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ABSTRACT : Transparent concrete is an advanced composite material used in construction, which integrates 

glass or optical fibers with a high numerical aperture into its concrete matrix. This design ensures optimal light 

transmission, allowing for effective integration into architectural and engineering projects.Optical fibres are 

reinforced in the conventional concrete mixture from one face to another face, which allows direct sunlight to 

transmit through it. Daylighting factor is one of the fundamental qualities of the energy efficiency of a building. 

The thermal performance is also crucial to providing comfort to the building occupants. The literature studies 

cover the light transmittance and thermal performance of transparent concrete.This research applies the 

quantitative method which was focused on the experimental study of transparent concrete and applications. A 

wall made of transparent concrete has the strength of traditional concrete but thanks to an embedded array of 

optical glass fibers, which lets in the view of the outside world, such as the shadow of trees, or passersby, that are 

displayed inside the building. It is a bit cheaper and one of the major advantages of this concrete is that it is eco-

friendly, aesthetic and saves energy tooThis innovative approach enhances the visibility of construction materials 

and introduces new possibilities for optimizing aesthetics and functionality.Microstructural analysis shows that 

the arrangement of optical fibers affects the mechanical and optical properties, leading to a significant increase 

in the light transmission coefficient and a reduction in energy absorption. This article gathers and reviews 

previous studies on the applications of transparent concrete, focusing on its most critical aspects like energy 

savings.The methodology of this study involves a detailed experimental and theoretical approach. We reviewed 

significant studies, particularly from the last 10 years, on transparent concrete techniques.Moreover, the results 

of this study support the idea that transparent concrete can play a pivotal role in the development of civil 

engineering, offering new opportunities for creating interior elements that enable efficient light distribution. 

Experimental findings suggest that transparent concrete will soon promote the development of infrastructure 

incorporating modern technologies in civil engineering. 
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I. INTRODUCTION  

Concrete has been utilised since the Roman era although its essential components have not changed. 

Common concrete is made of cement, sand, aggregates, and water. Engineers have developed many types of 

concrete by using new technology [1] .In the field of civil engineering, innovative construction materials play a 

crucial role in the development of projects that demand not only high efficiency but also improved aesthetics and 

environmental sustainability. One such revolutionary development that is gaining significant attention is 

transparent concrete, increasingly regarded as a material that could fundamentally transform the construction 

industry. Known for its unique ability to transmit light, this material represents a significant step towards the 

future of building structures that not only offer strength and structural durability but also enhance energy 
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efficiency and provide an extraordinary visual experience.(Figure 1)Transparent concrete is a clear example of 

innovation bringing profound transformation to traditional approaches to urban infrastructure. This material, 

which combines the strength of concrete with the transparency of optical elements, opens new opportunities for 

creating more functional, sustainable, and aesthetically pleasing structures. It challenges the conventional 

limitations of construction materials and represents a step closer to a future where architecture and civil 

engineering are more synchronized with environmental demands and the aesthetic preferences of modern 

society.In this context, transparent concrete provides a powerful opportunity to revolutionize urban construction 

by helping cities become more sustainable and visually appealing. It can be used to create building facades that 

allow natural light to pass through, reducing the need for artificial lighting and contributing to energy savings. 

This aspect is particularly significant in the context of green and sustainable building construction, where the 

demand for materials that enhance energy efficiency is increasingly prevalent.On the other hand, the innovation 

of transparent concrete as a solution for sustainability also addresses the growing need for environmentally 

friendly construction materials. With its ability to allow natural light to penetrate indoor spaces, this material not 

only helps reduce energy consumption but also contributes to improving the quality of indoor environments, 

making buildings healthier and more pleasant to live in. The fibers can transmit light to over 50 feet and, as they 

occupy only a small percentage of the total concrete block or panel, they do not significantly [2] This could have 

significant impacts on improving living conditions for citizens and promoting architecture that is more integrated 

with nature.The modern aesthetics of transparent concrete also make it an attractive choice for architects and 

engineers seeking to incorporate natural elements and advanced functionality into their projects. This material can 

be used to create luminous facades, transparent walls, and other elements that are not only practical but also allow 

architects to design buildings that stand out and enhance the urban landscape.In this study, we analyze the 

evolution and technical characteristics of transparent concrete, focusing on its potential to transform sustainable 

construction practices and urban infrastructure. We also discuss its potential benefits and the challenges that may 

arise during the application of this innovative material, exploring how it can be integrated into current construction 

practices and how it could contribute to the development of future sustainable and aesthetically advanced materials 

in civil engineering.The use of transparent concrete can open new horizons for projects that integrate with nature 

and adhere to the demands of sustainable development, inviting us to consider: Could this be the material that 

defines the new standards of sustainable and asthetic at the same time ? 

 

II. APPLICATION OF TRANSPARENT CONCRETE  

The modern approach to concrete has found applications in various fields. Below, different examples will be 

illustrated, demonstrating the function of transparent concrete as not only structural and eco-friendly but also 

aesthetic. 

1. Illuminate Your Walls Transparent Concrete can be used as building material  for interior and exterior 

walls.  

2. Watch Your Pavement Shine at Sunset This concrete can be used as flooring a passable surface illuminated 

from below.                                                                                                                                                                                                                             

3. Get Creative with Design The building units are versatile and can be used in many areas of design. 

4. Lighting fixture and Conversational Piece The transparent concrete cube is, without a doubt, a great 

conversation piece. [6] 

 

 
Fig.1. Illuminate Walls                                                      
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Fig.2. Creative Design 

 

 
Fig.3. Creative Buildings    

                                                  

 
Fig.4. Pavment Shine 

 

III. MATERIALS 

Several materials interact to produce transparent concrete.Thousands of optical fibers strands are placed in 

concrete to transmit light, either natural or artificial, into all spaces enclosed by the translucent concrete 

panels.  

 

Types of Optical Fiber  

Optical fiber consists of mainly three parts, known as core, cladding and coating or jacket There are 

basically three basic types of optical fibers available:  

1. Multimode graded index fiber  

2. Multimode step-index fiber  
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3. Single-mode step index fibers.  

A multimode fiber can propagate hundreds of light modes at one time while single-mode   fibers only 

propagate one mode. Where the single-mode fibers propagate light in one clearly defined path, intermodal 

dispersion effects is not present, allowing the fiber to operate at larger bandwidths than a multimode fiber. 

On the other hand, multimode fibers have large intermodal dispersion effects due to the many light modes 

of propagations it handles at one time [4] 

 

 
Fig.5.Structure of Optical Fiber (Source: Thorlabs) 

 

Concrete  

Concrete, the most useful material in economic construction, is mixed with optical fibers is one of the most 

important civil engineering material with low cost and simple production  [5]process and second the optical 

fiber has good light guiding property which can be arrange to transmit the light and the sun light transmit 

according to predesign road without light-heat, light-electrical or photochemical process, and photo elastic 

effect which can be used to study the stress distribution of structures. 

   

 
Fig.6.Texture of translucent concrete(Source: Thorlabs) 

 

Other materials 

Materials used for the production of translucent concrete include cement, limestone powder, fine aggregate, 

recycled glass aggregate, water, Sika ViscoCrete-3088 superplasticizer, and plastic optical fibers. InSelf-

compacting mortar (SCM) mix was used in the prototyping of the translucent concrete and translucent 

concrete façade panels [6]. The SCM mix incorporated limestone powder and recycled glass aggregate (RGA) 

as 30% and 20% replacement of cement and fine aggregate, respectively.  

     

IV. METHODOLOGY 

The methodology of this study is based on experimental and analytical in which characteristics and 

applications of transparent concrete are analyzed. Used a concrete mixture containing dry optical fibers of plastic 

that were embedded within the thickness of the concrete to transmit light through it. Optical fibers are randomly 

dispersed or organized in clusters to maintain the overall structural capacity of concrete as well as allowing for 

light passage. This mix contains 96 percent concrete and 4 percent plastic-based optical fibers, which are 
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incorporated with a rapid-setting cement plus fine aggregates (including sand and stone dust). This material 

addresses the cases of application and use of transparent concrete, referring to scientific articles,experiments and 

case studies 

 

Compressive and flexural strength of transparent concrete 

Translucent concrete compressive strength is less than the reference concrete by 28 day Curing strength 

of 8-24%. On the other hand, with the increasing volume ratios of polymer Optical fibers the compressive strength 

increases. Which are, Impact of POF diameter: The translucent concrete with the polymer optical fibers with 3 

mm diameter has axial compressive strength that is slightly more than polymer optical fibers with 2 mm diameter, 

especially at low POF volume ratios. [6] 

The significance of this difference may be explained by the close distance of two mm POF islands which 

would favor macrocracks in non-drained compression. Effect of POF volume ratio on compressive strength: 

Further, the increase of the volume ratio of POF from 2 percent to four and six percent increases the compressive 

strength with a 15.99 percent rise recorded for 2 mm POF. Curing age: Similarly, curing age benefits the 

compressive strength for all specimens analyzed. As such results indicate that its possible raising the polymer-to-

cement weight ratio helps with physical properties of translucent concrete without loss of its compressive strength. 

 

 
Graphic.1. Relationship between compressive strength and the number of papers in the study 

 

The above graph compares the experiments reviewed from various research papers on transparent concrete cubes, 

where the average percentages of optical fiber content in the concrete cubes are presented. It is evident that, when 

considering the working conditions for each study case, the compressive strength varies. For instance, when 

examining the columns with a sky-blue color, which represent the compressive strength of the sample 7 days after 

the concrete has been cast, we observe that the results from different papers show varying compressive strength 

values for the samples. This variation is due to the differing working conditions used in each study. Similarly, 

there are differences in compressive strength values for the 14, 21, and 28-day curing periods.The focus of the 

analysis is placed on the results of the samples that have reached their final drying stage and achieved maximum 

compressive strength. These results are represented in the graph using orange-colored columns, corresponding to 

the 28th-day curing period. As seen in the first paper, the concrete cube from this study exhibits higher 

compressive strength compared to the experiments reported in the other papers. This higher strength can be 

attributed to the higher volume of fibers used in the sample—2%, 3%, and 4%—and the uniform arrangement of 

these fibers within the concrete matrix.The significant difference in compressive strength across studies can also 

be attributed to various factors, such as the type and diameter of the optical fibers used, the mixing and curing 

conditions, and the method of fiber placement. In engineering terms, the fiber content and its distribution are 

crucial factors influencing the microstructural integrity of the composite material, as they affect both the light 
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transmission properties and mechanical behavior. Furthermore, fiber-reinforced concrete typically shows an 

enhancement in tensile and flexural strength, along with an improved energy efficiency, making it an ideal 

material for sustainable construction.In conclusion, this comparison highlights the complex relationship between 

fiber content, placement techniques, and the resulting mechanical properties of transparent concrete. The studies 

presented underscore the need for standardized experimental conditions in order to more accurately assess the 

potential of transparent concrete as a material that balances both structural integrity and aesthetic functionality 

 

 
Graphic.2. Relationship between compressive strength and the different % of fibers in a concrete-cube 

 

In the second graph, a clear distinction is made regarding the changes in the percentages of optical fibers 

in a cubic meter of concrete, comparing the effect that increasing the fiber content has on the compressive strength 

of the material. While it is well known that glass fibers, due to their strong composite nature and high mechanical 

stability, are capable of withstanding mechanical stresses and loads, when integrated into concrete, it appears that 

their impact on compressive strength is not linear. Despite expectations that the addition of optical fibers should 

increase the compressive strength due to the inherent strength of the fibers themselves, the analysis shows that 

increasing the fiber content does not always improve the material’s mechanical performance. In fact, a tendency 

is observed where the compressive strength decreases with higher fiber percentages beyond a certain point, which 

may be related to issues of irregular distribution and dispersion of fibers within the concrete matrix.The best 

results were achieved with specimens containing 2-3% fiber content, where the compressive strength reached 

higher levels than in specimens with a higher fiber content. This can be linked to how the fibers contribute to 

improving the microstructure of the concrete: they may act as reinforcers for the bonds between the concrete 

particles, contributing to a more efficient distribution of loads. However, when the optical fiber percentage 

exceeds a certain threshold (e.g., 5%), the trend shows that they begin to have a potentially detrimental impact. 

Excessive use of fibers may result in inefficient load distribution, leading to a more brittle and less stable structure, 

which can be explained by limitations in the bonding between the fibers and other concrete components, as well 

as factors related to water absorption and distribution during the curing process.This phenomenon could be linked 

to changes in the cohesion and separation between the fibers and the concrete, negatively impacting its mechanical 

strength. In general, a fiber mixture that is too high may disrupt the optimal cohesion of the materials and cause 

unnecessary friction between the fibers and the concrete matrix, weakening the material. In conclusion, these 

results emphasize the importance of finding the optimal balance between the fiber content and the concrete 

structure in order to maximize its mechanical strength and functionality, thus helping to develop new construction 

materials that offer high performance and extended durability. 

 

V. CONCLUSION  

Transparent concrete represents a significant advancement in the field of civil engineering, offering an 

innovative solution that combines structural integrity with aesthetic appeal and energy efficiency. The integration 

of optical fibers into the concrete matrix enables light transmission while maintaining the material’s compressive 

strength, opening up new possibilities for sustainable and visually captivating architectural designs. Through this 
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study, we have explored the evolution of transparent concrete, its key applications, and its unique ability to 

contribute to the development of more environmentally conscious construction practices.The findings of the 

experimental analysis underscore the importance of fiber content, arrangement, and distribution in determining 

the mechanical properties of transparent concrete. While the addition of optical fibers contributes to light 

transmission and energy savings, the relationship between fiber volume and compressive strength is complex. In 

particular, the study suggests that the optimal fiber content is between 2-3%, where the material exhibits the 

highest compressive strength and functional benefits. As the fiber percentage increases beyond this point, the 

compressive strength tends to decrease, likely due to irregular distribution and the challenges of maintaining 

optimal bonding between the fibers and the concrete matrix.This study also emphasizes the need for standardized 

testing protocols to accurately assess the full potential of transparent concrete as a building material. Further 

research into the microstructural behavior of fiber-reinforced concrete, along with refined mixing and curing 

techniques, will be crucial in optimizing the performance of this material for widespread application. The ability 

to balance aesthetics, mechanical strength, and energy efficiency will determine the future success of transparent 

concrete in urban infrastructure projects.In conclusion, transparent concrete has the potential to reshape the future 

of construction, offering a material that is not only aesthetically pleasing but also environmentally sustainable and 

energy-efficient. Its application in building facades, flooring, and other architectural features represents a major 

step forward in integrating natural light into modern buildings, reducing reliance on artificial lighting, and 

contributing to more sustainable urban environments. As technology continues to evolve, transparent concrete is 

poised to play a pivotal role in creating structures that meet the growing demands for sustainability, innovation, 

and aesthetic value in civil engineering. 
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