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Abstract 

To conduct a systematical overview of global characteristics of ship fires, this paper 
reviews the papers pertaining to ship fires published in Web of Science from 2008-2018 
by means of both VOSviewer and CiteSpace. A comprehensive analysis about overall 
theme distribution and evolution, major authors, countries, institutions, references and 
journals in this field is conducted. The results show that the hot topics of the ship fire 
research are Simulation and Ship Fire and Safety. WANG L are the most prolific authors 
in this field, and the papers of IMO, MCGRATTAN K, WANG J, etc. were cited more 
frequently. Another fact is that although China has the largest number of papers, its 
cooperation with other countries is not as strong as United States. Naval Univ Engn, 
Wuhan Univ Technol and Shanghai Maritime Univ are the agencies with the largest 
number of papers in this field. The cited papers are mainly from international journals 
such as FIRE SAFETY J, NATURE, SCI TOTAL ENVIRON, J HAZARD MATER, SFPE HDB FIRE 
PROTEC. 
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1. Introduction 

In recent decades, the total trade volume of the shipping industry has been shown as an increasing 

trend [1], and more than 90% of international trade is completed by shipping. According to statistics, 

the losses caused by ship fires accounted for more than 11% of the total losses of all marine accidents 
[2-3]. Countries all over the world have noticed the importance and particularity of ship fires. Since the 

sinking of the British destroyer Sheffield in the Falklands War in 1982, the developed countries led 

by the United States have begun systematic research on ship fires. Since 1989, China has successfully 

built the State Key Laboratory of Fire Science in which the ship fire was one of its key research 

directions [4]. After decades of development, the abundant achievements about ship fire dynamics, 

ship fire protection and ship fire prevention technology have been obtained [5]. In order to fully and 

objectively understand the current situation of ship fire research and promote the better development 

of existing and future related researches, it is essential to sort a comprehensive review of the long-

term accumulation of ship fire safety. 

In order to show the development of a certain subject, many scholars at home and abroad have used 

visualization software to draw the knowledge map of the subject. For example, Li et al. [6] took the 

data of the "Safety Science" journal as an example to conduct a preliminary study on the knowledge 

map of safety science. Li [7] studied the hotspots and frontiers of domestic smart libraries based on 

the core data set of Web of Science, using CiteSpace and VOSviewer visualization software. Li et al. 
[8] drew a knowledge map of urban ecological restoration research in the Web of Science database. 

Van et al. [9] conducted research on the knowledge graph of safety culture based on Web of Science 

data. Zou et al. [10] drew a road safety knowledge map based on the data of Science Citation Index 

Expanded (SCIE) and Social Sciences Citation Index (SSCI). Wu et al. [11] visualized the research 
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status and emerging trends of acid rain based on the Web of Science Core Collection and CNKI 

database. Shi et al. [12] used SCIE and SSCI as the data basis and used VOSviewer software to 

visualize the urban vitality. This research intends to use the method of scientific knowledge map, 

using the core collection of Web of Science and CNKI database as data sources, to visually analyze 

the scientific knowledge map of ship fire research. 

2. Data sources and analysis methods 

This article is based on the papers of the core collection of Web of Science, the time span is from 

2008 to 2018, and the related papers are searched with "ship fire" as the key word. The number of 

papers obtained is 514, which are exported as full records in the record output and form the text files 
[13-15]. Based on the advantages of the two visual software. Firstly, the VOSviewer software is used to 

extract and analyze the overall distribution and time sequence evolution of ship fire thesis topics, in 

order to study the topic characteristics of ship fire research [16-18]. Then, the CiteSpace software is 

used to draw a graph of cooperation between authors and national institutions, references and journal 

co-citation graphs, in order to show the main researchers in the field of research, research teams and 

national institutions and the cooperation relationship between them. Among them, VOSviewer is a 

software tool developed by Van Eck and Waltman of Leiden University in the Netherlands to build a 

visual metering network [19]. CiteSpace is an information visualization software developed by 

Professor Chen Chaomei of Drexel University of Philadelphia based on the Java language, which can 

dynamically display the development trend of this field and the cooperation network of related 

personnel and institutions [20]. 

3. Data analysis 

3.1 Distribution of annual papers 

Figure 1 shows the number of the papers published on ship fire research in the core collection of Web 

of Science. It was found that there were many papers included in 2014-2017, and there were 67 papers 

in 2017, and an average of the included papers per year is 49, which showed the overall trend that 

was increasing first and then decreasing. 

 

Fig.1. Number of papers published on ship fire research. 

 

3.2 Overall distribution of themes 

The visualization results of the ship fire research topic are shown in Figure 2. The larger the label of 

the node and the keyword, the higher the word frequency of the corresponding keyword. According 
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to Figure 2, the research content of ship fire mainly focuses on mode, fire, safety, behavior, CFD, 

flame, fire safety, maritime safety, simulation, size distribution, etc. These high-frequency topics 

constitute the hot research area of ship fire. From the distribution of keywords, the two core themes 

of ship fire research are Simulation and Ship Fire and Safety. The core keywords of Simulation 

include model, CFD, flame, flashover, flow, fire model, combustion, fire speed, evacuation 

simulation, probabilistic model, pool fires, behavior, etc. In the Ship Fire and Safety research topic, 

the core keyword is maritime safety, management, framework, risk, safety assessment, risk 

assessment, fatality, injury, collision, etc. There is also a scattered group, the research points are 

emissions, aerosol and size distribution. 

 

Fig.2. Distribution of ship fire research themes. 

 

3.3 Analysis of theme evolution 

The paper data of ship fires from 2008 to 2018 is divided into four stages: 2008-2010, 2011-2013, 

2014-2016 and 2017-2018. Keyword analysis is performed on the data of the four stages in turn, and 

the evolution of the ship fire theme is shown in Figure 3. From the perspective of the keyword group, 

the main research content of 2008-2010 is numerical simulation and fire, and it is also involved in the 

field of temperature materials of ships; in 2011-2013, large eddy simulation was expanded in the field 

of numerical simulation, and ship fire safety began to become a new The research hotspots of ship 

fire safety in 2014-2016, including safety assessment, risk assessment and death toll research content. 

Numerical simulation has added research on temperature and particle size distribution. In addition, 

the core of combustion, time and ship appeared Scattered groups; due to the short time span of 2017-

2018, the research theme has not changed significantly. On the whole, because the WOS core 

collection contains research results from scholars from around the world, the research topics of each 

scholar are different, resulting in insignificant keyword clustering, and the analyzed research topics 

are slightly vague. Numerical simulation is the research trend towards model establishment and 

verification. It also focuses on risk analysis, management, safety assessment and marine safety 

research. 
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Fig.3. The theme evolution of ship fire research. 

 

 

Fig.4. Cooperative network of authors of ship fire research. 
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3.4 Author analysis 

The network map of cooperation between authors is shown in Figure 4. The size of the node indicates 

how much the author has published [17]. The most productive authors in ship fire research are Wang 

L, GOTTUK DT, ROSE-PEHRSSON SL, and WILLIAMS FW, and the cooperation between the 

most productive authors is very close. The main scientific research teams engaged in this field are: 

GOTTUK D.T., ROSE-PEHRSSON S.L. and WILLIAMS F.W.’s team, WANG L. and SU S.C.’s 

team, WANG J., YAN X.P. and ZHANG D.’s team, WANG J.H. and XIE Q.M., etc. 

Figure 5 shows the author's co-cited network graph to find authors who are influential in the field. 

Among them, the top 10 cited times are IMO, MCGRATTAN K., Wang J., VANEM, ABS, DNV, 

AKYUZ E., LI C., BABRAUSKAS V. and LOIS P. In addition to scholars, the International 

Maritime Association and Classification Societies have also carried out a lot of research work. 

Because they need to ensure the safety and reliability of ships, so they must study the causes and laws 

of ship fires. 

 

Fig.5. The author cited network of ship fire research. 

 

Fig.6. Inter-country cooperation network of ship fire research. 
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3.5 Country and institutional analysis 

The network graph of the cooperation between countries is shown in Figure 6. It can be seen that 

China has made significant contributions in this field from 2008 to 2018, with 124 SCI articles 

published, ranking first, and the United States ranking second with 100. The central node is a "bridge" 

to communicate with multiple other nodes, acting as an intermediary [11]. The centrality of Chinese 

papers is lower than that of the United States, which shows that the United States has closer 

cooperation with other countries. The United Kingdom, South Korea, Australia, Germany, Norway, 

Russia, Canada, and Italy are the top 10 in terms of publication volume. These countries are all located 

in coastal areas, with a large volume of cargo for maritime trade, and there are many studies on ship 

fires. 

 

Fig.7 Institutional cooperation network of ship fire research. 

 

The cooperative network map of research institutions is shown in Figure 7. The number of articles 

published by Naval Univ Engn is the largest with 15 articles. There are more than 10 articles published 

by Wuhan Univ Technol and Shanghai Maritime Univ. It is found that there is still room for 

improvement for the cooperation and exchange of research institutions, and the cooperation between 

research institutions still needs to be strengthened. 

3.6 Co-citation analysis of references 

The co-citation network map of references is shown in Figure 8. The degree of centrality can reflect 

the importance of the paper in the research field to a certain extent. The authors of the paper in the 

order of centrality are Hassel M. [21], Karahalios H. [22], Bond T.C. [23], Weng J. [24], Akhtar M.J. [25], 

Salem A.M. [26] and Stohl A. [27]. 



 

 

99 

International Core Journal of Engineering 

ISSN: 2414-1895 

Volume 7 Issue 1, 2021 

DOI: 10.6919/ICJE.202101_7(1).0012 

 

Fig.8 The references cited network of ship fire research. 

 

Fig.9 The journal cited network of ship fire research (2008-2018) (WoS) 
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3.7 Co-citation analysis of journals 

The co-citation network map of journals is shown in Figure 9. The cited articles are mainly from 

international mainstream journals and books such as FIRE SAFETY J, NATURE, SCI TOTAL 

ENVIRON, J. HAZARD MATER, SFPE HDB FIRE PROTEC, etc. Researchers engaged in this field 

can focus on such journals and books to understand the frontiers of subject research. 

4. Conclusion and future work 

The research content of ship fire mainly focuses on model, fire, safety, behavior, fire safety, maritime 

safety, simulation, size distribution, etc. The two core themes are Simulation and Ship Fire and Safety. 

The research topics are slightly scattered. 

From the perspective of the amount of national publications, the countries with more publications are 

located in coastal areas. Naval Univ Engn, Wuhan Univ Technol, and Shanghai Maritime Univ are 

highly productive institutions for ship fire research. The cited articles are mainly from international 

mainstream journals such as FIRE SAFETY J, NATURE, SCI TOTAL ENVIRON, J HAZARD 

MATER, SFPE HDB FIRE PROTEC, etc. 

It should be mentioned that due to the limits of time and energy, the time span of this article is 2008-

2018, and the selected article source is the journal papers of the core collection of Web of Science. 

The time interval can be extended if the conditions are available, and the theme words are also 

extended beyond “ship fire” to analyze a wider range of relevant literature. 
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