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Abstract

The creation, use, and sustainability of construction materials
are currently going through a revolutionary period in the field of
civil engineering, driven by cutting-edge chemical techniques.
The performance, durability, and environmental impact of
materials used in various civil engineering applications are being
improved because to these chemical advancements. The critical
role that chemically novel materials play in tackling the myriad
problems that the construction industry faces is examined in this
review study. This study analyzes significant instances of
chemically advanced materials that are transforming the
construction landscape, such as geopolymer concrete, self-
healing materials, and nanoengineered solutions. The use of
these materials supports the industry's sustainability objectives
while also providing structural integrity and longevity. This
review also explores recent developments in the field of
chemically inventive materials as well as their difficulties and
prospects. This study helps to promote a sustainable and
resilient built environment by offering insights into the
transformative potential of these materials.

Keywords - Chemical innovations, construction materials,
sustainability, geopolymer concrete, self- healing materials,
nanoengineered materials.

1. INTRODUCTION

With the introduction of chemical discoveries that hold the
potential to revolutionize the way construction materials are
generated, used, and maintained, the field of civil engineering has
entered a transformative period. These cutting-edge chemical
techniques have made it possible to improve the functionality,
longevity, and sustainability of materials used in a variety of civil
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engineering applications. Chemical advances play a critical part in
tackling the numerous issues encountered by the construction
industry, from enhanced concrete formulas that strengthen
structural integrity to eco-friendly binders and coatings that
reduce environmental effect. Cementitious materials, primarily in
the form of concrete, are the most successful materials worldwide
in terms of volume used. Per person worldwide, more than 1 m3
is created annually. This achievement is due to the simplicity with
which a grey powder and water mixture may be converted into a
very useful solid with easily moldable shapes at room
temperature. It is also a low-cost, low-energy substance
manufactured from the elements that are found in the greatest
abundance on Earth. Nevertheless, although having a smaller
environmental impact than the majority of other building
materials, the enormous amounts of cement and concrete
produced mean that the manufacture of cement is responsible for
between 5 and 8% of all CO2 emissions created by humans. As a
result, there is growing demand to innovate for sustainability
improvements [1]. Over the past ten years, there has been a
considerable surge in research on sustainable structural design
(SSD). Researchers and practitioners have created sustainable
design methodologies to address the influence of structural
systems on the environment, economy, and society when it was
established how crucial structural engineering is to sustainable
development. Nevertheless, numerous studies have highlighted
the deficiencies of the current assessment tools and the general
lack of knowledge regarding the role of structural and civil
engineers in accomplishing sustainable goals [2]. The greater
sustainability standards of the building sector have substantially
aided the development of green construction materials during the
past few decades. Until now, there have been two main themes in
the search for sustainable alternatives for construction materials:
(1) using recycled resources to replace nonrenewable aggregates,
and (2) using SCM (fly ash, blast furnace slag, etc.) to partially or
entirely replace Portland cement [3]. By lowering emissions, air
pollutants, and waste produced during material mining and
manufacture, these encourage cleaner production. Fly ash is
increasingly being used in concrete in place of OPC, which has
become outmoded. Reducing the amount of waste transported to
landfills and hazardous waste is one of the objectives of
sustainable steelmaking. Slags can be used by the cement and
concrete industries to make significant contributions to
sustainable development. The usage of steel slag (SS) as a raw
material in another industry has a significant environmental
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advantage since its reuse or recovery has a positive impact on the
environment [4].

Building materials with the latest innovations are transforming the
market. The materials of today are dependable, strong, and
sustainable while at the same time light, airy, and
trustworthy.Advanced materials science has made remarkable
strides in recent years. Additionally, there are some incredibly
innovative new building materials on the market right now. New
synthetic materials are being created for construction that are
stronger, lighter, and more eco-friendly than traditional materials.
These technologies support the creation of brand-new,
environmentally sustainable housing. Contrary to what many
people think, cement cracking is a much more serious problem [5].
Though important, aesthetics are not the only factor to take into
considerations. No, this is a structural problem; as soon as water
seeps into the crack, the concrete's structural integrity will begin
to erode. In a climate with changing temperatures, the action of
freezing and unfreezing exacerbates this issue. The water in the
crack expands during the cold winters, slightly enlarging the crack
on each side. As the ice melts in the spring, the water will seep
further into the cement, deepening the crack and endangering the
structural integrity of the building [6]. While certain contemporary
construction supplies might find a place in small markets, many
cutting-edge building materials have the possibility to become
extensively used. Traditional brick and concrete structures will
eventually go out of style as human needs are clear: we require
structures that are highly practical, durable, energy-efficient, and
beautiful. [7].

2. CHEMICALLY INNOVATIVE MATERIALS

Construction sector performance, sustainability, and efficiency
are all being improved through the use of chemically novel
materials. Here are some instances of typical chemically inventive
building  materials:Self-Healing  concrete, nanoengineered
materials, and geopolymer concrete.

Concrete made of geopolymers has good mechanical qualities and
uses cementless binders instead of traditional cement.
Geopolymers also have a less carbon impact than conventional
concrete. Due to its potential to address sustainability issues and
improve material performance, geopolymer concrete has
attracted a lot of attention as a cutting-edge construction
material. An detailed assessment of the prospective uses of
geopolymer concrete in building was undertaken by Almutairi et
al. in 2021 [8]. The study explores how it is used in various
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structures, from high-rise buildings to pavements, illustrating how
versatile and versatile this novel material is. By concentrating on
its structural and material performance, Ma et al. (2018) [9] made
a contribution to our understanding of geopolymer concrete. The
study assesses the impact of variables such mix design, curing
circumstances, and curing time on the structural integrity of the
material.

— Geopolymer Concrete

— Self-Healing Concrete

Nanoengineered Materials

Carbon Fiber Reinforced
Polymers (CFRPs)

Chemically innovative materials

— Alkali-Activated Materials

Concrete that heals itself: This concrete has bacteria or other
compounds enclosed within it that react with water to seal cracks
as they occur, increasing longevity and requiring less
maintenance.Self-healing concrete is a cutting-edge substance
that has the potential to greatly increase the resilience and
lifetime of concrete structures, hence enhancing construction and
infrastructure sustainability.The idea of self-healing concrete is
explored by Hossain et al. (2022) [10] as a way to improve the
sustainability of buildings. The study emphasizes the potential
economic and environmental advantages of self-healing concrete.
A concentrated review of self-healing concrete that makes use of
several bacteria by Pavan Kumar Jogi et al. (2021) [11] adds to the
body of literature. The introduction of bacteria into the concrete
mixture results in bacterial-based self-healing mechanisms, which
can lay dormant until cracks appear. The bacteria become active
when water seeps into the gaps and begin to generate calcite, a
mineral that fills the spaces and seals the fractures.

Nanoengineered Materials: Using nanoparticles, nanotechnology
is used to increase the durability, strength, and resistance to
environmental elements of concrete. With tremendous potential

1667



Journal of Namibian Studies, 34 S1(2023): 1664-1671  ISSN: 2197-5523 (online)

to improve the qualities and performance of building materials as
well as contribute to the treatment of water and wastewater,
nanotechnology has emerged as a revolutionary field.The study of
Sobolev[12] provides a thorough investigation of how
nanotechnology is used in the building sector. In order to improve
the qualities of construction materials, the paper focuses on
incorporating nanoparticles and nanomaterials.An review of
current developments in the use of nanotechnology for water and
wastewater cleanup is given by Elgarahy et al. (2021) [13]. The
creation of nanoengineered materials that can effectively remove
impurities from water sources is the main topic of the article.

High-strength fibers inserted in a polymer matrix make up carbon
fiber reinforced polymers (CFRPs), which provide structural
elements with lightweight, long-lasting reinforcement.

Alkali-Activated Materials: When compared to conventional
cement, these cementitious materials dramatically reduce CO2
emissions by using alternative sources such fly ash and slag.

3. RELATED WORK

Mizuriaev, S. A., Montaev, S. A., &Taskaliev, A. T. (2015) studied
the manufacture of synthetic shattered stone for use in civil and
industrial engineering. The study investigated the procedures
involved in producing broken stone for construction purposes
with a focus on technological factors. This study highlighted the
significance of optimal production methods by shedding light on
the crucial technical aspects of producing materials needed to civil
engineering projects.

John L. Provis (2018) examined alkali-activated materials in the
area of alternative building materials. This study, which was
published in the journal "Cement and Concrete Research,"
examined the special qualities of alkali-activated materials and
how they can change the way conventional cementitious
materials are made. The study advanced knowledge of novel
materials that have a big impact on the sustainability of
construction materials by examining their composition and
behavior.

Mmereki, D., &Brouwer, D. (2022) conducted a thorough
literature analysis to examine the use of cutting-edge materials
and construction techniques in green buildings and how they
affect the health of construction workers. This study, which was
published in the "Journal of Construction Engineering and
Management," emphasized the need for comprehensive
approaches to green building by highlighting the significance of

1668



Journal of Namibian Studies, 34 S1(2023): 1664-1671  ISSN: 2197-5523 (online)

sustainable building practices as well as the occupational health
implications for construction workers.

The focus of the work by Madurwar, M. V., Ralegaonkar, R. V., &
Mandavgane, S. A. (2013) was the utilization of agro-waste for
sustainable construction materials. Their study, which was
published in "Construction and Building Materials," looked at how
agricultural byproducts might be used in building materials. The
study demonstrated a novel strategy to trash usage and reduction
by evaluating the possibility of incorporating agro-waste and
highlighting the prospects of turning agricultural wastes into
valuable resources for sustainable building materials.

He et al. (2022) review the scientific landscape of self-healing
concrete using a scientometric approach to research
development. Quantitative techniques are used in scientometric
analysis to map and analyze the growth of a subject of study. The
authors give a thorough history of self-healing concrete research,
including patterns of publication output, citation usage, and
networks of collaboration.

Jakhrani et al. (2019) give a thorough analysis of the numerous
methods and evaluation procedures used in self-healing concrete.
The publication discusses numerous self-healing processes, such
as mineral precipitation, bacterial healing, and encapsulated
healing agents.The ideas underlying each self-healing mechanism
are explored in depth by the writers, who also cover the processes
by which cracks are repaired and the variables affecting these
processes' efficacy. They also shed light on the difficulties in
including, activating, and maintaining self-healing chemicals in
concrete.

4. CONCLUSION

Chemically novel materials are leading the way in transforming
the field of civil engineering by providing answers that satisfy
performance and sustainability requirements. Self-healing
materials, nanoengineered products, geopolymer concrete, and
other new materials have the potential to greatly enhance
structural integrity, durability, and environmental effect. These
materials help the built environment remain sustainable over time
in addition to addressing the immediate issues of construction.
The construction sector may take use of these cutting-edge
technologies to address the rising demand for environmentally
friendly, robust, and effective construction materials as materials
science and chemistry developments continue to spur innovation.
In order to hasten the adoption of chemically novel materials and
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pave the path for a more robust and sustainable future in civil
engineering, academics, practitioners, and policymakers must
work together.
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