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ABSTRACT

In an era where architectural designs are intertwined with concepts
like aesthetics, energy efficiency, and creativity, transparent
concrete provides architects and engineers with a tool that meets
both practical and aesthetic needs. This technology, introduced in
the early 2000s, is now utilized in various projects, ranging from
interior design and building facades to public infrastructure. Given
the rapid growth of urbanization and the increasing demand for
smart and sustainable buildings, transparent concrete has the
potential to become one of the key elements of modern
construction. This article delves into this innovative material,
examining its history and features, applications, and challenges,
and analyzing its impact on the future of architecture and
engineering. Transparent concrete, or light-transmitting concrete, is
a remarkable innovation in architecture and civil engineering that
challenges the traditional notion of concrete and opens new
frontiers in design and construction. Concrete, which is primarily
known for its hardness, strength, and lack of transparency, has now
been transformed into a material that can transmit light by
incorporating optical fibers or transparent materials.
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1. Introduction

Transparent concrete was first introduced by Hungarian architect Aron Losonczi in 2001.

He developed this material with the aim of creating an artistic and practical combination of

concrete and optical fibers. This invention quickly caught the attention of the architectural

and engineering community and has been improved and utilized in various projects in recent
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years. Transparent concrete, as one of the remarkable advancements in the construction and
architecture industry, has a relatively short but highly impactful history. This material was
introduced for the first time in the early 2000s and quickly found a special place in innovative
projects. The first steps: The invention of transparent concrete by Aron Losonczi In 2001,
Aron Losonczi, a Hungarian architect and designer, developed the first prototype of light-
transmitting concrete. He created this material by combining regular concrete with optical
fibers and named it "LiTraCon," short for Light-Transmitting Concrete. This innovative idea
aimed to create a hard and durable building material that could allow light to pass through.
Losonczi’s patent and his introduction of it to the architectural community revolutionized the
way concrete was used. His product attracted a lot of attention from architects and designers
due to its ability to transmit light and create beautiful visual effects. In those early years,
prototypes of transparent concrete were showcased at architectural exhibitions and received
widespread acclaim. Development and expansion in the following years after the initial
success, the idea of transparent concrete was developed by other companies and researchers.
Manufacturers of building materials around the world began investing in this area to bring
transparent concrete into mass production. In this process, newer technologies were
introduced to enhance quality, reduce costs, and improve the transparency of concrete. One of
the key advancements during this period was the use of transparent plastic fibers instead of
traditional glass fibers. This change reduced production costs and increased design flexibility.
Additionally, the use of modern technologies like 3D printing and digital design opened up
the possibility of producing transparent concrete in various shapes and sizes. The first
practical projects with transparent concrete In the initial years, transparent concrete was
mostly used in demonstrative and experimental projects. For example: In 2024, several
buildings in Europe and Asia utilized this material in their facades and interior designs.
Transparent concrete captured attention at architectural exhibitions like the Venice Biennale
and was introduced as a forward-looking material in the industry. In urban projects like
bridges and illuminated walls, this material was used to create beauty and innovation. Entry
into the global market and widespread acceptanceBy the late 2010s, transparent concrete
evolved from a luxury and expensive technology into a practical and usable product. With
advancements in technology and reduced production costs, the use of this material in various

projects, including interior architecture, building facades, and urban elements, increased.
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e The historical impact of transparent concrete

Transparent concrete symbolizes progress in materials science and architecture,
challenging the traditional limitations of concrete. This material, combining two opposing
characteristics—hardness and transparency—not only enhances aesthetics in buildings
but also paves the way for more sustainable and efficient designs. Overall, the history of
transparent concrete signifies the impact of innovation in the construction industry and

highlights the high potential of this material to shape the future of architecture.

o Composition and structure of transparent concrete

e Transparent concrete consists of two main components:

Concrete matrix: This includes cement, sand, aggregates, and water, which form the base
of the concrete. Optical fibers or clear glass: These materials are embedded in the
concrete and are responsible for transmitting light from one side to the other. Optical
fibers are uniformly distributed throughout the entire volume of concrete to provide
clarity and proper light distribution. These fibers transmit natural or artificial light
through refraction and reflection to the other side of the concrete, giving it a transparent
quality. Transparent concrete, also known as light-transmitting concrete, is made from a
clever mix of traditional concrete materials and transparent elements like optical fibers.
This combination allows the concrete to maintain its mechanical properties while also

having the ability to transmit light from one side to the other.
2. Main components of transparent concrete
e Transparent concrete consists of two main parts:
2.1. Concrete matrix
- Cement: as the main adhesive, it is the material that binds the components together.

- Sand and aggregates: these materials are used to create mechanical strength and must be
chosen to be compatible with optical fibers.

- Water and additives: water and additives like plasticizers are used to create the right mix

and improve the properties of the concrete.
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2.2. Optical fibers or transparent materials

- Optical Fibers: Clear strands made of glass or polymer that transmit light through

internal reflection.

- Clear glass or transparent plastics: in some versions, instead of optical fibers, layers of

clear glass or plastic are used.

Transparent concrete is a combination of traditional concrete materials and innovative
transparent elements that work together to allow light to transmit from one side to the other.
This material consists of two main parts: the concrete matrix and transparent materials (like
optical fibers). Next, we will take a closer look at the main components of transparent
concrete.The concrete matrix acts as the structural and foundational component of transparent

concrete and consists of the following materials:
A. Cement

- Ordinary Portland cement is typically used as the main binding material in transparent

concrete.
- The quality of the cement must be high to ensure the strength and durability of the concrete.
B. Sand and Aggregates

- Fine and uniform sand and aggregates are used to make the surface of the concrete smooth

and homogeneous.

- The size of the aggregates should be small to create a better combination with the optical
fibers.

C. Water

- The water used should be clean and free of impurities to ensure the quality and performance

of the concrete.

- The water-cement ratio (W/C) should be precisely adjusted to achieve the desired strength

of the concrete.
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Admixtures

- Chemical admixtures such as plasticizers or water reducers are used to improve the

workability and ease of mixing of the concrete.

- These admixtures can also enhance properties like reducing shrinkage or increasing the

durability of the concrete.
Transparent Materials (Optical Fibers or Clear Glass)

The transparent materials that are the main agents of light transmission in transparent

concrete typically consist of optical fibers or clear glass:
A. Optical Fibers

- Optical fibers are made of glass or transparent plastic that transfer light through internal
reflection to the other side of the concrete.

- These fibers are evenly and regularly distributed in the concrete to provide light

transmission throughout the entire volume of the concrete.

- The diameter of the optical fibers is usually between 0.2 to 2 millimeters.

B. Clear Glass or Transparent Plastics
- In some versions, thin layers of glass or plastic are used instead of optical fibers.

- These materials can not only transmit light but also create special visual effects like

reflection or light scattering.

How to Combine Concrete and Optical Fibers?

To create light transmission properties, optical fibers are evenly and regularly placed within

the volume of the concrete. This arrangement is carried out in two main methods.



88 J. Chem. React. Synthesis 2024: 14(2) 83-96

Layer method

* Optical fibers are placed in layers within concrete molds. Then, the concrete mix is poured

over each layer and compacted.
Uniform distribution method

Optical fibers are distributed randomly but at a specified density throughout the entire
volume of concrete. This method is suitable for applications where light transmission in all
directions is important. The process of combining concrete and optical fibers is one of the key
stages in producing transparent concrete. This process must be carried out meticulously to
ensure that the final mixture has both high mechanical strength and excellent light
transmission properties. The steps and methods for combining concrete and optical fibers are

explained below.

3. Preparation of raw materials

e Concrete matrix:

» The raw materials include cement, sand, fine aggregates, and water prepared in specific

ratios.

* The aggregates should be uniform and small to blend well with the optical fibers.
* Optical fibers:

* The optical fibers are made from glass or transparent plastic.

* The diameter of the fibers usually ranges from 0.2 to 2 millimeters. The length of the fibers
is determined based on the thickness of the concrete.

4. Designing a suitable mold

» The molds are designed so that the optical fibers are placed accurately and orderly within

the concrete.

* The fibers can be embedded in the concrete mold in two ways:
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a. Layer method: The fibers are placed in rows and parallel in the mold.

b. Uniform distribution method: The fibers are spread randomly but at a specified density

inside the mold
5. Embedding Optical Fibers in the Mold

* Optical fibers are arranged in a specific number and desired order inside the mold.

* The ends of the fibers are secured at the surface of the mold to prevent movement during

the pouring of concrete.
6. Pouring the Concrete Mixture

* The concrete mixture is added to the mold carefully so that the optical fibers are well

embedded in the concrete.

* During the pouring of the concrete:

* Vibrators or compaction tools are used to remove air bubbles.

» The compaction of the concrete should ensure complete contact with the optical fibers.
7. Compaction and Density of the Concrete

» The mold containing the concrete and fibers undergoes a compaction process to solidify the

final mix.

» Compaction ensures that the fibers are stably positioned in the concrete with no cracks or
voids left behind.

8. Curing the Concrete

* The poured concrete must be cured for a specified period to achieve full strength.

* At this stage, the optical fibers integrate with the concrete, stabilizing the light transmission

properties.
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9. Final Finishing

* After drying and curing, the molds are removed, and the surface of the concrete is smoothed

and polished.
* The ends of the optical fibers may be finished or cut to create desired light patterns

e Methods of Distributing Optical Fibers in Concrete

e Uniform Distribution:
- Optical fibers are spread out randomly throughout the concrete volume.

- This method is suitable for creating transparent concrete with the ability to transmit light

across the entire surface.
e Linear or Patterned Layout:

- Fibers are arranged systematically in specific patterns, like parallel lines or artistic

designs.
- This method allows for creating unique lighting designs.

e Challenges and Key Points in Combining Concrete and Optical Fibers

o Stability of Optical Fibers:

- Fibers must be securely fixed inside the mold to prevent them from moving during the

pouring or compacting of concrete.
o Eliminating Air Bubbles:

- Air bubbles can disrupt light transmission, so using vibration and proper compaction is

essential.
e Adjusting Fiber Density:

- The density and number of optical fibers must be such that both optimal transparency

and concrete strength are maintained.
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e Maintaining Surface Uniformity of Concrete:

- The surface of the concrete must be completely even and smooth so that the fibers blend

well with the concrete.

e Structure of Transparent Concrete

e The structure of transparent concrete consists of two main parts:

- Concrete Core: The matrix part of the concrete responsible for mechanical strength and
structural stability.

- Light Pathways: Channels created by the optical fibers responsible for light
transmission. These pathways can be designed in parallel or intersecting patterns to create

specific light designs.

- Optical Fibers: Thin strands of clear glass or plastic capable of transmitting light
through internal reflection.

- Diameter of the fibers: Typically ranges from 0.2 to 2 millimeters.

- Arrangement: Fibers are embedded uniformly or in specific patterns within the concrete.

Structural features of translucent concrete

A. Concrete Core

* The main core of translucent concrete is made from a dense concrete matrix that ensures the

mechanical strength and durability of the structure.

» Choosing high-quality materials for this section is crucial so that translucent concrete can
effectively perform its structural duties.

B. Light Paths

* Light paths are created by optical fibers embedded within the concrete.

* These paths allow light to pass from one side of the concrete to the other.
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* Fibers can be installed either directly (for linear light transmission) or with specific patterns

(to create visual effects).
C. Concrete Surface

* The surface of translucent concrete is usually smooth and polished to allow light to

effectively enter and exit the fibers.

* In some cases, the surface of the concrete may be enhanced with special finishes to create

specific visual effects.

Structure of Optical Fibers in Translucent Concrete
10. Uniform Arrangement

* Optical fibers are distributed uniformly throughout the entire volume of the concrete.

» This type of structure is suitable for projects that require consistent light transmission across
the concrete

Pattern Layout

* The fibers are embedded in specific patterns like parallel lines, geometric shapes, or artistic

designs.

« This structure is used for artistic designs and specific architectural facades.
Fiber Density

* The density of optical fibers varies depending on project needs.

* High density: for greater clarity and stronger light transmission.

» Low density: for more strength and gentler light passage.

Mechanical and Optical Properties of Transparent Concrete

a. Mechanical Strength



J. Chem. React. Synthesis 2024: 14(2) 83-96 93

* Transparent concrete is similar in strength and durability to regular concrete due to the use

of a strong concrete matrix.

» Using fine aggregates and high-quality cement ensures the concrete's strength.
b. Transparency and Light Transmission

* Optical fibers play a key role in light transmission within the concrete.

» Transparent concrete can transfer natural or artificial light from one side to the other

without significantly reducing structural strength.

11. Composition Ratios of Transparent Concrete

The composition ratios of transparent concrete may change based on the project and design

needs. Typically:
* Optical fibers make up about 4 to 5 percent of the total concrete volume.

« Finer aggregates: smaller-sized aggregates are usually used to provide a smoother surface

for mixing with the fibers.

 Concrete matrix: makes up the rest of the concrete volume and should have appropriate

strength and durability
11.1. Features of Transparent Concrete

* Light Transmission: Transparent concrete can transmit between 3 to 8 percent of light,

depending on the type and density of the optical fibers.

« High Strength: Despite its transparent appearance, light-transmitting concrete has

mechanical resistance similar to that of regular concrete.

* Aesthetic and Functional Design: Transparent concrete can give a modern and attractive

vibe to spaces.
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+ Stability in Various Environmental Conditions: This concrete is resistant to temperature

changes, humidity, and weather conditions.
11.2. Production Process of Transparent Concrete
The production of transparent concrete includes the following steps:

a. Preparing Suitable Molds: Optical fibers are placed layer by layer or individually in

concrete molds.

b. Pouring the Concrete Matrix: The concrete mixture is poured into the molds, surrounding

the optical fibers.

c. Compaction and Curing Process: The concrete is subjected to appropriate pressure and heat

to achieve final strength.

12. Applications of Transparent Concrete
Due to its unique features, transparent concrete is used in various projects:
12.1. Interior Architecture

* Transparent partition walls

* Luminous stairs

* Decorative flooring

12.2. External Architecture

* Building facades that allow light to pass through

* Urban decorative elements

* Covering tunnels and bridges

13. Sustainable Design

* Reducing energy consumption by utilizing natural light
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* Improving indoor lighting during the day

Advantages of Transparent Concrete

1. Aesthetics: Creating unique visual effects.

2. Reduced Energy Consumption: Using natural light for illumination.
3. Durability and High Resistance: On par with traditional concrete.

4. Security: Used in public spaces to combine beauty and strength
14. Limitations and Challenges

* High production costs: due to specific raw materials and complex technology.
* Heavier than regular concrete: because of fiber density.

* Need for technical expertise: for proper design and installation.

The Future of Transparent Concrete

With advancements in technology and decreased production costs, transparent concrete
could gain a more prominent place in the construction industry. Combining this material with
modern technologies like artificial intelligence and the Internet of Things (loT) enables the

development of smart and sustainable buildings.
Conclusion

Transparent concrete is a symbol of the convergence of beauty, functionality, and
technology that could bring about a major transformation in architecture and engineering.
With increasing public awareness and investment in this area, this material could become one

of the key components of construction projects in the future.
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