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In the construction industry, pursuing sustainable development by using

sustainable materials necessitates using renewable resources. Among

different renewable materials, mineral-derived natural fibers are relatively

cheaper and abundantly available in various countries. This study

summarizes the research advancements on concrete reinforced with

mineral-derived natural fibers. This review on the incorporation of mineral

fibers in concrete evaluates, identifies, and synthesizes research outcomes for

creating a summary of current evidence which can contribute to evidence-

based practice. Mapping knowledge, c/o-occurrence, and co-citation are hard

gears for innovative research. Accordingly, the present study is aimed at

exploring the literature on key features of mineral fiber-reinforced concrete

by performing a scientometric analysis. The current study implemented an

advanced approach for mining, processing, and analyzing data, interpretation,

and presentation of available bibliographic data on mineral fibers in concrete.

Furthermore, the discussion on the applications and limitations of usingmineral

fiber-reinforced concrete in the construction industry is alsomade. The current

research may aid academics in exchanging new ideas and techniques and

developing collective efforts.
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1 Introduction

Establishing novel/alternative construction materials focuses on enhanced properties

(i.e., physical/mechanical) and the performance of concrete and relative structures.

Generally, concrete is weaker under flexural loading than under compressive loading.

To cater to this issue, the concept of short, discrete fibers as dispersed reinforcement is

introduced, enhancing the mechanical properties of concrete and improving the

resistance against deformation and cracks, ultimately contributing to the durability of

concrete (Pukharenko, 2012; de Azevedo et al., 2021a; de Azevedo et al., 2021b; Azevedo
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et al., 2022; Ali et al., 2022c; Meng et al., 2022). During the past

three decades, the emerging concern toward environmental

problems arising from conventional concrete manufacturing

has gained the attention of researchers in civil engineering to

pursue alternative approaches for discovering environment-

friendly construction materials (Cabeza et al., 2010; Väntsi

and Kärki, 2014; de Azevedo et al., 2017; de Azevedo et al.,

2018; Ahmed et al., 2021; Arooj and Ali, 2021; de Azevedo et al.,

2021b; de Azevedo et al., 2022a; de Azevedo et al., 2022b; Raza

et al., 2022). In 2019, the WGBC reported techniques/standards

to design environment-friendly structures to reduce 40% of

carbon footprints by 2030 and eliminate CO2 emissions by

2050 (Alhawat et al., 2022). Utilization of substitute fuels,

engrossing CO2, enhancing energy efficiency within the boiler,

and replacing ordinary Portland cement with waste/

supplementary materials such as silica fume, sugarcane

bagasse ash, plastic waste fibers, recycled tires, etc., to produce

green/environment-friendly cementitious concrete are the

advised measures (Kaïkea et al., 2014; Pogorelov and

Semenyak, 2016; Li and Cao, 2018; Ali et al., 2021; Nafees

et al., 2021; Thomas et al., 2021; Ali, 2022; Ali et al., 2022e; Li

et al., 2022; Nafees et al., 2022).

The fibers are usually classified as metallic, organic, and

mineral (Ali et al., 2022d). The selection of these fibers is

made based on distinct dominant properties. The literature

reported that the concrete strength could be improved by

enhancing the modular ratio, aspect ratio, degree of

alignment, and content of fiber (Aydın, 2013; Farooqi and Ali,

2019; Ali et al., 2022a; Azevedo et al., 2022). The specific fiber

property is only emphasized at the molecular level (Ali et al.,

2022b; Farooqi and Ali, 2022). Figure 1 reveals that the

incorporation of mineral fibers in concrete will help in terms

of both the economy and environment, as these fibers are

naturally available and would result in reduced amounts of

conventional materials such as cement and aggregates, for

conventional cementitious concrete, ultimately conserving

natural resources and reducing CO2 emissions (Khan et al.;

Mechtcherine et al., 2016; Khan et al., 2018; Cao et al., 2019b;

Li et al., 2019a). Mineral fibers such as basalt fiber are categorized

as raw materials that meet the technical requirements and

environmental aspects (Khan et al., 2018; Khan et al., 2021b;

John and Dharmar, 2021). These fibers have the following

excellent properties: 1) effective mechanical properties; 2)

substantial bond behavior among epoxies, glues, and metals;

and 3) extra-ordinary electrical, thermal, and acoustic

properties (Khan et al., 2021a; Khan and Cao, 2021). These

mineral basalt/wool/CaCO3 whisker fibers are famous for

their energy-absorption capability and binding ability

(Jerman and Černý, 2012; Luo et al., 2014; Xin et al., 2015;

Stonys et al., 2016; Khan et al., 2018; Yliniemi et al., 2018; Cao

et al., 2019a; Li et al., 2019b; Cao et al., 2019c; Li L. et al., 2020;

Khan et al., 2022; Khan et al., 2022f). After replacement with

natural/mineral fibers, conventional fibers reduce the damage

to different industry zones and social aspects (Farooqi and Ali,

2018a; Farooqi and Ali, 2018b; Farooqi and Ali, 2018c; Li et al.,

2019c; Li et al., 2021; Khan et al., 2022a; Khan et al., 2022e).

As the mineral fiber-reinforced concrete research is

enhanced due to rising concerns against environmental

issues resulting from conventional cementitious concrete,

researchers are facing restrictions in terms of information

available, which may limit the innovation in academic and

research collaborations. Therefore, it is critical to establish and

execute a process that aids academicians in obtaining necessary

information from the most authentic sources. Employing a

software tool, a scientometric approach can aid in overcoming

the said lacking factors (Figure 2). Accordingly, the current

study is focused on performing a scientometric analysis on

published bibliographic data in the mineral fiber-reinforced

concrete research area up to December 2022. A scientometric

evaluation may conduct a quantitative investigation of a bulk

volume of the bibliographic database by applying a suitable

software tool. Typical review-based research studies show a

deficiency in its capability to comprehensively and precisely

connect different literature aspects. Scientific visualization, co-

occurrence, and co-citations are the main complex features of

modern research (Udomsap and Hallinger, 2020; Yang et al.,

2022). It is from the scientometric analysis that revealed

sources and authors with maximum publications, keyword

co-occurrences, actively contributing countries, and

publications with maximum citations in mineral fiber-

reinforced concrete research. The Scopus search engine is

made for attaining abstracts, keywords, bibliographies,

citations, funding, and other relevant data from 912 related

articles. VOSviewer tool is applied to process these data

afterward. The statistical and graphical mappings of

countries and scientists/researchers in this work would help

research scholars exchange novel ideas and approaches and

establish collaborative research-based activities. As the

scientometric analysis demonstrates subject-relevant

FIGURE 1
Benefits of mineral fiber-reinforced concrete.
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FIGURE 2
Scientometric review process (Zheng et al., 2021a).

FIGURE 3
Sequential flowchart of the review strategy.
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keywords and the most appropriate literature review, the

current research discussed and emphasized the latest

applications of mineral fiber-reinforced concrete, the

limitations related to the application and production of

mineral fiber-reinforced concrete and possible solutions.

This research will help engineering field academicians who

belong to different areas/regions/locations establish

joint ventures, exchange innovative and novel techniques/

ideas, and develop research collaborations resulting from

the statistical and graphical depictions of authors and

countries.

2 Review strategy

In the current research, scientometric analysis is performed

on bibliographic data (Xu et al., 2018; Darko et al., 2019; Xiao

et al., 2019) to quantify several properties of said bibliographic

data. Scientific mapping is utilized in the scientometric study, an

approach developed by academics to analyze bibliometric data

(Markoulli et al., 2017; Amin et al., 2022). Abundant publications

have been found on the subject; therefore, it is vital to employ a

reliable search engine. Scopus and Web of Science are two highly

accurate databases perfectly suitable for said objective (Afgan and

FIGURE 4
Domains of documents in mineral fiber-reinforced concrete research.

FIGURE 5
Published document types on mineral fiber-reinforced concrete research.
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Bing, 2021; Huang S. et al., 2022). The highly recommended

database, i.e., Scopus, is employed to gather information

regarding the bibliography for current research on mineral

fiber-reinforced concrete. As of today, a search of mineral

fibers in concrete on Scopus yielded 912 results. Several filters

are employed to scrutinize needless papers. A comprehensive

procedural flowchart showing the steps such as retrieval of data,

analysis, and different filters used while performing the study are

shown in Figure 3.

Moreover, other researchers have also reported on the same

technique (Oraee et al., 2017; Jin et al., 2018; Park and Nagy, 2018).

Applying the said filters on the Scopus database, 912 results

remained. These records are stored in a Comma Separated

Values (CSV) format for evaluation by a relevant tool.

VOSviewer (version 1.6.18) is employed to develop the attained

material’s quantitative assessment and scientific visualization.

VOSviewer is an open-source and freely accessible mapping tool

usually used in discrete research areas (Zuo and Zhao, 2014; Darko

et al., 2017; Ahmad et al., 2021). The subsequent CSV file is uploaded

on VOSviewer for additional assessment while keeping the data

consistent and reliable. In the scientometric analysis, themost widely

used keywords, the publishing sources, the contribution of different

states, and the publications having the highest citations are

evaluated. The aspects, co-occurrences, and interrelationships are

demonstrated with the help of maps. Furthermore, the respective

quantitative data are provided in tables. Colors are assigned to the

FIGURE 6
Annual publication trend of published articles on mineral fiber-reinforced concrete research till December 2022.

TABLE 1 Publication sources having a minimum of 10 publications on mineral fiber-reinforced concrete research.

S/N Source of publication Publication count Total citations received

1 Construction and Building Materials 62 2158

2 Advanced Materials Research 29 1120

3 Materials Today: Proceedings 25 793

4 Lecture Notes in Civil Engineering 22 256

5 Applied Mechanics and Materials 17 166

6 Materials 17 160

7 Arabian Journal for Science and Engineering 16 146

8 International Journal of Civil Engineering and Technology 16 96

9 Cement and Concrete Composites 13 92

10 Matec Web of Conferences 10 63

11 Materials Science Forum 10 53
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FIGURE 7
Mapping of sources having at least 10 publications. (A) Network visualization; (B) density.
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clusters for the identification of a particular item on the map. In

addition, different color schemes, such as plasma, viridis, and

rainbow, are used for density visualization, and the rainbow

option is used in the current work for density mapping.

3 Results and discussion

3.1 Subject area and yearly publication of
documents

A Scopus analyzer is utilized to perform this assessment to

identify the most relevant research areas. Figure 4 shows that

Engineering, Materials Science, and Environmental Science are

the three leading disciplines in the generation of documents,

having almost 41%, 27%, and 6% of documents, respectively. As

a whole, these three disciplines contribute 74% of papers. Moreover,

the analysis on the Scopus database is also made to assess the

publication types having subject research area documents (Figure 5).

This assessment revealed that there are almost 56% of journal

papers, around 29% of conference articles, 8% of conference

reviews, and nearly 4% of journal reviews. The annual trend of

published articles in the considered research area from 2011 to

December 2022 is illustrated in Figure 6. Until 2014, a slight

rise was observed in mineral fiber-reinforced concrete research

publications. Following that, the publication trend was reduced

to less than 40 articles in a year for two years, i.e., 2015 and

2016. The number of publications was enhanced considerably

from 2016 to 2018. Again, from 2019–2020, the publications

were slightly comprised, followed by a significant increase

afterward. In the current year, the number of articles on the

considered study field is more than 100 so far (as of December

2022). It is interesting to note that the attention of researchers is

focused on using mineral fibers in concrete to have sustainable

construction materials.

3.2 Publication sources

The sources of the publication are assessed by employing the

VOSviewer on the bibliographic data. A minimum of ten papers

from one source is specified, and 11 out of the 912 sources met

the requirement. The publication sources have at least ten

publications on mineral fibers in concrete research up to

December 2022, and the received number of citations is

enlisted in Table 1. The top three publication sources are

“Construction and building materials”, “Advanced materials

research”, and “Materials today: proceedings”, having 62, 29,

and 25 papers, respectively, and 2,158, 1,120, and 793 citations up

to December 2022, respectively. Exceptionally, via this

assessment, a foundation is attained for upcoming

scientometric analysis on mineral fibers in concrete research.

Furthermore, the recent typical review-based research was

incapable of providing systematic graphs. The visualization of

publication sources having a minimum of ten articles is depicted

in Figure 7. The frame size in Figure 7A shows the influence of

the source on the current study research field as per document

count, which means that the bigger the frame size, the more

significant the impact. For example, the frame size for

“Construction and building materials” is more than the

others, depicting the significance of this journal in the

considered research area. The formation of five groups is

made, and a unique color represents each one on the map

(red, yellow, green, purple, and blue). Group development is

done based on publication source-extent or the co-citation

frequency with comparable publications (Wuni et al., 2019).

VOSviewer establishes the groups as per the co-citation

tendencies in research publications. Seven journals in the red

cluster are frequently co-cited in the same research. Furthermore,

the link among closely placed publication sources in a particular

group is more when compared to widely spread frames, for

example, “Cement and concrete composites” majorly correlates

with “Journal of cleaner production” than with “Procedia

engineering” or “Construction and building materials”. As

TABLE 2 List of the top twenty most-used keywords in the research of
mineral fiber-reinforced concrete.

S/N Keyword Occurrences

1 Mechanical Properties 80

2 Fiber-Reinforced Concrete 77

3 Natural Fibers 72

4 Minerals 72

5 Basalt Fiber 69

6 Silicate Minerals 64

7 Bending Strength 49

8 Mineral Fibers 39

9 Mineral Wool 33

10 Cementitious Composites 32

11 Concrete Construction 30

12 Fiber-Reinforced Concretes 30

13 Sustainable Development 30

14 Basalt 29

15 Fiber-Reinforced Concrete 28

16 Construction Industry 24

17 Flexural Strength 22

18 Mechanical Performance 21

19 Cementitious Materials 19

20 Mineral Additives 19
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evident from Figure 7B, several tints correspond to different

journal-density concentrations. Red color has the highest

concentration. Blue, green, and yellow colors are afterward.

“Construction and building materials” depict a red shade

indicating its higher involvement in the mineral fiber-

reinforced concrete research.

FIGURE 8
Mapping of keywords having at least 15 publications. (A) Network visualization; (B) density.
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3.3 Keyword co-occurrence

In research, keywords are important as the main subject

of the research study domain is emphasized and

distinguished by them (Song et al., 2021). The keyword

recurrence requirement is set to at least 15. In this way,

20 keywords are preserved, as enlisted in Table 2. Mechanical

properties, fiber-reinforced concrete, natural fibers, minerals,

and basalt fiber are the five most widely occurring keywords

in the considered research field. The keyword analysis

revealed that mineral fibers in concrete have mainly been

explored to have an alternative sustainable construction

material. Depending upon the co-occurrences, density, and

connections related to their frequency of occurrence, a graph

is presented in Figure 8. The frame size of a keyword in

Figure 8A indicates its frequency, where the position of the

frame represents the co-occurrence. Moreover, the top keywords

show larger frames than the rest, indicating that these are

important keywords to investigate the reinforced concrete

research of the mineral fibers. The clustering is also done to

represent the co-occurrences of keywords in various published

articles, as seen from the graph. Different colors are assigned to

FIGURE 9
Systematic map of articles; (A) citation, base-linked articles; (B) density of connected articles.
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each group to represent keyword recurrences. In Figure 8A, the

diverse shades of the five clusters are shown. The density

concentrations for different keywords are also represented by

unique colors, as shown in Figure 8B. The shades yellow, red,

blue, and green show their densities. Mechanical properties,

mineral fibers, sustainability, concrete construction, and other

significant keywords show red or yellow tints representing more

occurrences of density. This outcome would assist determined

scientists in selecting keywords, reducing the effort to discover

published articles on a definite topic.

3.4 Documents

The impact of a certain paper in a specific research area is

depicted by its citations. Articles with higher citations pioneer in

a particular research area. The scientific visualization of citations

based on inter-connected publications and concentration of

published papers in considered research areas, i.e., mineral

fibers in concrete, is presented in Figure 9. Figure 9A

represents the interlinked publications via citations, evaluated

using VOSviewer analysis. The size of the frame for a particular

document is directly proportional to the impact of that specific

article in the considered research domain, i.e., mineral fibers in

concrete. Moreover, in Figure 9B, the density mapping reveals

the enhanced density concentration of the leading articles as per

citations.

3.5 Countries

Several countries have produced articles in the considered

domain, and these countries aim to keep contributing. A

systematic plot is developed for bibliophiles to assess the countries

enthusiastic about researching mineral fibers in concrete to predict

their properties. For this analysis, the criteria of minimum articles per

nation are set as 10, and 21 countries have met this requirement, as

listed in Table 3. Among all the countries, India, China, and the

Russian Federation have contributed the maximum articles having

166, 138, and 48 articles, respectively. Moreover, China received

TABLE 3 Countries with at least 10 papers in the mineral fiber-reinforced concrete research.

S/N Country Documents published Overall citations

1 India 166 538

2 China 138 1,754

3 Russian Federation 48 291

4 United States 34 834

5 Germany 32 296

6 Poland 25 356

7 Australia 24 456

8 France 21 662

9 Malaysia 21 416

10 Turkey 20 351

11 United Kingdom 18 280

12 Czech Republic 16 68

13 Italy 15 1,031

14 Canada 14 674

15 Algeria 13 196

16 Brazil 13 189

17 Iran 12 193

18 Spain 12 176

19 South Korea 11 389

20 Iraq 10 88

21 Pakistan 10 173
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1,754 citations, followed by Italy and theUnited States with 1,031 and

834 citations, respectively. The systemic map and density

concentrations for citation-based linked countries are presented in

Figure 10. The impact of a specific country in terms of article quantity

on the subject-research domain is depicted from the frame size of that

particular country (Figure 10A). As shown in Figure 10B, the

countries with the most publications have more density. The

quantitative output and graphical representation of the

contributing countries would help young researchers establish

scientific associations, initiate joint ventures, and exchange

FIGURE 10
Systematic mapping of countries having at least 10 publications. (A) network map; (B) density.
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inventive approaches and ideas. Researchers from countries

concerned with establishing research on mineral fibers in concrete

may work with experts in this domain to yield aid from their

expertise.

4 Discussion

4.1 Incorporation of mineral fibers in
concrete

The remarkable enhancement in concrete’s mechanical

properties due to the incorporation of mineral fibers is mainly

due to its capability of forming an even spatial net structure in

concrete, improvement in internal stress redistribution andmode

of damage, enhancement in concrete’s internal mechanical

stability, and improvement in the microstructure (Gao et al.,

2021). Hence, it is vital to develop linkages to damages at the

macroscopic level by the fiber distribution response properties

and pore structure to demonstrate its mechanical performance.

Accordingly, a generalized summary regarding mineral fiber-

reinforced microstructure is also discussed in this study. The

incorporation of mineral fibers in manufacturing dispersed fiber-

reinforced cementitious concrete is promising for multiple

reasons. Basalt roving and thin-staple fiber are examples of

mineral fibers, primarily formed by using the centrifugal-

spinneret technique and categorized by even characteristics,

diameter uniformity, and lesser waste content. The mineral

fibers are attained using an electro-thermal process to melt

raw materials (Buyantuev et al., 2012). The chemical

resemblance of mineral fibers enables their interaction with

Portland cement. The typical chemical composition and

physical appearance of basalt fibers are shown in Figure 11

and Figure 12, respectively, as reported by Liu H. et al.

(2022). But, this feature might badly affect the mineral fibers

and decrease the reinforcing effect. Saraikina et al. (2012)

reported various methods for resolving this issue and

summarized the primary ways for the protection of mineral

fibers from the alkaline-medium effects of cement: 1)

utilization of cement-less binders in concrete having fibers; 2)

alteration in the surfaces of mineral fibers; 3) modification in the

structure of mineral fibers; and 4) the incorporation of

admixtures that decrease the alkalinity of fiber-reinforced

concrete medium. Globally, the popularity of mineral fiber-

reinforced concrete is gaining popularity in the research field

with a possibility of coming out as one of the most sustainable

construction materials. As incorporating mineral fibers in

concrete is a comparatively new approach, it lacks in

guidelines for design than typical concrete; therefore, more

experimental studies are important to fill the research gaps in

this field (Khan et al., 2022d; Kirthika and Singh, 2018; Yang

et al., 2019; Gebremariam et al., 2021; Khan et al., 2018).

4.2 Durability of mineral fiber-reinforced
concrete

In case of mineral fiber-reinforced concrete, the durability is

considered in the form of impermeability, wear resistance,

freeze–thaw resistance, and chloride-corrosion resistance

(Zheng et al., 2021b). It has been observed that concrete has

FIGURE 11
Basalt fiber’s typical chemical composition (Liu H. et al., 2022).

FIGURE 12
Basalt fiber’s physical appearance, (A) sheet, (B) short fibers, and (C) SEM image of basalt fiber (Liu H. et al., 2022).
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considerable susceptibility toward plastic cracking during the

processes of setting and hardening (Huang Y. et al., 2022), that

would adversely impact the respective project’s long-term

durability due to cement species, additives, water–cement

ratio, aggregate grading, and the construction environment

(Xiaomei et al., 2019). Khan et al., 2018 evaluated the

durability of mineral-based basalt fiber-reinforced concrete

after its exposure to different accelerated environmental

conditions. The weight loss, water absorption, and

compressive strength of basalt fiber-reinforced concrete were

determined experimentally after undergoing ageing conditions,

i.e., immersion in sulphate and acidic solutions, for 90 days after

28 days of curing. The incorporation of basalt fibers resulted in

improved concrete properties, i.e., water absorption and

compressive strength, even after exposure to sulfate and acidic

attacks. Zhang Z. et al. (2021) reported that the addition of CeO2

may also resist crack formation. Furthermore, the utilization of

curing with moisture retaining (i.e., (e.g., steam curing or film

curing) (Wei and Pengcheng, 2020), expansion agents like

additives (Guoxin et al., 2018), or the incorporation of an

adequate content of fibers may effectively reduce or may even

resist the early plastic cracks-occurrence in concrete (Shi et al.,

2022). There would be as lesser chances for occurrence of plastic-

cracking in concrete as earlier as the conservation of moisture

starts (Li et al., 2004). In case of more aspect ratio of fiber, the

volume fraction would be higher and, subsequently, the adhesion

strength at the fiber–matrix interface would bemore (Sheng et al.,

2021), which would enhance the repressive strength to resist

plastic-cracking in concrete and ultimately improve the

durability performance of the respective concrete (Jia et al.,

2021). In case of durability of conventional concrete, steel

fiber-reinforced concrete, and polymer fiber-reinforced

concrete, the research has already been the subject of multiple

reports (Zhang P. et al., 2021); however, in case of durability of

mineral fiber-reinforced concrete, the research is still relatively

small.

4.3 Microstructure of mineral fiber-
reinforced concrete

The SEM analysis is very important to explore the

microstructure of concrete having mineral fibers. Li Y. et al.

(2020) examined the mineral-derived basalt fiber-reinforced

concrete by using SEM (Figure 13). Instead of fiber slippage, a

cement paste coating was observed on the fiber surface, depicting

an effective bonding among the mineral fiber and cement slurry

(Figure 13). The cementitious material stuck on the fibers

indicates its proper bonding, ultimately resulting in fiber

fracture, as shown in Figure 14. It may be noted that crack

propagation/expansion is limited due to proper bridging and

bonding of embedded mineral-derived basalt fiber in the

cementitious matrix. So, it can be said, based on the findings

mentioned previously, that mineral fibers have considerably

enhanced the concrete mechanical properties and thus, it can

offer a stable structure in terms of load-bearing in concrete and

resist the initiation and propagation of micro-cracks.

Furthermore, adding mineral fibers in concrete can increase

the pore and capillary contents, improve pore connectivity,

and prevent the deterioration of the concrete-pore structure.

4.4 Environmental aspect of mineral fiber-
reinforced concrete

Nowadays, sustainable development is in demand. Global

warming resulting from swift ozone layer depletion due to bad

environmental impacts is a severe problem. Ecological

disintegration is due to the extreme consumption of fossil fuels

and natural resources. So, leading toward sustainable development,

the contributing factors toward ozone layer depletion must be

FIGURE 13
SEM image of mineral-derived basalt fiber-reinforced
concrete (Li Y. et al., 2020).

FIGURE 14
SEM image of mineral-derived basalt fiber fracture in
concrete (Liu M. et al., 2022).
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eliminated as per the sustainable development goals. Waste

mineral fibers are one of the major contributors. Furthermore,

the increasing demand for fossil fuel and natural resources to meet

the construction industries’ requirement has also accumulated

toward ecological degradation. Therefore, incorporating such

mineral fibers in concrete can significantly play its role in

achieving UNDP’s sustainable development goals (Figure 15).

This incorporation would not only contribute toward a

reduction in the overall cost of the respective concrete, but it

would also decline the conventional material consumption,

ultimately leading to a reduction of natural resource

consumption. In addition, the environmental pollution caused

by CO2 emissions from these waste fibers (such as mineral fibers)

may also be decreased significantly. Hence, green, sustainable, and

economic development can be achieved by utilizing mineral fibers

as reinforcement in cementitious concrete.

5 Conclusion

Research on cementitious concrete reinforced with mineral-

derived natural fibers is evolving due to enhancing demand for

the utilization of sustainable materials, as well as the strength, low

density, low cost, and abundant local availability of these fibers.

In recent years, the abundantly produced scientific information,

in addition to new communication channels, encouraged the

research community to suggest the metric which provided the

basis for the novel bibliometrics field. It employs statistical and

mathematical analytic approaches to attain reliable quality

gauges. Hence, there is a feasibility to evaluate the number of

published documents by a nation, institution, individual, or

research group having the highest scientific outcome.

Bibliometric research is a suitable technique to identify the

literature growth trend and volume, focusing on mineral fiber-

reinforced concrete-related examinations that will benefit young

scholars. The main aim of the current study is to perform a

scientometric analysis of the literature available on mineral fiber-

reinforced concrete to assess multiple aspects. The obtained

conclusions are as follows:

• Mineral fibers are categorized as natural materials and are

one such material that meets the technical requirements

and environmental needs. These fibers have excellent

properties such as 1) effective mechanical properties; 2)

substantial bond behavior; and 3) extra-ordinary

reinforcing, thermal, and acoustic properties. Mineral

fibers considerably enhance the concrete mechanical

properties and thus, offer a stable structure in terms of

load-bearing in concrete and resist the initiation and

propagation of micro-cracks.

FIGURE 15
Concept of using mineral fibers to achieve sustainable development.
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• It is revealed from the assessment of publication sources of

a search on mineral fibers in concrete that “Construction

and building materials,” “Advanced materials research,”

and “Materials today: proceedings” are the leading three

sources, with 62, 29, and 25 publications, respectively. As

far as total citations are concerned, here again, the top three

sources are “Construction and building materials” with

2,158 citations, “Advanced materials research” with

1,120 citations, and “Materials today: proceedings” with

793 citations.

• Keywords assessment in the mineral fiber-reinforced

concrete research domain reveals that mechanical

properties, fiber-reinforced concrete, natural fibers,

minerals, and basalt fibers are the most frequently

occurring five terms. This analysis also reveals that

mineral fibers in concrete have mainly been explored to

have sustainable construction materials.

• The leading countries are determined by the contribution

of mineral fiber-reinforced concrete research, and it is

summarized that 32 countries have published at least

five articles. Among all the nations, India, China, and

the Russian Federation have contributed the maximum

number of articles having 166, 138, and 48 articles,

respectively. Moreover, China received 1,754 citations,

followed by Italy and the United States with 1,031 and

834 citations, respectively.

• The incorporation of mineral fibers in cementitious

concrete decreases their brittleness and significantly

improves their properties, including toughness, energy-

absorption capacity, and tensile strength. Mineral fibers

endorse the reinforcing effect via adhesion bonding among

cementitious matrix and mineral fibers. The bonding

mechanism is based on the respective concrete

manufacturing method and content, orientation,

dimension, and distribution of mineral fibers.

• The appropriate proportion of mineral fibers may

significantly improve the impermeability, resistance

against sulfate and chloride erosion, resistance against

the freeze–thaw cycle, and high-temperature durability

of mineral fiber-reinforced concrete. Furthermore,

adding mineral fibers to concrete can increase the pore

and capillary contents, improve pore connectivity, and

prevent the deterioration of the concrete’s pore

structure. However, it is important to explore the in-

depth durability of concrete having mineral fibers and

to develop specific test procedures for this purpose.

• It is evident from the reported SEM analysis that the string

bonding among mineral fibers and the surrounding

cementitious matrix offers an effective bridging

mechanism that shows its ability to reduce stress

concentrations and eliminates the probable internal

degradation, ultimately leading to an improved

mechanical performance of mineral fiber-reinforced

concrete.

• This incorporation of mineral fibers in concrete would not

only contribute toward a reduction in the overall cost, but it

would also decline the consumption of conventional

materials, ultimately leading toward sustainable

development by reducing the adverse environmental

impacts.

• The large-scale production and corresponding applications

of mineral fiber-reinforced concrete are limited due to

lacking information on various aspects such as long-

term durability, Life Cycle Cost Analysis (LCCA), and

Life Cycle Assessment (LCA) for mineral fiber-

reinforced concrete. Therefore, mineral fiber-reinforced

concrete needs to be further investigated in depth in

terms of the aspects mentioned previously before its

large-scale production and applicability.

6 Future recommendations

The bibliographic mapping and statistical analysis of

research data on mineral fiber-reinforced concrete fields are

conducted in this systematic review. The already available

conventional, i.e., manual, review-based research studies are

insufficient to comprehensively and accurately relate different

literature aspects. The most widely-adopted keywords,

publications (journals), and sources having the most published

articles, the most contributing countries in the form of

publications and the authors having maximum citations in the

mineral fiber-reinforced concrete research field are identified in

the current research. As per the keyword’s evaluation,

mechanical properties have been widely used to develop

sustainable construction materials. Moreover, the literature

and citation-based linkages are used to recognize the most

participating and highly committed countries depending on

the number of publications. The quantitative analysis and

graphical representation of contributing countries and

researchers would aid young researchers in establishing

scientific collaborations, sharing progressive concepts and

techniques, and developing joint ventures. Researchers from

countries contributing to escalating the research on mineral

fiber-reinforced concrete applications may collaborate with

experts of the same discipline to benefit from their expertise.

After evaluating the keywords in the considered research area

with the help of scientometric analysis and reviewing the closely

related literature, the current research emphasized the future

perspectives of mineral fiber-reinforced concrete. Usually,

research on mineral fiber wastes is not as deep as on other

waste materials. For more efficiency and commercial feasibility in

reusing after repurposing and recycling waste minerals, the

following perspectives are proposed for the future:

Frontiers in Materials frontiersin.org15

Mohamad Moasas et al. 10.3389/fmats.2022.1100276

https://www.frontiersin.org/journals/materials
https://www.frontiersin.org
https://doi.org/10.3389/fmats.2022.1100276


• Before developing an appropriate technique to cater for the

waste, a transparent classification of mineral-waste fibers

from multiple sources is to be done. The said classification

should mainly cover the mineral fiber type, prior usage,

source, contaminant types, chemical composition, and

physical conditions.

• The currently employed comminution method does not

cost much and is energy-effective for treating

waste–rock–mineral–wool fibers. This method seems to

be a critical parameter in reducing the overall cost and

developing more attention toward research development

(Yap et al., 2021).

• The incorporation of additional admixtures such as; air-

entraining agents, superplasticizers, and pozzolanic

materials such as fly ash and silica fume also need to be

explored to improve the mechanical properties and flow of

concrete.

• Further enhancement in mineral fiber-reinforced

cementitious concrete demands thorough research to

assess the durability of concrete having mineral fibers

(Awoyera et al., 2022).

• In the future, the aim of research should be toward

optimizing and altering building materials, including

simplified environmental analysis at a minimum level,

as the ecological effect mitigation signifies a significant

challenge to the current society. The efficiency of the

existing building in terms of eco-friendly links less-

energy requirement maintenance and embodied energy

(Fořt et al., 2021; Zhang et al., 2022).

• Moreover, manual mixing for concrete preparation is

hectic in the case of fiber-incorporation, resulting in a

non-homogeneous mix. Therefore, the specific chemical

addition may also be explored to replace manual and

machine mixing.

• Further research is also suggested for the large-scale

production of mineral fiber-reinforced concrete and the

construction of a relevant structure to ensure the actual

capability of mineral fibers in concrete and to portray the

application of this sustainable material in the construction

industry.

• The structural applications, such as pavements, bridge

girders, etc., of mineral fiber-reinforced concrete should

also be explored in detail if its long-term durability

evaluation provides satisfactory outcomes.

• Furthermore, nowadays, researchers are giving significant

attention to the 3D-printing technique to determine the

performance of structures made by different types of

cementitious concrete for optimizing their materials to get

improved mechanical properties by conserving natural

resources. Hence, the exploration of mineral fibers for 3D-

printing concrete would be an exciting horizon to explore.

• Moreover, the exploration of concrete incorporating

different fiber (i.e., mineral and synthetic) combinations,

i.e., hybrid fiber-reinforced cementitious concrete, should

also be made in parallel with the employment of novel

techniques for producing said concrete.

• Although the incorporation of waste mineral fibers in

concrete tends to decrease the overall cost of material,

as reported in the literature, Life Cycle Cost Analysis

(LCCA) should also be performed before its application

in real-life structures.

• The reported reduced CO2 emissions in the case of mineral

fiber-reinforced concrete should also be validated by

conducting Life Cycle Assessment (LCA), from the

cradle to the grave, for mineral fiber-reinforced concrete

when intended to be used in bulk quantities.
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