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Abstract: This paper reviews the use of new engineering material in civil engineering that is collected from construction in the
production of concrete. The paper primarily focuses on the possibility of using new engineering material for the performance of
concrete. By reviewing previous work, this study reports mechanical and physical properties of new engineering material using
for the preparation of concrete. The study summarizes the results of compressive strength, flexural strength, tensile strength and
split tensile strength of concrete prepared with new engineering material in previous works. This paper also addresses using new
engineering material in concrete production is an environmentally friendly solution to the continuous depletion of natural
material. For the same reason new engineering material can significantly decreases the workability, water absorption and dry
density of concrete. It is reported that using new engineering material increases compressive strength, flexural strength, tensile
strength and split tensile strength of concrete, however they are decreased when the ratios of replacement are increased. The use
of new engineering material in the preparation concrete looks to be promising.

Keywords: New engineering materials, ultra-high performance concrete, self-healing concrete, geo polymer concrete, reactive
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I. INTRODUCTION

Civil Engineering Materials is the study of the properties, performance, and application of materials used in construction and
infrastructure projects. This field encompasses the analysis of materials such as concrete, steel, asphalt, and composites, focusing on
their mechanical, thermal, and durability characteristics to ensure safety, sustainability, and efficiency in civil engineering
designs.The concrete industry consumes energy and raw materials inextensive quantities. Therefore, reusing industrial wastes
asadmixtures in construction provides both environmental andeconomic benefits. [1]The demand for sustainable construction
materials has grown exponentially, driven by the urgent need to address environmentalconcerns, resource depletion, and the desire
to build resilient and eco-friendly urban environments. Innovations in sustainable construction materials playa pivotal role in
shaping the future of smart cities, where efficiency, resilience, and environmental responsibility are paramount. [2] In recent years,
the development of advanced materials, such as fiber-reinforced polymers (FRPs), highperformanceconcrete (HPC), and smart
materials, has opened new possibilities for enhancing structuralresilience. These materials offer superior properties, such as higher
strength-to-weight ratios, better durability, and theability to self-heal or adapt to changing conditions.[3]

The aim of this paper is to mainly analyze the use of new engineering material from previous studies. The effectof new engineering
material on workability, unit weight, and water absorption of concrete are analyzed. The mechanical properties and microstructureof
such concrete also are analyzed. The paper also presentsthe durability-related performance of concrete containing new engineering
material and to explore how the integration of advanced materials enhance structural resilience in civil engineering by examining
the latest developments in material science the article aims to provide a comprehensive overview of how these innovationsare being
applied to create structures that are not only stronger but also more adaptable and sustainable.

Il. NEW ENGINEERING CONSTRUCTION MATERIAL
A. Ultra-High Performance Concrete (UHPC)
UHPC is a new concrete technology that contains several novel ingredients, including fibers, but retains 80% of what makes up
traditional concrete. The fibers vary in strength from polyester to stainless steel, with each delivering additional strength and
durability to the end product. UHPC has a longer useful life of more than 75 years, compared to traditional concrete with its useful
life of 15-25 years. It also has a compressive strength of roughly 30,000 psi as compared to the typical 4,000 psi for traditional
concrete.
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Additional benefits include remarkable resistance to moisture penetration and environmental degradation, flexibility, ductility,
extended usage life, reduced maintenance/out of service, simplified construction techniques, the speed of construction and
adhesiveness. UHPC has been around since 2000, but over the past few years, the US Federal and state governments have advocated
for its use, specifically in US bridges and highways. Due to the governmental support for UHPC combined with its superior quality
and durability, we expect adoption to spread quickly. In fact, the global market for UHPC is expected to grow at a Compound
Annual Growth Rate (CAGR) of 6.92 percent between 2017 and 2023.

1) Strength & Durability
e UHPC exhibits compressive strength exceeding 120 MPa—about three times stronger than conventional concrete.
o Its low permeability prevents water infiltration, reducing chloride-induced corrosion.

2) Innovations & Applications

e UHPC integrates nanomaterials and fibers, improving crack resistance and energy dissipation.

e Itisused in lean structural members, reducing material consumption while maintaining strength.
e Recent advancements explore self-healing, self-sensing, and superhydrophabic properties.

3) Challenges & Environmental Impact

e UHPC requires high cement content, leading to significant CO. emissions.

o Efforts are underway to reduce costs by using locally available materials.

o Alife-cycle cost analysis suggests UHPC’s long-term benefits outweigh initial expenses.

B. Self-healing concrete

When concrete cracks, water and air get in, which speeds up the degradation of the concrete. What if concrete could stop the
degradation process and heal itself? Innovations are taking shape with a concrete that contains bacteria which produces limestone
when it comes into contact with water and air, repairing the crack. This self-healing concrete is being made for new mixtures, as
well as a repair mortar for existing structures. Other self-healing techniques being researched include hydrogels that swell when
water gets in and capsules of polymers that break when cracks form. Once broken, the polymers inside the capsule seal the crack. Of
course, these more advanced types of concrete will cost more money initially—but if they can extend the life of concrete structures,
they may be less costly in the long run. After construction, concrete cracks, weathers, leaks, and bends. Self-healing concrete
contains limestone producing bacteria that repairs the crack when it comes into contact with air and water. Along with concrete, this
self-healing bacterium can repair mortar for already existing structures. Repetitive dry and wet cycles with a width of 0.05 to 0.1mm
completely seal cracks. The self-healing product acts as a capillary, and the water particles go through the cracks. Then, these water
particles soak and hydrate the cement, causing it to expand, thus filling the crack. However, if cracks are greater than the width of
approximately 0.1mm, other reconstructive work will be required.

Self-healing concrete is prepared in two ways:

e By direct application: After you mix the concrete, add calcium and bacterial spores to the mix. The process of sealing cracks
occurs when water comes into contact with this bacteria, then they germinate on calcium lactate, and the production of
limestone creates self-healing concrete.

e By encapsulation in lightweight concrete: The bacteria and calcium lactate are in clay pellets and mixed in with concrete
preparations. Only about 6% of the clay pellets are actually included for making self-healing concrete. When there is a crack in
the structure, the clay pellets break down, the bacteria germinate and feed on the calcium lactate and produce limestone.

1) Mechanisms of Self-Healing

o Bacterial-Based Healing — Uses bacteria like Bacillus to produce calcium carbonate, sealing cracks naturally.

e Chemical-Based Healing — Incorporates sodium silicate, calcium nitrate, and superabsorbent polymers to trigger healing
reactions.

e Autogenous Healing — Relies on hydration of unreacted cement particles to close micro-cracks.
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2) Performance & Benefits

e Extended Lifespan — Reduces structural deterioration, minimizing repair needs.

o Improved Durability — Enhances resistance to water infiltration, corrosion, and environmental damage.
e  Sustainability — Lowers CO: emissions by reducing cement consumption.

3) Challenges & Future Prospects

e High Initial Cost — More expensive than conventional concrete.

e Efficiency Variability — Healing effectiveness depends on crack width and environmental conditions.
e Ongoing Research — Studies focus on optimizing healing agents for better performance.

C. Geo Polymer Concrete

Geo polymer concrete is a new material that does not need the presence of Portland cement as binder. Instead, activating the source
materials such as fly ash that are rich in Silicon(Si) and Aluminum (Al) using high alkaline liquids produces binder for
manufacturing concrete. The major problem that the world is facing today is the environmental pollution. In the construction
industry mainly the production of ordinary Portland cement (OPC) will cause the emission of pollutants which results in
environmental pollution. The emission of carbon dioxide during the production of ordinary Portland cement is tremendous because
the production of one ton of Portland cement emits approximately one ton of CO2 into the atmosphere. In terms of global warming,
the geopolymer concrete significantly reduce the CO2 emission to the atmosphere caused by the cement industries

1) Obijective of Geopolymer Concrete
To produce a carbon dioxide emission free cementious material
An environmentally pollution free construction material

2) Aim of Geopolymer Concrete
To study the compressive strength using fly ash and GGBS
To eliminate the necessity of heat curing of concrete.

3) Advantages & Performance

e Eco-Friendly — GPC significantly reduces CO: emissions by replacing cement with industrial byproducts like fly ash and slag.

e High Strength & Durability — Exhibits excellent compressive strength and resistance to chemical attacks, making it ideal for
harsh environments.

e Rapid Curing — Some formulations allow ambient curing, eliminating the need for high-temperature processing.

o Cost-Effective — Utilizes waste materials, reducing construction costs.

4) Challenges & Limitations

e Complex Mix Design — Requires precise proportions of alkaline activators for optimal performance.

e Limited Standardization — Still lacks widespread adoption due to regulatory challenges.

o Workability Issues — Some formulations may have lower workability compared to conventional concrete.

5) Future Prospects
e Research is focusing on fiber-reinforced GPC to enhance ductility and toughness.
e Efforts are underway to optimize mix designs for better workability and cost efficiency.

D. Reactive Powder Concrete

RPC is an ultra-high strength and high ductility cementitious composite with advanced mechanical and chemical properties. There
are concretes that leads the way to the achievement of the maximum compressive strength of the order 120-150 Mpa. In order to
increase the compressive strength of concrete even further, the only way is to remove the coarse aggregate. This philosophy has
been employed in what is today known as Reactive Powder Concrete.
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RPC is not just a simple mixture of cement, water and aggregates. Quite often, it contains mineral components and chemical
admixtures having very specific characteristics, which impart specific properties to the concrete.

1) Obijectives of developing RPC

o Elimination of coarse aggregate for enhancement of homogeneity.

e Utilization of pozzolanic properties of silica fume.

e  Optimal usage of super plasticizer to reduce W/C and at the same time improves compaction.
e  Post- set heat treatment for enhancement of the microstructure.

e Addition of small sized steel fibers to improve ductility.

2) Strength & Durability

e RPC achieves compressive strength between 200-700 MPa, far exceeding conventional concrete.

e It has low porosity and permeability, making it highly resistant to chemical attacks and environmental degradation.
o  Steel fibers enhance flexural strength, improving impact res

3) Innovations & Applications

e Used in bridge piers, blast-resistant structures, and radiation waste containers due to its exceptional durability.
o Ideal for thin-shell structures and long-span bridges, thanks to its high flexural strength.

e  Microstructural enhancements improve fiber-matrix bonding, increasing toughness.

4) Challenges & Future Prospects

e High production cost due to specialized materials like silica fume and quartz powder.
e Requires precise mix design and heat curing for optimal performance.

e Research is ongoing to optimize mix proportions for cost-effective applications.

E. Self Compacting Concrete

Making concrete structures without vibration, have been done in the past. For examples, placement of concrete under water is done
by the use of tremie without vibration. Mass concrete, and shaft concrete can be successfully placed without vibration. But these
concretes are generally of lower strength and difficult to obtain consistent quality. Modern application of self-compacting concrete
(SCC) is focused on high performance, better and more reliable and uniform quality.

5) Advantages & Performance

e High Workability — SCC spreads easily, filling intricate formwork and densely reinforced areas.
e Improved Durability — Reduces voids and segregation, enhancing structural integrity.

e Labor & Time Efficiency — Eliminates manual compaction, speeding up construction.

e  Better Surface Finish — Provides smooth, defect-free surfaces.

6) Challenges & Limitations

e Precise Mix Design — Requires careful proportioning of superplasticizers and viscosity-modifying agents.
e Higher Cost — More expensive than conventional concrete due to specialized admixtures.

e Quality Control — Needs rigorous testing to ensure proper flow and stability.

7) Future Prospects

e Research is focusing on fiber-reinforced SCC for enhanced strength and toughness.
o Efforts are underway to optimize mix designs for cost-effective applications.

o Efforts are underway to optimize mix designs for cost-effective applications.
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High performance concrete:

A high performance concrete is a concrete in which certain characteristics are developed for a particular application and
environments.

A substantial reduction of quantity of mixing water is the fundamental step for making HPC. Reduction of w/c ratio will result in
high strength concrete. But reduction in w/c ratio to less than 0.3 will greatly improve the qualities of transition zone to give
inherent qualities expected in HPC. To improve the qualities of transition zone, use of silica fume is also found to be necessary.
Silica fumes becomes a necessary ingredient for strength above to 80 MPa. The best quality fly ash and GGBS may be used for
other nominal benefits.

For HPC shape and size of the aggregate becomes an important parameter. Regarding the shape of the aggregate, crushed aggregate
can be used, but utmost care should be taken to see that aggregates are cubic in shape, with minimum amount of flaky or elongated
particles. The latter would affect not only the strength but also adversely affect the workability.

1)

Advantages & Performance

High Strength — HPC achieves compressive strengths exceeding 60 MPa, making it ideal for high-rise buildings, bridges, and
tunnels.

Enhanced Durability — Offers low permeability, reducing water infiltration and chemical attacks.

Improved Workability — Incorporates superplasticizers for better flowability and placement.

Environmental Benefits — Utilizes industrial byproducts like fly ash and silica fume, reducing CO: emissions.

Challenges & Limitations

Higher Cost — Requires specialized materials and admixtures, increasing initial expenses.
Complex Mix Design — Needs precise proportioning to achieve desired properties.
Quality Control — Requires rigorous testing to ensure performance consistency.

Future Prospects
Research is focusing on fiber-reinforced HPC for enhanced ductility and toughness.
Efforts are underway to optimize mix designs for cost-effective applications.

1. COMPARATIVE ANALYSIS
Table 1: Comparison of Materials

[Material |[strength ||Durability [Cost |[Sustainability |
‘UHPC HVery High HExceIIent HHigh HModerate ‘
FRP | High | Excellent |High |Moderate |
[ECC | High | Excellent |High |Moderate |
[Self-Healing |[Moderate |[Very High |High | High |
‘Graphene HVery High HExceIIent HVery High HModerate ‘
|Geopolymer | High | High [Moderate |\Very High |

TABLE 2: Material Properties Comparison (Advanced)

|Property |luHPC |FRP [ECC ||Geopolymer |
‘Density HHigh HLow Hl\/ledium Hl\/ledium ‘
[Tensile Strength  |[High | Very High |High |Medium |
[Durability |[Excellent  |Excellent |[Excellent |High |
[Maintenance |Low |Very Low [Low [Low |
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FIGURE 6: Cost vs Performance

V. CONCLUSION
Detailed review analysis was carried out to study the effectof new engineering material on the properties of concrete. From the
previous studiesconducted, the following conclusions were reached:
Various examinations concur that reusing concrete could be the best arrangement, and greatly diminishlandfilling. Moreover,
reusing new engineering material in the creation of concrete can add to the decrease in waste delivered every year. Inaddition, and
reuse would help to decrease worldwide CO2emissions.
This article has explored the integration of advanced materials in civil engineering,highlighting their significant impact on
enhancing structural resilience. We examined various types of advancedmaterials, such as high-performance concrete, fiber-
reinforced polymers, and smart materials, contribute to designing and optimizing structures. Looking forward, several advancements
are likely to shape the future of materials in civil engineering. Development of New Materials: Ongoing research will likely result in
the development of new advancedmaterials with enhanced properties. Innovations in nanotechnology, smart materials, and
sustainableconstruction materials will provide engineers with more options for improving structural performance andreducing
environmental impact.
The continued research and development of advanced materials are crucial for theadvancement of civil engineering. The integration
of these innovations will play a keyrole in addressing the challenges of modern infrastructure, such as durability, safety, and
sustainability.Embracing these advancements will lead to more resilient and efficient structures, ultimately contributing tothe
development of a more robust and sustainable built environment.
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