
International Core Journal of Engineering Volume 8 Issue 7, 2022
ISSN: 2414-1895 DOI: 10.6919/ICJE.202207_8(7).0139

 

1068 

Research on the Transportation Organization of Sea-rail 
Intermodal Container Trains under the Background of the Belt 

and Road 
Jiahuan Zhao1, Luhua Lin2, and Huixian Jiang1 
1 School of Minyuan College, Shanghai 201320, China 

2 School of Meizhouwan College, Fujian 351100, China 

 

Abstract 
In recent years, with the steady development of China's economy, China's comprehensive 
transportation system has become increasingly perfect. In particular, the 
implementation of the " One Belt, One Road" strategy and the "Thirteenth Five-Year 
Plan" Comprehensive Transportation System Planning has provided a lot of convenience 
for the development of China's sea-rail combined transportation. However, judging from 
the current development of container sea-rail intermodal transportation in my country, 
the proportion of sea-rail intermodal transportation in port collection and distribution 
is low, and the connection between railway and waterway is not smooth, and sea-rail 
intermodal transportation needs to be developed urgently. Among the many factors 
restricting the development of my country's container sea-rail intermodal transport, the 
flow of containers to the port is a very important factor. Due to the uncertainty of the 
flow of containers arriving at the port, the sea-rail intermodal containers are not 
connected smoothly in the port, so that the staying time in the port is too long, which also 
affects the reliability of the container train transportation organization. This paper 
mainly takes the sea-rail intermodal transport container train as the research object, 
considering the uncertainty of the port container flow, studies the transportation 
organization of the train under the background of the Belt and Road, improves the 
operation efficiency of the train, and promotes the development of the sea-rail 
intermodal transport in China. 
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1. Preface 

At present, in China's port collection and distribution system, road transport accounts for about 85% 
[ 1] , while sea-rail combined transport only accounts for 2.6% [2] , and only Dalian Port has a 
relatively high proportion of sea-rail combined transport, reaching about 5%. , but compared with 
developed countries, there is still a lot of room for development. Generally, the proportion of sea-rail 
combined transportation in developed countries is about 25%, see Table 1. 

 

Table 1. Proportion of sea-rail combined transportation volume of major foreign ports 

Port of Hamburg Port of Rotterdam port of antwerp port of los angeles Port of New Jersey 
42% 20% 15% 40% 10% 
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At present, there are many factors restricting the development of my country's sea-rail intermodal 
transport. Ships at sea will be affected by many uncontrollable factors, resulting in a certain degree 
of fluctuation in the time when the ship arrives at the port, which makes the flow of containers arriving 
at the port also fluctuated to a certain extent, affecting the relevant operation plans of the port, and 
also affecting the container sea. The operation plan of some links of rail intermodal transport will 
have an impact, so ports and railways must make timely adjustments according to the arrival rules of 
these containers when organizing train transportation. At the same time, the uncertainty of the arrival 
of these containers is also likely to cause the container to stay in the port for too long, which makes 
the connection of sea-rail intermodal transportation not smooth, which also affects the transportation 
organization of sea-rail intermodal container trains. 

Under the background of the Belt and Road, China's foreign trade continues to increase, and the 
volume of shipping by sea is also more uncertain. This paper mainly takes the sea-rail combined 
transport container class as the research object, considering the container volatility of the port, using 
the theory of uncertainty optimization, The problem of train transportation organization under the 
fluctuation of arriving containers is studied in order to improve the transportation efficiency of trains. 

2. Analysis on the Transportation Organization of Sea-rail Intermodal 
Container Trains under the Background of the Belt and Road 

The transportation organization decision of the sea-rail intermodal container train mainly depends on 
the container flow and railway transportation resources at the port, so the container flow and railway 
transportation resources at the port can be used as the basis for the adjustment of the container train 
transportation organization. The container flow arriving at the port is the main transportation object 
of the sea-rail intermodal container train, and its arrival law has a certain impact on the railway 
transportation arrangement and port operations. 

2.1 The Impact of the Belt and Road Policy on Port Sea-rail Intermodal Transport 

Since the development of container sea-rail intermodal transportation entered the fast lane in 2009, 
Ningbo Zhoushan Port, under the strong guidance and support of Zhejiang Province and Ningbo City, 
relies on the advantages of seaport hub resources and Ningbo 's policy advantages of building a 
comprehensive pilot zone for the "Belt and Road" construction, comprehensively Efforts have been 
made to increase the business volume of sea-rail intermodal transportation. From 1,690 TEUs in 2009 
to breaking through the "100,000 boxes" mark in 2013, and then to the "250,000 boxes" level in 2016, 
the volume of containers has achieved rapid growth. Especially since 2017, with the in-depth 
development of the integrated development of marine ports in Zhejiang Province, the development 
of the sea-rail intermodal transportation business of Ningbo Zhoushan Port has shown a great stride 
forward trend of increasing "200,000 containers" in one year: 400,000 TEUs will be completed in 
2017. , achieved 600,000 TEUs in 2018, exceeded 800,000 TEUs in 2019, and surpassed the "million 
TEUs" for the first time this year. Over the past 11 years, the average annual growth rate of sea-rail 
intermodal transport in Ningbo-Zhoushan Port has reached 78.7%, and the increment and growth rate 
have always been at the forefront of the major coastal ports in the country. 

2.2 The Relationship between the Fluctuation of the Arrival Box Flow and the Operation of 
the Train 

2.2.1 An Overview of the Relationship between the Two 

There is a mutual influence between the fluctuation of inbound container flow and the operation of 
sea-rail intermodal trains. On the one hand, in order to adapt to the fluctuation of the container flow 
in the port, the operation of the container train should adjust the number and frequency of the train in 
time, which shows that the flow of containers in the port has a significant impact on the operation of 
the train; on the other hand, the operation of the train If the situation cannot adapt to the fluctuation 
of sea-rail intermodal transportation demand, it is easy for containers to accumulate in the port, 
thereby increasing the operating pressure of the port, which may also cause other port problems. This 
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also shows the impact of the operation plan of the train on the flow of containers. Therefore, it is of 
great significance to design the operation plan of sea-rail intermodal trains according to the 
fluctuation of container flow transportation demand. 

From the perspective of transportation production, the transportation demand is the arrival of 
containers. In this process, the relevant transportation products are sea-rail combined transportation 
container trains. Its main feature is that its production process and consumption process are 
synchronized. Unlike other material production processes, its use value is usually inseparable from 
the production process, making it difficult to recycle and store. Therefore, shipping products generally 
do not incur inventory costs [4]. 

For container trains , if it does not run, it means that the transported products in this process are not 
enough to meet the transportation demand, that is to say, it is difficult to transport the container flow 
in time and stay in the port, and will incur a certain cost of out-of-stock. If it is running, it means that 
in some cases the transport demand meets the operating conditions of the train. At this time, the main 
costs are: 

(1) Fixed costs, usually independent of the number of containers transported, such as certain 
locomotive resources and occupied operational lines. 

(2) Variable costs, which are only related to the amount of containers transported, such as the cost of 
using the bottom of the vehicle and the cost of fuel. 

2.2.2 Time Connection 

The smooth operation of the sea-rail intermodal container train is based on the smooth transportation 
and transit in the container port. On this basis, the storage cost of the yard and the time cost 
corresponding to the container goods have also been reduced, thereby improving the transportation 
efficiency, shortening the transportation time of the container, and making the shipper more satisfied. 
Therefore, the railway department should properly plan the running time of trains, so as to achieve 
the purpose of not only meeting the necessary working hours in the port, but also effectively 
shortening the waiting time of the port container flow, so as to truly realize the " seamless connection" 
and reduce the stay of the container flow in the port. time. If the container transshipment process is 
not smooth, it is easy to cause the container to be difficult to transport on time, which will lead to the 
delayed departure of the next train, which will undoubtedly increase its stay time in the port [5]. 

Therefore, the reliability of the connection of the container in the port can be expressed by the dwell 
time of the container in the port. If you want the container not to stay in the yard and wait, it must be 
transported directly by vehicle and ship. This method has high requirements on the entire operation 
process, and it cannot be fully realized at this stage. 

2.2.3 Volume Connection 

Sea-rail intermodal container trains require that the proportion of containers entering and leaving the 
port be coordinated and reasonable, so as to reduce the waste of railway transportation capacity and 
resources. This means that the frequency of train runs must be properly planned, i.e. the timely 
transport of containers needs to be ensured. 

This paper believes that the connection of transportation volume mainly includes three parts, mainly 
the volume of containers arriving at the port, the volume of railway transportation and the actual 
number of railway transportation. Under normal circumstances, there will be a certain number of 
containers stacked in the yard. This article believes that the ideal situation is that the number of 
containers arriving at the port is the same as the number of containers sent. This will not increase the 
storage volume and increase the storage cost, nor will it increase the storage cost. Reduce basic 
stockpiles, affecting subsequent train operations. That is to say, the arriving containers can be 
transported in a timely manner, and the transport volume is connected reliably. The closer the arriving 
container volume is to the sending container volume, the higher the utilization rate of the locomotive, 
and the lower the transport cost of the container flow. 
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2.2.4 Cost Factor 

Corresponding costs will be incurred if the container flow is not delivered in time due to fluctuations 
in the flow of containers arriving at the port. This cost mainly includes the departure cost and waiting 
cost of the container during the assembly process at the port station. This paper mainly calculates the 
transportation cost of the same traffic flow in the same direction for the multi-departure mode, so 
different assembly waiting times and number of departures will lead to different operating costs. 

3. Optimization Model of Transportation Organization of Sea-rail Intermodal 
Container Trains 

3.1 Problem Description 

In the design of the train operation organization, the interests of all parties should be comprehensively 
considered, so that the expenses of all parties should be minimized as much as possible. Among them, 
the railway party is mainly responsible for the transportation of goods and provides transportation 
services for cargo owners. On the one hand, railways provide transportation services by running trains 
and obtain certain economic benefits. Therefore, transportation enterprises mainly focus on the 
pursuit of operational benefits. On the other hand, cargo owners mainly consider the time cost and 
transportation cost of cargo transportation. Because the railway mainly serves the society, its 
economic and social benefits must be considered in the operation process to meet the freight demand. 
Therefore, this paper should reasonably organize the container train transportation according to the 
dynamically changing transportation needs, so as to adapt to the fluctuation of the container flow, 
shorten the residence time of the container flow in the port, and determine the number and frequency 
of the trains corresponding to different destinations, so as to realize the balance of the trains. run. 

3.2 A Basic Model for Optimizing the Transportation Organization of Container Trains in 
Sea-rail Intermodal Transport 

In this section, the transportation organization of sea-rail intermodal container trains under certain 
demand is modeled and analyzed, so as to have a certain understanding of the transportation 
organization problems of sea-rail intermodal container trains under certain demand, and then the 
uncertain demand is introduced on this basis. Operation problems of off-duty trains. Therefore, this 
section first analyzes the operation problems of container trains under certain demand. 

4. Empirical Analysis 

4.1 The Situation of Dalian Port 

Dalian Port is the transportation hub of the three northeastern provinces, Inner Mongolia and 
Shandong Peninsula. It is also the closest port to the Bohai Sea region. Because of its unique 
geographical advantage, Dalian Port undertakes most of the freight and about 90% of container 
transportation tasks in the three northeastern provinces. It is also an important freight transit port in 
the Bohai Rim region, and is relatively close to other ports in the Bohai Bay. Therefore, the economic 
development of the Bohai Bay region will definitely provide sufficient cargo sources for Dalian Port. 

At present, Dalian Port has not only opened container train lines with various operation modes, but 
also has a train transportation service network covering the entire Northeast region. Starting from 
Dalian Port, a new Eurasian Continental Bridge has been successfully opened up to European 
countries via Russia. The railway infrastructure of Dalian Port is relatively complete. It has Dayaowan 
Railway Central Station, and its port-station mode can realize the seamless connection of sea-rail 
combined transportation. At the same time, it also owns the Congjiatun Railway Container Center 
Station, which covers an area of 1.1 million square meters, and the shortest departure interval of 
container trains is only 10 minutes [7]. 

Dalian Port has opened regular container trains to Changchun, Shenyang and Shuangliao, and the 
weekly schedule density has exceeded 30, providing strong support for the development of container 
sea-rail combined transportation. The details are shown in Table 2. 
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Table 2. Main destinations of container trains in Dalian Port [ 8] 

Where to go operating cycle Distance / km running time / hour 
Dalian Port - Yanji 1 shift/2 days 1176 38 

Dalian Port - Shenyang East 6 classes/week 394 11 
Dalian Port - Qiqihar 4 classes/week 1157 37 

Dalian Port - Changchun South 3 classes/week 704 16 
Dalian Port - Changchun East 1 shift/2 days 737 14 

Dalian Port - Manzhouli not fixed 1804 46 
Dalian Port - Five Trees 1 class/3 days 834 19 
Dalian Port - Tongliao not fixed 714 72 
Dalian Port - Jilin West 1 class/3 days 822 22 
Dalian Port - Xiangfang 3 classes/week 911 16 

 

According to the current situation of the container train transportation organization of Dalian Port, 
this paper makes a statistical analysis of the container flow from Dalian Port to the port, and studies 
the transportation organization of Dalian Port sea-rail intermodal container train transportation under 
uncertain demand. The train transportation organization is adjusted. 

4.2 Analysis on the Arrival of Container Ships in Dalian Port 

Combined with the container train transportation plan and the arrival time of the ship, this paper sets 
one week as the research period. Table 3 selects the container flow information for one week in July 
2018: 

 

Table 3. Dalian Port-to-Port Container Flow Data 

serial number ship name Arrival time departure time dwell time / h 

1 C OSCO SHIPPING LIBRA 2018/7/16 9:36 2 018/7/1 7 12:26 26.8 

2 N EW HAMPSHIRE TRADER 2 018/7/16 15:45 2 018/7/16 18:30 2.7 _ 

3 F EI YUN HE 2 018/7/16 21:20 2 018/7/17 4:39 7.3 _ 

4 D OOWOO FAMILY 2 018/7/16 22:50 2 018/7/16 23:25 0.5 _ 

5 E VER UNITED 2 018/7/17 1:20 2 018/7/17 21:35 2 0.2 

6 K ALAMAZOO 2 018/7/17 9:25 2 018/7/17 10:15 0.8 _ 

7 S ITC SHENZHEN 2 07/17/2018 10:25 2 018/7/17 10:45 0.4 _ 

8 V OSTOCHNY VOYAGER 2 018/7/18 9:55 2 018/7/18 23:25 1 3.5 

9 T R PORTHOS 2 018/7/19 15:05 2 018/7/19 19:30 4.4 _ 

10 M SC VENICE 2 018/7/20 12:20 2 018/7/20 15:17 2.9 _ 

11 C MA CGM AQUILA 2 018/7/20 13:52 2 018/7/20 15:11 1.3 _ 

12 SONGYUNHE _ 2 018/7/21 1:10 2 018/7/21 2:10 1.0 _ 

13 P ADIAN 2 018/7/21 17:25 2 07/22/18 0:41 7.2 _ 

14 X IN HUANG PU 2 018/7/22 2:23 2 018/7/30 14:14 2 03.8 

15 S ITC KWANGYANG 2 018/7/22 9:13 2 018/7/22 12:35 3.3 _ 

16 V EGA SKY 2 018/7/22 13:37 2 018/7/23 15:20 2 5.7 

( Data source: Fleet Online Network, Ship News Network ). 

 

Because the amount of containers loaded by ships on specific routes is different, this paper determines 
the basic data of the import unloading volume of ships on each route based on the average container 
capacity on the near and ocean routes. Table 4 shows the average container capacity of ships in the 
near-ocean routes of Dalian Port. 
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Table 4. Average container capacity of ships on various routes in Dalian Port 

route name  average load 

near ocean South Korea 625 

Japan 613 

Taiwan 326 

Southeast Asia 823 

Hongkong 437 

ocean mediterranean 3568 

Persian Gulf 1338 

Northwest Europe 1784 

Red Sea 1338 

North America 3122 

( Data source : " Dalian Important International Shipping Center in Northeast Asia" Diao Chengbao, 
Sun Hong Dalian Maritime University Press ). 

 

With the development of Dalian Port, its container sea-rail combined transportation volume is on the 
rise in general. According to the proportion of container sea-rail combined transportation volume of 
Dalian Port from 2003 to 2013, the average value of this paper is 5.29%. Under normal circumstances, 
the import unloading volume is half of the average loading and unloading volume, so the number of 
sea-rail intermodal containers loaded by each ship in Dalian Port is obtained, as shown in Table 5: 

 

Table 5. The amount of containers loaded by each ship in sea-rail combined transportation 

ship name route Unloading volume /TEU Sea-rail combined 
transportation volume 

/TEU 

C OSCO SHIPPING LIBRA ocean 1784 9 4 

N EW HAMPSHIRE 
TRADER 

near ocean 412 2 2 

F EI YUN HE near ocean 219 1 2 

D OOWOO FAMILY near ocean 313 1 7 

E VER UNITED near ocean 219 1 2 

K ALAMAZOO near ocean 313 1 7 

S ITC SHENZHEN near ocean 3 07 1 6 

V OSTOCHNY VOYAGER near ocean 3 13 1 7 

T R PORTHOS near ocean 4 12 2 2 

M SC VENICE ocean 6 69 3 5 

C MA CGM AQUILA ocean 1 784 9 4 

SONGYUNHE _ near ocean 3 13 1 7 

P ADIAN near ocean 3 07 1 6 

X IN HUANG PU near ocean 2 19 1 2 

S ITC KWANGYANG near ocean 3 07 1 6 

V EGA SKY near ocean 3 07 1 6 

4.3 Input Data Solution 

Based on the obtained data of arriving ships and arriving containers in Dalian Port in July 2018, the 
MATLAB software was used to code and solve, and the feasibility of the model was verified. 

Dalian Port has opened sea-rail intermodal container trains to and from Shenyang East, Changchun 
South, Baishan Township, Wukesong, Manzhouli, Shuangliao, etc. , 10 of them are selected for 
analysis and calculation in this paper. 
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(1) Solving results under the basic model 

First calculate the first destination, the result of Dalian-Yanji is shown in Figure 1: 

 

 
Figure 1. Dalian-Yanji train departure map 

 

Because the cycle time selected in this paper is one week, it is also stipulated that a train with a certain 
destination will be dispatched at most 5 times in this week. It can be seen from the above calculation 
results that the specific departure times of these 5 trains, but since only the 2nd and 5th trains are 
loaded with the containers unloaded by the ships arriving at the port, only 2 trains will be sent in this 
direction. The departure time is 12:12 on Tuesday and 14:44 on Sunday. 

same way, the departure time of each bound train can be calculated as shown in Table 6: 

 

Table 6. The destination of the sea-rail intermodal trains in Dalian Port 
train name Departure time Carton quantity operating cycle 

Dalian Port - Yanji Tuesday 12:12 16 
2 classes/week 

Sunday 14:44 28 

Dalian Port - Shenyang East Tuesday 11:48 twenty one 
2 classes/week 

Sunday 14;57 17 

Dalian Port - Qiqihar Tuesday 11:37 18 
2 classes/week 

Sunday 15:53 27 

Dalian Port - Changchun South Tuesday 12:32 twenty one 
2 classes/week 

Sunday 14:42 27 

Dalian Port - Changchun East Tuesday 11:31 twenty one 

3 classes/week Friday 15:51 twenty three 

Sunday 20:27 10 

Dalian Port - Manzhouli Tuesday 11:41 twenty one 

3 classes/week Friday 15:33 20 

Sunday 14:47 6 

Dalian Port - Five Trees Monday 1:30 18 
2 classes/week 

Sunday 14:53 27 

Dalian Port - Tongliao Tuesday 11:39 25 
2 classes/week 

Sunday 14:54 19 

Dalian Port - Jilin West Tuesday 12:01 16 
2 classes/week 

Sunday 14:40 twenty four 

Dalian Port - Xiangfang Tuesday 11:28 12 
2 classes/week 

Sunday 15:54 17 
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At the same time, calculate the container source of the train to this destination: 

 

 
Figure 2. Box flow source calculation result diagram 

 

It can be seen from the figure that the train box flow of this second flight comes from ship numbers 
1 to 7, which are: COSCO SHIPPING LIBRA , N EW HAMPSHIRE TRADER , F EI YUN HE , D 
OOWOO FAMILY , E VER UNITED , K ALAMAZOO , S ITC SHENZHEN. 

The box flow of the fifth train comes from ship numbers 8 to 16, namely: V OSTOCHNY 
VOYAGER , T R PORTHOS , M SC VENICE , C MA CGM AQUILA , S ONGYUNHE , P ADIAN , 
X IN HUANG PU , S ITC KWANGYANG , V EGA SKY. 

In the same way, the source of the container trains for each destination is calculated as shown in Table 
7: 

 

Table 7. Box flow source summary 
Where to go Departure time Carrying capacity source 
Dalian Port - Yanji Tuesday 12:12 16 1, 2, 3, 4, 5, 6, 7 

Sunday 14:44 28 8, 9, 10, 11, 12, 13, 14, 15, 16 

Dalian Port - Shenyang East Tuesday 11:48 twenty one 1, 2, 3, 4, 5, 6, 7 
Sunday 14;57 17 8, 9, 10, 11, 12, 13, 14, 15, 16 

Dalian Port - Qiqihar Tuesday 11:37 18 1, 2, 3, 4, 5, 6, 7 
Sunday 15:53 27 8, 9, 10, 11, 12, 13, 14, 15, 16 

Dalian Port - Changchun South Tuesday 12:32 twenty one 1, 2, 3, 4, 5, 6, 7 
Sunday 14:42 27 8, 9, 10, 11, 12, 13, 14, 15, 16 

Dalian Port - Changchun East Tuesday 11:31 twenty one 1, 2, 3, 4, 5, 6, 7 
Friday 15:51 twenty three 8, 9, 10, 11 
Sunday 20:27 10 12, 13, 14, 15, 16 

Dalian Port - Manzhouli Tuesday 11:41 twenty one 1, 2, 3, 4, 5, 6, 7 
Friday 15:33 20 8, 9, 10, 11 
Sunday 14:47 6 12, 13, 14, 15, 16 

Dalian Port - Five Trees Monday 1:30 18 1, 2, 3, 4, 5, 6, 7 
Sunday 14:53 27 8, 9, 10, 11, 12, 13, 14, 15, 16 

Dalian Port - Tongliao Tuesday 11:39 25 1, 2, 3, 4, 5, 6, 7 
Sunday 14:54 19 8, 9, 10, 11, 12, 13, 14, 15, 16 

Dalian Port - Jilin West Tuesday 12:01 16 1, 2, 3, 4, 5, 6, 7 
Sunday 14:40 twenty four 8, 9, 10, 11, 12, 13, 14, 15, 16 

Dalian Port - Xiangfang Tuesday 11:28 12 1, 2, 3, 4, 5, 6, 7 
Sunday 15:54 17 8, 9, 10, 11, 12, 13, 14, 15, 16 
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According to the above calculation results, it is found that the departure interval is still relatively long, 
and it is still unrealistic to realize the seamless connection between ships and trains at this stage, and 
transport vehicles such as trucks are also required to transport the flow of containers arriving at the 
port. Therefore, as the main transit port in Northeast China, Dalian Port should strive to develop cargo 
sources, improve transportation services, attract containerized cargo, and also increase the 
transportation capacity of container trains, improve the utilization rate of railway transportation 
capacity of various lines [ 9] , and promote sea- rail transportation. The development of intermodal 
transport. 

Based on the analysis of the above results, Dalian Port needs to strengthen the upgrade of hardware 
and software facilities if it wants to promote the organization of sea-rail intermodal container trains, 
such as promoting the construction of EDI technology, and increasing the contact and information 
between shippers, ships, ports, railways and other departments exchange and sharing of related data, 
so as to ensure the rationality of container train transportation organization under the fluctuation of 
container flow. 

5. Conclusion and Outlook 

Based on the analysis of the above results, Dalian Port needs to strengthen the upgrade of hardware 
and software facilities if it wants to promote the organization of sea-rail intermodal container trains, 
such as promoting the construction of EDI technology, and increasing the contact and information 
between shippers, ships, ports, railways and other departments exchange and the sharing of related 
data, so as to ensure the rationality of container train transportation organization under the fluctuation 
of container flow. 

With the continuous development of my country's railway transportation, the sea-rail combined 
transportation business is also constantly updated and developed. In the future development process, 
there will definitely be more practical problems that need to be solved. This paper hopes to conduct 
a preliminary study on the fluctuation of container transportation demand in the sea-rail intermodal 
transportation through the work done by the author, so as to provide a reference for further research 
in the future. 
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