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ABSTRACT: The environmental problems associated with the construction sector have promoted the worldwide scientific 
community to pay attention to the use of recycled aggregates from construction and demolition waste. SciMAT and VOSviewer 
bibliometric tools have been applied in order to analyse, quantify and visualise the conceptual and social aspects of this scientific 
field, as well as its evolution between 1973 and 2019. The study of 843 scientific papers in this field has shown that the most 
important thematic area has been Recycling. In general, the common objective of the published papers was to study the efficient 
use of resources contained in construction and demolition waste due to their treatment to produce recycled aggregates, particularly 
for use in concrete. Likewise, some lacks have been observed in other areas of the analysed field, e.g. the use recycled aggregates 
in applications subject to less demanding regulations (mortars, precast concrete products, or green roofs).
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RESUMEN: Empleo de áridos reciclados en el sector de la construcción: un análisis bibliométrico científico. Los problemas 
medioambientales asociados al sector de la construcción han promovido que la comunidad científica mundial preste una mayor 
atención al uso de áridos reciclados procedentes de residuos de construcción y demolición. Para analizar, cuantificar y visualizar 
los aspectos más relevantes de este campo científico, así como su evolución entre 1973 y 2019, se han aplicado las herramientas 
bibliométricas SciMAT y VOSviewer. La revisión bibliométrica de 843 trabajos científicos publicados en este campo ha mostrado 
que el área temática más importante ha sido el Reciclaje. El objetivo común de los mismos ha sido el estudio del uso eficiente de 
los recursos contenidos en los residuos de construcción y demolición para producir áridos reciclados y ser usados en hormigón. 
Asimismo, se han observado algunas carencias en otros ámbitos del campo analizado, como el uso de áridos reciclados en 
aplicaciones sujetas a normativas menos exigentes (morteros, prefabricados no estructurales o cubiertas verdes).
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1. INTRODUCTION

In Europe, the construction industry consumes 
about half of all extracted raw materials, in addition 
to being an important source of waste production (1). 
According to the latest data published by Eurostat, 
the European Union (EU) produced 924 million tons 
of construction and demolition waste (C&DW) in 
2016 (2); this value represented around one third of 
the total waste generated. Approximately 294 mil-
lion tons of the non-hazardous mineral fraction of 
the C&DW were treated. The construction sector 
contributes to significant environmental problems 
along the different phases of the life cycle (materi-
al extraction, product production, construction, use, 
maintenance and demolition) which includes the 
generation of waste (3, 4).

C&DWs are mainly composed of concrete, ce-
ramics, stone, asphalt and/or excavation soil, al-
though they may also contain a small amount of 
impurities (gypsum, wood, plastics, steel or paper) 
(5). Most of them are classified as inert because 
they are neither chemically nor biologically reac-
tive, will not decompose and do not have danger-
ous characteristics in their original form. There-
fore, C&DW recycling through the conversion of 
waste into secondary raw materials is considered 
to be fundamental, since it could lead to signifi-
cant environmental, economic and social benefits 
(6–8). In this context, and in accordance with a 
framework for sustainable development, this type 
of waste has received widespread attention around 
the world, resulting in a significant number of sci-
entific documents published in recent years. The 
growth in scientific publications has been quick 
and it has been motivated by the important environ-
mental impacts generated by C&DW (9), focussing 
on possible applications of recycled aggregates 
(RA) such as concrete (10–13), prefabricated con-
crete (14), non-structural concrete (15), masonry 
mortars (16–18) and road or pavement applications 
(19–21), among others of the most representative.

On the other hand, studying the development of 
a cross-section of studies on a specific subject is of 
great scientific interest in the search for new trends 
or, even, to identify possible weaknesses and short-
comings. In the sense of the wealth of scientific in-
formation available in a certain field, the application 
of bibliometric science could be a good way of ana-
lysing it. This science examines the bibliographic 
material from an objective and quantitative view-
point and is useful for organising information in a 
specific field (22, 23). In order to do this, it uses 
two principal resources: performance analysis and 
content analysis (24–27). The first one is based on 
bibliometric indicators and it is used to measure the 
quality of the publications and their impact on the 
scientific community (survey of publications and 
citations). The second resource is developed by sci-

entific maps that spatially represent the structure of 
the scientific research; they also try to represent the 
social (relationship between authors) and conceptual 
connections (network of co-words) in the investigat-
ed area, as well as their temporal evolution. 

Software tools are usually used for this purpose 
(28, 29), examples are: Bibexcel (30), CiteSpace 
II (31), IN-SPIRE (32), Science of Science (Sci2) 
Tool (33), SciMAT (34) and VOSviewer (35). De-
spite the fact that each of them implements different 
analysis techniques and algorithms to the data, they 
have complementary characteristics and, therefore, 
it could be convenient to take advantage of their syn-
ergies to perform a complete analysis of the scientif-
ic field that is to be analysed (28). 

Some studies have been developed through the 
bibliometric analysis of indexed scientific papers 
relating to different topics in the construction sec-
tor, for example: concrete segmental bridges (36); 
self-compacting concrete (37); construction safety 
management (38); analysis of the construction life 
cycle (39, 40), construction and building technology 
(41–43), green roof research (44) or even on build-
ing information modelling (45, 46). Key issues for 
the progress of the sector itself include the evolu-
tion of the Circular Economy (47, 48). Other studies 
combined quantitative and visual processes to meas-
ure the performance of global research in the frame-
work of the management of C&DW (49, 50), related 
research on the reuse and recycling of urban solid 
waste (including C&DW) have also been devel-
oped during recent decades (51–53) or bibliometric 
review in the domain of ‘sustainable construction’ 
over the past 25 years (54). 

Accordingly, the scientific community has con-
sidered this type of study to be of real interest, as 
it facilitates the management of a large amount of 
information and validates the knowledge of existing 
data in a specific field. The findings of bibliometric 
studies could prove useful for the scientific commu-
nity in identifying the gaps and potential opportu-
nities in the current knowledge and suggesting the 
pathway for future research. However, knowledge 
about the use of RA in construction, from a system-
atic perspective, is non-existent.

As a consequence, it is necessary to carry out an 
analysis through the use of intelligent bibliometric 
tools to evaluate the changes in existing research 
and establish the direction of future research. There-
fore, the objective of this work has been to ana-
lyse, quantify (through bibliometric indicators) and 
visualise the social (co-author analysis) and concep-
tual (co-word analysis) aspects of the scientific field 
“Applications of RA in the construction sector”. In 
addition, the evolution of conceptual aspects has 
been studied over three periods to predict their fu-
ture trends. In order to do this, the most used tool, 
SciMAT and VOSviewer, have already been used in 
different scientific articles (55–59).
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2. MATERIALS AND METHODS

To achieve the established objective for this re-
search, a systematic review of the published litera-
ture on applications of RA in construction was car-
ried out; it was then analysed from a bibliometric 
perspective. Both procedures are described in the 
sections below.

2.1. Systematic literature review 

A systematic literature review has been used as 
a methodological approach for exploring the useful 
findings in the related literature that are relevant to a 
specific investigation, according to PRISMA meth-
odology (60). Figure 1 shows the flow chart of the 
review process carried out, showing the number of 
documents included as well as those excluded after 
applying the selection criteria at each stage. 

Web of Science (by Clarivate Analytics) and Scop-
us (by Elsevier) are the most widely used databases 
worldwide for the search of scientific documents. 
They were used to collect the publications focused 
on “applications of RA in the construction sector”, 
between the 1970s and 2019. Specifically, an intense 
search on the scientific production in the field of 
“construction and demolition waste” has been done. 
Later, this search was refined towards the application 
in the “construction sector” and, in turn, on “recycled 
aggregates”, which are the granular material obtained 
from inert waste from the construction and demoli-

tion of buildings and infrastructures. This search was 
refined based on the “Article title, Abstract, Key-
words” of papers published in international journals 
relating to this field.

Firstly, and after the aforementioned filters were 
applied, 1295 documents were identified through an 
initial search from the data repository. These docu-
ments were then exported into SciMAT, where this 
software finds the duplicate documents and one of 
them is removed. This elimination was done man-
ually, specifically from Web of Science, as a com-
parative analysis has found that Scopus offers more 
comprehensive coverage of sources than Web of 
Science (54, 61). Aspects referring to the document 
type, journal tittle, country, affiliation, keywords, 
and impact indicators (sum of citations and h-index) 
were all analysed and standardised using SciMAT 
mapping tools.

Therefore, after eliminating duplicates, repeated 
or unwanted information (such as manuscripts and 
patents), reviews and methodological papers (given 
that they may distort the impact (62, 63)), as well 
as studies that were not related to the main theme 
of this work, the final number was reduced to 843 
documents (Figure 1). 

2.2. Bibliometric analysis

Based on the information obtained from the docu-
ments selected after the systematic review, the biblio-
metric performance analysis has been combined with 

Figure 1. Flow of information through the different phases of a systematic review by PRISMA.
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the bibliometric analysis of the content of these docu-
ments using SciMAT and VOSviewer mapping tools. 
In this way, the following questions related to the field 
of research have been addressed: (i) How many ar-
ticles have been published and how have they been 
distributed over time?; (ii) Who are the most prolific 
authors?; (iii) Which magazines and conferences lead 
this issue?; (iv) What is the most influential work?; 
(v) What is the current state of this field of study?; (vi) 
What are the main thematic areas?; and (vii) What are 
the new topics for future research?

Bibliometric performance analysis has provided 
a response to the four questions and the last three 
have been answered using the cited scientific map-
ping software.

2.2.1. Bibliometric performance analysis

In particular, bibliometric performance studies use 
several bibliometric indicators to analyse and quanti-
fy the influence of diverse aspects relating to scien-
tific productivity (55, 64, 65). It should be noted that 
bibliometric indicators objectively and numerically 
assess the production, activity and quality or impact 
in the field of science and technology, using scientific 
knowledge published. These indicators are grouped 
into three main categories (63): (i) production indi-
cators, which measure the amount of results or pub-
lication count (number of publications or percentage 
of works indexed in a repository); (ii) visibility and 
impact indicators, either based on the number of ci-
tations received by documents (h-index (64), g-index 
(66), hg-index (67), q2-index (68), etc.) or by journal 
in which they were published (Impact Factor of Jour-
nal Citation Reports - JCR); and (iii) collaboration in-
dicators that measure the collaboration of the authors 
or institutions in scientific production (co-authorship 
index, similarity measures, etc.). 

The bibliometric analysis carried out in this re-
search evaluated the performance of the field “Ap-
plications of recycled aggregate in the construction 
sector” from an objective and quantitative per-
spective, taking into account the scientific output 
produced by authors and journals; in addition, the 
highly cited papers in this research field have been 
studied.

2.2.2. Bibliometric content analysis

Other types of bibliometric indicators are known 
as relational indicators, which generate graphic sci-
entific representations through the use of relational 
information (34). In this case, scientific mapping 
has been developed using VOSviewer and SciMAT, 
which are considered two of the most widely used 
tools in scientific articles (55–57). The most impor-
tant facets of the analysis of scientific mapping have 
been described below.

2.2.2.1. VOSviewer

VOSviewer software (version 1.6.15) is a free-
to-use tool developed by the Center for Science and 
Technology Studies of Leiden University (Nether-
lands) in 2010. It has been designed for construct-
ing and visualising bibliometric networks through 
the use of the VOS mapping technique, where VOS 
stands for visualisation of similarities (35). The main 
advantage of this program over most other available 
bibliometric mapping software is that it focuses on 
the graphic representation of large maps, due to its 
powerful graphic interface, which allows examina-
tion of the created maps in an intuitive way. 

The analysis developed in this study has been 
aimed at understanding the collaboration among re-
searchers who have worked on RA in construction. To 
do this, the most cited authors have been considered, 
i.e. authors with more than three published docu-
ments. Based on this information, a two-dimensional 
map of authors was created based on a co-occurrence 
data matrix and using the author entity as the anal-
ysis unit. According to the indicated methodology 
(35), the frequency of occurrence of a particular term 
is represented by a circle and it is defined by its size 
on the map, so that the more important the element, 
the greater the associated circle. Due to an intelligent 
algorithm at each zoom level, only the most impor-
tant (or most frequent) elements are displayed, thus 
avoiding overlap. In addition, VOSviewer selects a 
different and random colour for each group of ele-
ments (according to the strength of association) and 
the circles in the same group should be displayed in 
the same colour. Likewise, the distance between two 
elements is related to their degree of relationship or 
similarity; in consequence, the shorter distance, the 
stronger the author’s relationship is.

2.2.2.2. SciMAT

Science Mapping Analysis software Tool – Sci-
MAT (version 1.1.04) is an open source software tool 
(GPLv3) developed by a group of researchers from 
the University of Granada (34). SciMAT integrates 
everything necessary to analyse the scientific maps 
generated under a longitudinal framework and study 
the evolution of the conceptual aspects of a research 
field over consecutive time periods. In addition, this 
tool improves the maps with the integration of visi-
bility and impact bibliometric measures (citations), 
such as h-index, g-index, hg-index, q2-index, etc. As 
result, the conceptual subdomains (particular topics 
or general thematic areas) of a specific field can be 
detected and visualised (29).

On the basis of the methodology developed by Cobo 
and his collaborators (29, 34), the applied analysis has 
been developed according to the following steps:
• In order to improve the quality of the data, once 

the knowledge base (Web of Science and SCO-
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PUS data) was constructed and the data collected 
were imported, this base was edited to remove 
possible mistakes in titles, authors or references 
etc. The words that represented a similar concept 
were also unified into a single group. 

• To detect the most important, productive and 
impactful topics, the analysis of scientific maps 
was configured using an assistant designed for 
this purpose (29, 34, 69). In particular, the entity 
used in the analysis was words and the co-occur-
rence of keywords was used for the construction 
of the bibliometric network (relation co-occur-
rence is when two elements appear together in 
the same document).

• The results obtained were displayed graphically 
using four different instruments (29): (i) Strate-
gic diagram (Figure 2a); (ii) Thematic network 
or cluster (Figure 2b); (iii) Temporal evolution 
map (Figure 2c); y (iv) Overlap map (Figure 2d). 
1. Strategic diagram (Figure 2a). This represents 

the main themes of a scientific field in a 
two-dimensional space, which includes four 
categories, one in each quadrant. The measure 
of centrality (X axis) represents the scale of 
relevance of the topics for the research area; 
the density scale (Y axis) represents the fre-
quency of appearance (24, 70). Finally, each 
topic is represented with a sphere or node; the 
number of associated documents is included 
in the node, whose size is proportional to this 
number. 

2. Thematic network or cluster (Figure 2b). In 
the case of each topic included in the stra-
tegic diagram, the keywords concerning the 
topic and their interrelationships allow the 
construction of a thematic network. This is 
labelled with the name of the most signifi-
cant node or keyword and includes a series of 
keywords related to each other through links 
between their nodes; the value included in the 
node is the number of documents associated 
with the keyword of the topic and it is pro-
portional to the size of the sphere. Finally, the 
nodes are connected to each other when two 
keywords co-appear in a set of documents; in 
this case the thickness of the union lines de-
pend on the equivalence index of the keyword 
pair (24).

3. Temporal evolution map (Figure 2c). This 
is used to represent the analysed documents 
grouped into consecutive periods of years, 
thus displaying the evolution of the scientif-
ic field studied. The methodology used was 
based on the Jaccard index; this measures the 
degree of similarity between two sets or clus-
ters that represent the keywords associated 
with the topic (71). The joining lines between 
each cluster can be continuous or discontinu-
ous. A continuous line means that the linked 

cluster shares the main item (usually the most 
significant one); in the case of dashed lines, 
the themes share elements that are not the 
main item. In addition, the thickness of the 
links is proportional to the similarity between 
the two topics and the volume of the spheres 
is in relation to the number of documents as-
sociated with the topic (28).

4. Overlap map (Figure 2d). The stability be-
tween two consecutive periods can be repre-
sented with a graph of overlapping elements 
where the circles are used to represent the 
periods studied and the inside number (Nº 
words) shows the total keywords of each one. 
The union between periods is carried out with 
a horizontal arrow including the number of 
keywords shared between both periods and 
the degree of overlap or corresponding stabil-
ity index (Ei). The incoming arrows to each 
circle represent the number of new words in 
each period, while an outgoing one is used to 
show the new ones.

Finally, the performance measures obtained for 
the most important themes detected in each period 
are shown. Among all the quality measures that can 
be selected in SciMAT, the most commonly used 
ones were chosen, according to Cobo´s method-
ology (28, 29): sum of citations and h-index. Ac-
cordingly, the quantitative values obtained from the 
analysis were the total number of core documents 
analysed, the sum of citations received, the corre-
sponding h-index, and values of centrality and den-
sity. These bibliometric measures give information 
about the interest in and impact on the specialised 
research community of each detected cluster or evo-
lution area (29).

Figure 2. SciMAT visualisation maps (24, 29).
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3. RESULTS AND DISCUSSION 

This section summarised the analysis of the per-
formance of the scientific activity taking into ac-
count the bibliometric data extracted from the Sci-
MAT software and the co-word analysis. In the first 
case, the results have been organised in five subsec-
tions that include the quantification of the articles 
per year and period studied (Figure 3); the authors’ 
contributions (Table 1); the distribution of docu-
ments analysed by journals (Table 2); and lastly, the 
analysis of the most cited documents (Table 3).

Finally, the results of the co-word analysis have 
made it possible to obtain scientific maps construct-
ed with SciMAT (Figure 5 - Figure 7) and the per-
formance measures associated with the most impor-
tant themes for each established period (Table 4), as 
well as the structure of the scientific evolution of the 
studied field (Figure 8 and Figure 10).

3.1. Scientific activity performance 

3.1.1. Article quantification by year and period

Although the first indexed paper in Web of Sci-
ence and Scopus that published the results of re-
search on applications of RA (“Recycled concrete” 
by Buck (72)) dates back to 1973, the number of 
scientific documents published on this subject has 
grown substantially since 2000, particularly in the 
last ten years (2009-2019). For this reason, the study 
has been conducted in 3 periods: before 2000, 2000-
2009 and 2010-2019. Figure 3 shows the number of 
documents published per year (Figure 3a) and for 
each period, including the sum citations received 
for documents published by period (Figure 3b). An 
exponential growth of the number of publications, 
both per year and per period, has been observed; 
however, in the case of the number of citations, a 
lineal growth has been noticed. It can be seen that 
over 75% of total citations are concentrated in less 
than 16% of total analysed papers and located in the 

second period; this is because the assessment of the 
impact of works through the citations they receive 
is not an immediate measure, but can only be ap-
plied years after the publication of the documents. 
In 2019, 192 documents were identified with a total 
of 616 citations; this number of papers represents al-
most doubling of all documents published in the pre-
vious period (112 articles published between 2000 
- 2009 have been cited 15174 times). Specifically, 
85% of the associated literature with the analysed 
field was published in the study’s last time period; 
this leads to the conclusion that this is a literature 
that is continuing to grow, and whose recognition 
by the scientific community will increase over time 
(as the number of citations received increases). This 
is due to the fact that more attention is paid to this 
topic in social, economic, and scientific contexts, in 
an attempt to reduce the use of natural resources, en-
hance economic benefits, and encourage conscien-
tious respect for the environment (73–75). All of this 
is associated with the approach of the construction 
sector to the paradigm of sustainable development 
which has been integral to the European Strategy 
2020 (since 2010) to promote a Circular Economy.

3.1.2. Contribution of authors and collaborations

The top 10 authors (from a list of 1828) with the 
highest contribution to the field studied have been sum-
marised in Table 1. This table also includes the number 
of documents published, the total and average value of 
citations received, the average publications per year, 
the university and the country where they came from, 
and the author links according to the VOSviewer data. 
In this ranking, the Portuguese researcher Jorge de 
Brito leads the list with 110 documents and a total of 
5745 citations received; he is followed at an important 
distance by the Hong Kong-born Chi-Sun Poon and his 
compatriot Luis Evangelista, with 57 and 35 publica-
tions and with 5086 and 2439 citations, respectively. 
It is important to point out that Ravindra K. Dhir held 
10th position on the list, with only 11 articles published 
in the field under investigation, but received a large 

Figure 3. Number of published documents by year (a) and by period, including the corresponding sum citations (b).
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number of citations (1286), with an average of 117 ci-
tations per document. This author’s impact is associat-
ed with collaboration with highly productive scientists, 
which helps to increase his scientific output, such as by 
his collaboration with the Portuguese Jorge de Brito. 
As a consequence, it can be asserted that the measure 
of the impact of the number of citations is not always 
related to the quantity of production itself. Likewise, 
the average period of distribution of the most produc-
tive authors’ research time has been estimated between 
2011 and 2016, showing a greater concentration of 
published documents in the third period studied (2010-
2019) (Figure 3b).

On the other hand, the “intellectual structure” of 
the studied field knowledge base has been represent-
ed with the help of VOSviewer software. Figure 4 
shows the connections between the 45 authors with 
the most significant associations in this network 
(with more than seven published articles), distribut-
ed into ten clusters with 113 links; and it reveals two 
predominant different but interrelated schools of 
thought in the used of RA. The largest group of col-
laborators is led by the Portuguese researcher Jorge 
de Brito (blue) who, in turn, shows the relationship 
with other smaller groups, amoung a total of 23 au-
thor links, such as José Ramón Jiménez, Jesús Ayuso 
and Francisco Agrela (red), Iris Gónzalez-Taboada 
and Belén González-Fonteboa (purple) or María I. 
Sánchez de Rojas and Moises Frias, among others 
(green). The subject investigated by Jorge De Brito 
and his colleagues focused on the use of RA in a wide 
variety of applications, including structural concrete 
(76–78), non-structural use (79, 80), self-compact-
ing (81–83) and high strength concrete (84), mor-

tars (85–87) and geotechnical applications (20). The 
benefits of incorporating different types of chemical 
(88–90) or mineral additives (84, 91–93) were an-
alysed in many of these studies, with the objective 
of improving the properties of recycled aggregate 
concrete (RAC). The replacement of natural sand by 
recycled material has also been a recurring theme 
for this author and collaborators, both in concrete 
(76, 88, 94, 95) and in masonry mortars (85, 86, 96).

Likewise, the research developed by Chi-Sun Poon’s 
group (related by means of 12 author links) have also been 
focused on different applications of RA, such as structur-
al concrete types (97, 98), self-compacting concrete (99) 
and high strength concrete (100) or previous concrete us-

Table 1. Top 10 authors with the highest number of documents published (from a total of 1828 authors) in the period studied (1970s - 2019).

Rank Authors No. of 
documents

Sum 
citations1

Average 
citations

Mean year Author links 
(VOSviewer data)

Institution (Country)

1 de Brito, Jorge 110 5745 52 2015 23 Technical University of Lisbon 
(Portugal)

2 Poon, Chi-Sun 57 5086 89 2011 12 The Hong Kong Polytechnic 
University (China)

3 Evangelista, Luis 35 2439 70 2015 12 Lisbon’s Polytechnic Institute 
(Portugal)

4 Kou, Shi-Cong 30 2872 96 2011 3 The Hong Kong Polytechnic 
University (China)

5 Agrela, Francisco 20 625 31 2015 12 University of Córdoba (Spain)
6 Jiménez, José 

Ramón
18 700 39 2014 11 University of Córdoba (Spain)

7 Ayuso, Jesús 17 622 37 2015 10 University of Córdoba (Spain)
8 Etxeberria, Miren 16 1443 90 2013 5 Polytechnic University of Catalonia 

(Spain)
9 Silva, Rui Vasco 15 1004 67 2016 3 ICIST, Instituto Superior Técnico 

(Portugal)
10 Dhir, Ravindra K. 11 1286 117 2013 3 University of Birmingham (UK)

(1) Citations have been update in June 2020

Figure 4. Network visualisation of the largest set of connected 
items. Source: VOSviewer.
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ing waste glass and RA (101). However, the production 
of precast concrete using different types of RA has been 
the most important contribution of this author’s research 
(102–106). The manufacture of concrete using RA with 
different humidity (107, 108), even, using carbonated 
RAs to understand their effects on the durability of RAC 
(109) or the study of the environmental consequences of 
the production of RA through the analysis of the life cycle 
(110) are other topics addressed by these authors.

At the collaboration level, Jorge De Brito has 
mainly collaborated with Portuguese authors, such as 
Luis Evangelista (76, 78, 111) or Rui V. Silva (85, 
112–114), and he is also linked to Spanish research, 
such as that of José Ramón Jiménez, Francisco Agrela 
and Jesús Ayuso group (80, 86, 115) or with Belén 
González Fonteboa group (13, 81). In the case of Chi-
Sun Poon, he has collaborated with Asian authors, 
such as Shi-Cong Kou (99, 102, 116) and Jian-Zhuang 
Xiao (97, 117), as well as with the Spaniards Miren 
Etxeberria (106, 118) and Francisco Agrela (119).

3.1.3. Distribution of journals 

In this study, a total of 843 documents were an-
alysed in the field under investigation; due to its 
interdisciplinary nature these documents had been 

published in 219 international journals, conferences 
and handbooks. The 10 top sources of information 
(Table 2), in respect of the number of documents 
published, include approximately 55% of all the 
articles collected in the database. The Construction 
and Building Materials journal stands out from the 
rest with 221 documents published in the research 
field, 26% of the total of the documents. The Cement 
and Concrete Composites and Journal of Cleaner 
Production ranked second and third, respectively 
with 49 (6%) and 41 (5%) documents from each 
one. Likewise, most of the journals have been in-
cluded in the first quartile (Q1) of the following four 
JCR categories: Multidisciplinary, Construction and 
Building Technology, Civil Engineering and Ma-
terials Science; some of them are also included in 
the Engineering, Environmental and Environmental 
Science categories.

In relation to the cites received as an indicator of 
the impact or visibility, Construction and Building 
Materials is also the journal with a higher number 
of citations; a total of 12432 citations and an aver-
age value of citations per document of 56 was quan-
tified. In contrast, journals such as Cement and Con-
crete Research (position 7) and Cement and Concrete 
Composites (position 2) with a lower number of doc-

Table 2. Top 10 journals with the highest number of papers published in the period studied (1970s - 2019).

Rank Title No. of 
papers

Papers by 
period1

Sum 
citations2

Average 
citations

Categories (Quartile /Rank in 2019). JCR Impact 
Factor (http://jcr.fecyt.es)

1 Construction and 
Building Materials

221 2/21/197 12432 56 Construction & Building Technology (Q1/10/63); 
Engineering Civil (Q1/11/134); Materials Science, 
Multidisciplinary (Q2/86/314)

2 Cement and Concrete 
Composites

49 0/10/39 4806 98 Construction & Building Technology (Q1/3/63); 
Materials Science, Composites (Q1/4/26)

3 Journal of Cleaner 
Production

41 0/0/41 2000 49 Engineering, environmental (Q1/8/53); 
Environmental sciences (Q1/19/265); 
Green & Sustainable Science & Technology 
(Q1/6/41)

4 Materials and 
Structures/Materiaux 
et Constructions

29 0/9/20 1956 67 Construction & Building Technology (Q2/17/63); 
Engineering Civil (Q1/29/134);
Materials Science, Multidisciplinary (Q2/142/314)

5 Journal of Materials in 
Civil Engineering

26 0/5/24 1033 40 Construction & Building Technology (Q2/27/63); 
Engineering Civil (Q2/51/134); 
Materials Science, Multidisciplinary (Q3/179/314)

6 Materials 20 0/0/20 152 8 Materials Science, Multidisciplinary (Q2/132/314)
7 Cement and Concrete 

Research
20 0/13/6 4302 215 Construction & Building Technology (Q1/2/63); 

Materials Science, Multidisciplinary (Q1/36/314)
8 Waste Management 18 1/6/11 1415 79 Engineering, Environmental (Q1/11/53); 

Environmental Science (Q1/35/265)
9 Resources 

Conservation and 
Recycling

18 1/6/11 1590 88 Engineering, Environmental (Q1/5/53);
Environmental Science (Q1/13/265)

10 Materiales de 
Construccion

17 0/5/12 319 18 Construction & Building Technology (Q3/39/63); 
Materials Science, Multidisciplinary (Q4/246/314)

(1) Publications by period: first /second/ third period
(2) Citations have been update in June 2020
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uments published in the studied field (20 and 49, re-
spectively), have received the next highest numbers 
of citations (4302 and 4806 citations, respectively - 
215 and 98 average citations per document - Table 2). 
It can be seen that the number of publications and the 
total number of citations have not been related, it fol-
lows that the most prolific sources do not always have 
the greatest impact in the field of research.

On the other hand, it is very interesting to note 
that the number of articles published in Construction 
and Building Materials has increased dramatically in 
the last period (Table 2). In particular, the most cit-
ed documents in this journal were mainly focused 
on the influence of the mortar-adherence properties 
of coarse RA (depending on its applications (120)), 
and the influence of different types of RAs on the mi-
crostructure of the interfacial transition zone, besides 
the implications of the microstructure on the strength 
development of the RAC (121). Instead, papers pub-
lished in Cement and Concrete Composites were fun-
damentally focused on the effect of the partial or total 
replacement of natural sand by fine RA on the struc-
tural concrete behaviour, in mechanical terms (76), 
or durability, in the long term (78). Finally, Cement 
and Concrete Research published high impact sci-
entific papers focusing on the study of the influence 
of the amount of RA on the mechanical properties of 
RAC for structural use (122, 123). The effect of par-
tially hydrated residual concrete on the properties of 
the RAs and those of the concrete manufactured with 
these aggregates (124) was also analysed.

3.1.4. Highly cited papers analysis

The analysis of citations could be used to ascer-
tain the influence of a certain document in a field of 
research, as well as the importance that the authors 
have acquired through it. For each period studied, 
Table 3 includes the most cited publication among 
the 843 documents analysed by SciMAT. 

For the period between 1973 and 1999, research 
about the use of RA in concrete was led by Torben 
C. Hansen; in fact his papers are still a scientific ref-
erence for researchers. In the first of the most cited 
articles (125) was published a comprehensive and 
extensive work about the production of RA from 
mixed debris, its quality and the behavior of the 
RAC produced, both in the fresh and hardened state; 
the regulations applicable in different countries were 
also analysed and the article concluded with a total 
of 34 recommendations. 

In the period 2000-2009, the first of the most cited 
papers (123) had 730 citations and were published in 
Cement and Concrete Research by Miren Etxeberria 
and his collaborators in 2007. The article evaluated 
the influence of the amount of coarse concrete, the 
order of materials used in concrete production and 
the mechanical properties of the RAC, in order to 
check the numerical models proposed by several re-
searchers.

Finally, during the third period studied (from 
2010 to 2019), the document published by Rui Vas-
co Silva and his colleagues was highlighted (112). 
These authors focused on examining the factors af-
fecting the physical, chemical, mechanical, perme-
ation and compositional properties of RAs sourced 
from C&DW, intended for concrete production. 
The results obtained allowed producing a practical 
means of measuring the quality of RAs, which can 
be used to produce concrete with predictable per-
formance. 

The published researches mainly focused on the 
use of recycled granular materials in concrete ap-
plications and how this approach has evolved, in 
terms of material testing or the quantity and type 
of fraction replaced. However, knowledge gaps 
in other areas of the field, such as in applications 
where there are no restrictions on RA use, such as 
mortars, non-structural prefabricated concrete or 
green roofs. 

Table 3. Most cited publications in each period (out of 843 documents).

Ref. Period Title Authors Journal title 
(abbreviated)

No. of 
cited1 

Publication 
year

Hansen, 
1986 (125)

1973-
1999

Recycled aggregates and recycled aggregate 
concrete second state-of-the-art report 
developments 1945-1985

Hansen, T.C. MATER 
STRUCT

283 1986

Etxeberria 
et al. 2007 
(123)

2000-
2009

Influence of amount of recycled coarse 
aggregates and production process on properties 
of recycled aggregate concrete

Etxeberria, M., 
Vázquez, E., 
Marí, A., Barra, 
M.

CEMENT 
CONCRETE 
RES

730 2007

Silva et al. 
2014 (112)

2010-
2019

Properties and composition of recycled 
aggregates from construction and demolition 
waste suitable for concrete production

Silva, R.V., de 
Brito, J., Dhir, 
R.K.

CONSTR 
BUILD MATER

356 2014

(1) Citations have been update in June 2020
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3.2. Co-words analysis

The keywords included in the 843 selected papers 
were compiled with the SciMAT software, applying 
the co-occurrence analysis. As a result, 84 thematic 
groups of keywords were obtained and used to pro-
ceed with the bibliometric study. In this process, more 
than 3000 words were not included because they did 
not contribute to the study (they were used by the au-
thors in less than 10 documents). Table 4 shows the 
main thematic groups detected after analysis of the 
co-occurrence of words for each period studied. For 
each subject investigated it lists the total number of 
core documents analysed, the sum citations received, 
the corresponding h-index, and values of centrality 
and density. These issues have been positioned in the 
strategic diagrams generated by SciMAT according to 
their centrality and density measures, which allows 
them to be categorised according to their importance 
in the analysed field, these are presented in Figure 5a, 
Figure 6a and Figure 7a. The thematic network of the 
topics whose evolution has been more representative 
for the scientific field “Applications of recycled con-
crete in the construction sector” is presented between 
Figure 5b, Figure 6b and Figure 7b. Finally, the evo-
lution of the main themes is shown in Figure 8 and 

Figure 9, according to documents count and to h-in-
dex, respectively. In addition, the stability or continu-
ity of keywords between the periods studied is shown 
in Figure 10. 

3.2.1. Content analysis. Strategic diagrams 

The most significant results obtained after the 
word analysis for each period studied are then de-
veloped and discussed.

3.2.1.1. Period before 2000

The first analysed period (from 1973 to 1999), the 
strategic diagram shows only two main themes, fo-
cusing on two areas: Physical Properties and Recy-
cled Aggregate (Figure 5a). The first one is the mo-
tor theme and it refers to the physical properties of 
the aggregates as well as those of the concrete man-
ufactured with them; its strong centrality and high 
density (1/1) indicates that it was a highly studied 
subject and co-appears quite frequently. The most 
cited articles related to this topic are focused on 
the investigation of RA properties and the concrete 
manufactured with this granular material; in conse-
quence they serve as a guide for the production and 

Table 4. Performance measures for the themes in each period.

No.
Cluster

Research topics No. pa-
pers1

Sum ci-
tations

h-in-
dex

Centrality 
/Density 
range

No.
Cluster

Research topics No. pa-
pers1

Sum ci-
tations

h-in-
dex

Centrality 
/Density 
range

Period before 2000
1 PHYSICAL 

PROPERTIES
8 910 8 1/1 2 RECYCLED AG-

GREGATE
7 829 7 0.5/0.5

Period 2000-2009
1 RECYCLING 107 14872 66 1/1 4 PHYSICAL-ME-

CHANICAL 
PROPERTIES

31 5800 27 0.4/0.4

2 CONSTRUC-
TION MATE-
RIALS

37 3991 29 0.8/0.8 5 NON-STRUCTUR-
AL CONCRETES 
PRECAST

18 793 11 0.2/0.2

3 MASONRY 
MORTARS

49 6088 38 0.6/0.6

Period 2010-2019
1 RECYCLING 674 19526 76 1/1 5 FINE AGGRE-

GATES
92 3747 35 0.62/0.5

2 SUSTAINA-
BLE DEVEL-
OPMENT

254 7948 52 0.88/0.88 6 MICROSTRUC-
TURAL ANAL-
YSIS

51 1052 16 0.5/0.12

3 DURABILITY 
PROPERTIES

258 10105 61 0.75/0.62 7 ENVIRONMEN-
TAL IMPACT

53 1298 17 0.38/0.25

4 ROAD PAVE-
MENT

75 2393 29 0.25/0.75 8 LABORATORY 
TESTS

5 69 4 0.12/0.38

(1) Referred to core documents
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evaluation of the RA, as well as for the design, man-
ufacture and use of RAC (125–127). 

On the other hand, Recycled Aggregate is an issue that 
is becoming a motor theme and represents the beginning 
of the use of RA in construction sector applications, 
which slowly but certainly increasing in popularity. That 
is why the most cited studies pay special attention to RA 
research (125, 126, 128), focusing on the importance of 
RA quality (both physical and mechanical), especially in 
the strength of the original concrete, in order to obtain 
RAC of characteristic resistance suitable for a given use. 

3.2.1.2. Period 2000-2009

During the second period, it can be seen how the 
scientific activity of the studied field has evolved, 
due to its growth compared to previous years in the-
matic diversity, as well as in the increase in its h-in-

dex and in the number of citations received for each 
new theme (Table 4). The strategic diagram in Fig-
ure 6a shows the detected issues, for example Recy-
cling, Construction Materials and Masonry Mortars 
are well placed and have the largest number of asso-
ciated documents (107, 37 and 49, respectively). For 
this reason, they have been categorised as motor is-
sues. In addition, Aggregate Properties is an emerg-
ing topic that began to gain importance in the field 
studied; while Non-Structural Concretes Precast is a 
topic that in this period has not yet been developed.

Recycling has been the best developed and high-
est impact issue, with 107 associated items, a strong 
centrality and high density (1/1) (Table 4). It also 
has the highest biometric indexes (h-index of 66 and 
14872 citations). This means that 107, of the 112 
documents published in this period and related to 
the field of study (Figure 3b), were focused on recy-

Figure 5. Period before 2000: (a) Strategic diagram. (b) Most representative cluster network for this period: Recycled Aggregate. In-
clude number of associated documents. Source: SciMAT.

Figure 6. Period 2000-2009: (a) Strategic diagram. (b) Most representative cluster network for this period: Recycling. Include number 
of associated documents. Source: SciMAT.
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cling. In related researches, great interest was given 
to the environmental benefits of C&DW recycling, 
thus creating an viable alternative to NA (76, 122, 
123).

3.2.1.3. Period 2010-2019

Figure 7a shows the final time interval studied 
(2010 to 2019 inclusive), which includes a total of 
eight themes (Table 4). Three themes have been clear-
ly identified as motor ones: Recycling, Sustainable 
Development and Durability Properties. In addition, 
the issue of Fine Aggregates has been considered as 
a basic theme that is becoming a well-developed one. 
In turn, several basic, peripheral and emerging or un-
developed themes have been identified in this period: 
these are Microstructural Analysis, Environmental Im-
pact and Laboratory Tests, respectively. Finally, Road 
Pavement is a peripheral topic that, although relevant, 
has a poor relationship with the analysed field to date. 
The increase in the number of articles published in this 
period (Figure 3) is directly related to the development 
of a large number of legal and technical regulations 
that include the use of RA at a European level, with the 
publication of the Waste Framework Directive (129), 
the national Royal Decree 105/2008 (130) and Code 
on Structural Concrete EHE-08 (5), which did not ex-
ist until the end of the second period studied. Most of 
these regulations, together with the publication of Law 
22/2011 on Waste (131), expect the minimisation and 
control of the generation of C&DW in the UE (132, 
133) to fulfil the objectives for 2020 to become an in-
telligent, sustainable and inclusive economy, through 
a series of policies and actions aimed at moving to-
wards a low carbon economy with an efficient use of 
resources (3, 134, 135). A greater importance has been 
given to the use of these types of granular materials in 
different applications (10, 136, 137) since the publica-
tion of this law.

Recycling has also been identified as the most 
important motor theme in this period; it has shown 
the highest number of publications (674), as well as 
a high density and strong centrality (1/1), meaning 
that it was a theme of great interest and impact, as 
reflected in Table 4, even more so than in the previ-
ous period. This fact indicates that recycling is not 
only a field of research but it is a practical reality 
(78, 112, 138), and where the quality of the recy-
cling process has a considerable influence on the 
quality of the recycled material obtained (139).

3.2.2. Analysis of most significative thematic net-
works 

Recycling is a theme what is worth mentioning as 
it is one of the most characteristic topics for the field 
studied, even more so if it is analysed from the point 
of view of its thematic network. From the beginning, 
and until its consolidation in the third period, this 
topic maintains a common thread with Recycled Ag-
gregate; this fact reflects its scientific evolution.

Figure 5b shows the network built with the key-
words associated with the Recycled Aggregate 
theme during the first period; it reflects the con-
nection between the most significant nodes (thicker 
relationship lines). It can be further observed that 
the strongest internal relationships are not related 
to the central theme of the cluster but are estab-
lished between the recycled materials and the tests 
that must be performed for them (127, 140), or 
between the sustainable development of the con-
struction sector and how this has been influenced 
by the replacement percentage of natural material 
by recycling (141, 142). 

After analysing the network of the Recycling clus-
ter during the second period (Figure 6b), a significant 
relationship was observed between almost all nodes; 
this means that the keywords co-appear in most doc-

Figure 7. Period 2010-2019: (a) Strategic diagram. (b) Most representative cluster network for this period: Recycling. Include number 
of associated documents. Source: SciMAT.
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uments, thus providing great similarity between the 
elements. Despite this, the strong internal connec-
tion between the RA from concrete and its recycling 
reflects the fact that the recycling of concrete waste 
is beneficial and necessary from the point of view of 
environmental preservation and the efficient use of 
resources available (76, 122, 123). 

3.2.3. Scientific evolution analysis 

Evolution of the main themes in the scientific field 
are shown in Figure 8 and it is possible to observe 
that Recycling is the most dominant issue (in the pe-
riod 2010-2019) as it has a larger sphere, according 
to documents count. In a conceptual way, the evolu-
tion of this thematic area can be understood to the 
extent that, until the year 2000, the few related docu-
ments (Table 4) focused on the recycling of concrete 
to be used as RA which, when evolving to the Recy-
cling group in 2000-2009 and merging with Physical 
Properties, it became the most important topic in the 
entire field investigated in 2010-2019. 

Between the first and second period it is observed 
that the conceptual nexus (greater thickness of con-
tinuous lines) is identified between Physical Prop-
erties - Recycling and between Recycled Aggregates 
- Recycling. While between 2000-2009 and 2010-
2019 the strongest link is observed between the fol-
lowing topic: Construction Materials – Sustainable 
Development, in addition, Recycling remained the 
most predominant thematic area, maintaining the 
same designation in both periods, although with a 
greater number of documents published when pass-
ing from one period to another. 

Among the groups in the second period, Con-
struction Materials merged with Sustainable Devel-
opment, based on a non-conceptual link with Recy-
cled Aggregate, in addition to incorporating part of 
its content to Fine Aggregates. In other words, they 
share some keywords with others clusters but are not 
the main item (see Figure 8). In turn, Masonry Mor-
tars, integrated with the Physical Properties theme 
(from the first period), merged with Physical-Me-
chanical Properties and Non-Structural Concretes 
Precast to evolve as a new motor theme, called Du-
rability Properties, in the last period studied. On the 
other hand, Construction Materials, together with 
Masonry Mortars, created a new theme in the 2010-
2019 period called Fine Aggregates, in addition to 
the influence of keywords provided by the Physi-
cal Properties and Recycled Aggregates groups. As 
for the Non-Structural Concretes Precast group, it 
gains little importance, since it incorporates terms 
of Recycled Aggregates but then it has evolved only 
a little. Nevertheless, this theme incorporated new 
elements from various groups in the last period, such 
as Durability Properties, Road Pavement and Envi-
ronmental Impact, helping these themes to reach a 
better position (Figure 7).

In the last period, different groups emerged that 
share part of their elements with other themes from 
the previous period, such as Road Pavement and 
Microstructural Analysis. Finally, Environmental 
Impact appeared as a thematic group, with a weak 
contribution of several themes (Construction Mate-
rials, Masonry Mortars, Non-Structural Concretes 
Precast and Physical-Mechanical Properties), by 
means of a non-conceptual nexus (discontinuous 

Figure 8. Evolution map (size of spheres according to documents count).
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lines); even, a new cluster is created, Laboratory 
Test, without visible participation from other nodes.

Figure 9 shows the evolution of the main themes 
according to their h-index, where the size of the 
spheres or higher h-index of the themes Recycling, 
Durability Properties and Sustainable Development 
should be highlighted. Recycling is considered the 
thematic area with the greatest impact, as we have 
already seen, being central to the development of the 
field studied. The evolution of its h-index shows an 
upward trend, whose development stands out above 
the rest of the topics, with an h-index of 66 in the 
second period and 76 in the last period (Table 4). 
Although it started with low impact (Recycled Ag-
gregate), it progressively became the origin of other 
research areas that are closely linked to Recycling, 
mainly in the last period (2010-2019), such as Sus-
tainable development (h-index= 52) or Environmen-
tal impact (h-index=17).

Finally, Figure 10 shows the continuity of key-
words shared between consecutive periods using 
a longitudinal map; that the keywords have in-
creased considerably over the years, in parallel with 
an increase in the number of documents published 
(Figure 3). In fact, the field evolved from 31 word 
groups in the first period (1973 to 1999) to 96 in 
the second and 127 in the third. The increase in the 
number of keywords testifies to the growing themat-
ic diversity discussed under the use of RA in differ-
ent applications. Likewise, it is noticeable that the 
first and second periods share all of their words with 
the following period (31 and 96, respectively). 65 of 
the 96 words of the period 2000-2009 belong to the 
previous period; furthermore this one adds 31 new 
words to the next one (2010-2019). In addition, the 
index of stability between periods, whose value is 1, 

indicates that keywords do not disappear over time; 
this is a quite remarkable fact, which indicates that 
the field under investigation evolved in a solid way 
and is well consolidated.

Figure 10. Overlapping map of keywords during the three con-
secutive periods.

Figure 9. Evolution map (size of spheres according to h-index).

4. CONCLUSIONS 

This document combines bibliometric perfor-
mance analysis with content analysis of the selected 
studies, after a prior systematic review and through 
the use of the SciMAT and VOSviewer tools. An 
exhaustive analysis of the field of “Applications of 
recycled aggregates in the sector of construction” 
in international research from 1973 to 2019 was de-
veloped. The methodology used has allowed us to 
obtain the conclusions summarised below: 

• The analysis shows a remarkable growth of 
the field of study, in terms of the volume of 
documents and conceptual coherence, also, a 
lineal growth in matters of impact. Jorge de 
Brito and Chi-Sun Poon are the authors with 
the highest impacts, and have created a broad 
collaboration network with other researchers. 
Construction and Building Materials is the 
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journal with the best metrics, given its multi-
disciplinary nature.

• During the first two periods (until 2009), and 
as a consequence of the great importance of 
aggregate in the construction sector, the pub-
lished studies focused mainly on RA recy-
cling as an emerging theme, in view of the 
clear concern related to the environmental 
impacts associated with C&DW, among oth-
er issues. The research carried out in the last 
decade (2010–2019) highlights the interest in 
recycling as a result of the development of a 
large number of legal and technical regula-
tions, but also because of more specific issues 
related to the treatment and management of 
C&DW. In relation to the conceptual evolu-
tion of the identified issues, the theme of Re-
cycled Aggregate presented the greatest evo-
lution over time, becoming part of the main 
group of the entire field under investigation: 
Recycling. In turn, the stability between peri-
ods is considered solid, because the keywords 
that describe the area under investigation re-
appear in their entirety in subsequent periods, 
indicating that the field is well consolidated 
and continues to evolve.

Therefore, it is possible to conclude that the most 
important thematic area is the recycling of C&DW 
to produce quality RA, giving priority not only to 
their type and origin, but also to the crushing and 
recycling process applied. Furthermore, although 
this issue is almost half a century old, it has not yet 
collapsed, showing an exponential growth trend. In 
addition, even if recycled material from the valori-
sation of C&DW is mainly used in the production 
of concrete, more and more applications have been 
found for it. Finally, it is anticipated that future re-
search will be aimed at analysing the use of aggre-
gates of a different nature than concrete (ceramic 
and mixed), as well as fine fraction in applications 
subject to less demanding regulations, such as, for 
example, masonry mortars, prefabricated non-struc-
tural, and green roofs.
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