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Sustainable self-compacting concrete is an important material in the modern
engineering construction sector due to its distinctive mechanical properties, ease of
shaping, and significant contribution to reducing environmental impact. This paper
provides a comprehensive systematic and bibliometric review of publications on this
topic between 2010 and 2026. The systematic PRISMA-based approach was taken to
define, filter, and examine the pertinent journal articles that are registered in Scopus.
Bibliometric mapping techniques were used to gauge global research trends,
publication development, dominant countries, and theme development. The results
obtained indicate that the number of publications has increased considerably in the
past 10 years, with the use of supplementary cementitious materials, recycled
aggregates, and low-carbon binders as the main contributors. The most popular
research topics are mechanical and durability performance, whereas the new research
topics include rheology modification, fiber reinforcement, and life-cycle assessment.
The review shows that there are crucial knowledge gaps concerning long-term
sustainability, large-scale system application, and comprehensive sustainability
assessment. The research has provided a knowledge map structure for research and
practice, and has identified future research areas to improve high-performance
sustainable self-compacting technologies.

1. Introduction

The Self-Compacting Concrete (SCC) is a
remarkable  improvement of  concrete
technology as it has better rheological
behaviour and can therefore flow freely, self-
compact, and  self-segregate  without
mechanical vibration. These properties make
the structures more constructable, enhance
surface quality, and increase the filling
capacity of densely reinforced structures [1].
This has led to extensive research aimed at
streamlining the mechanical and durability
performance of self-compacting concrete,
particularly in terms of compressive strength,

workability, and  long-term  structural
behaviour [2]. Nevertheless, the swift
internationalization of the cement

manufacturing sector, which has been
identified as one of the most significant
sources of anthropogenic CO, emissions, has
heightened concerns about the environmental
impact of cement-based products [3]. In turn,
recent literature has introduced supplementary
cementitious materials such as fly ash and
slag, recycled aggregates, and industrial by-
products to minimize clinker content and
improve resource efficiency [4]. Although
solutions focus on promises to reduce carbon
emissions, most studies to date have focused
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on performance rather than sustainability goals
[5].

The accumulating literature on sustainable
SCC research in the past decade has created a
discontinuous knowledge base, with material
substitution, mechanical optimization, and
more recently, machine learning-based
strength prediction advancing independently
of each other instead of being part of a unified
sustainability strategy [6]. It is also worth
noting that systematic lifecycle assessments,
economic feasibility analyses, and multi-
objective  optimization methods remain
insufficient in the current literature. Besides,
no unified mapping of the intellectual
development, thematic maturity, and research
paths of sustainable SCC is available. This
lack of a holistic outlook is a research problem
of first importance: although more and more
attempts are made to incorporate sustainable
materials into SCC, the field lacks a single
approach that simultaneously evaluates
mechanical  performance,  environmental
impact, and economic feasibility [3].

Hence, the purpose of the proposed research is
to fill this gap by conducting a combined
bibliometric and systematic review to map the
development of sustainable SCC studies, to
emphasize existing and emerging trends in the
research, to assess material substitution
policies and sustainability performance, and to
outline the key gaps in the research. Through
the combination of quantitative bibliometric
effects and qualitative systematic findings, this
paper will offer a comprehensive view of
sustainable SCC development and will give
some guidelines of how future multi-objective,
sustainability-focused mix design models
should look like [7].

2. Significance of research

This research adds new knowledge to fill the
gap by conducting a combined bibliometric
and systematic review to map the development
of sustainable SCC studies, to emphasize
existing and emerging trends in the research,
to assess material substitution policies and
sustainability performance, and to outline the
key gaps in the research. Through the

combination of quantitative bibliometric
effects and qualitative systematic findings, this
paper will offer a comprehensive view of
sustainable SCC development and will give
some guidelines of how future multi-objective,
sustainability-focused mix design models
should look like [7].

3. Materials and methods for systematic
literature review

This The research protocol of the present
study is a Systematic Literature Review (SLR)
guided by the PRISMA 2020 guidelines to
identify and interpret trends in research and
performance changes related to sustainable
self-compacting concrete (SCC). The SLR
methodology offers a well-defined, open
approach to the systematic collection,
screening, and synthesis of pertinent journal
articles. It will enable the establishment of
predominant research topics, sustainability
plans, performance trends, and knowledge
gaps.

The PRISMA framework ensures
methodological rigor by reducing selection
bias and improving reproducibility. This is
particularly necessary to unify scattered results
on sustainable materials, supplementary
cementitious materials (SCMs), recycled
materials, mechanical performance, durability,
and environmental concerns in SCC research.
The process of the research, identification, and
selection of the relevant studies was divided
into the following steps:

*  The search for predefined keywords based
on self-compacting concrete, sustainability,
and performance characteristics was carried
out in a complete database search (Scopus)
and covered publications between 2000 and
2025.

. The duplicates were eliminated, and the
title and abstract were screened to eliminate
irrelevant articles like conference papers,
publications not in English, and articles that
were not directly addressing the issue of
sustainable SCC.

» Full-text articles were evaluated and found
to be eligible according to pre-established
inclusion criteria, i.e., relevance to sustainable
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materials, mix design, rheology, mechanical
performance, durability, and environmental
impact.

* The extracted data were systematized and
summarized to examine the trends in mix
design strategies, mechanical and durability
performance development, and sustainability-
oriented innovations. conducted.

3.1. PRISMA 2020 protocol

The PRISMA 2020 protocol offers a
systematic literature review methodology that
is transparent, replicable, and well-organized.
It allows researchers to select, screen, and
determine the eligibility of studies, and to
include pertinent studies from selected
databases systematically, reducing selection
bias and maintaining methodological rigor.
PRISMA structure helps to improve reporting
transparency and increase the reliability and
reproducibility of review results.

. The systematic review was organized
based on the following research questions in
order to complete the objectives of this study:
What are the environmental, sustainability,
and economic results of using sustainable self-
compacting concrete and using conventional
concrete?

. Which sustainable materials are used in
self-compacting concrete, and what proportion
of substitution and mix design strategies are
most widely reported in the literature?

»  What gaps in research are there, and what
are the future research and development of
enhancing the holistic environmental and
economic sustainability of SCC?

Identification of a relevant database consists of
two steps: first, identify the keywords, and
then identify the databases. Identification of
databases was conducted on the Scopus
website. The Scopus database was used. The
searching string for Scopus database is:
TITLE-ABS-KEY (("self-compacting
concrete” OR "SCC") AND ("sustainab*" OR
"green concrete” OR "low carbon” OR
"environmental performance” OR
"supplementary cementitious materials” OR

"recycled” OR "industrial. The screening
criteria were carefully defined to select studies
that directly address sustainable self-
compacting concrete, including material
substitution strategies, performance
evaluation, and sustainability-related
outcomes. Table 1 presents the screening
criteria. And Fig. 1 presents the protocol to
find related papers for systematic review.

Table 1 : Screening criteria

Criteria Inclusion

Timeline 2010-2026
Document Article journal

Type
"self-compacting concrete",
Keyword "SCC", sustainability-related
terms
Subject area Materials Science

Access Open access

Language English

Based on the Scopus database search, 567
records were initially identified (Fig.1). Before
the screening, 12 records were eliminated: 4
were non-English publications, and 8 were
inaccessible articles, leaving 555 records for
the title screening. The title screening phase
cut 327 records deemed irrelevant to
sustainable self-compacting concrete. This
was followed by 228 records being screened
on the abstract, out of which 153 were not
retrieved or deemed untrustworthy to proceed
with analysis. The number of full-text articles
evaluated for eligibility was 75. In the process
of full-text assessment, 40 studies were
discarded due to certain reasons, such as the
absence of the sustainability aspects (n = 14),
the unavailability of the sustainable material
substitution (n = 8), the absence of the
environmental or economic analysis (n = 6),
the inappropriateness of the paper to the
review, (n = 5), and the incompleteness of the
methodology data (n = 4). Finally, 35 articles
were eligible and included in the systematic
review. Table 2 presents the results of SLR.

As presented, the 35 articles selected in the
systematic review have shown that the current
trend in research on sustainable self-
compacting concrete (SCC) is to improve
mechanical performance and to use alternative
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materials. A significant percentage of the
studied literature used recycled aggregates, fly
ash, GGBFS, industrial by-products, and fiber
reinforcement, with major results including
enhanced compressive strength, durability, and
workability. The results demonstrate that
sustainability modifications are effective in
maintaining and  improving  structural
performance, and thus material replacement
methods have achieved equivalence in results
compared to traditional self-compacting
concrete.

Many studies related to sustainability
outcomes have indicated a reduction in
environmental impact through the replacement
of cement with other by-products or industrial
waste such as fly ash and slag. Economic
factors were even less often discussed and this
leads to the idea that the aspect of
sustainability is still in  some way
underdeveloped and is driven by material
factors rather than evaluation ones.

In addition, the methodological and strategic
gaps of the synthesis of reviewed studies are
regular. Regular drawbacks comprise inability
of integrated environmental-economic
constructs, inadequate long-term sustainability
validation, absence of normalized
sustainability measures, inability to apply at
field scale as well as the necessity of multi-
objective  optimization strategies. These
consistent white spots indicate that even with
the fast increase in sustainable SCC studies the
area is disjointed and in need of a framework
that can be able to optimize simultaneously
performance, environmental impact and
practical applicability.

4. Methodology for bibliometric research

A bibliometric study was conducted to
investigate the geographical distribution of
research output and changes in the dominant
research themes in sustainable self-compacting
concrete (SCC). In particular, the analysis
aimed to identify the most productive
countries in this area and to trace the patterns
of keyword co-occurrence to identify the core
and emerging research topics. The country
contribution research provides information on

regional research interests and global patterns
of cooperation, and the keyword analysis
reveals the current thematic focus and
changing trends in the literature. This two-fold
attention allows one to see the macro-level
picture of the development of sustainable SCC
research and the scientific trends influencing
its evolution. The same Scopus SLR database
was used, but here all documents were
included. The bibliometric analysis was
performed using VOSviewer to visualize
networks.

Fig.2 illustrates the bibliometric analysis
protocol adopted in this study. The search was
conducted in the Scopus database using a
structured search string focused on sustainable
self-compacting concrete, limited to English
journal articles published between 2010 and
2024. After applying the inclusion criteria and
removing irrelevant and non-related records,
the final dataset used for bibliometric analysis
consisted of 567 publications. Through this
adopted protocol, transparency in data
selection emerged.
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Identification

Records identified through Scopus database searching

)

Screening

L

Records identified from Scopus
Databases (n = 567)

¥

Records removed before screening:
Mot English records removed (n =4)
Mot accessible records (n =8)

Records title screened
n = 555)

L

Records excluded
(n=327)

Records abstract screened
(n=228)

Y

Reports not retrieved
n=153)

Records full text screened
(n=75)

Studies included in review
n=235)

Reports excluded:

Reason 1: Mot addressing sustainability
aspects (n=14)

Reason 2: Mo sustainable material
substitufion (n = 8)

Reason 3: Mo environmental or
economic analysis (n = 6)

Reason 4: Qutside review scope (n = 5)
Reason 5: Insufficient methodological
data (n=4)

Reason 6. Redundant studies in=3)

Fig.1. PRISMA Protocol.
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Table 2. Characteristics and key findings of the 35 reviewed studies on sustainable SCC.

No. Reference Journal Region Sustainable Material  Integrated Effects of Identified Research Gap
Used Use
1 Abedi Theoretical and Iran Recycled Enhanced mechanical Lack of lifecycle
Mavaramkolaei, S.  Applied  Fracture aggregates/materials ~ performance assessment integration
et al., 2026 Mechanics
2 Heshmati, M. et Sustainable Australia Fibres Performance Limited long-term
al., 2026 [2] Materials and improvement reported  durability evaluation
Technologies
3 Petrovié, Z. et al.,  Materials Serbia Recycled Enhanced mechanical Insufficient economic cost—
2026 [8] aggregates/materials  performance benefit analysis
4 Yu, Y.etal, 2025 Materials Today Japan Sustainable Enhanced mechanical Need for large-scale field
[9] Communications modification performance validation
5 Ahmadi, M. et al., Materials Iran Industrial/Waste by-  Reduced Absence of standardized
2025 [10] products environmental impact  sustainability metrics
6 Naresh, T. et al., Structural Concrete  India Sustainable Performance The  trade-off  between
2025 [11] modification improvement reported  strength and carbon
reduction not optimized
7 Sousa, J.T.F.D. et Applied Sciences Portugal Industrial/Waste by-  Performance Limited industrial
al., 2025 [12] products improvement reported  implementation studies
8 Hussein, LLA. et Case Studies in Iran Recycled Performance No integrated
al., 2025 [13] Construction aggregates/materials ~ improvement reported  environmental-economic
Materials framework
9 Zhang, J. et al., Case Studies in China Fly ash Performance Durability under aggressive
2025 [14] Construction improvement reported  exposure not fully assessed
Materials
10 Dos Anjos, Materials Brazil Fly ash Reduced Scaling-up challenges
M.ASD. et al, environmental impact;  remain unexplored
2025 [15] Improved durability
11 Bahmani, H. etal., Case Studies in Iran GGBFS/ Slag Performance Lack of lifecycle
2025 [16] Construction improvement reported  assessment integration
Materials
12 Skazli¢, M. et al., Applied Sciences Croatia Recycled Performance Limited long-term
2025 [17] aggregates/materials ~ improvement reported  durability evaluation
13 EINemr, A. et al., Materials United Recycled Improved workability  Insufficient economic cost—
2025 Kingdom aggregates/materials benefit analysis
14  Mazloom, M. et Structural Concrete  Turkey Industrial/Waste by-  Performance Need for large-scale field
al., 2025 [18] products improvement reported  validation
15 Yan, X. et al., Materials China Recycled Performance Absence of standardized
2025 [19] aggregates/materials  improvement reported  sustainability metrics
16 MohammadSalehi, Construction and Iran Industrial/Waste by-  Reduced Trade-off between strength
A.etal, 2025 [20] Building Materials products environmental impact; and carbon reduction not
Improved workability ~ optimized
17 S, SM. et al, Journal of King Malaysia Fibres Performance Limited industrial
2025 [21] Saud University - improvement reported  implementation studies
Engineering
Sciences
18 Mosafer, M. etal.,, Case Studies in Iran Sustainable Performance No integrated
2025 [22] Construction modification improvement reported  environmental-economic
Materials framework
19 Arumugam, C. et Revista Materia India Industrial/Waste by-  Performance Durability under aggressive
al., 2025 [23] products improvement reported  exposure not fully assessed
20  Gharib, K. A.-A. et Materials and Egypt Fibres Performance Scaling-up challenges
al., 2025 [24] Structures improvement reported  remain unexplored
21 Guessoum, M. et Construction and France Recycled Performance Lack of lifecycle
al., 2023 [25] Building Materials aggregates/materials  improvement reported  assessment integration
22 Kiran Bhat, K. et Case Studies in India Sustainable Performance Limited long-term
al., 2025 [26] Construction modification improvement reported  durability evaluation
Materials
23 Tyagi, R. et al., Materials Research India Recycled Performance Insufficient economic cost—
2025 [27] Express aggregates/materials  improvement reported  benefit analysis
24 Hartono, J. et al., Case Studies in Indonesia Sustainable Performance Need for large-scale field
2021 [28] Construction modification improvement reported  validation
Materials
25 Singh, T. et al., Materiales de India Recycled Enhanced mechanical Absence of standardized
2025 [29] Construccion aggregates/materials  performance sustainability metrics
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26

27

28

29

30

31

32

33

34

35

Rutkowska, G. et
al., 2025 [30]

Alyaseen, A. et
al., 2024 [5]
Sua-lam, G. et al.,
2024 [31]

Saingam, P. et al.,
2024 [32]

Shunmuga, P.R.S.
etal., 2024 [33]

Hosseini-Poul, S.-
A. etal., 2024 [34]

Akbulut, Z.F. et
al., 2024 [35]
Zhang, F. et al.,
2024 [36]

Hilal, N.N. et al.,
2024 [37]

Liao, J. et al,
2024 [38]

Materials

Materials ~ Today
Communications
Case Studies in
Construction
Materials

Case Studies in
Construction
Materials

Case Studies in
Construction
Materials
Construction  and
Building Materials

Materials

Construction  and
Building Materials

Journal of King
Saud University -
Engineering
Sciences

Construction  and
Building Materials

Poland

Hungary

Thailand

Thailand

India

Iran

Poland

China

Iraq

China
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Fly ash

Recycled
aggregates/materials
Fly ash

Fly ash
Industrial/Waste by-

products

GGBFS / Slag

Fly ash

Recycled
aggregates/materials
Nano-materials

Fly ash

Performance
improvement reported

Enhanced mechanical
performance
Improved durability

Reduced
environmental impact;
Improved workability
Reduced
environmental impact

Reduced

environmental impact;
Improved durability;
Improved workability
Reduced

environmental impact;
Improved workability

Enhanced mechanical
performance
Improved workability

Performance
improvement reported

Trade-off between strength
and carbon reduction not

optimized

Limited industrial
implementation studies

No integrated

environmental-economic
framework

Durability under aggressive
exposure not fully assessed

Scaling-up challenges
remain unexplored

Lack of lifecycle
assessment integration

Limited long-term
durability evaluation

Insufficient economic cost—
benefit analysis

Need for large-scale field
validation

Absence of standardized
sustainability metrics
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Topic

Self-Compacted Concrete

A 4

Scope & Coverage

A

Database: Scopus

Search Field: Article Title

Time Frame: 2010-2024
Language: English

Source Type: Journal

Document Type: Article, Review

Keywords & Search String

TITLE-ABS-KEY { "selt-compacting concrete” OR "self-compacting coneretes” OR "SCC"
) AND ( sustainab* OR "green concrete" OR ecofriendly OR "low carbon" OR
"environmental performance” OR "supplementary cementitious materials" OR SCM OR
recycled®* OR "industrial byproducts" ) AND ( LIMIT-TO { SUBJAREA | "MATE" ) )
AND { LIMIT-TO { DOCTYPE , "ar" ) ) AND ( LIMIT-TO { EXACTKEYWORD |, "Self-
Compacting Conerete” ) ) AND ( LIMIT-TO ( LANGUAGE . "English" ) ) AND ( LIMIT-
TO(OA ,"all"))

Date Extracted

01 March 2026

Record Identified & Screened

!

Record Removed

A4

Record Included for Bibliometric Analysis

n =768

_570 Medical research, not
n= English (3), not related to
n =567

Fig. 2. Bibliometric Analysis Protocol.
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Fig. 3. Number of publications by year.
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4.1. Trends in Publication

The results, as shown in Fig. 3, indicate a
steady increase in the number of research
papers published in Scopus databases from
2010 to the present. A small number was
observed at (2010 - 2013), gradually
increasing until 2018, culminating in a
significant surge in 2019, during which over
50 scientific studies on the topic were
published annually. Finally, the peak in
these studies can be observed since 2022.
The record number of published research
papers during the period 2022-2025
demonstrates the growing interest in
modern, sustainable building materials that
align with global carbon emission reduction
plans.

This has led the construction sector in
modern engineering to focus on modern
self-compacting concrete. Also, the rise in
publications was driven by the development
of supplementary cementitious materials
(SCMs), recycled aggregates, and life-cycle
assessment methodologies. The
developments since 2020 are also indicative
of a scientific paradigm shift toward
sustainability-based material optimization
and performance improvement, making
sustainable SCC a research priority in
sustainable infrastructure development.

4.2.Ground Contributing Country

Ground Fig. 4 presents the most contributing
countries in these types of research. The
bibliometric network demonstrates that
China and India have the highest
productivity in sustainable SCC research
and they have the highest number of nodes
and international collaboration connections.
The country collaboration network has
shown a significant input of some of the
Arab countries especially Saudi Arabia, Iraq
and Egypt, which shows the rising research
interest on sustainable self-compacting

concrete (SCC) in the Middle East region.
Irag is one of the most active Arab
contributors among them, characterized by
observable  publication  activity and
collaboration with regional and international
partners.

The high level of activity in Iraq in this area
of research may be explained by several
situational ~ factors.  First, Iraq is
characterized by environmental and
infrastructural problems, such as
inhospitable climatic conditions, soils with
high levels of sulphates, and wear resistance
under hostile conditions. Such conditions
mean that it will be necessary to develop
long-term, sustainable concrete solutions,
including SCC with additional cementitious
materials and industrial  by-products.
Second, local waste materials and by-
products are present, which promotes the
investigation of cost-effective and resource-
efficient construction options. Third, the
demands and accelerated infrastructure
development of the past few years, which
have required reconstruction, have led to
academic and practical research aimed at
boosting  performance and  reducing
environmental impact.

4.3. Terms Used in Publication

Fig. 5 presents the co-occurrence network of
sustainable self-compacting concrete (SCC)
research. The central node is the largest, and
it is self-compacting concrete, which proves
that it is dominant in the research area.
Keywords closely related to high-frequency
ones, such as mechanical properties,
compressive  strength, and  durability,
suggest that the latter is the central topic of
SCCs  research.  Simultaneously, the
prevalence of sustainability-related
terminology, such as fly ash, recycled
concrete aggregate, silica fume, and
sustainability, is indicative of the high
research activity on minimizing cement use
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and improving environmental outcomes
through supplementary cementitious
materials (SCMs) and recycled resources.
Moreover, keywords such as workability
and rheology indicate technical issues
related to preserving the fresh-state
performance  when using  sustainable
materials.

It is quite interesting to note that the
emergence of machine learning reflects a
recent shift toward intelligent mix design
and predictive modelling. On the whole, the
network demonstrates that research trends
change significantly over time, shifting from
performance-based assessment to
sustainability integration and, more recently,
to data-driven optimization methods,
suggesting that SCC research is gradually
shifting to a multidisciplinary,
sustainability-oriented discipline. Fig. 5
shows how key research themes in
sustainable self-compacting concrete have
evolved over the years, with the most
prominent ones outlined in time. Term
frequency is drawn by the size of each
marker, and the span of the horizontal axis
shows the duration of the research activity.
From the results, it can be concluded that the
traditional performance-related topics, such
as compressive  strength,  mechanical
properties, durability, and workability,
continue to hold traditional dominance,
which can be attributed to the traditional
performance-based character of SCC-related
studies.

On the contrary, the traditional themes
related to sustainability, such as the use of
recycled aggregates and fly ash, continue to
gain traction, while the last few years clearly
show the rising trends for the new topics,
namely, machine learning, carbon footprint,
and multi-objective optimization, which
indicate the strategic shift towards integrated
approaches for sustainability and data
science. To better understand the intellectual
organization of studies on sustainable self-

compacting concrete (SCC), a thematic map
analysis has been carried out to examine the
co-occurrence of keywords and the
centrality-density relation. The strategy
enables the identification of research topics
in the field that are developed, developing,
or inadequately developed. The thematic
map offers a strategic perspective on current
developments  in  sustainability-related
research within the SCC, as well as key
research gaps. On the whole, the thematic
map shows that sustainable SCC research is
undergoing a structural change, moving its
performance-based studies toward
sustainability integration and intelligent
optimization. Nonetheless, the modern
environment remains rather disjointed, and it
is essential to create comprehensive
evaluation frameworks that reconcile
mechanical performance with environmental
and economic sustainability. Integrated,
lifecycle-based, and multi-criteria decision-
making methods should thus be used in
future research.

The thematic structure identifies the gaps
found in both the bibliometric and
systematic analyses. Although mechanical
themes are prevalent as mature research
topics, sustainability is still more associated
with material aspects than with economic
analysis and long-term ecological analysis.
Machine learning tools play a pivotal role in
the methodology, limiting the number of
forts that appear in the main application.
This helps alleviate the urgent need for
multi-purpose tasks integrated with the
environment and its environmental impact,
which is the optimal design concept for
sustainable  construction using  an
automatically integrated device.

588



Samer et al /Al-Rafidain Journal of Engineering Sciences Vol. 4, Issue 1, 2026: 579-594

. austgalia
poland
ey
hungary
L)
et
russian federstion
5 e india
el ) =
z:nga
unitegaiates e oS0
siin_ > maysia pigws
N
pakistan
awda united gngdom
frapce
g
A vosviewer
Fig. 4. The network visualization of the contributing countries
—
fgsh
shesgns
o
‘seelfiber
.
self compading concrete
7/ machngearning
mechanicggifoperties self-compacting concrete
workgbility P mm Pwperces
compressfie strength
i
racylat onepenigzm
self-compactingconcrete (scc)
Ser
rheghogy
st comardig oncve
#& vosviewer

Fig. 5. The co-occurrence networks.

589



Samer et al /Al-Rafidain Journal of Engineering Sciences Vol. 4, Issue 1, 2026: 579-594

Workability o 0]
Mechanical properties 4
Compressive strength .
Durability - O
Sustainability )
Fly ash @
Recycled aggregates - L ]
Multi-objective optimization 4 9
Carbon footprint »
Machine learning | ]
2012 2014 2016 2018 2020 2022 2024
Year
Fig. 6. Trend Topics in Sustainable SCC Research.
L0
Niche Themes Motor Themes
0.8 1
Mecha erties
High ture Comp ength
z
Z
T 0.6 1
8
o
IS
o
@
o
o
=
<
£
s
< 041
>
o
a Recyc 4 gates
Mac ing Sustainability
Multi-obj imization
Carb lling
0.2 1
Emerging or Declining Themes Basic Themes
0.0 T T T T
0.0 0.2 0.4 0.6 0.8 1.0

Relevance Degree (Centrality)

Fig. 7. Thematic Map of Sustainable SCC Research.

590



Samer et al /Al-Rafidain Journal of Engineering Sciences Vol. 4, Issue 1, 2026: 579-594

5. Properties Integrated research gaps and
emerging trends in sustainable SCC

The search term co-occurrence analysis shows
that although mechanical performance metrics,
including compressive strength and durability,
are  predominant in  the literature,
sustainability-related terms are primarily
associated with material replacement rather
than with holistic evaluation systems. The
current observation is consistent with the
results of the systematic review of 35 selected
articles, most of which focused on
performance improvement with the use of
additional cementitious materials, but only a
few performed quantitative analyses of the
environment or economy. Besides, the
emergent nature of machine learning means a
shift towards intelligent mix design, but it is
mainly used to predict strength rather than to
optimize  holistically ~ for  sustainable
operations. These results point to a major
research gap in developing multi-objective
frameworks that can effectively optimize the
mechanical performance, the environmental
impact, and the economics of sustainable
SCC.

6. Discussion

The systematic and bibliometric analyses
combined demonstrate a clear structure in the
research on sustainable self-compacting
concrete (SCC). Although a large body of
literature indicates that using supplementary
cementitious materials (SCMs) and recycled
aggregates increases compressive strength,
durability, and workability, the area is more
performance-focused. The systematic review
illustrates that the majority of experimental
studies aim to sustain or improve mechanical
efficiency, with most environmental and
economic analyses being secondary or inferred
indirectly from cement reduction rates rather
than Dbeing determined directly. This
demonstrates that the focus on sustainability in
self-compacting concrete research relies
heavily on raw materials rather than the
framework.

7. Conclusion and Recommendations

This study presents a clear map of self-
compacting concrete using modern
bibliometric analysis and systematic review
techniques. The results demonstrate that the
mechanical performance of this concrete has
been the primary focus of previous studies.
Despite the introduction of sustainability
approaches, such as replacing raw materials
with different sustainable materials in the
production of modern self-compacting
concrete mixes, there is still a lack of
consideration for the environmental and
economic aspects of this type of research.
Recent research topics indicate a gradual move
in focus towards sustainability. However,
there remains a significant shortage of data on
the environmental impact, life cycle, and
economic feasibility of concrete. This paper
focuses on developing integrated data and
systems to achieve diverse sustainability
goals.

Future studies should target the economic
feasibility, environmental performance in
addition to the structural performance of self-
compacting concrete, as having standardized
evaluation procedures facilitates the adoption
of this concrete in diverse application.
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