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Abstract: In order to explore the research status of rock slope freeze-thaw problems, 228 domestic and foreign rock slope freeze-
thaw papers were retrieved as the samples based on the CNKI database. CiteSpace was used to conduct bibliometric and knowledge map 
analysis on the number of paper publications, authors, and keywords. The results show that the annual publication volume in this fi eld are 
generally increasing, indicating a large development space in future. There are many research teams and institutions in this fi eld, but there is 
less collaboration between diff erent teams. According to the timeline map, revealing that earlier literature focused mainly on understanding 
and prevention of rock slope freeze-thaw problems. New technologies from other fi elds have been gradually applied for innovation in recent 
years. The future research trend will involve micro-damage, multi-fi eld coupling, dynamic responses, monitoring and warning of rock slope 
freeze-thaw problems.
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Introduction
Freeze-thaw is a major trigger of geological disasters in the Hengduan Mountains in western Yunnan, western Sichuan and eastern 

Xizang, the high mountain valleys in south Sichuan, northeast Yunnan, east Guizhou and west Guizhou. The freeze-thaw process causes 
damage to natural systems such as rock and soil, vegetation and watersheds, and has a impact on the safety and reliability of railroads, 
highways, bridges and other infrastructures. 

Huang et al. carried out bibliometric analysis of research on freeze-thaw erosion using Excel software, and put forward an outlook 
on model prediction; Li et al. showed the hotspots and trends of the research on rock fracture network through visual analysis; Deng et al. 
constructed the knowledge map of the research on the mechanics of freeze-thawed rocks both at home and abroad by using the software 
CiteSpace, carried out a visual analysis, and summarized the hotspots of the research. However, there is no bibliometric analysis of the 
freezethaw problem of rocky slopes using the visualization method, so it is necessary to sort out and summarize the existing research results 
at home and abroad, to reveal the development process of this research, clarify the structural relationship, explore the development trend , 
and visualize it in the form of a knowledge map , to provide a reference for future research work. 

This study applies CiteSpace version 6. 2. R4 to perform statistical and visual co-occurrence analysis for the retrieved literature. The 
authors are mapped to understand the academic contributions of the research teams in the fi eld, and the relationship layout of the keywords 
and their evolution paths are understood through the timeline analysis. 

1 Preliminary analysis of the literature
This study utilized the CNKI database to search the English and Chinese literature on the freezing and thawing of external rocky slopes. 

The search rule was (subject = “freeze-thaw” + “slope”) * (abstract = “rocky”). A total of 233 articles were retrieved. A total of 228 articles 
were obtained by reading the titles and abstracts of the literature, manually excluding two journal catalog notifi cations and three irrelevant 
articles, and importing the screened literature into CiteSpace software for de-duplication.

1.1 Number of publications
The total number of annual publications of retrieved papers was less than 5 per year before 2005, and since then the overall trend has 

been on the rise, and only the number of publications in 2023 has exceeded 30 as of August 12, reaching the highest in history. For SCI, 
EI, CSSCI, CSCD, four categories of high-level journals, since 2009 almost every year there are two or more high-level papers published, 
and high-level papers issued and the total library of the number of articles issued by the growth trend is similar. The overall increase in the 
number of papers per year indicates that this kind of research is now in the “growth period” and has strong research value.

Among the retrieved articles, the earliest one dealing with this fi eld is the study of two rock avalanches in the Karasawa Cirque area 
published by Masaki in 1996. The authors conclude and predicts the possible subsequent disaster scenarios. The earliest article retrieved 
from Chinese literature is a paper by Chen Guangxiang published in 2001, which analyzes the causes and hazards of slope damage on the 
slopes of the Sangna Reservoir dam project located in the high alpine region and proposes measures for its management.

1.2 Distribution of disciplines
From the distribution of research disciplines, the research on the freezing and thawing of rocky slopes contains more than 5 papers in 

the disciplines of building science and engineering (71 papers), highway and waterway transportation (59 papers), mining engineering (50 
papers), industrial general technology and equipment (17 papers), water conservancy and hydropower engineering (13 papers), and railroad 
transportation (9 papers), and the number of papers issued in these 6 disciplines accounts for 96% of all the retrieved papers. A large number 
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of the papers involved disciplines concentrated in the fi eld of engineeringz, which is of great signifi cance for construction and operation 
and maintenance, meanwhile the results refl ect the insuffi  cient use of cross-disciplines in this research direction and the lack of certain 
innovativeness.

2 Visual analysis
2.1 Author mapping analysis
All retrieved documents were imported into CiteSpace software for author collaboration network analysis. The calculation yielded 

296 nodes and 466 node links, and the density of the cooperation network was only 0.0107. That is, a total of 296 people have conducted 
research, and there are 466 collaborations among authors, and diff erent colors in the nodes represent diff erent years of publication. The 
authors with two or more publications are fi ltered to display their names to obtain the author collaboration network mapping for the study of 
freeze-thaw on rocky slopes, as shown in Figure 1(A). It shows that there are many research teams in rocky slope freeze-thaw research, but 
there is a lack of stronger leaders and research teams that have close cooperation with all parties. Most of their institutions are located in the 
southwest and northwest regions. Chengdu University of Science and Technology has unique geographical and disciplinary advantages for 
geohazard problems in southwest China, and has made outstanding contributions in the fi eld of freeze-thaw on rocky slopes

2.2 Timeline mapping analysis of keywords
After obtaining the keyword co-occurrence network through Citespace, the LLR (Log-Likelihood Ratio) algorithm was chosen to 

analyze the clustering of keywords. In the obtained clustering results, the clustering module value Q=0.814, it is generally believed that 
Q>0.3 means that the clustering structure is signifi cant; the average silhouette value of clusters S=0.9347, it is generally believed that the 
clustering with S value above 0.7 is considered to be highly effi  cient and very credible. In this study, 35 keyword clusters were fi nally 
obtained , but since most of the clusters have a small number of nodes, only the top 11 clusters are shown in Figure 1(B), where the 
node sizes and colors indicate the frequency and age of occurrence, respectively. According to the time of various types of keywords in a 
horizontal comparison, to further refl ect the cluster keywords implied by the temporal characteristics. Combined with the timeline mapping 
of keyword, the spatial changes of the research hotspots over time can be clearly seen: before 2010, the research on freeze-thaw of rocky 
slopes was still concentrated in the stage of recognizing and proposing prevention and control measures for general freeze-thaw hazards, 
and the representative keywords such as “high alpine mountainous area”, “stability”, “prevention and control measures” and so on. After 
2010, other details or research in other fi elds were derived, representing keywords such as “frost heaving force”, “numerical simulation”, 
“mechanical properties”, “open-pit mins”, “acoustic emission”, “micro-structure” and so on. The application of these new techniques, such 
as nuclear magnetic resonance, acoustic emission, and CT scanning, represents the emergence of new research frontiers, but it often takes a 
period of exploration before a representative research theme for a period of time, similar to numerical simulation, is developed.

Fig. 1 Author co-occurrence mapping and timeline of clustered keywords

3 Conclusion
The research on the freeze-thaw problem of rocky slopes started relatively late, but since the fi rst publication in 1996, the number of 

annual publications has been on the rise overall, and the number of high-level papers is similar to the overall number of publications. This 
indicates that the research enthusiasm in this fi eld is gradually increasing, and there is a great research prospect and development potential in 
the future. 

This research direction has formed several typical author groups with outstanding research results and close teamwork, such as the 
teams dominated by Xu Shuanhai, Pei Xiangjun, and Qiao Guowen, respectively, but it lacks a strong leader or group. 

In the keyword co-occurrence analysis, it can be seen that numerical simulation, safety factor, freezing and expansion force, open pit 
mine, temperature fi eld and so on are the research hotspots of freezing and thawing problems of rocky slopes; In the keyword clustering 
analysis, 11 representative clusters are selected for time co-occurrence analysis to get the distribution of keyword emergence and year under 
diff erent clusters, and it is found that the research on the freeze-thaw problem of rocky slopes in recent years combines the application of 
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technology in other fi elds. 
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