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Abstract. This work is devoted to the use of load-bearing elements made
of translucent materials. To confirm the relevance of the study, regulatory
materials and similar practices of using various materials as vertical and
horizontal bearing elements were studied. Experimental experience was
conducted to identify high indicators of the required characteristics of
elements, which are considered as independent supporting structures. The
object of the research is modern translucent materials. These materials
have proven themselves as walling and auxiliary elements, their use as a
supporting structure is not so important. However, in the course of the
study it was revealed that translucent materials can be used as bearing
elements without loss of strength and stability of the structure, which
allows to visually facilitate the architectural appearance of the building.
The subject of research is the influence of translucent supporting structures
on the architectural shaping and the formation of the urban environment,
by means of using the most visually lightweight structures. As a result of
the study, it was concluded that it is possible and attractive to use
translucent structures as load-bearing elements; however, there are
drawbacks in a number of technological limitations, which directly affects
the advantage of choosing not to benefit from translucent materials.

1. Introduction
The development of science and technology, the emergence of new designs and materials
has always had a decisive influence on the architectural form. As the spread of arch and
vault structures in ancient Rome determined the architectural appearance of buildings and
structures throughout the empire for centuries, the emergence of reinforced concrete in the
19th century changed the face of world architecture, so perhaps the 21st century will
change beyond recognition.
At present, both new technologies for enhancing the mechanical properties of traditional
glass and new chemical compositions of durable translucent polymers are being introduced
into production [1].
Light transmitting building materials are the result of innovative and expensive
construction technologies. For over 50 years, concrete has been the most popular building
material. Due to its high strength, density and resistance to temperature extremes, concrete
foundations last the longest. But, this material has rather poor aesthetic indicators, which
*

Corresponding author: da945@yandex.ru

© The Authors, published by EDP Sciences. This is an open access article distributed under the terms of the Creative Commons
Attribution License 4.0 (http://creativecommons.org/licenses/by/4.0/).

E3S Web of Conferences 97, 01035 (2019)
FORM-2019

https://doi.org/10.1051/e3sconf/20199701035

significantly narrows the scope of its use in construction. To solve this problem, transparent
concrete was developed (or as it is also called light transmitting or LiTraCon). This is an
innovative material that is just beginning to conquer the market.
This modification was developed by the Hungarian architect Aron Lošonci, who
experimented with building materials. With his light hand, light-conducting concrete was
born 15 years ago [2]. Its main composition is a composite material based on cement and
fiber-optic filaments, the matrix of which is a high-strength cement mortar or concrete. A
number of optical fibers are embedded in matrix material with a specific spatial
arrangement. Unlike the transfer mechanism of organic composite materials, which is
determined by the matrix materials, the light-transmitting material relies on extensive
optical fibers that transmit light between the two sides of the blocks [3].

2. Methods
To determine the prospects for the use of the considered materials in comparison with the
traditional ones used for the elements of supporting structures, it is necessary to analyze a
number of experimental data in order to identify the necessary high indicators of the
required characteristics. For example, for translucent concrete, glass and polymer elements
- light transmitting properties and the ability to perceive high loads, respectively.
In practice, two types of optical fibers LTC are used [4]: vitreous fibers with a diameter
of 70 lm, and polymeric fibers with diameters of 1 mm and 3 mm. The fibers were
preprocessed before preparation, to make the fibers bended adequately. Textile process,
such as knitting and warp/weft yarn, was utilized to form a layered fabric. Aggregate of
self-compacting concrete was gravel with maximum size of 6 mm. The fibers were fixed in
concrete evenly. Fiber-concrete was an ideal layered composite, and between the fabrics
were the layers of concrete. The volume fraction of fiber was 3–6%. The blocks were cut
and polished after demoulding, and light transmitting concrete with different sizes could be
obtained.
There are two types of fixation methods of optical fiber fabric with the mold:
Method A: The parallel steel bars, which are in the direction of the long axis of
uncovered end, are fixed into the mold at a specific designed distance. The optical fiber
fabric is twined in bars, the bars are attached on both the bottom and the top of the mold,
and the optical fiber fabric is straightened by the bars.
Method B: Steel bars, which are in accordance with desired figures, are embedded into
the base of uncovered wooden mold. The twining optical fiber fabric can be formed in
designed shapes.
The light transmitting properties of LTC were measured by optical power meter, which
is used to measure the optical power of optical energy through optical fibers or absolute
optical power of light, and to evaluate the transmission quality of optical fibers. The
apparatus includes a stable light source, a detector and a display. The diameter of detection
surface of the detector is 1 cm. In this study, the optical power meter was used to measure
the optical power of LTC at various distances between LTC and the light source. The light
sources were white light and monochrome red light (wavelength = 633 nm).
The light transmittance of LTC was measured by an optical power meter. It should be
noticed that the detector of 1 cm-diameter-range measured the transmitted light from 1 to 4
optical fibers of the specimens. The results were given in Figs. 1 and 2, respectively. The
LTCM samples using optical fibers with diameters of 1 mm and 0.5 mm were labeled as
Sample A and B, respectively. [5].
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Fig. 1. The optical power contrast between various number of fibers under white and red light
(Sample A).

Fig. 2. The optical power contrast between various number of fibers under white and red light
(Sample B)

From Fig. 1-2, for samples A and B, it can be concluded that the optical power
decreases with increasing distance from the light source to the sample, since The number of
fibers is a determinant, regardless of white or red light. In addition, initially the optical
power for the two samples is reduced equally, and then the rate of reduction of optical
power gradually decreases and, eventually, almost becomes the same. For samples at the
same distance, the optical power gradually increases with the number of fibers in the
sample.
It should be noted that LTC, can be used in wide applications, it has excellent lighttransmitting properties, good mechanical properties and universal decorative effects.
The strength characteristics of such a material are undoubtedly greater than the
corresponding characteristics of glass, but the strength of glass can also be improved by
changing the production technology, as well as when combining it with other materials - for
example, with wood. One of such elements of the supporting structure is a composite beam.
In order to reveal the high indices of the necessary properties, an experiment was
carried out, for which composite beams and glass walls and wooden bars separately
composing them were taken as samples. All samples had a length of 1800 mm and were
subjected to 4-point bending according to EN 12150–2 [6]. The wall of the composite beam
was made of ordinary (thermally polished) glass and bonded to the wooden edges with the
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help of acrylate glue. As a result of the tests, a diagram was obtained of the dependence of
strain on load (Fig. 3).

Fig. 3. Load strain chart for:
A1-A3 - composite beam,
B1-B3 - two wooden edges;
C1-C3 - glass beams.

As can be seen from the diagram, the composite work of the elements of the hybrid
beam, connected by acryl glue, provides a solid bearing ability capable of perceiving many
times the sum of the maximum loads perceived by the two wooden edges and the glass
beam.

3. Results and Discussions
Mostly translucent concrete, glass and polymer elements used for load-bearing structures
are used in the latest architectural compositions for decorative purposes, for the realization
of bold design solutions in urban design, for creating original interior elements. Until now,
the freedom of action of design engineers, designers and artists is limited only by the high
cost. The solution to this problem will lead to the emergence of many amazing innovative
forms.
The evolution of the architectural typology of buildings and structures depends on many
factors that make up the global and local social and economic systems, which in many
respects are the engines of scientific and technological progress. And they are also the
reason for increasing the choice of innovative technological solutions for modern
possibilities of developing an optimal design solution for almost any urban planning
situations, climatic conditions and resettlement schemes.
An interesting example of using glass as a carrier element is the Pavilion Talus du
Temple near the French town of Noyers (architect Dirk Jan Postel). Part of the wall is made
of float glass panels (Fig. 4.). The wooden roof rests on them. The connection of roof and
float glass panels is made with steel corners with neoprene gaskets.
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Fig. 4. Pavilion Talus du Temple. Burgundy region - Franche-Comte, France.

305 metal columns support the frame of the glass workshop pavilion (fig. 5.), that was
built for Kanagawa Institute of Technology (Japan) by architect Junya Ishigami. The walls
and their supporting ribs are made of glass. The peculiarity of this pavilion is its high
strength, which was achieved due to the non-rigid mounting of the glass to the metal frame
- there are backlashes and gaps. These measures were taken due to the high level of local
seismicity.

Fig. 5. Workshop of the Kanagawa Institute of Technology. Kanagawa Prefecture, Japan.
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An interesting example of using the supporting translucent structures is the building of
the Podlaskie Opera and Philharmonic Theater in Bialystok, Poland, which is currently
acquiring an increasingly important role as a cultural center in the eastern part of Europe.
It seems that the building grows out of a green hill, sometimes merging with it, forming
a whole with the relief. This effect was achieved through the use of a number of interesting
architectural and design solutions. So one of the facades of the theater is completely made
of glass columns-edges and glass elements of the fencing - panels. Vertical column ribs are
presented in the form of float glass panels 2.3 m high and 10 millimeters thick. The
connection of the walls with the base and the roof is made with the help of steel corners
with gaskets made of polymeric materials.

Fig. 6. The glass facade of the building of the Podlaska Opera and Philharmonic Theater. Bialystok,
Poland.

These practical examples prove that modern glass is applicable both in compressed and
stretched structures, and even in bending structures (Fig. 7). At the moment there are
certain difficulties associated with the methods of calculating such structures, however
many research centers are working to study the behavior of glass and translucent polymeric
materials under load and are developing technologies to improve their carrying capacity.

Fig. 7. Overlapping of the corridor along the glass beams of GLASSCON GmbH.

6

E3S Web of Conferences 97, 01035 (2019)
FORM-2019

https://doi.org/10.1051/e3sconf/20199701035

The use of LiTraCon concrete has now gained wide popularity among architects both in
the field of low-rise construction and in industrial construction. Transparent concrete blocks
fit perfectly into the structure of buildings in the modern and high-tech style.

Fig. 8. Office building with walls of translucent concrete.

4. Conclusions
Translucent supporting structures that meet the requirements of modern aesthetics of urban
residential and public buildings, can give the object even greater lightness, weightlessness.
Such constructions make it possible to create an environment isolated from external space,
perceived, however, as its integral continuation.
In some cases, the use of translucent materials, in particular glass, allows the most
"painless" to include modern buildings in the existing buildings. Interesting features of such
materials are not only the ability to transmit light, but also to form on their surface multiple
highlights and reflections changing in time.
The artistic and aesthetic qualities laid down in the material determine the constant
appeal to him of architects all over the world. There are strong human associations with
such material as glass- modernity, clarity, conciseness, adaptability [7].
In this way, new durable translucent materials open up opportunities for architects.
Currently, it is technologically possible to use carrying translucent elements of only
simple geometric shapes, which limits the possibilities of architectural shaping. Buildings
and their individual fragments, designed with load-bearing structures made of various types
of glass, are now limited to modest dimensions due to the nature of the material.
The technology of interfacing elements with each other makes it extremely difficult to
use curved shapes. However, technical progress in the near future may make it possible to
use complex glass shells, bionic translucent polymer structures, etc., which may entail
revolutionary changes in world architecture.
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