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A B S T R A C T

There are numerous environmental impacts associated with the construction industry because it consumes sig
nificant energy and other resources. The design and construction of civil structures such as residential buildings 
require several construction materials. This paper presents an overview of sustainable composite materials for 
construction projects such as buildings, factories, public structures and offshore structures. The construction 
materials that are used to produce structural elements, or build houses, as well as other structures include 
composites and conventional materials. New construction technologies using composite materials, have been 
developed in the construction sector to promote sustainability. The advantages of using composites as con
struction materials over traditional materials are highlighted in this paper. There are increasing implementation 
of composite materials on construction sites as they incorporate fewer materials, light-weight materials, newer 
designs and time-saving materials. Also, composite materials offer a promising option when it comes to archi
tecture and sustainable construction, as they guarantee high performance. Thus, this paper provides an overview 
of composites as construction materials for the development of sustainable structures in the construction industry 
with some recommendations given. This review is to enhance policies for industry application of composites 
geared towards sustainability.

1. Introduction

Considering that the construction sector involves material develop
ment and material handling, it also holds one of the most safety- 
conscious engineering professions with process-product driven prac
tices [1–6]. Due to the high use of building materials in the construction 
sector, there is high production and consumption of the various con
struction materials which have been sustainably developed [7–9]. 
Though the growing focus on sustainable development has sparked 

interest in novel construction materials, there is a need to meet the 
demands of sustainability as well as fulfilling the changing requirements 
of the built environment [3,9–13]. There are numerous environmental 
impacts associated with the construction industry due to high con
sumption of energy and other resources. Currently, there are a range of 
developments recorded on composite materials. While various authors 
are reviewing issues concerning the use of composites for sustainable 
construction [11,12,14–18], others are developing innovative compos
ite materials like geopolymers, biocomposites and cementitious 
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composites [19–24]. The design and construction of civil structures, 
such as residential buildings, require several construction materials and 
novel strategies.

Though the construction industry is experiencing a significant 
transformation, there are transactional changes in the construction 
sector which include construction management, sustainability, organ
isational approach and business outlook. This transition is motivated by 
the necessity to reduce environmental harm, increase energy efficiency, 
improve existing systems, develop risk mitigation strategies and reduce 
climate change impact. The growing interest in the sustainable struc
tures in the built environment has helped to minimize the negative 
impacts on the earth by reducing green house gas (GHG) emissions, 
enhance resource conservation and promote energy efficiency [25–28]. 
Additionally, conventional building materials like steel, concrete, and 
lumber are being reassessed due to their environmental impact, high 
carbon emission, and resource depletion leading to scarcity of resources, 
hence the need for sustainable materials. To that end, various studies on 
sustainability have been carried out on these building materials. More 
recent construction works consider sustainability impact, which others 
consider the assessment of the construction materials using different 
models like the Material Flow Analysis (MFA), Life Cycle Assessment 
(LFA), the circular economy theory, systematic reviews, alongside 
exploratory reviews [9,11,29–31]. Sustainable materials, like recycled 
building materials, employ eco-friendly materials, utilize renewable 
energy sources, recycling of building materials, and reuse of construc
tion and demolition waste (CDW), alongside reduction in carbon emis
sions [28,32–34]. Howbeit, composite materials are considered as 
sustainable construction materials since they have become a practical 
option in the built environment, and other areas [10,35,36]. Consid
ering that the assessment of the construction materials are crucial, their 
benefits are highlighted. Composite materials provide a blend of supe
rior performance, adaptability, and environmental friendliness. Con
struction experts believe that composite materials are excellent choices 
for modular, portable, prefabricated, and civil engineering structures 
due to their advantages over the conventional construction materials 
[22,37,38]. Sustainable composite materials that mimic masonry or 
stone may be used for external claddings, wall panels and acoustic. 
Likewise, these materials exist in a variety of designs to suit users’ needs 
either commercial, residential or public structures [9,39,40]. Although, 
the fast growth rate seen in the expansion in industrialization and ur
banisation has led to an increasing demand for sustainable materials [6,
9,11,12,31,39]. It has also led to increased newly built houses and other 
residential structures that are sustainable, thereby creating economic 
growth in the construction industry. The adaptation of sustainability in 
the construction industry involves planning, design, construction, and 
maintenance of a wide range of facilities for different clients as well as 
material development for different purposes [1,41,42]. However, the 
trend in the development of composites as construction materials has 
seen the utilization of various sustainable composite materials in the 
construction industry [11,12,18,22]. Some of the trend include sus
tainable modular integrated construction and prefabricated composites 
[37,38]

With the aforementioned, this paper provides an overview of com
posites as construction materials forthe development of sustainable 
structures in the construction industry. This paper is structured as fol
lows: Section 1 introduces the review, while section 2 presents a preview 
of sustainable construction materials. Section 3 presents the classifica
tion and applications of composites while Section 4 presents the impli
cations of composites in the construction industry. Section 5 presents the 
concluding remarks. It is important to state that the methodology for the 
literature reviewed is based on the selected structure of the subject, and 
it considers recent advances in the subject area.

2. Preview on sustainable construction materials

2.1. Composite materials

Composites are widely used in the building sector in different ap
plications such as flooring materials from plastic wastes [43], engi
neered fibre mats [14], polymer composites [44], bio-fibrous concrete 
composites [45], cementitious composites [46], recycled construction 
waste composites [47,48]. Composites, being engineered materials 
consisting of many constituent elements with diverse qualities, offer a 
chance to tackle significant issues in the construction sector, such as 
resource depletion, greenhouse gas emissions, and waste generation. By 
definition, a composite is a multiphase substance made up of two or 
more components that differ in form or composition but retain their 
identities and qualities after being bonded together. The newly created 
substance has superior qualities to the separate components as a result of 
this “composition.” FRP, or Fibreglass Reinforced Polymer, is an 
example of such material. FRP is a common composite that is utilised in 
a variety of applications, from space and aeronautics to watercraft and 
automobiles, as well as marine composites [11,35,36,49,50]. According 
to Williams [51], there are different criteria to consider for utilising 
composite materials. Thus, the following considerations illustrated in 
Fig. 1, were suggested when selecting composite materials for sustain
able structures. 

❖ Is the task now being done with less expensive carbon steel? If this is 
the case, cost-competitiveness with composites will be challenging.

❖ Is corrosion a serious concern? Composites will almost certainly be 
the preferable option in this case.

❖ Is it worthwhile to lose weight? Composites could typically save 
25 %–50 % in weight when compared to steel.

❖ Will composites give enablement or result in a system solution that is 
less costly than a metal design?

❖ Will composites enable the design of sustainable structures to be 
more cost-effective, energy-efficient and more serviceable?

Also, composites are applied in different things – from composite 

Fig. 1. Justification for practical application of composites for sustainable 
construction.
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marine risers to leisure boats and hand-rail pipes [11,12,18,52] down to 
domestic building materials [53,54]. Though, it is noteworthy to state 
that, the production of composite materials is enhanced as composites 
can be formed using matrix materials, and across different layers as they 
are easily customizable [18,55,56]. Due to the importance of compos
ites, there are increasing research areas on it. For instance, studies on 
cement-matric composites suggested that rubber mixtures offer prom
ising options, such as those achieved using crumb rubber [57–59]. The 
reviews presented in earlier studies show that fibre-reinforced polymeric 
composites are emerging as strong alternatives for deepwater applica
tions - light weight, strength, and durability [11,12,18,52]. However, 
these materials can be developed using different configurations of 
micro-composites with unique material combinations [22,60–62], 
which have great structural use in constructing sustainable structures.

Composite technology which entails the use of composite materials 
in engineering, is slowly but steadily making inroads into the fields of 
materials engineering, civil engineering and construction management. 
Even though composites are often more expensive than conventional 
construction materials, they have the advantage of being lightweight, 
corrosion-resistant, and stronger. Current applications of composites are 
seen in cement composites and rubber-composites as sustainable con
struction materials, which can be self-healing, self-sensing or energy 
absorbing [21,63–66]. The fibre reinforcements provide good damping 
properties as well as great fatigue resistance. Generally, composite 
materials are made up of two or more materials that are mixed to attain 
attributes (physical, mechanical, chemical, etc.) that are superior to 
those of their separate elements. Reinforcing agents and matrices are the 
two basic components of composites. Fibers, particles, and whiskers act 
as reinforcement, providing the majority of stiffness and strength. The 
reinforcement is bound together by the matrix, resulting in load trans
mission from matrix to reinforcement. Other materials, like fillers, are 
employed to cut costs while improving processing and dimensional 
stability. Fibre-reinforced composites are classified as either discontin
uous or continuous fibre-reinforced composites. The matrix used is often 
classified as polymer, metallic, and ceramic [62,67,68].

Structural material experts are involved in the optimal designs using 
composite components. Unlike conventional materials (such as steel), 
the structural performance of composite materials are engineered in 
accordance to the required structural need. Under the supervision of the 
designer, composite qualities (such as stiffness and thermal expansion) 
can be adjusted continuously over a wide range of values. A thermo
setting resin matrix is combined with a fibre reinforcement in most 
polymer matrix composites. Mineral filler reinforcements, either alone 
or in combination with different fibre kind, are employed in some 
composites. In addition to cellular reinforcements, ultra-lightweight 
materials (foams and honeycombs) are standard to provide rigidity. 
Glass, carbon, and aramid fibres are the most often used reinforcements, 
and they come in several forms (continuous, chopped, woven & non- 
woven, multi-axial) as well as combinations of these.

Another key aspect of the design is the material selection for the 

composites. The features of the finished product can be practically uti
lised to mostly tailored and specific technical requirements by carefully 
selecting the reinforcing type. The names “GRP” (glass-reinforced plas
tic), “Fibreglass,” and “FRP” (fibre-reinforced plastic) are typically used 
to classify or identify key materials made from composites, particularly 
for used in civil engineering.Glass fibre is by far the most widely used 
fibre reinforcement. While the use of composites will be obvious in many 
cases, material selection in others will be influenced by factors such as 
the working lifetime requirements, number of items to be produced (run 
length), complexity of the product shape, potential assembly cost sav
ings, designer's experience and skills in identifying the potential of 
composites. In some cases, using composites in conjunction with tradi
tional materials might produce the optimum results (see Table 1 for a 
comparison of different properties).

Presently, the use of composites in the European market is predicted 
to expand at a pace of about 2 % per year from 2018 to 2023 [75]. This 
utilization includes the offshore industry, the built environment and the 
construction industry. High-performance fibre-reinforced polymers 
(FRP) are already trying to replace traditional steel as the most widely 
used material in civil infrastructure 76,77]. Despite the use of the 
high-performance FRP in rehabilitation of civil infrastructures, and most 
recently in new construction, they are not yet replacing traditional steel. 
However, recent reports identified that the high-performance steel has 
lightweight nature, high tensile strength, and superior corrosion resis
tance, hence makes it appear as a likely "next-generation" replacement, 
but its penetration remains relatively low in some construction areas 
[76,77]. Continuous improvements in FRP production technology and 
performance have increased competition in a growing number of ap
plications, resulting in significant market acceptability. Each type of 
composite has its own set of performance characteristics that are best 
suited to particular applications. The adaptation of these sophisticated 
materials as seen by increased volume and constant usage, is due to the 
advent of newer polymer resin matrix and high-performance reinforcing 
fibres of glass, carbon, and aramid. Cost savings are predicted as a result 
of the higher volume. High-performance FRP is now used in a wide 
range of applications, including composite armouring engineered to 
withstand explosive impacts, natural gas vehicle fuel cylinders, windmill 
blades, industrial drive shafts, highway bridge support beams, and even 
paper-producing rollers. In the construction industry, composite mate
rials refer to any building constructed from numerous incompatible el
ements. Composite materials are frequently employed in the 
construction of aircraft, boats, buildings and tubular structures. With the 
increased research on sustainability, composites as construction mate
rials for sustainable infrastructures have an increased interest in the 
construction and building industry [78–80]. Despite the importance of 
composite as construction materials, more work needs to be done to 
determine the feasibility of composite materials within the framework of 
a sustainable environment. Thus, the three pillars of sustainability are 
considered in this review, which include social, economic and envi
ronment (see Fig. 2).

Table 1 
The Mechanical Properties of some Composites compared to Conventional Materials.

Material Density 
(kg/m3)

Youngs 
Modulus (Pa)

Bulk Modulus 
(Pa)

Shear Modulus 
(Pa)

Compressive Yield 
Strength (Pa)

Tensile Yield 
Strength (Pa)

Tensile Ultimate 
Strength (Pa)

Poisons 
Ratio

Resin Polyestera 1200 3 × 109 2.7174 × 109 1.1398 × 109 1.41 × 108 1.28 × 108 5.18 × 107 0.316
Nylon PA66a 1140 1.06 × 109 1.1778 × 109 3.9259 × 108 2.32 × 109 4.31 × 107 4.97 × 107 0.35
Epoxy Composite 1400 2.5 × 109 3.16 × 109 4.12 × 109 7.36 × 108 1.23 × 108 9.19 × 108 0.3
Carbon fibre 

Composite 
(290Gpa)a

1810 2.9 × 1011 2.45 × 1011 9 × 109 5.7 × 108 4.2 × 109 6 × 108 0.3

Wood 400 11.0 × 109 10.0 × 109 0.69 × 109 2.0 × 106 0.5 × 106 20.0 × 106 0.4
Aluminium 2690 8.2 × 1010 4.275 × 1011 2.4 × 1010 5.8 × 107 5.0 × 107 11 × 107 0.3
Structural Steela 7850 2.0 × 1011 1.6667 × 1011 7.6923 × 1010 2.5 × 108 2.5 × 108 4.6 × 108 0.3

a Note: material properties data were obtained from material databases- Matweb [73] and Granta [74].
Sources: ([69–71]; Meyers, & Chawla, 2008; [72]).
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2.2. Cementitious composites

It has been identified that there are different types of construction 
materials such as composites, geopolymer and Portland cement concrete 
which is produced from cementitious materials. Advances in the con
struction industry have considered modified forms of sustainable con
struction composites such as geopolymers, which can be produced from 
waste plastics [81], as well as fly ash, slag, bauxite residue and red mud 
[82,83]. Overviews on geopolymers have been presented in recent 
studies to have benefits for commercialization and sustainability [28,83,
84]. Geopolymers are a third-generation cement, which follows gypsum 
cement and ordinary Portland cement (OPC), [28,84]. These cement 
products are used for preparing concrete for a range of construction 
purposes, although more developments are made on cementitious 
composites. Hasan et al. [21] developed a novel material from beetroot 
that has binding properties and utilised as a cementitious composite. 
This was further developed using composite sensing techniques 
[22–24]. Other recent works involve the use of lightweight materials 
like kenaf-polypropylene fibre-reinforced concrete and basalt 
fibre-reinforced concrete [11,12,85–88]. In Birgin et al. [89]'s study, 
cementitious composites were prepared using different components that 

include cement, water, aggregates, CMF fillers, and clay, as illustrated in 
Fig. 3.

The fact that concrete is weak in compression, is a major concern in 
construction, thus newer materials are seen in sustainable structures. 
However, more recent studies on concrete suggested that there are 
unique behaviours for different cementitious composites like alkali 
activated cementitious material (AACM) concrete [19,20,89]. In an 
article by Guardian, Watts [90] stated that concrete is “the most 
destructive material on earth”, and cement is the second-most used 
construction material after water. The entire process of making concrete 
accounts for 4–8 % of global CO2 emissions, as well as having 
far-reaching effects in terms of water use and a propensity to amplify the 
urban heat island effect [90]. However, this statement has been coun
tered by the Cement Industry in ACI-130-PRC-19 [91], which is an ACI 
report with justifications for the limitations of cement related to unique 
applications. Concrete, itself, is a composite material often used in 
building by combining aggregate with cementitious materials. This is, 
however, different from cementitious composites which are a mixture of 
different composite materials that has binding properties [19–21,92]. 
Though cement is highly utilised in most construction works, it is the 
leading causes of CO2 emissions in the construction industry, which is 
further exacebated by rise in cement production [90,93].

In another study, Val et al. [94] found that carbonation-induced 
corrosion that leads to damage during the use of reinforced concrete 
structures impact on its durability to meet its intended design life. Thus, 
researchers have considered the use of cementitious composites. 
Cementitious composites can store CO2 as calcium carbonate pre
cipitates and calcites within its matrix through a slow carbonation 
processes, however their carbon sequestration efficiency is relatively 
poor [95]. Enhancing CO2 uptake in concrete using accelerated 
carbonation curing and other CO2 capture and storage (CCS) technology 
is a practical way to lower net CO2 emissions during concrete produc
tion. Biochar has a high capacity for CO2 adsorption, a green and 
low-carbon production technique, and a low production cost, all of 
which has significant economic advantages [95]. Biochar is a useful 
cementitious material to enhance the mechanical characteristics, 
longevity, and usability of cementitious composites in construction.

2.3. Properties of Composite materials

The significance of sustainable construction materials includes green 
building materials and other aesthetic structures. One advantage of 
composites in sustainable construction is that it enhances their devel
opment. Reducing the environmental impact of buildings and 

Fig. 2. The three pillars of sustainability considered for developing sustain
able structures.

Fig. 3. Typical procedure for preparing a cementitious sample (Source: [89]).
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infrastructure, minimising energy consumption, enhancing resilience as 
well as improving the lifetime of structures all depend on the use of 
sustainable construction materials. As a result of their energy-efficient, 
robust, and lightweight characteristics, composites are becoming more 
and more popular as practical substitutes for conventional building 
materials. (See Table 2 for a comparison on the physical properties of 
different materials).

Composite materials are a versatile and useful class of materials for 
various engineering applications. The unique characteristics of com
posite materials make them a promising solution for various engineering 
challenges. However, the following are more characteristics of 
composites. 

1. Composite Structure: Composite materials are composed of two or 
more distinct materials, each with their own unique properties, 
combined to form a new material with properties distinct from the 
individual components. The combination of materials can be engi
neered to produce specific properties, such as high strength or stiff
ness, making composite materials highly versatile.

2. Strength and Stiffness: Composite materials can provide high 
strength and stiffness compared to traditional materials, making 
them ideal for use in applications requiring high loading capacity, 
such as aerospace and defense applications.

3. Lightweight: Composite materials are often lightweight compared to 
traditional materials, making them ideal for applications where 
weight is a concern, such as the aerospace and transportation 
industries.

4. Resistance to Environmental Factors: Composite materials are often 
resistant to environmental factors such as corrosion and weathering, 
making them suitable for use in harsh environments where tradi
tional materials may fail.

5. Tailored Properties: The properties of composite materials can be 
tailored through the use of different fibers, resins, and manufacturing 
processes. This allows for the creation of composites with specific 
properties, such as high electrical conductivity or thermal resistance, 
making them suitable for a wide range of engineering applications.

6. Energy Absoring and Self-Sensing: Even though composites are often 
more expensive than traditional construction materials, they have 
the advantage of being lightweight, corrosion-resistant, and stron
ger. Current application of composites are seen in cement composites 
and rubber-composites as sustainable construction materials, which 
can be self-healing, self-sensing or energy absorbing [21,63–66].

7. Fatigue Resistance: The fibre reinforcements provide good damping 
properties as well as great fatigue resistance. Generally, composite 
materials are made up of two or more materials that are mixed to 
attain attributes (such as physical, mechanical, chemical) which are 
superior to those of their separate elements. Reinforcing agents and 
matrices are the two basic components of composites. Fibers, parti
cles, and whiskers act as reinforcement, providing the majority of 
stiffness and strength. The reinforcement is bound together by the 
matrix, resulting in load transmission from matrix to reinforcement. 
Other materials, like fillers, are employed to cut costs while 
improving processing and dimensional stability.

8. Failure modes: Composites materials are known to have two 
compression failure modes namely delamination and shear crippling, 
which involves micro buckling of the fibres. However, the matrix and 
fibre characteristics can influence failure modes and strength. Thus 
with the use of digital technologies, these mechanical behaviour are 
considered while conducting the simulations on the composite for 
the development of sustainable structures.

2.4. Sustainable structures and sustainable materials

The concept of sustainability in the construction industry has led to 
nuances in the significance of sustainable construction materials, sus
tainable structures, geopolymers, green buildings, innovative materials 
and other aesthetic structures. With environmentalism and sustainabil
ity at the forefront, as well as the need to repair or replace ageing 
infrastructure, there is growing pressure on the construction sector to 
make progress toward an innovative, more environmental friendly 
construction material. The use of new alternatives to conventional 
building materials, like Portland cement concrete, is gaining attention 
due to improve structural performance in a number of ways. With recent 
technological advancements, attention has shifted to promotion of 
construction materials that can function under extreme situations such 
as high temperature and pressure, highly corrosive environments, 
changing climatic conditions, and increased strength without compro
mising weight and other desireable properties [10,18,94,96–98]. This 
ushered in the age of ‘engineered materials,’ called composites which 
devises material qualities tailored to the required application. Com
posite materials are gradually gaining acceptance as a new class of 
materials that are superior in many aspects to conventional construction 
materials for construction works [99]. These are required to realise their 
potential in the rehabilitation and upgrading of existing structures and 
the construction of more durable and sustainable new structures [11,12,
18,68,100]. On the other hand, the construction industry covers mate
rials including those for buildings and road networks.

The standardization of these materials, the design codes for the 
materials, databook on composites are another aspect that has improved 
in recent times. Understanding the behaviour of composite materials, 
and the failure modes, has enhanced the development of standards on 
composite materials. These include detailed codes and guidelines, 
covering the key areas on composite materials’ development, including 
material development, component application, process modification, 
material specification and design [101–103]. These are required to fully 
understand their potentials in the rehabilitation and retrofitting of 
existing structures and the new construction of more durable and sus
tainable structures [100]. In the offshore industry, different offshore 
assets such as offshore platforms, boats and ships are examples [18,68,
104–106]. On the other hand, the construction industry covers materials 
for buildings and road networks. Different types of sustainable materials 
in the construction industry are illustrated in Fig. 4.

2.5. Composite materials and sustainable construction materials

The significance of sustainable construction materials includes 
advancing green building materials and other aesthetic structures. An 
advantage of composites in sustainable construction is that it enhances 
their development. Reducing the environmental impact of buildings and 
infrastructure, minimising energy consumption, enhancing resilience as 
well as improving the lifetime of structures, all depend on the use of 
sustainable construction materials. As a result of their energy-efficient, 
robust, and lightweight characteristics, composites are becoming more 
and more popular as practical substitutes for conventional building 
materials.

2.5.1. Composite materials for sustainable development
Composite materials are used for a variety of purposes, including 

enhanced strength, beauty, and environmental sustainability. This study 

Table 2 
The Physical Properties of Composites compared to Conventional Materials.

Characteristics Composite Metal

Corrosion Corrosion Resistant Corrosion Prone
Stiffness Tailorable Fixed
Propensity to Cyclic Loading Low High
Stress-Strain Behaviour Elastic Elastic-Plastic
Stiffness-to-Weight Ratio High Low
Strength-to-Weight Ratio High Low
Directional Property Anisotropy Isotropy
Properties of Material Process Dependent Fixed
Composite Production Process Tailorable Standardized
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found that the application of composite materials can be seen in com
posite construction, which involves various materials including rein
forced concrete [107,108]. The historical use of concrete has been 
reported in ancient structures like pyramids, dams, aqueducts and 
modern structures [109–113]. Table 3 gives a comparison of different 
composite materials.

2.5.2. Environmental advantages of composite materials
The use of composites in construction has been shown to have 

considerable environmental benefits when compared to the use of 
traditional building materials. These benefits include decreased energy 
consumption, lowered emissions of greenhouse gases, and less waste 
formation. The lightweight nature of composites is another factor that 
adds to the energy efficiency of structures during transit, installation, 
and operation [121,126–129].

2.5.3. Thermal performance and energy efficiency
Performance in terms of thermal efficiency and energy efficiency is a 

very important aspect of sustainability. Through the provision of effi
cient insulation, the reduction of heat transfer, and the maintenance of 
minimal thermal bridging, composites have the potential to improve the 
energy efficiency and thermal performance of buildings. Composite 
materials with low thermal conductivity are beneficial as construction 
materials [8,66,114]. In a recent study by Vagtholm et al. [8], different 
types of construction materials including wood with different timber 
compositions were presented, such as cross-laminated timber (CLT), 
oriented strand board (OSB), and modified fibre board (MFB). Table 4
shows the comparative data on thermal performance of different con
struction materials, the composite materials used and their methods of 
construction.

The utilization of composites in developing sustainable structures 
have been increased due to their thermal conductivity properties and 
thermal response [130–133]. Currently, the thermal and energy effi
ciencies are used in measuring the building's performance [8]. Howbeit, 
energy efficiency is very important in building engineering, which is the 
reason there are increased green buildings and other sustainable de
signs. While there are building regulations that govern the maintenance 
of buildings there are other guidelines for the residents. For instance, to 

keep internal temperatures of buildings at a reasonable level, it is 
advisable to reduce the amount of heating and cooling loads, and reduce 
the amount of energy that is consumed over the course of a structure's 
lifetime. In recent years, smart meters are very useful in energy moni
toring, which helps to control the usage of heating and cooling in homes.

2.5.4. Environmental impact and life cycle assessment
Life cycle assessment (LCA) techniques examine the environmental 

impact of composite materials across their entire lifecycle, beginning 
with the extraction of raw materials and continuing through the 
manufacturing process, use, maintenance, and disposal of the material 
product [114,115]. When compared to conventional materials, life cycle 
assessment (LCA) studies reveal that composites offer environmental 
benefits in terms of resource efficiency, reduction in emissions, as well as 
waste minimization [9,31,114,115]. LCA is a critical tool for evaluating 
the sustainability of construction materials. In the LCC research by 
Ascione et al. [115], the structural performance and economic feasibility 
of industrial structures constructed using GFRP pultruded profiles were 
assessed. A standardised along with exportable LCC model was then 
used to compare their performances with those of comparable steel 
constructions. According to Ascione et al. [115], f our stages were 
included in the development of the LCC model in their study. Firstly, the 
structural analysis as well as technical-mechanical features of the 
buildings; secondly was the cost estimation as well as modelling; thirdly, 
the assessment of the LCC indicator; and fourthly is comparing the 
performance with other design options. As opined by Ascione et al. 
[115], industrial GFRP structures can ensure cheaper maintenance costs 
over time, while having a greater initial investment cost than 

Fig. 4. Different wastes for developing sustainable materials in the construc
tion industry.

Table 3 
The tabular comparison of different Composites Materials.

Composite Matrix Reinforcement References

Carbon Fibre 
Reinforced 
Polymer (CFRP)

Polymer resin Carbon fibres [11,12,18,
49,68,114]

Fibre Glass 
Reinforced 
Polymer (GFRP)

Polymer resin Glass fibres [115,116]

Geopolymer 
composite

Geopolymer 
binder

Fly ash, Slag, or 
Metakaolin

[82,83]

Reinforced concrete Concrete Steel [94]
Chipboard Resin glue Wood chips [7];
Hybrid Composite Epoxy Resin or 

Polyester
Carbon fibres + Glass 
fibres, and/or Kevlar 
fibre

[11,12,18,
68,117]

Natural Fibre 
Reinforced 
Polymer

Polypropylene or 
PLA

Hemp, Flax, or Jute 
fibre

[87,118,
119];

Boron Fibre 
Reinforced 
Polymer

Epoxy Resin Boron fibre [120];

Kevlar Fibre 
Reinforced 
Polymer

Epoxy Resin Kevlar fibre [49];

Wood Plastic 
Composite (WPC)

Polyethylene Wood fibre [7,8]

Metal Matrix 
Composite 
(MMC)

Silicon Carbide, 
Boron Carbide

Aluminum or 
Magnesium

[121]

Ceramic Matrix 
Composite (CMC)

Silicon Carbide or 
Alumina

Carbon fibre, Silicon 
Carbide fibre

[122]

Bio-based Polymers 
(e.g. carrot- 
beetroot 
cementitious 
composites)

Concrete + Bio- 
based polymers 
(e.g.PLA)

Carrot fibre, beetroot 
fibre, depending on 
the bio-based 
reinforcing material 
used

[21–24,66]

Advanced Polymer 
Composites 
(PMC)

High-performance 
polymers

Carbon fibre, Kevlar, 
or Glass fibre

[11,12,18,
49,68,123]

3D Printing 
Composites

Thermoplastic 
Polymers

Carbon fibre, Glass 
fibre, or Metal 
Powders

[124,125]
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comparable steel constructions.

2.5.5. Resilience and disaster control
Composite materials provide intrinsic resilience and endurance, 

which contribute to the enhancement of the safety and performance of 
structures in the face of extreme weather, seismic activity, and other 
natural calamities. Composite materials have the ability to endure se
vere wind loads, seismic forces, and corrosion, which helps to reduce the 
risk of structural damage and improves the long-term resilience of 
buildings and infrastructure. The measures used in road construction 
and disaster controls is carried out with fences as well as paths (see Fig. 5
(a)). Different sustainable construction materials can be seen in Fig. 5.

3. Classification and advantages of composites

3.1. Classification of composites

In recent times, the utilization of composites has gained popularity in 
sustainable structures like green buildings, residential properties, smart 
buildings, office buildings, and commercial buildings. A particular type 
of composite called marine composites is used for ships, marine hoses, 
floating offshore wind turbines (FOWT), composite marine risers, and 
flowlines [11,12,18,49,68,69,104,117,137–140]. However, the com
posites considered in this study are for construction purposes or con
nected to the construction industry. Thus, it is important at this point to 
classify composites and describe them as it will be necessary due to 
recent advances [ 114,118,123,141–145]. By definition, composite 
materials are defined as a composition of two or more separate materials 
that are chemically combined to form a distinct material having me
chanical properties that differ significantly from its constituents [68,69,

146,147]. By classification, composites are classed by matrix and by 
reinforcements, as presented in Fig. 6.

Generally, composites differ from standard materials like steel in 
several ways, due to certain reasons but yet have increased usage. 
Firstly, more material scientists, engineers and designers now have a 
more excellent grasp of composite materials, reflected in recent ad
vances in composites. Secondly, these composite materials have weight 
savings and a comparative stiffness-to-strength ratio, which could be 
advantageous in marine science, material science and engineering. 
Thirdly, the construction and offshore industries have grown in response 
to newer innovations in composite structures like composite taps, 
composite pipes and composite riser pipes. In the offshore industry, 
these composites have been applied in hybrid structures, as seen in 
thermoplastic composite pipes (TCP) [11,12,18,117,137,148,149]. 
Thus, there are various approaches to classify composite materials for 
sustainable construction. A recent classification on the applications of 
FRP Composites in concrete structures was presented by Ortiz et al. 
[118], as seen in Fig. 7.

Since composites have failure concerns, there is a need for proper 
understanding of the mechanics of composite materials which will aid 
proper designs[62,68,147,150,151]. One area of concern is debonding 
in composites, as the failures affects the bonds holding the composite 
layers together. Debonding also occurs when there is loading in a di
rection that would increase the load carried by the matrix. Hence, the 
fibre/matrix interface is critical in achieving the structural integrity of 
the composite structure [62,68,147,151]. The matrix also protects the 
fibres from physical and chemical damages while keeping the compo
nent's ideal shape. Since fibres are very anisotropic, their orientation has 
a significant impact on the macro-mechanical structure's properties. 
Also, anisotropy is established by favouring distinct orientations, which 

Table 4 
Thermal performance of different construction materials, the composite materials used and their methods of construction (Source: [8]).

Parameters Values for Building Envelope Property

Category Type Material Thermal Conductivity 
(W/m-K)

Thickness 
(mm)

Thermal Resistance 
(m2K/W)

Calculated U-Value 
(W/m2K)

Traditional Earth Rammed Earth Earth 1.5 300 0.2 2.70
Cob Lime render 0.8 35 0.044 1.12

Cob 0.73 500 0.68
Wood Straw Bale Lime render 0.8 35 0.044 0.11

Straw 0.051 450 8.82
Lime render 0.8 35 0.044

Cordwood Wood 0.13 600 4.62 0.21
Cement mortar 2.15 600 0.28 2.2

Masonry Adobe Earth render 1.5 35 0.023 0.81
Adobe Brick 0.24 250 1.04

Clay Brick Brick 0.77 102.5 0.13 1.18
Air cavity 0.18 75 0.42
Brick 0.77 102.5 0.13

Hempcrete Lime render 0.8 15 0.019 0.39
Hempcrete 0.09 210 2.33
Lime render 0.8 15 0.019

Sandstone Sandstone 2.3 550 0.24 2.44
Modern Masonry Concrete Reinforced (2 % steel and 

2400 kg/m3)
2.5 200 0.08 4

High density (2400 kg/m3) 2 200 0.075 3.7
Medium (2000 kg/m3) 1.35 200 0.11 3.14

Wood Timber Frame Brick 0.77 102.5 0.13 0.25
Air cavity 0.18 50 0.28
Mineral fibre 0.04 140 3.5
Brick 0.77 102.5 0.13 0.6
Air cavity 0.18 50 0.28
Timber stud/frames 0.13 140 1.08

Structural insulated 
panel (SIP)

Brick 0.77 102.5 0.13 0.13
Air cavity 0.18 50 0.28
oriented strand board (OSB) 0.13 12 0.09
Mineral fibre board (MFB) 0.04 270 6.75
oriented strand board (OSB) 0.13 12 0.09

cross-laminated timber 
(CLT)

Timber (500 kg/m3) 0.13 100 0.77 1.06

Note: The values for the thermal conductivity are from research. Source: Vagtholm et al. [8].
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have both benefits and drawbacks. Although it is possible to impart 
strength and stiffness in load-bearing zones, the complexity of hetero
geneity can make the prediction of mechanical behaviour and produc
tion challenging. By characterization, fibre-reinforced composites are 
made up of high-strength and stiffness fibres impregnated with a poly
mer matrix that binds the fibres and transfers the load efficiently [49,68,
69,114]. An illustration of the fibre and matrix that formas a composite 
material is shown in Fig. 8.

3.2. Advantages of composites as construction materials

Application of composite materials are seen in space shuttles, space 
ships, aeronautical vessels, aircrafts [152,153] to watercraft, boats, 
ships, offshore vessels, yatchs [10,18,36,68] as well as to automobiles 
[51,154] and defence structures in ballistic protection [155] to general 
construction materials [22,35,45,46]. Different standards like the In
ternational Standards Organisation (ISO) as well as the American Soci
ety for Testing and Materials (ASTM)'s international standards can be 
used to evaluate the strength and durability of these novel construction 
materials as they provide benchmarks for mechanical testing [18,20,
156–161].

When compared to conventional materials, composites can suit a 
wide range of design requirements while reducing weight and providing 
a high strength-to-weight ratio [49,162]. The advantages of composite 
materials over conventional materials are far-reaching due to their 
diverse properties. Composites have a tensile strength that is about four 
to six times that of steel or aluminium, but weaker in compression 
strength [49,68]. The torsional stiffness and impact characteristics of 
composites can be improved [159,163–165]. The fatigue endurance 
limit of composites is higher (up to 60 % of the ultimate tensile strength) 
[166].

Composite materials are 30–45 % lighter than aluminium structures 

with the same functional requirements [154,167]. Composites are more 
adaptable than metals, allowing them to be adapted to specific perfor
mance and design requirements [168–170]. Long life means less main
tenance and better fatigue, impact, and environmental resistance [171,
172]. When compared to metals, composites have a lower life cycle cost. 
However, composites also have good behaviour when mixed with 
reinforced concrete [116,173,174] considering the high durability re
quirements of the reinforced concrete [94]. Composites are also corro
sion resistant and lightweight [11,12,18,49,154]. Studies have also 
found that composites have an advantage of weight reduction of 
approximately 20 %–50 % compared to conventional materials [121,
175].

Composites provide a better appearance with smooth surfaces and 
inbuilt decorative melamine that is easily incorporated, as seen in metal 
matrix composites [122,176,177]. When compared to typical metallic 
parts, composite parts can reduce the number of joints and fasteners, 
resulting in part simplification and integration, such as composite lap 
joints [178,179]. Embedded energy in composites is lower than steel, 
aluminium, and other structural materials [180]. When compared to 
metals, composites are quieter in operation and transmit less vibration, 
so composites are currently highly utilised in developing various roof 
materials, road mats, doors and windows [143,154].

As stated earlier, composite materials have seen tremendous ad
vancements. Composite materials are continually being adapted to the 
way they are utilised, thanks to today's technological know-how. Due to 
the ever-changing technological developments that make composite 
engineering feasible, there are a vast variety of composites to choose 
from. As a result, each type of composite has its own set of performance 
characteristics that are best suited to certain applications [154,155,
181]. Furthermore, today's construction issues include the need for 
reinforced structures that can withstand human and natural disasters 
(such as earthquakes, floods, storms, fires and hurricanes) [182–184]. 

Fig. 5. Different sustainable construction materials showing (a) Composites used in making construction floor mats and moveable fences, (b) Typical composite mat 
used in a waterlogged area (Source: [134]), (c) Composite garden tiles, (d) Composite deck tiles (e) A composite furniture made using carbon from Epoxycraft 
(Source: [135]); (e) Composite decks for landscape paths, and (f) Composite rods for reinforcements using FIBERNOX® V-ROD reinforcing bars (Image credit: 
PohlCon. Source: [136]).
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This necessitates innovative use of composite materials in existing 
structures, different sustainable designs and structural systems. Glob
ally, composites are now being used to make additive manufactured 
concrete constructions alongside geopolymer concretes to be more sta
ble and seismic-resistant [181,185–188].

In a nut shell, composite engineering is predicted to make further 
inroads into building engineering, automobile engineering as well as 

offshore engineering [11,12,18,68,154,181]. Composite engineering 
plays a larger role in pushing the future of the building and construction 
process to new heights. Moreso, composite engineering has also been 
used in smart buildings and other sustainable designs in the built envi
ronments because they have proven to be processed under different 
material mixes, with an agreeable limit of design [189,190]. Table 5
gives a comparison on the advantages and disadvantages of composite 

Fig. 6. Classification of composites by: (a) matrix, and (b) reinforcements. (Permission was obtained to reuse the image. Copyright year: 2020; Publisher: Elsevier; 
Source: [126]).

Fig. 7. Applications of FRP composites in concrete structures using a tree diagram (Source: [118]).
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materials.

3.3. Application of composites as construction materials

A few areas where composite material can be applied are.

3.3.1. Pultruded profiles
These structural profiles, such as handrails, solid pipes, cable trays, 

solid rods, ladders and gratings, are employed in many engineering 
applications with Class I flame retardancy among a wide range of 
Composite goods. Pultrusion is one of the most cost-effective way to 
make fiber-reinforced polymer (FRP) composite engineering members 
[68,87,123,196–198]. It offers high-performance composites for com
mercial applications like offshore platforms, high-performance heli
decks, ship decks, boats, electrically non-conductive systems, 
lightweight corrosion-free buildings, and a slew of different cutting-edge 
goods.

In industralised countries, pultruded sections are well recognized as 
an acceptable alternative to aluminium, wood, and steel [12,68,123,
197–199]. Also, they are quickly increasingly popular in different lo
cations globally. Oil exploration rigs, civil construction fences, chemical 
companies, and other sectors have ready markets for structural sections. 
In comparison to conventional materials like steel and aluminium, the 
amount of energy required to create FRP composite materials for 
structural purposes is smaller, which would work to its advantage in the 
end [49,115,200]. Pultruded items are already being acknowledged as a 

commodity in the global building sector. Since pultruded profiles are 
able to withstand heavy impacts, resistant to chemicals, fire-resistant, as 
well as being lightweight, they have high demand for sustainable 
structures in the construction industry [87,195,196,201]. Additionally, 
pultruded sections have low electrical conductivity, with good thermal 
conductivity [130,131] and the structural strength of these pultuded 
composites enable their use in fencing [202]. Typical pultruded profiles 
could be glass-reinforced plastic profiles of high-performance E23 grade 
with a characteristic wall thickness featured as 5 mm (see Fig. 9).

3.3.2. Composite furniture
Composite materials are used in designing and constructing various 

furniture sets for offices, houses, hotels and recreation. This type of 
furniture can be used for resting by the pool sides and also for leisure in 
fields, flower beds or gardens. Composite furniture can come in different 
colours, shapes and designs because of the ease at which they can be 
designed sustainably. They are also made from different types of com
posites such as the composite furniture made using carbon from 
Epoxycraft. An article showed one of these state-of-the-art furniture by 
Epoxy craft was designed by Nicholas Spens using composites [135], as 
seen in Fig. 5 (e).

3.3.3. Cement-polymer composites
As an alternative to ordinary Portland cement, cement-polymer 

composites are being developed and tested. Stucco made of conven
tional cement deteriorates quickly. Due to the deterioration, the mate
rial cracks readily and becomes porous to water, rendering it structurally 
unsound. The Environmental Protection Agency (EPA) alongside Mate
rials and Electrochemical Research (MER) Corporation investigated a 
cement-polymer composite material formed from crumb and recycled 
rubber tyres and cement [203]. It was discovered that 20 % crumb 
rubber can be added to the cement mixture without changing the ce
ment's look, after testing with an ASTM standard [203]. Research has 
found that the strength of concrete can be improved by mixing it with 
rubber scraps to achieve cement-matric composites [204–208].

3.3.4. Composite-wood decking
Pressure-treated wood is the typical decking material. Composite 

decking is the current material of choice for many contractors. Wood- 
plastic composite or Fiberglass Reinforced Plastic are commonly used 
in this material (FRP). These materials are as adaptable as typical 
pressure-treated wood and do not warp, crack, or split. Composite 
decking can be created in a variety of sizes, forms, and strengths due to a 
variety of manufacturing procedures. Decking materials can be utilised 
for a variety of additional building projects, including fences and sheds, 
depending on the type of composite material used, as seen in Fig. 5(a–d).

3.3.5. Composite-steel decking
The dissimilar materials in a composite steel deck are steel and 

Fig. 8. Illustrative of fibre and matrix for forming a composite material.

Table 5 
The advantages and disadvantages of Composite Materials.

S/ 
N

Advantages Disadvantages References

1 Corrosion Resistant Temperature Resistance is 
dependent on the matrix 
materials

[11,12,18,
117,137,
149]

2 High fatigue strength The fatigue strength also 
depends on the type of 
composite material

[11,12,18,
117,143,
154]

3 Supports part integration by 
providing capabilities

Absorb moisture that affects 
the properties and 
dimensional stability of the 
composites

[119,
191–194]

4 Reduction in assembly cost High cost of repairs [11,12,18]
5 Weight reduction 

(approximately 20 %–50 % 
compared to conventional 
materials)

High material costs [49,121,162,
175]

6 High specific stiffness Non-visible impact damage [195,196]
7 Light weight There are multiple quality 

checks against fracture 
damage during part 
assembly

[11,12,18,
117,137,
149]
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concrete. To increase design efficiency and reduce the amount of ma
terial required to cover a given area, a composite steel deck blends the 
tensile strength of steel with the compressive strength of concrete. In 
comparison to prior construction technologies, composite steel decks 
supported by composite steel joists can span greater distances between 
supporting parts and have lower live load deflection.

3.3.6. Composite decks
High-performance decking composite building materials from busi

nesses like Trex Decking, Fiberon and Tecwood include some new 
products on the advances in the composite construction industry [209]. 
In recent years, high-performance composite decking has arisen to 
counteract older generations of composite deckings, such as wood 
plastic composite (WPCs), which struggled to maintain market credi
bility. With the addition of the shell, also known as “cap-stock,” capped 
composite decks have a high-performance finish. Depending on the 
brand, this shell covers all four sides of the composite board or only the 
top and sides. The cap is applied to the board via a method known as 
co-extrusion. The majority of capped composite decking comes with a 
stain and fade warranty. Typical composite deck products can be seen in 
Fig. 10.

3.3.7. Composite mats
The use of composite mats as a temporary roadway and site access 

solution is a safe and reliable option that is ideal for heavy-duty con
struction sites. Composite mats, which are constructed from high- 
density polyethylene (HDPE), provide higher strength and depend
ability, which enables crews and equipment to obtain access to isolated 
project locations in a secure manner. Among the many applications that 
may be found for composite construction mats are the covering of 
manholes and culverts, the construction of temporary roadways, and the 
construction of access roads for farms. Other areas include accessways 
that are constructed over exceptionally soft ground, staging areas, work 
platforms, laydown yards, ground protection for sensitive regions, and 
protection of prepared subgrade [134]. These composite mats are clas
sified based on the load-bearing capacity, as heavy-duty composite mats, 
medium-duty composite mats and light-duty composite mats, however, 
there are others like the trackout composite mats. Fig. 5 (b) shows a 
typical heavy-duty composite mat used for access in a waterlogged area.

3.3.8. Road bridges and decks
Bridges are a large part of the construction industry, and the use of 

high-performance FRP has sparked a lot of interest. FRP has been 
demonstrated to be an ideal material for repairing, seismic retrofitting, 

Fig. 9. Typical pultruded composite profiles showing (a) Box pultruded profile, (b) I-beam pultruded profile, (c) C-channel pultruded profile and (d) equal-angle or 
L-beam pultruded profile.

Fig. 10. Typical composite deck showing different products with their top surface finishes and the connection ends.
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and upgrading concrete bridges to extend their service life. Polymer 
composites are thought to provide advantages over conventional ma
terials, notably in terms of corrosion resistance in locations where de- 
icing salts are used to keep roads open. The design techniques and 
manufacturing economies developed for road bridge applications will be 
useful in a wider range of civil construction areas. Understanding the 
deck performance under traffic loads is essential when building highway 
bridges with modular FRP decks. During the service life of a bridge, 
traffic loads cause repetitive stress cycles on the deck. Due to the 
intrinsic method (pultrusion technique), the composite bridge decks are 
modular in design and can be produced in continuous lengths, which can 
then be reduced to size according to the user's requirements. As a result, 
it gives room for more flexibility in the manufacture of composite bridge 
decks to accommodate diverse product dimensions. Applicable con
struction areas include construction sites where FRP materials are used, 
such as residential constructions and road constructions. (See Fig. 5 (a)).

3.3.9. Composite structures for bridges
Truss and pre-stressed cable bridges are made of structural com

posite. Standard pultruded profiles make up the components. The design 
is particularly appealing for places where construction impact must be 
reduced. The pultruded composite components of the bridges provide 
crucial mechanical qualities at a fraction of the weight of steel. As a 
result, installing a bridge span without heavy equipment or huge work 
crews is simple. These bridges were designed for far-flung sites such as 
zoos, historic mountain access and national parks. An example is the 
bridge line ascending toward the historical lighthouse off the Golden 
Gate on Maui's island. Nehls [210] presented another example of the 
composite lightweight pedestrian bridge, as shown in Fig. 11 (a).

3.3.10. Composite plates for rebar, retrofit, and repair
Composite plates have been successfully used for construction works 

and for repairing structural members like residential buildings, columns, 
masonry beams, and other structural designs that have been damaged or 
weakened by settlement, subsidence, seismic loadings (earthquake), or 
impact. They can usually be attached in place by hand without the use of 
heavy lifting equipment. Traditional approaches would take 

significantly longer to complete such repairs. Composite reinforcement 
rods could be utilised to replace steel in traditional reinforced concrete 
to avoid “concrete cancer” issues caused by internal reinforcement 
corrosion. These composite reinforcement bars have been applied in 
some constructions and have shown positive progress. Although they 
were initially more expensive, the use of composite rebars is justifiable 
when the nature of the structure makes future repairs impossible or 
otherwise prohibitively expensive.

3.3.11. FRP doors & FRP door frames
Given the scarcity of wood for building offshore products, one option 

worth considering is to promote the production of low-cost FRP building 
materials to satisfy the needs of the housing and construction sectors. 
FRP skins layered between core materials such as expanded polystyrene, 
paper honeycomb, stiff polyurethane foam, coir/jute felt, and others can 
be used in hospitals, residential structures, office buildings, laboratories, 
and educational institutions. FRP doors can be built in a variety of sizes 
and designs using structural sandwich construction, which has gained 
widespread approval and use for principal load-bearing constructions. 
The use of additives correctly gives the doors fire retardant qualities. 
Furthermore, because the doors are made of composite material, they 
are completely water and termite-resistant. FRP doors are significantly 
less expensive than wooden doors. Contact moulding can also be used to 
make FRP door frames, but sometimes these FRP doors are prepared 
with woodgrain finishes and leather finishes [212]. Fig. 12 shows 
different types of FRP doors.

3.3.12. Composite microstructures
Composite materials have also seen some recent advances in devel

opment to support other construction materials like wood, concrete, 
steel and aluminium. To increase the strength of the construction ma
terial, the design efficiency and the capacity to withstand high loads, 
there is a need to have a sustainable construction material. These are 
also seen in various structural materials that are developed using micro- 
composites [60–62,89]. Composite materials can be quite minute that 
they need to be viewed with a microscope, such as a scanning electron 
microscope (SEM) and optical microscope. Fig. 13 shows typical 

Fig. 11. Different structures designed using composite materials, showing (a) Composite lightweight pedestrian bridge. (Image credit: Bedford Reinforced Plastics. 
Source: [210]), (b) Glass Fiber Pultrusion Bridge, Washington, USA, (c) Composite lightweight bridge in Morgan County (Image credit: IACMI. Source: [211]), and 
(d) The East Span of the San Francisco-Oakland Bay Bridge, USA (Image credit: TyLin).
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micrographs of cementitious composite material showing pieces of 
hardened materials.

3.3.13. Plumbing components
Plumbing materials like toilet components made of lightweight 

composites are easy to install. They also add aesthetic features to the 
property as they are shiny, bright and corrosion-resistant. Unlike por
celain and steel, the composite surface is warm to the touch due to poor 
thermal conductivity. The ease with which composites may be moulded 
allows for more appealing designs and superior surface finishes. There 
are a range of various types of FRP materials and other plumbing ma
terials used in sustainable buildings, such as FRP water taps.

3.3.14. Panel for suspended ceilings
The materials of the composite panel for suspended ceilings are used 

in developing sustainable structures. The veil face used in the moulding 
of suspended ceiling panels increases panel rigidity and prevents 
puncturing. The veil provides good panel aesthetics due to its ease of 
printing. Electrical wires, ducting, pipes, and fittings are hidden behind 
suspended ceilings. The veil with the best porosity improves the acoustic 
quality of the working or living area. There are a range of various FRP 
panels for suspended ceilings used in sustainable construction.

3.4. Application of composite as sustainable structures

3.4.1. The construction of buildings
There are many different applications for composites in the building 

construction industry. Some of these applications include structural 
components, facade systems, roofing materials, insulation panels, and 
interior treatments. As a result of their adaptability in terms of design, 
aesthetic diversity, and ease of installation, composite materials are 
suited for use in the redevelopment of properties, construction of new 
builds as well as renovation projects. For instance, the FRP doors used in 
modern buildings are mostly from composite materials.

The major stumbling blocks in the use of composites include initial 

expenditures owing to raw materials, as well as inefficient traditional 
moulding techniques. Cast composites with resin, filler, and correct 
processing technologies may generate realistic simulations of marble in 
varied colours, onyx, and granite. The presence of highly fire-resistant 
phenolic composites allows for the development of novel, safer, and 
more cost-effective construction solutions. With rising population 
pressures and rising labour and material prices, composite construction 
may to a certain extent provide cost-effective alternative solutions in 
place of conventional construction materials. Experts from the con
struction industry, the built environment and design professionals 
believe issues that becloud the use of conventional materials in con
struction can be easily solved with the use of new technology and some 
degree of material optimisation. Recent works using sustainable con
struction materials include the fly ash bricks, and recycled bricks used 
for interlocking tiles. (See Fig. 14).

3.4.2. Infrastructural development
There is increased research on composites in various microfibers for 

developing more sustainable structures [62,114,144,145,200,210]. 
These structures include composite plates, laminate composite walls, 
FRP composite tubes, and pultruded composite beams that are used in 
infrastructural development. Since the construction industry has seen 
rising trends in the use of available composites for sustainable struc
tures, infrastructures also benefit from these materials. These include 
different types of building materials, such as nails, zinc roofing sheets, 
aluminium roofing sheets, flush panel doors, PVC doors, PVC roofing 
materials, acoustic ceiling materials, modified polymer boards, 
plywood, brass door handles, iron door handles, among others.

In the construction of various types of infrastructure, such as bridges, 
highways, tunnels, and railways, composites are a very important 
component. Composite materials provide lightweight and corrosion- 
resistant alternatives to conventional construction materials. These 
materials can increase the service life of infrastructure assets, reduce the 
costs of maintenance, and minimize disruptions to transportation net
works, or energy efficiency. Thus, some infrastructures on energy 

Fig. 12. Different types of FRP Composite doors, showing (a) Two Panel-s, (b) Four Panel, (c) Two Panel Arch, (d) Two Panel Box, (e) Flush-s, (f) Two Panel 
Woodgrain, (g) Six Panel Woodgrain, (h) Six Panel -Solid, (i) Oval-s, (j) Door Stop Four Panel Traditional Door, (k)Four Square Contemporary Door, (l) Door Stop 
Cottage Composite Door, (m) One Square Cottage Composite Door, and (n) Six Panel Door with top light Window.
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efficiency include composite electric poles and wind turbines with 
composite blades.

3.4.3. Aesthetics and the design of architectural structures
Composites make it possible to create unique architectural ideas and 

aesthetic expressions that would not be possible with traditional mate
rials. The visual appeal and identity of buildings and public spaces can 
be improved by using composite materials since they can be moulded, 
sculpted, and textured to create complicated geometries, curved sur
faces, and customised finishes. Herr [213] considered the use of concrete 
in Chinese urban development to drive the material innovation and 
architectural design and discussed the concepts considered.

With the increase in sustainable construction practices, more com
posites in the construction industry are seen in cement composites and 
other cast composites. Generally, composites are utilised on composite 
flexible pipes to erect shower enclosures, shower trays, shower basins, 
bathtubs, bench tops, vanity units, shower taps, bath taps, sinks, 
troughs, and spas for interior applications. Composite materials com
ponents are widely used in shuttering supports, distinctive architectural 
constructions that give an aesthetic look, huge signage, and other ap
plications, with benefits such as longer life, minimal maintenance, ease 
of workability, and fire retardation. Composites are utilised in devel
oping various sustainable constructions, as seen in Fig. 15.

3.4.4. Structures for renewable energy sources
The construction of structures that generate renewable energy, such 

as solar panels, wind turbines, and hydroelectric facilities, requires the 
use of composites as an essential component. Utilising composite ma
terials, which are characterised by their high strength, resilience to fa
tigue, and protection against corrosion, makes it possible to effectively 
capture and convert renewable energy resources while simultaneously 
reducing their impact on the environment. Energy efficiency can be 
achieved using renewable energy sources such as wind turbines.

3.4.5. Coastal and marine engineering
When it comes to marine and coastal engineering applications, 

composites are utilised extensively. Some examples of these applications 
are composite marine risers, offshore platforms, seawalls, TCP pipes, 
boat hulls, and marine renewable energy systems. Since the marine 
environment is salty, corrosion-resistance is a concern for pipelines. 
Thus, there is the need for proper monitoring and also having corrosion- 
resistant materials [18,68,214]. Composite materials provide solutions 
for coastal protection against corrosion. These solutions enable the 
offshore infrastructure to become long-lasting and they require little 
maintenance. Thus, composites offer high resistance to corrosion, fa
tigue, and harsh marine environments. Spoolable composite pipe for oil 
and gas transfer onshore is a rapidly increasing application. Currently, a 
wide range of applications has been developed in the offshore industry 
over the years [51,97,215–217]. Also, composite tubes have good use in 
wave tanks, for testing. Another application is the fluid transfer system 
in a tank with a tubular structure having glass and composite.

3.4.6. Ocean engineering platforms
Developments in ocean engineering include the use of composite 

materials. These structures include offshore platforms and tug boats. 
Offshore composites are increasingly being applied to different offshore 
assets. They are also used on the decks for offshore platforms, ships and 
boats. The increasing use of composites on these offshore structures is 
due to their lightweight which helps to reduce the load of the deck. 
Different reviews on composite materials have confirmed that their 
structural and functional use can be seen in ocean engineering [11,12,
18,52,68]. Moreso, offshore platforms have various structures including 
composite handrails with a mix of other construction composite mate
rials that are deployed to reduce the deck load, as seen in Fig. 16.

3.5. Case studies on application of composites in the construction industry

3.5.1. Composite lightweight bridge in Morgan County
Earlier works have presented the application of composites in con

structing bridges [144,145,218]. A particular example of this applica
tion is the composite lightweight bridge in Morgan County. This bridge 
is a sustainable solution that will reduce the cost of energy and cost of 
on-site construction works, considering that the bridge is expected to 
have a 100-year lifespan which will be cost-effective in the long term for 
repair works [211,219]. This composite lightweight bridge is shown in 
Fig. 11 (b).

3.5.2. Glass Fiber Pultrusion Bridge, Washington, USA
There is another development made in the use of composite materials 

to develop sustainable structures, as seen near Duvall, in Washington, 
USA. It was also a cost-effective alternative to traditional bridge struc
tures. This sustainable structure called the Glass Fiber Pultrusion Bridge, 
was constructed in 2021. It is an arch design that was developed with 
hollow pultruded composite tubes. This design is cost-saving and meets 
the seismic requirement for sustainable structures. Fig. 11 (c) shows the 
Glass Fiber Pultrusion Bridge, Washington, USA.

3.5.3. The East Span of the San Francisco-Oakland Bay Bridge (United 
States of America)

A seismic retrofit that makes use of fiber-reinforced polymer (FRP) 
composite wraps is included in the East Span of the San Francisco- 
Oakland Bay Bridge in the United States of America. This retrofit is 
intended to improve the structural resilience and seismic performance of 
the bridge columns. The existing concrete columns are improved in 
terms of their ductility and resistance to seismic stresses as a result of the 
FRP composite wraps, which give confinement and reinforcement to 
existing concrete columns. (See Fig. 11 (d)).

3.5.4. The Shard, London
The Shard is considered London's tallest building presently. It is also 

uniquely seen as a notable sustainable structure that has a composite 
steel-concrete structure. This showers it with a tapering shape which 
was inspired by glass shards, during the design. It is also aesthetically 
renowned with this glass design looking like a spiral pyramid clad with 
glasses which enhances it energy efficiency. Fig. 15(a) shows the Shard, 
in London.

3.5.5. Aberdeen Harbour Marine Operations Centre
The Harbour Marine Operations Centre in Aberdeen is a sustainable 

structure that is used for supply vessel bridge simulation. The structure 
is primarily composite steel construction, and it holds some meeting 
rooms and offices (see Fig. 15 (b)).

3.5.6. Taiwan's Taoyuan Airport Terminal 3
The Taiwanese infrastructure is equipped with a composite ceiling 

structure that is built of ETFE foil cushions and is supported by steel 
cables. This is seen in the Taoyuan Airport Terminal 3 as this con
struction is relatively lightweight and translucent. It is possible for 
natural daylight to penetrate deep into the terminal space thanks to the 
ETFE composite roof, which simultaneously reduces the need for arti
ficial lighting and creates an indoor climate that is comfortable and 
efficient in terms of energy use for passengers. (See Fig. 15 (c)).

3.5.7. Biomes created for the Eden Project (United Kingdom)
Elements of ETFE (ethylene tetrafluoroethylene) foil cushions are 

used to form the iconic biomes that are featured in the Eden Project, 
which is located in the United Kingdom. According to Eden [220], Ac
cording to Eden [220], the Rainforest Biome and the Mediterranean 
Biome are the two main biomes produced by the Eden Project in Corn
wall, UK. These biomes are supported by steel space frames. These bi
omes are sizable, enclosed structures that support a variety of plant 
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species and replicate particular climates. The Mediterranean Biome 
mimics warm, moderate, as well desert climates, whilst the Rainforest 
Biome mimics humid tropical regions [220]. In addition to reducing the 
amount of energy that is consumed and increasing the amount of natural 
light that is transmitted, the lightweight and translucent nature of ETFE 
composites makes it possible to create a one-of-a-kind indoor environ
ment for educational exhibits and botanical gardens. (See Fig. 15 (d)).

3.5.8. Solar Decathlon House in Saudi Arabia's King Abdullah University of 
science and technology (KAUST)

The creative applications of composite materials in environmentally 
responsible residential construction are highlighted by the KAUST Solar 
Decathlon House, which is located in Saudi Arabia. Off-grid living in 
severe desert climates can benefit from the modular, prefabricated 
design that integrates composite panels created from recycled materials. 
These panels offer thermal insulation, structural stability, and energy 
efficiency. (See Fig. 15 (e)).

3.5.9. The Red Pavilion, Canada
The Red Pavilion is a typical sustainable construction made from 

metal composites. The Red Pavilion is situated in a plaza outside a new 
office building and adjacent to the Emily Carr University of Art & Design 
campus in Vancouver, BC, Canada. The material used includes 4 mm 
ALUCOBOND® PLUS Custom Rosy Starburst. Fig. 15 (f) shows the Red 
Pavilion, which is a typical sustainable structure.

4. The implications and future directions

4.1. Cost considerations

In most engineering projects that involve composite applications, the 
decision to employ composites is based on cost savings [128,191,197,
221]. These cost reductions can be amplified if composites are consid
ered at the initial design phase rather than as a retrofit, allowing com
posite benefits to cascade throughout the project [115,221]. Composite 
materials, despite the numerous benefits they offer, may have higher 
initial costs when compared to conventional construction materials. This 
lack of affordability may make it difficult for composite materials to gain 
widespread use. Continued efforts in research and development are 
required in order to decrease the costs of manufacturing, enhance the 
efficiency of the use of materials, and increase market competitiveness. 
Despite reasonable progress in composites over the last decade, 
large-scale projects continue to be hampered by perceived technical, 
emotional, and business constraints. Many factors contribute to com
posites’ market success, including clear advantages over previous 
technology, superior material qualities (e.g., lightweight and fatigue 
resistance), increased design capabilities, safety, and, ultimately, 
affordability. The materials industry still depends on composites 
although it has been affected by some recent global challenges such as 
the drop in the price of oil in 2016–2017 and the COVID-19 pandemic in 
2020–2022 [3,5,95]. Lastly, when comparing composites to metals for 
various construction applications, the designers must keep in mind that 
the composite application will be cost-effective for the development of 
that sustainable structure.

4.2. Optimisation of the design

For the purpose of optimising material selection, geometry, and 
manufacturing processes, the design and engineering of composite 
structures necessitates the utilization of specialised knowledge, exper
tise, and software tools [85–87,221]. There is a need for sophisticated 
design techniques and computational tools that may streamline the 
design process and maximise the performance of composite buildings. 
These can only be developed through collaborative efforts involving 
architects, engineers, material scientists, and manufacturers, via ap
proaches like Building Information Modelling (BIM) [222]. Composites 

also enable structural strength and stiffness to be tailored locally. 
Capturing this adaptability is essential for efficient minimum-weight 
and minimum-cost design. This is due to significant differences in the 
cost of raw components (like resins and fibres) as well as the procedures 
that might be utilised to build the structure with the selected materials. 
It also depends on the careful selection of composite materials. Different 
sustainable buildings choose a diverse range of composite materials such 
as wood composites materials, all-glass materials or hybrid construc
tions, in which glass fibres are used in combination with carbon or 
aramid. The reasons for such material justifications include aesthetics, 
thermal consideration, green building consideration, safety consider
ation, and the need to follow the building regulations. Also, the de
signers must combine performance requirements with the need to 
reduce costs thus composites are justifiable building materials for sus
tainable structures.

4.3. Certification and standardisation of procedures

There are variations in quality assurance, performance testing, and 
regulatory compliance as a result of the fact that the methods of 
standardisation and certification for composite materials in construction 
differ from region to region and country to country. It is absolutely 
necessary to achieve a state of harmony among standards, rules, and 
guidelines in order to guarantee the safety, dependability, and inter
operability of composite construction materials. An advantage of com
posites is that their structural performance can now be tested and 
monitored in service, as this has to be done in accordance with the 
related standard(s) [223–225]. Some fiber optics cables and some 
electrical cables can be included in the composite structure, due to the 
material used in developing them. These materials offer a safe, nonin
trusive way to convey structural monitoring data from remote or 
downhole locations. It is used in structural integrity testing of buildings 
and it is also a key developing technology in the oil sector for demon
strating reliability.

To meet the demand for quality assurance in construction materials, 
there is the need to have good research conducted alongside extensive 
testing. The other forms of quality assurance processes that have all led 
to the successful development of composites include laboratory testing 
and field demonstrations. Though, the introduction of new composite 
materials has been seen in various sustainable structures due to the 
continued close collaboration of the manufacturers, researchers, users 
and regulators. The later group is very important in ensuring that there 
are good construction materials that are well-tested and approved. 
Currently, different standard groups have been identified in the con
struction industry to cover sustainable structures, ranging from ISO, BIS, 
NIS, ASME, EN, ICC, etc. However, each standard that has been elabo
rated by the standard body is limited to the location due to the 
uniqueness of the soil, building regulations and other environmental 
factors. The International Code Council (ICC) has been identified as very 
important as they developed the International Building Code (ICC) 
[226] and other relevant design codes used for developing sustainable 
structures [227]. Ortiz et al. [118] presented a detailed review of the 
standards that are used for FRP composites and concrete. Table 6 shows 
some standards used in developing sustainable structures.

4.4. Trends in material research and innovation

Composite materials are the subject of ongoing research and inno
vation, which is driving breakthroughs in environmentally friendly 
manufacturing techniques, bio-based resins, recycled reinforcements, 
and nanotechnology additions. These are also applied in a wide range of 
composites materials including composite materials for domestic use, 
lightweight composites for aviation use as well as offshore composites 
for oil and gas sector [51,97,215–217]. The characteristics, perfor
mance, and sustainability of composite construction materials have the 
potential to be improved through the use of emerging developments in 
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material science, digital fabrication, and additive manufacturing. 
Composites have been identified as an important construction material 
in the construction and building industry, the aviation industry and the 
offshore industry, among others [138,155,242–247]. Generally, com
posites have the potential to save weight, reduce maintenance, increase 
safety, reduce negative environmental effects, and improve durability in 
offshore oil structures. Thus, the trends in the advances made in com
posite materials, their design and production procedures have addressed 
safety concerns while also improving performance and reliability [6,
248]. Offshore platforms now commonly specify safety-critical compo
nents made of fibre-glass and polymeric resin. Additive manufactured 

composite materials and recycled waste composites like recycled waste 
carpets have good properties that can be harnessed in developing sus
tainable structures [20,249,250]. However, to conduct the research on 
composite microstructures, the use of various material testing devices 
like the SEM can be deployed to identify material behaviour, as seen in 
Fig. 13. Another aspect that has increased demand is research on 
designing with polymer composites [60–62,251,252] and understand
ing the effect of adhesives in hybrid composite joints [253,254]. These 
joints are used in various applications in both primary and secondary 
constructions. The primary constructions are the main non-dependent 
construction works such as the walls, the firewater pipelines, and the 
garden shed while the secondary constructions depend on primary 
construction works such as gratings, handrails, and staircases are ex
amples. Thus, each element of construction work is still evolving to 
enhance the development of sustainable structures. The literature list 
reflecting the research trends on composite materials for sustainable 
structures can be summarized in Table 7.

4.5. Incorporation of digital technologies

The development of these construction materials has also led to 
adaptable construction practices, such as COVID-19 protocols [3,5,222]. 
Building Information Modelling (BIM), parametric design, and digital 
manufacturing are examples of digital technologies that can be inte
grated with composite materials to create new potential for optimisa
tion, automation, and customisation in the construction industry [62,
125,179,222]. BIM has helped to improve the designs developed using 
Computer-Aided Designs (CAD). Better decision-making, performance 
prediction, and lifetime management of composite structures are all 
made possible through the use of real-time monitoring, artificial intel
ligence, predictive analytics, the internet of things (IoT) and digital twin 
simulations. Recent studies have identified growth in BIM deployment 
in the construction industry [5,222].

With the use of CAD and BIM software, the designers are able to 
simulate the construction materials that can be used as well as the ma
terial parameters for various construction projects, in particular, sus
tainable structures. However, the construction industry will need to 
grasp the constraints of potential material systems and structural prin
ciples before they can use composites in crucial applications, such as 
replacing metallic water taps with composite material water taps. Each 
construction material has its mechanical properties with the pros and 
cons. One of the findings of the present study is that composites are very 
light-weight and also add to the aesthetics of sustainable structures. 
Additionally, they are intended to have their uniqueness. For example, 
both metals and composites have diverse failure modes. With the use of 
offshore composites, proper monitoring of composite pipes are neces
sary alonside corrosion-resistant materials in marine environment [18,
52,68,214].

5. Conclusions

This paper presents an overview of composites as a construction 
material for the development of sustainable structures. To achieve this, 
the review highlights the use of composites for construction works, its 
implications and the advantages of composites to ensure sustainable 
practices are presented on general composites, classification, advan
tages, state-of-the-art and case studies on composites. The application of 
composites in the industry involves the right application of safe con
struction practices. Construction presents a number of significant chal
lenges, including energy efficiency, robustness, and environmental 
impact, and composites provide a sustainable approach to address these 
challenges. Composites play a role in the development of sustainable 
structures that fulfil the increasing demands of society, bolster the built 
environment, as well as create a more resilient and sustainable future. 
This is accomplished by utilising the unique qualities and versatility of 
composites in the construction of these structures. Composite materials 

Table 6 
Some standards and design codes for sustainable structures using composites 
(Source: [118]).

Standard Material 
Specifications

External 
Applications

Internal 
Applications

References

CSA CSA S807-19. 
Specification 
for fibre- 
reinforced 
polymers

CSA S806-12 
(R2017). 
Design and 
construction of 
building 
structures with 
fibre- 
reinforced 
polymers

CSA S806-12 
(R2017). Design 
and construction 
of building 
structures with 
fibre-reinforced 
polymers

CSA [228,
229];

ACI ACI SPEC- 
440.5-22. 
Construction 
with Glass 
Fiber- 
Reinforced 
Polymer 
Reinforcing 
Bars

ACI 440.2R- 
17. Guide for 
the Design and 
Construction 
of Externally 
Bonded FRP 
Systems for 
Strengthening 
Concrete 
Structures

ACI 440-22. Code 
Requirements for 
Structural 
Concrete 
Reinforced with 
Glass FRP Bars 
(1st ed.)

ACI [20,
230–234]

ASTM ASTM
International 
D7205/ 
D7205M-06 
(2016). 
D7914/ 
D7914M. 
D7957/ 
D7957M-22

Guide
Specifications 
for Design of
Bonded FRP
Systems for
Repair and
Strengthening 
of Concrete 
Bridge
Elements (1st
ed.)

LRFD Bridge 
Design Guide 
Specifications for 
GFRP-Reinforced 
Concrete (2nd ed.)

ASTM 
[160,161]; 
AASHTO 
[235,236]

AASHTO – —same— —same— AASHTO 
[228,
235–239]

JPCI – – Recommendation 
for Design and 
Construction of 
Concrete 
Structures using 
Fiber Reinforced 
Polymers (FRP)

JPCI [240]

ICC ICC-ES AC-32; 
Acceptance 
Criteria for 
Concrete with 
Synthetic 
Fibers.

2021 
International 
Building Code.

2021 International 
Building Code.

ICC [227], 
IBC [226]

ISO ISO 
12439:2010 - 
Mixing water 
for concrete 
ISO 10406-1, 2 
and 3 - Fibre- 
reinforced 
polymer (FRP) 
reinforcement 
of concrete — 
Test methods;

ISO 
14484:2020 
Performance 
guidelines for 
design of 
concrete 
structures 
using fibre- 
reinforced 
polymer (FRP) 
materials

ISO 20290–5:2023 
Aggregates for 
concrete — Test 
methods for 
mechanical and 
physical 
properties — Part 
5: Determination 
of particle size 
distribution by 
sieving method

ISO [20,
156–159,
241]

Source: Ortiz et al. [118].
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astm:ASTM
astm:2016
astm:Guide
astm:for
astm:of
astm:FRP
astm:for
astm:and
astm:of
astm:Bridge
astm:1st
astm:LRFD
astm:Design
astm:Specifications
astm:Concrete
astm:2nd


are excellent choices for utilization as sustainable structures in the form 
of modular, portable, prefabricated, and civil engineering structures.

This research also shows that feasibility studies on composites for 
sustainability have resulted in successful deployments using cutting- 
edge methodologies and developments. Importantly, this study agrees 
that the composite market is growing and that the manufacturers of 
composite materials have also made the development of composite 
materials to be helpful in delivering sustainable structures. They enable 
builders and construction managers to be able to meet the demand of 
their clients with the promise of low-cost carbon fibre, by developing 
unique designs as sustainable structures with a shift from glass to less 
dense, and stiffer carbon fibre. This study has also presented various 
properties of composites, their classifications, their advantages, the cost 
implications, novel composites, the research trends, and case studies. 
This study has shown that more building materials are been developed 
using composites and sustainable structures have been developed using 
these composites. However, there are advantages of lightness in struc
tures like doors, windows, panelling, road barriers, and home/office 
furniture, but there are still challenges with the fire-resistance and 
toughness for security/defence structures like security doors. Hence, 
developing more composite materials that are sustainable is a priority in 

this sector.
Architectural designs have been enhanced by the use of composite 

materials and additive manufacturing in the construction industry, 
though it is a developing technology. In addition, there are sustainable 
composites for external claddings, wall panel materials and acoustic 
materials that mimic masonry or stone. Cladding, laminated walls and 
roofing sheet materials that are translucent are available in a variety of 
colours and profiles to meet user needs either residential or commercial 
users. Though various construction materials can also be used to 
improve the condition of sustainable buildings, this review has also 
presented various material properties of highlighted construction ma
terials like cementitious composites, concrete, OSB and MFB. This study 
also demonstrates the efforts put forth in the creation of different ap
plications, but these composites have been adapted in heavy duty ma
terials like bridge decks and engineered fibre mats for roads. 
Furthermore, there are a variety of industrial design codes and publi
cations which demonstrate that composites work well in the construc
tion industry. However, the authors recommend further study on the 
machine learning of composite materials for construction purposes and 
elaborating applicable standards. Moreso, further study should include 
an annotated bibliography and a bibliometric review covering 

Fig. 13. Micrographs of cementitious composite material showing pieces of hardened materials, viewed with (a) optical microscope view, and (b) SEM view 
(Source: [89]).

Fig. 14. Composites are seen in different sustainable construction materials such as (a) interlocking tiles with different materials with light and dark colour pigments, 
(b) interlocking tiles produced with reclaimed bricks and concrete materials, (c) fly ash bricks and (d) burnt bricks with red clay.
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composites for sustainable construction. In conclusion, it is evident that 
composites research has progressed with various standards on com
posites despite the lack of any unified composites Data Book. Further 

work should include developing more design rules on composites for 
sustainable construction. Finally, this research demonstrates the tech
nological and economic benefits of composites in the sustainable 

Fig. 15. Composites are utilised in developing various sustainable constructions including (a) the Shard, London, UK, (b) Aberdeen Harbour Marine Operations 
Centre, (c) Taiwan's Taoyuan Airport Terminal 3, (d) Biomes created for the Eden Project, UK, (e) Solar Decathlon House in King Abdullah University of Science and 
Technology (KAUST), Saudi Arabia, and (f) “The Red Pavilion” is situated in a plaza outside a new office building and adjacent to the Emily Carr University of Art & 
Design campus in Vancouver, BC, Canada (Photo copyright: Robert Stefanowicz, courtesy of 3A Composites USA).

Fig. 16. Typical offshore platform showing different materials that include composites and steel.
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development of materials, as its research trend predicts future directions 
for academics and industry.
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