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Abstract

This study presents a bibliometric analysis of research trends in rigid
pavement over the last decade, aiming to identify publication trends,
research output distribution, main themes, citation patterns, and
research gaps. The PRISMA method was employed, and statistical
analysis was conducted using bibliometric software. By collecting
bibliographic data from academic publications, this research reveals
a significant growth in rigid pavement publications, reflecting
increased global interest in this field. Major research themes include
pavement design, material characterization, construction techniques,
maintenance, and performance evaluation. Citation pattern analysis
is used to identify influential works in this field. However, this study
has limitations in data coverage and is susceptible to biases inherent
in bibliometric analysis. Nevertheless, it contributes significantly to
understanding the research landscape of rigid pavement, providing
valuable insights for researchers, practitioners, and policymakers.
Future research could deepen qualitative analysis, track the
evolution of research themes, and explore interdisciplinary
frameworks to enrich our understanding of rigid pavements.
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INTRODUCTION Despite

significant

progress in

rigid

Rigid pavement, a road structure consisting
of Portland Cement Concrete (PCC) slabs, has
been widely used in transportation infrastructure
due to its durability, strength, and relatively low
maintenance requirements [1 2, 3]. Over the past

decade, the field of rigid pavement research has
made significant advancements, driven by
increasing demand for sustainable and long-
lasting transportation networks [4 5 6].

’

Researchers and practitioners have investigated
various aspects of pavement design, materials,
construction techniques, maintenance practices,
and performance evaluation methodologies to
enhance its efficiency, lifespan, and cost-
effectiveness [7, 8, 9, 10, 11].

pavement research, there is still a need for

systematic analysis of trends and patterns in the

literature to identify key focus areas, knowledge

gaps, and emerging research directions [12][13].

Such analysis is crucial to provide input for future

research agendas, facilitate knowledge

dissemination, and promote collaboration among
researchers and practitioners in the pavement

engineering field [14].

Based on this background, this study
formulates the following research questions:

1. What are the trends in publication trends in
rigid pavement research over the past decade,
in terms of authors, institutional affiliations, and
geographical distribution?
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2. How is the distribution of research output
among various types of publications, and what
are its  implications for  knowledge
dissemination and accessibility?

3. What are the main thematic research areas in
the rigid pavement literature, and how have
they evolved over time?

4. What are the citation patterns in the rigid
pavement literature, and which publications
have significant influence in the field?

5. What are the key research gaps and emerging
trends in rigid pavement engineering, and how
can they shape the future research agenda?

The main objective of this paper is to
conduct a comprehensive bibliometric analysis of
research trends related to rigid pavement over the
last decade (2013-2023). Specifically, this paper
aims to:

1. Identify the most productive authors,
institutions, and countries in the rigid pavement
literature.

2. Analyze the distribution of research output
across various types of publications, including

journal articles, conference papers, and
technical reports.
3. Investigate the thematic focus of rigid

pavement research, covering topics such as
pavement design, material characterization,
construction techniques, maintenance
strategies, and performance evaluation.

4. Analyze citation patterns in the rigid pavement
literature to determine the impact and influence
of key works and emerging trends.

5. Identify potential research gaps and
opportunities for future investigation in the field
of rigid pavement engineering.

The next section provides an overview of
the methodology used for bibliometric analysis,
including data collection, pre-processing, and
analysis techniques [15]. Subsequently, the
analysis findings are presented and discussed in
detail, emphasizing trends, patterns, and key
insights obtained from the data. The paper
concludes with a summary of the main findings,
implications for research and practice, and
suggestions for future research directions in the
field of rigid pavement engineering [16].

METHOD

This study utilizes a bibliometric approach
to explore and analyze literature related to rigid
pavement [17]. This approach leverages a
combination of bibliometric analysis tools and
techniques, using the Bibliometrix software within
the R programming environment [18][19].

Biblioshiny, as the web interface of the
Bibliometric package, is employed to simplify
bibliometric analysis without requiring deep
programming skills [20]. Its comprehensive
graphical user interface makes it accessible to
both novice and experienced users, allowing the
import of bibliographic data from various sources
such as Scopus [21].

The data used in this research were
obtained from the Scopus database and exported
in a suitable format for analysis, namely BibTeX
[22]. This dataset includes essential bibliographic
information such as titles, authors, keywords,
abstracts, citations, and publication details [23].
Bibliometrics processes this data to conduct
various types of studies, including calculating
metrics like the h-index, analyzing trends over
time, mapping co-authorship and citation
networks, and identifying main themes and
research clusters [24].

The PRISMA (Preferred Reporting Items for
Systematic Reviews and Meta-Analyses) method
is also applied in this bibliometric analysis to
enhance the credibility and transparency of the
study [25]. Adapted PRISMA principles for
bibliometric analysis ensure that the bibliometric
review is conducted systematically, transparently,
and reproducibly [26]. These steps include
identifying relevant literature, screening articles
based on inclusion and exclusion criteria, and
synthesizing results using bibliometric tools and
software [27]. The flow of the PRISMA method is
illustrated in Figure 1.
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Figure 1. Flow diagram of the search strategy
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Figure 1 depicts a systematic process for
searching and screening literature for a
bibliometric analysis on the topic of "Rigid
Pavement." The process begins with defining the
topic and search scope, including the database
(Scopus), search field (keywords), time frame (all),
language (English), and source type (journal). The
search is conducted using the keywords "rigid"
and "pavement" with additional filters to ensure
that only relevant scientific articles are included.
On May 27, 2024, this search identified 1297
records, all of which passed the initial screening
stage without any being removed. Ultimately, all
1297 articles were included in the bibliometric
analysis, demonstrating that the search and
screening process employed was both efficient
and comprehensive, ensuring extensive coverage
of the literature in this field.

RESULTS AND DISCUSSION
Main Information

A comprehensive study on research trends
in the field of rigid pavement has been conducted
using bibliometric analysis. Utilizing the
Bibliometric-BiblioShiny application, data covering
the period from 2013 to 2023 were analyzed to
identify significant patterns in the related literature.
Before presenting the analysis results, it is
essential to introduce key information about the
data to be analyzed. This includes the study
period, the number of data sources used, the
number of documents analyzed, and other
important statistics [28]. Key information about the
publication data of research results discussing
rigid pavement is presented in Figure 2.

From the analysis results using the
Bibliometric-BiblioShiny application, several key
findings have been identified [29]. First, the high
annual growth rate of documents at 11.79%
indicates a continuous increase in interest in
research on rigid pavement during the study
period. This underscores the importance of this
topic in the academic and industrial communities.

Timespan
2013:2023 1297

Authors of single-authored docs

Annual Growth Rate

11.79 %

Co-Authors per Do
3.58

Document Average Age Average cltations per doc.

49 7.739

International Co-Authorship

16.5 %

3682

Figure 2. Main Data Information

Furthermore, the relatively young average age of
documents at 4.9 years indicates that the majority
of analyzed research is recent, affirming the
topic's relevance to the changing times.

Moreover, the high average citation per
document, with a value of 7.739, indicates that
research on rigid pavement has significant
influence in scholarly literature. This suggests that
this topic is a major focus in the field of civil
engineering and transportation. However, despite
an international collaboration rate of 16.5%, the
relatively low number of co-authors per document,
namely 3.58, indicates that collaboration among
authors from different countries is still limited. This
highlights the potential for enhancing cross-border
cooperation in research on rigid pavement. This is
based on Scopus publication data from 2013-2023
with publication types as shown in Table 1.

Data from Scopus shows that from the
period of 2013 to 2023, there were 1,297
publications on rigid pavement analyzed. The
majority, approximately 64.61%, were journal
articles, indicating that journal articles are the
primary source of information in the literature on
rigid pavement. Furthermore, about 34.39% were
conference papers, which also made a significant
contribution to research on rigid pavement.
Although fewer in number, other types of
publications also made meaningful contributions
in complementing the literature on rigid pavement.
This analysis provides valuable insights into the
distribution and contribution of various types of
publications in research on rigid pavement, which
can offer a better understanding for researchers
and practitioners in this field.

Annual Scientific Production

In order to understand the annual scientific
production trends in the field of rigid pavement,
bibliometric analysis was conducted using
historical data from 2013 to 2023 [30]. An overview
of the scientific production in the field of rigid
pavement during the studied period is presented
in Figure 3.

Table 1. Source Type
Total

Source Type Publications Perci-/ntage
(TP) (%)

article 838 64.61%
Scopus and WoS

articles 5 0.39%
article conference paper 3 0.23%
conference paper 446 34.39%
conference paper article 3 0.23%
conference paper 2 0.15%
Total 1297 100.00%
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Figure 3. Annual scientific production

The collected data reveals interesting
trends in scientific production on rigid pavement
during the period of 2013-2023. Starting from 62
articles in 2013, scientific production consistently
increased, reaching its peak in 2023 with 189
articles. This indicates a continuously growing
interest in research on rigid pavement throughout
the study period. These trends may also reflect the
development of new technologies and
methodologies that stimulate research growth in
this field. The significant increase from year to
year, especially after 2017, may reflect a growing
focus from the academic and industry
communities on  improving the  quality,
sustainability, and efficiency of road infrastructure.
Thus, this analysis provides valuable insights into
the dynamics of scientific production in the field of
rigid pavement, which can help determine the
direction of future research and identify emerging
trends in the foreseeable future.

Citations per year from scientific
publications on rigid pavement from 2013 to 2023,
providing an overview of the trend of citations per
year from those publications, are presented in
Table 2.

The citation data per year shows significant
variation during the study period [31]. Initially,
there was a stable or slightly increasing trend from
year to year, reaching its peak in 2017 with 14.59

However, after 2017, there was a significant
decrease, reaching its lowest point in 2023 with
only 1.82 citations per article. This reflects a
declining interest in the topic or a lack of innovative
research receiving further attention. Additionally,
the number of citable years also decreased from
year to year, indicating that newer publications
may receive less attention over a longer period.

Most Relevant Sources

Bibliometric analysis has identified the most
relevant sources in the literature on rigid pavement
[32]. An overview of the sources that are the focus
of this study is presented in Figure 4.

From the analysis results, it can be seen
that several sources emerge as the most relevant
in the literature on rigid pavement. These sources
include "Construction and Building Materials" with
98 articles, "International Journal of Pavement
Engineering” with 64 articles, and "IOP
Conference Series: Materials Science and
Engineering” with 46 articles. These sources may
serve as primary outlets for researchers to seek
information, publish research findings, or stay
updated on the latest developments in the field of
rigid pavement. Additionally, the presence of
sources such as "Transportation Research
Record,” "Road Materials and Pavement Design,"
and "Journal of Transportation Engineering Part B:
Pavements" also indicates significant
contributions to the literature on rigid pavement.
By identifying the most relevant sources, this
analysis can assist researchers and practitioners
in navigating the extensive literature and finding
the most valuable sources in this field.

Core Sources by Bradford's Law

Core Sources by Bradford's Law aim to
identify the most significant sources in their
contribution to the literature in the field of rigid
pavement [33]. The data generated will provide

citations per article, reflecting an increased insights into the most important sources for
interest in research on rigid pavement. understanding and advancing knowledge in this
field, as shown in Figure 5.
Table 2. Citations per Year
Year Mean N MeanTCper Citable CONSTRUCTION AND BUILDING MATERIALS
TCperArt Year Years INTERNATIONAL JOURNAL OF PAVEMENT ENGINEERING
2013 9.50 62 0.79 12
2014 9.12 64 0.83 11 10P CONFERENCE SERIES: MATERIALS SCIENCE AND ENGINEERING
2015 8 :08 72 0: 81 10 TRANSPORTATION RESEARCH RECORD —@
2016 8.57 87 0.95 9 I0P CONFERENCE SERIES: EARTH AND ENVIRONMENTAL SCIENCE —@
2017 14.59 109 1.82 8 ROAD MATERIALS AND PAVEMENT DESIGN 4®
2018 9.02 104 1.29 7
2019 7.60 156 1.27 6 AIP CONFERENCE PROCEEDINGS
2020 9.85 142 1.97 5 INTERNATIONAL JOURNAL OF PAVEMENT RESEARCH AND TECHNOLOGY
2021 8.01 142 2.00 4 MATERIALS TODAY: PROCEEDINGS
2022 5.54 170 1.85 3 JOURNAL OF TRANSPORTATION ENGINEERING PART B: PAVEMENTS —@
2023 1.82 189 0.91 2
Figure 4. Most relevant sources
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Rank)

F|gUre 5. Core Sources by Bradford's Law

From the bibliometric analysis data, it can
be observed that key sources in the literature on
rigid pavement, such as "Construction and
Building Materials,"” “International Journal of
Pavement Engineering,” and "IOP Conference
Series: Materials Science and Engineering,"
dominate the top ranks in the list. These sources,
along with several others, constitute the core or
primary focus of the literature in this field,
reflecting the importance of their contributions to
knowledge development and research. On the
other hand, there are also sources that appear in
lower zones, indicating their lower contributions to
the literature or their more specific focus on
particular topics within the field of rigid pavement.

Sources' Local Impact

Sources' Local Impact aims to identify the
influence or contribution of specific sources in the
development of knowledge and research in the
field of rigid pavement. The results of the analysis
are shown in Figure 6.

This bibliometric analysis data provides an
overview of the local impact of various publication
sources in the literature on rigid pavement.
Sources such as "Construction and Building
Materials," "International Journal of Pavement
Engineering," and "Road Materials and Pavement
Design" demonstrate significant impact, with high
h-index and substantial citation numbers.

Construction And Building Materials

International Journal of Pavement Engineering

Road Materials and Pavement Design

International Journal of Pavement Research and Technology
Journal of Materials in Civil Engineering

Transportation Research Record

I0P Conference Series: Materials Science and Engineering
Journal of Transportation Engineering Part B: Pavements

Materials Today: Proceedings

gggg;g;ggi

Applied Sciences (Switzerland)

Figure 6. Sources' Local Impact by H index

On the other hand, some other sources
have lower impact, which may reflect their more
limited contributions to the literature or a more
specific focus on particular topics within the field
of rigid pavement. Additionally, there is a trend of
increasing local impact for some sources, such as
"Sustainability” and "Materials Today:
Proceedings,” indicating growing recognition or
acknowledgment from the scholarly community for
their contributions.

Sources' Production over Time

The analysis of Sources' Production over
Time aims to identify how the contribution of
publication sources changes from year to year,
whether there is an increase or decrease in
production, and to understand the factors that may
influence these production patterns [34]. This
information can help in understanding the
dynamics of literature development, identifying
research trends, and understanding changes in
focus or interest in specific study areas over time.
The results of the Sources' Production over Time
analysis are presented in Figure 7.

This bibliometric analysis data reveals
interesting publication production patterns from
several key sources in the literature on rigid
pavement over the studied period. Sources such
as "Construction and Building Materials" and
"International Journal of Pavement Engineering"
show a stable increasing production trend from
year to year, indicating their significant role in
supporting literature in this field.
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Figure 7. Sources' Production over Time
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On the other hand, sources like "IOP
Conference Series: Materials Science and
Engineering" and “"Transportation Research

Record" exhibit variations in their production, but
with a general tendency of increasing over time.

Most Relevant Authors

The Most Relevant Authors aim to identify
and highlight authors who have the most
significant or relevant contributions in a field of
study or specific topic [35]. This analysis aims to
identify thought leaders, experts, or major
contributors in the field based on criteria such as
the number of publications, citations, or the impact
of their research. The results of the analysis are
presented in Figure 8.

The bibliometric analysis data indicates that
several authors have played significant roles in the
literature on rigid pavement. Authors such as Halil
Ceylan, SungHwan Kim, and Kasthurirangan
Gopalakrishnan stand out with a high number of
articles and significant fractional count of articles.
This indicates substantial contributions in this
field. Authors like Syed Waqar Haider, Lijun Sun,
and Xingyu Gu also have significant contributions
in the literature.

Authors' Production over Time

The analysis of Authors' Production over
Time aims to understand the patterns and trends
in publication production by authors in a field of
study or specific topic over time [36]. By analyzing
authors' publication output over a certain period,
we can identify changes in authors' productivity,
collaboration trends, as well as changes in the
focus or research interests of these authors. The
results of the Authors' Production over Time
analysis are shown in Figure 9.

WHITE GREG  m——r—
——
SABIH GAUHAR =
———
LV SONGTAQ  e——
———
KAYA ORHAN s
———
CHATTI KARIM st
———
NIFUJIAN  e———
o
7
HAIDER SYED WAQAR 9
o
7
GOPALAKRISHNAN... 1\"‘,‘ 1
T L L
CEYLAN HALIL T4
0 5 10 15

Figure 8. Most relevant authors

GAmEm.

vear

Figure 9. Authors' Production over Time

The data shows the contributions of key
authors in the literature on rigid pavement. David
R. Brill, Halil Ceylan, and Karim Chatti stand out
with high publication frequencies and significant
citation counts from year to year. Other authors
such as SungHwan Kim, Kasthurirangan
Gopalakrishnan, and Fujian Ni also have
consistent and significant contributions in the
literature.

Author Productivity through Lotka's Law

Lotka's Law is used to describe the
distribution of author productivity by grouping
authors based on the number of documents they
write [37]. The results of this analysis are
presented in Figure 10 and Table 3.

8 of Authors

II: 5

Documents writen

Figure 10. Author Productivity through Lotka's
Law

Table 3. Author Productivity through Lotka's Law

Docu_ments No. of Authors Proportion of
written Authors
1 3117 0.847
2 369 0.1
3 113 0.031
4 35 0.01
5 19 0.005
6 11 0.003
7 11 0.003
8 1 0
9 3 0.001
10 1 0
11 1 0
14 1 0
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The data shows a pattern consistent with
Lotka's Law, where a small number of authors are
highly productive while the majority of authors
have only a few contributions. The majority of
authors (84.7%) write only one document, while a
small fraction of authors (0.1%) are very
productive, writing two documents. As the number
of documents written increases, the number of
authors decreases, indicating that only a few
authors are consistently productive in the field.
This analysis provides a strong insight into the
distribution of scientific author productivity, which
is an important characteristic of the rigid pavement
field of study over the past 10 years.

Authors' Local Impact

Bibliometric analysis was conducted to
understand the local impact of scientific authors in
the literature on rigid pavement. It is important to
note that elements such as h-index, g-index, and
m-index are used to measure the relative impact
of authors in scientific literature, taking into
account the number of citations (TC), number of
publications (NP), and the year of first publication
(PY_start) of their works [38], as presented in
Figure 11.

The data shows the local impact of several
authors in the literature on rigid pavement. Some
authors, such as Xingyu Gu, Zhen Liu, and
Songtao Lv, stand out with relatively high impact
indices, as indicated by their h-index, g-index, and
m-index. Meanwhile, other authors, such as David
R. Brill and Halil Ceylan, have significant impacts
despite having fewer publications. This analysis
provides insights into the contributions and impact
of specific authors in the development of literature
on rigid pavement, which can help understand the
relevance and quality of their works in an
academic context.

H_INDEX

KAYA ORHAN

GOPALAKRISHNAN..

DI MASCIO PAOLA

CEYLAN HALIL
ASSOGBA OGOUBI CYRIAQUE
YOU LINGYUN 5
LI SHENG :
LV SONGTAO . 5
GU XINGYU :

0 2 4 6 8

Figure 11. Authors' Local Impact

Most Relevant Affiliations

Most Relevant Affiliations refer to the
institutions or affiliations that are most relevant or
significant in the scientific literature on rigid
pavement [39]. In bibliometric analysis, the
identification of Most Relevant Affiliations is
presented in Figure 12.

The data on Most Relevant Affiliations in
bibliometric analysis shows the affiliations or
institutions that contribute most to the related
scientific literature. From this data, several
institutions such as Tongji University, Southeast
University, and Chang'an University emerge as
the most relevant with a significant number of
articles. This indicates that these institutions play
a crucial role in the development of knowledge in
the field of study. Additionally, some institutions
outside of China also appear, such as lowa State
University, Michigan State University, and the
Indian Institute of Technology, showing
geographical diversity in research contributions

Affiliations' Production over Time

To track the contributions of specific
institutions in generating knowledge in the field of
rigid pavement studies, a bibliometric analysis of
Affiliations' Production over Time is necessary
[40], and the results are presented in Figure 13.

The data on Affiliations' Production over
Time shows the number of articles produced by
several affiliations over a certain period. Major
affiliations such as Chang'an University, School of
Transportation  Science and  Engineering,
Changsha University of Science and Technology,
lowa State University, Southeast University, and
Tongji University show a trend of increasing article
production from year to year. For example,
Chang'an University has a stable increasing trend
from 2013 to 2023, while Tongji University
demonstrates a significant increase from 2013 to
2023.

UNIVERSITY OF WATERLOO  messssiRun
MICHIGAN TECHNOLOGICAL... musmiraRums
WILLIAM J. HUGHES TECHNICAL... B
INDIAN INSTITUTE OF... Ruin

MICHIGAN STATE UNIVERSITY fupin
CHANG'AN UNIVERSITY  wonswwrjugom
NOTREPORTED | musmwmmgiffonm
SCHOOL OF TRANSPORTATION... i
IOWA STATE UNIVERSITY  nssssssfi@ms
CHANGSHA UNIVERSITY OF ... nummmmmmium
CHANG'AN UNIVERSITY s
SOUTHEAST UNIVERSITY 1]
TONG]JI UNIVERSITY
0 10 20 30 40 50

Figure 12. Most Relevant Affiliations
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Figure 13. Affiliations' Production over Time

This indicates the contributions of these
affiliations to research and scholarly publications
in relevant fields of study. Additionally, the
consistent increase from year to year also reflects
the potential growth of resources and research
focus in each affiliation.

Corresponding Author's Countries

Corresponding Author’s Countries indicate
the distribution of the number of articles written by
corresponding authors from various countries in
bibliometric analysis [41]. China dominates in
terms of the number of articles, followed by the
United States and India. The MCP (Multiple
Corresponding Authors) Ratio proportion, which is
the ratio of the number of articles with more than
one corresponding author compared to the total
articles, varies from country to country. Countries
like Australia, Canada, and the United Kingdom
show relatively high MCP Ratios, indicating the
potential for strong international collaboration in
research and scholarly publications among
corresponding authors from these countries.
Meanwhile, the MCP Ratio of countries like Egypt,
Nigeria, and Brazil shows lower proportions, which
may indicate more localized research focus or a
lack of international collaboration in their research,
as shown in Figure 14.

The analysis results show that China has a
very strong growth trend in scientific production,
with the number of articles continuously increasing
from year to year. India also shows a significant
growth trend in scientific production, although not
as strong as China.

.ol Documents

S0 G Loty A, P, Mok Gt Al

Figure 14. Corresponding Author's Countries

Meanwhile, the United States maintains its
position as one of the world's leading scientific
producers, although its growth trend is not as fast
as China and India. Indonesia also shows a
significant increase in scientific production,
although still far behind China, India, and the
United States. On the other hand, Iraq shows a
fairly stable increase in its scientific production,
although still at a lower level compared to the other
countries listed in the data.

It is noted that China dominates in the total
number of citations, followed by the United States
and India. However, when viewed from the
average citations per article perspective, some
countries like Senegal, the Netherlands, and Iran
stand out with high averages. China and the
United States remain leaders in terms of the total
number of citations, indicating significant
contributions to global scientific literature.
However, this does not always reflect the quality
of articles, as some countries with fewer articles
may have higher average citations per article.

Most Frequent Words

Most Frequent Words serve to identify the
main topics or focuses of the analyzed research
[42]. In this example, words like "pavements"”,
"rigid pavements", "concretes", and "asphalt"
appear as some of the most frequently
encountered words in the studied literature as
shown in Figure 15.

Data analysis indicates that topics related to
road infrastructure, such as "pavements", "rigid

pavements", "asphalt", "concrete pavements", and
"asphalt pavements", dominate in the Most
relevant word and WordCloud. Additionally, there
are words related to technical aspects such as
"compressive strength”, "finite element method",
"cracks", and "pavement overlays". These findings
suggest that the analyzed literature has a strong
focus on construction and materials related to road
infrastructure, as well as technical aspects in its
design and maintenance.
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Figure 15. Most relevant word

Trend Topics

Trend Topics provide information about the
frequency of occurrence of several research
topics in the literature based on quarterly years
(year_gl, year_med, year_q3) [43]. The data

Co-occurrence Network

The Co-occurrence Network data provides
an overview of the relationships between various
concepts in the field of road infrastructure based
on their co-occurrence in scientific research [44],
as shown in Figure 17.

. ’
rigid pavements
. asphalt
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N ? 1 3 asphalt pavements
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Figure 17. Co-occurrence Network

Table 4. Ranking and proximity between cluster

covers various topics relevant to road nodes
infrastructure such as continuum mechanics, civil Node Cluster Bent:’:se” i'g:se ;Zﬂi
engineering, load transfer, cement, speed, pavements 1 85.373  0.021 0.07
vibration, bitumen material, transportation concretes 1 34793 0.021  0.053
departments, road design based on mechanistic- concrete L 16736 002 0034
empirical guidelines, trucks, cracks, road overlays, nggmiﬂzs 1 1068y 0021 0031
design, concrete, reinforced concrete, finite finite element
element methods, and others, as shown in Figure method 1 6.097 0.018 0.025
16. cracks 1 8.475 0.02 0.029
T cements 1 11.226 0.02 0.033
Data analysis indicates that there are several pavement
topics showing an increasing trend in research overlays 1 3.919 0.017 0.019
interest over time. For example, topics related to flexible t . 2261 0017 0018
. " W pavements . . .
road mfrasl'ltru"cture S‘L'JCh as" pavements", r|g|(‘j' mixtures 1 5508 0019 0024
pavements”, "asphalt’, and "asphalt pavements concrete slabs 1 2409 0.017 0.018
show a steady increase in their frequency of design 1 1.782 0.016 0.017
occurrence from year to year. rigid pave_ments 2 29.71 0.02 0.05
compressive
strength 2 8.446 0.018 0.031
. aggregates 2 4878 0.018 0.024
T sustainable
F— development 2 1.631 0.016 0.015
H concrete
: mixtures 2 1.412 0.016 0.018
PE— concrete
H e aggregates 2 1.402 0.015 0.018
E ! portland
: o cement 2 2174 0.017 0.016
— asphalt 3 20237  0.02  0.043
: asphalt
pavements 3 18.334 0.02 0.041
asphalt
. [ mixtures 3 3.692 0.018 0.023
pavement
. structures 3 4289 0.018 0.023
) . rigid structures 3 3.211 0.018 0.02
Figure 16. Trend Topics fatigue of
materials 3 1.855 0.017 0.016
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Nodes such as "pavements," "concretes,"
"finite element method," and "cracks" exhibit high
interconnectedness, as indicated by significant
values of closeness, betweenness, and
PageRank. In Cluster 2, which focuses on "rigid
pavements" and "compressive strength," these
concepts show strong contextual linkages, as
detailed in Table 4.

The bibliometric analysis reveals a co-
occurrence network of terms in pavement and
concrete research, grouped into three main
clusters. The first cluster centers on concrete
pavement, incorporating finite element methods
and cracking, with "pavements" as a key
connecting term. The second cluster emphasizes
rigid pavements and mechanical properties such
as compressive strength, where "rigid pavements”
play a central role. The third cluster relates to
asphalt pavement and asphalt mixtures, with
"asphalt" as the core term.

The next steps in rigid pavement research
involve identifying specific areas that require
further exploration based on this analysis.
Researchers can focus on  enhancing
compressive strength and material durability by
testing various concrete mixtures and sustainable
additives. Additionally, research can be directed
towards more advanced analytical methods, such
as finite element analysis, to predict and mitigate
cracking in rigid pavements. Integrating
sustainability aspects, such as the use of recycled
materials and the development of eco-friendly
concrete, is also crucial for addressing
environmental challenges in rigid pavement
construction. Collaborating with experts from other
clusters, such as flexible pavements and asphalt
mixtures, can provide new perspectives and
innovative solutions to the challenges faced in
rigid pavement research and development.

Furthermore, the Thematic Map serves as a
visual representation of the data, showing patterns
or thematic clusters within an information network
or scientific literature. In the context of bibliometric
analysis, the Thematic Map depicts the
relationships between frequently occurring topics

or concepts in a collection of scientific
publications, as explained in Figure 16 and
detailed in Table 5.

It is noted that there are five main clusters:
"compressive strength"”, "nondestructive
examination", “"asphalt", "pavements", and
"maintenance”. The "pavements" cluster stands
out with high values of Callon Centrality and
Cluster Frequency, indicating that this topic
frequently appears and has strong connections
with other topics in the network. The "compressive
strength" and "asphalt” clusters also stand out with
significant  values in  several metrics,
demonstrating the importance of these two topics
in the context of this bibliometric analysis.

Countries' Collaboration World Map

The frequency of collaboration among
countries involved in scientific research
encompasses several different country pairs with
varying collaboration frequencies [45]. Countries
such as China, the United States, and Malaysia
appear to have high collaboration frequencies with
various other countries as shown in Figure 18.

Analysis of the data indicates that
collaboration among countries in scientific
research is a significant and widespread

phenomenon [46]. Countries such as the United
States, China, and Malaysia stand out in
international collaboration, demonstrating their
important role in facilitating cross-border
knowledge  exchange. Furthermore,  the
collaboration patterns observed depict a complex
and dynamic network among research institutions
in various countries [47]. This highlights the
importance of cross-border cooperation in
advancing research and development in various
fields of science.

Discussion

Analyzing the publication trends in rigid
pavement research over the past decade, it was
found that the number of publications produced by
authors in this field has significantly increased.

Table 5. Thematic Map of research on rigid pavements

Cluster CaIIor_1 Callqn Ran!( Ran!( Cluster
Centrality Density Centrality Density Frequency
Compressive strength 3.303 15.203 3 5 1345
Nondestructive examination 0.846 13.845 1 3 203
Asphalt 5.299 12.62 4 2 2180
Pavements 7.847 10.913 5 1 2870
Maintenance 0.936 14.422 2 4 318
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Figure 18. Countries' Collaboration World Map

Based on the data, some authors stand out
with high productivity, while there are also a large
number of authors who contribute on a smaller
scale. Institutionally, several institutions have
proven to be productive research hubs in rigid
pavement research. The geographic distribution of
authors and institutions also shows interesting
patterns, with cross-border collaboration and
publications on the rise, indicating the
international nature of this discipline.

In examining the distribution of research
output, it was found that research findings are
widely disseminated across various types of
publications, including journal articles, conference
papers, and technical reports. The implications
are increased accessibility and dissemination of
knowledge about rigid pavements, as the scientific
community can access this information through
various platforms. However, it is important to
ensure that the quality of publications is
maintained across all types of documents to
ensure the accuracy and validity of the information
conveyed.

The main thematic areas in rigid pavement
literature include pavement design, material
characterization, construction techniques,
maintenance, and performance evaluation. The
evolution over time indicates a shift in focus from
traditional technical aspects to an emphasis on
sustainability and efficiency. This reflects the
research adaptation to evolving challenges and
needs in transportation infrastructure.

Analysis of citation patterns provides
insights into publications that have a significant
influence in rigid pavement literature. These
important works play a role in shaping the direction
of research and influencing thinking within the

Despite significant progress, there are still
some research gaps that need to be addressed in
the future. Future research opportunities include
further exploration of innovative technologies,
enhanced sustainability, and the development of
more sophisticated predictive models. By
identifying and addressing these gaps, a more
comprehensive and relevant research agenda can
be formed to meet the needs of future
transportation infrastructure.

CONCLUSION

This bibliometric analysis provides a
comprehensive understanding of trends, topics,
collaboration networks, and thematic maps in rigid
pavement research. It reveals the evolution of
research themes, international collaboration
patterns, and focal areas. The analysis identifies
key trends, significant research topics, and
collaboration networks, serving as a valuable
resource for researchers, policymakers, and
practitioners in transportation engineering and
infrastructure development.

The research shows a significant increase
in rigid pavement publications over the past
decade, with more authors, institutional
affiliations, and global participation. Research
outputs are disseminated across various
publications, indicating diversity and increased
accessibility in the field. Key research themes

include pavement design, material
characterization, construction techniques,
maintenance strategies, and performance

evaluation, with a shift towards sustainability and

efficiency. Citation pattern analysis identifies
influential ~ publications  shaping  research
directions. Despite progress, research gaps

academic community. Identifying the most remain, with opportunities for exploring innovative
influential publications can help researchers technologies, sustainability, and predictive
prioritize relevant literature and keep up with models.

trends in the field.
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This analysis has limitations, relying solely
on bibliographic data and subject to biases such
as language and publication biases. Future
research should include in-depth qualitative
analysis, longitudinal studies tracking research
theme evolution, and interdisciplinary research
integrating insights from materials science and
data analytics to advance understanding of rigid
pavement design, performance, and
maintenance.
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