
gency rescue activities, which is of great significance to
improve the emergency rescue system. How to complete the
task of emergency logistics distribution efficiently and with
low risk is a challenge for the emergency logistics project. In
this paper, GERT network is used to build a simulation
model of emergency logistics distribution for emergency
distribution of material reserve base to multiple disaster
sites, analyze the transportation problems that may exist in
the actual rescue, and calculate the realization probability
and risk of logistics distribution in the transportation
scheme of each logistics site to the disaster site and between
the disaster sites, aiming at different realization probability
and actual situation. +is paper puts forward some effective
countermeasures, such as increasing the transportation
volume of materials, establishing temporary transfer centers,
and opening up green channels, and draws conclusion that
the reasonable layout of emergency logistics distribution
centers can effectively reduce the risk of logistics distribution
and improve the success probability. +e conclusion pro-
vides a strategic reference for ensuring the efficient and safe
transportation of rescue materials to the disaster-stricken
areas. Compared with other traditional research methods of
emergency logistics, GERT network considers the feedback
self-loop problem, so it is more advanced, and the results are
more accurate and closer to the actual situation.

However, the distribution type assumption of GERT
network model activity parameters is simple in this paper; in
addition, there are many areas not involved in the research.
In complex environment, how to scientifically measure
GERTrandom network activity parameters in order to more
truly describe the actual situation of emergency logistics

distribution and how to reasonably arrange the distribution
plan (including material distribution and vehicle type se-
lection, path planning, etc.) will be further studied.
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