Architectural Studies Volume 10, No. 2

p s l. \ International Journal
i~ ] about Architecture
A '!-!!!!!'_
UDC 69

DOI: 10.56318/as/2.2024.25

Serhii Pavlovskyi

PhD in Engineering, Associate Professor

O.M. Beketov National University of Urban Economy in Kharkiv
61002, 17 Marshal Bazhanov Str., Kharkiv, Ukraine
https://orcid.org/0000-0002-9891-2133

Andriy Redko

Doctor of Engineering, Professor

O.M. Beketov National University of Urban Economy in Kharkiv
61002, 17 Marshal Bazhanov Str., Kharkiv, Ukraine
https://orcid.org/0000-0003-2331-7273

Oleksandr Gvozdetskii

PhD in Engineering, Associate Professor

0O.M. Beketov National University of Urban Economy in Kharkiv
61002, 17 Marshal Bazhanov Str., Kharkiv, Ukraine
https://orcid.org/0000-0001-5590-4689

Yurii Chaika

PhD in Engineering, Professor

0O.M. Beketov National University of Urban Economy in Kharkiv
61002, 17 Marshal Bazhanov Str., Kharkiv, Ukraine
https://orcid.org/0000-0003-1021-4662

Serhii Alforov

Postgraduate Student

O.M. Beketov National University of Urban Economy in Kharkiv
61002, 17 Marshal Bazhanov Str., Kharkiv, Ukraine
https://orcid.org/0000-0003-3451-1004

Designing infrastructure facilities using modern building materials

Abstract. Infrastructure facilities play a key role in meeting the vital needs of society and economic development.
Designing such facilities is becoming increasingly challenging, as it requires a combination of innovative technologies,
environmental friendliness and consideration of potential risks. The purpose of the study was to investigate the
impact of modern building materials on the quality, sustainability, and efficiency of infrastructure facilities. This study
involved a thorough examination of different types of building materials, a literature review of scientific sources, an
assessment of the strength and environmental friendliness of materials, testing of their durability, and an analysis of
their aesthetic appeal. The analysis revealed that the process of selecting building materials had a significant impact
on the efficiency, durability, and sustainability of the infrastructure facility. It was noted that the correct choice of
materials helps to achieve an optimal balance of these characteristics, which is key to ensuring the durability and
reliability of the structure. The study looked at the use of high-strength steel structures, energy-efficient insulation
materials and innovative technologies to increase resistance to various hazards such as earthquakes and fires. The
paper presented the methods and steps used in the design of infrastructure facilities with modern building materials in
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L ¢ Designing infrastructure facilities using modern building materials

mind. The importance of sustainability in the construction of infrastructure facilities was also described, highlighting
the need to use environmentally friendly materials and technologies with minimal environmental impact. Achieving
sustainability, energy efficiency and environmental sustainability in construction were recognized as key challenges in
the modern construction industry. The study concluded that a balanced approach to the selection of building materials
and technologies is needed to create infrastructure facilities that meet the requirements of sustainable development
and environmental protection. The practical significance of this study is that it provides specific recommendations for
the selection of modern building materials and technologies for the optimal design and construction of infrastructure
facilities that meet the requirements of efficiency, sustainability and environmental friendliness

Keywords: innovative structures; fire resistance; energy efficiency; strength; design; reinforced concrete

INTRODUCTION

Given the constant development of technology and grow-
ing demands on the efficiency and sustainability of struc-
tures, the design process is becoming increasingly complex
and requires an integrated approach. The use of modern
building materials plays a key role in the process of cre-
ating infrastructure facilities that meet modern standards
of quality, efficiency and environmental friendliness. The
latest construction materials help to achieve high quality
and reliability of structures, ensure optimum efficiency in
the use of resources and energy, and reduce the negative
impact on the environment. Such materials allow for the
design and construction of buildings that meet modern
construction requirements, ensuring a high quality of life
and comfort for users and maximum preservation of nat-
ural resources for future generations. In this context, it is
important to consider the selection and use of materials
that ensure structural reliability, operational efficiency
and compliance with environmental criteria. The constant
development of technology and the expanding range of
building materials require research to determine the best
solutions in the use of materials and technologies. These
solutions must ensure the highest quality of structures,
minimal environmental impact and compliance with mod-
ern sustainability standards. The purpose of such research
is to provide better solutions to the problems associated
with the design and construction of infrastructure facilities
in the modern world.

The topic of research on the use of modern building
materials in the design of infrastructure facilities attracts
the attention of many scientists and practitioners in the
construction industry. The study by T. Serdiuk et al. (2021)
focuses on the use of energy-efficient materials in construc-
tion to ensure the sustainability and efficiency of facilities.
O. Chapiuk et al. (2021) study the impact of steel structures
on the stability and strength of infrastructure structures
in earthquake zones. O. Fomin et al. (2022) investigate the
use of composite materials to improve the efficiency and
reduce the weight of structures. F. Jalaei et al. (2021) an-
alyse the possibilities of using alternative building mate-
rials to reduce the environmental impact of construction.
X. Wang et al. (2022) consider new methods and technolo-
gies to improve the energy efficiency of building materials.
S. Shi et al. (2022) investigate the optimal combination of
materials and structures to achieve maximum strength and
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efficiency. A. Ustaoglu et al. (2021) examine the impact of
sustainability of building materials on the carbon footprint
of construction and the ability to reduce greenhouse gas
emissions. S.K. Baduge et al. (2022) analyse the use of in-
telligent control systems to optimize construction process-
es and material use. K.S. Pribadi et al. (2021) focus on the
development of new methods and technologies to improve
the safety and resilience of building structures in response
to various hazards. However, there are gaps in understand-
ing the optimal strategies for the selection and use of ma-
terials, as well as the need for further research on the im-
pact of these materials on the resilience of infrastructure
facilities in different operating conditions. That’s why the
purpose of the study was to assess the impact of modern
building materials on the operational characteristics of in-
frastructure facilities.

MATERIALS AND METHODS

This study is based on an analysis of the construction ma-
terials and infrastructure used in Ukraine. Kharkiv Railway
Station and Yevhen Paton Bridge (Kyiv) were chosen as
the objects under study. The study has thoroughly exam-
ined various types of construction materials such as clay
brick, wood, stone and high-strength steel. Each of these
materials was examined in detail to determine their char-
acteristics and possible applications in a particular project.
A literature analysis of scientific sources on the chosen
research topic was also conducted to obtain data on the
actual behaviour and characteristics of various materials.
This information helped to make an informed choice and
identify the advantages and disadvantages of each of them
for further use in the project. As part of the study, each
building material was assessed for key characteristics such
as naturalness, strength, aesthetic appearance, durability
and environmental friendliness.

When assessing the naturalness of a material, its en-
vironmental impact was taken into account, as well as its
origin and recyclability. The environmental sustainability
of the material and its impact on the ecosystem were ana-
lysed. In addition, the authors of this study assessed pro-
duction processes and selected raw materials with minimal
negative impact on the environment. The possibility of us-
ing recycled materials or recycling the material was consid-
ered to minimize waste and conserve resources.



When assessing the strength of a material, the authors
of this study evaluated its ability to withstand loads, which
is a key factor in its performance. Various testing methods
were used to determine the strength of the material in re-
al-world conditions. Parameters such as tensile strength,
degree of deformation, abrasion resistance and other char-
acteristics that affect the material’s ability to perform in
conditions where high strength and reliability are required
were analysed. The formula for calculating the load was as
follows (1):

P = Smax (1)

max SF ’

where P__ - the maximum load (kg/m?); S - maximum
material strength (MPa); SF — safety margin.

Calculating the wall thickness using the formula for
material resistance (2):

ot

where R — material resistance (N); o — material strength
(MPa); t — material thickness (m); F - safety factor.

The dead weight of the carriageway (3):

GG=width-height - tare weight. 3)
Payload (4):
Q=width - payload. 4
Wind load (5):
W=width-wind load. (5)
Snow load (6):
S=width - snow load. 6)

Total load on the bridge (7):
P=G+Q+W+S. (7
Reaction in each column (8):

P

R = fember of cotumns ®

When assessing the aesthetic appearance of a materi-
al, the authors of this study evaluated its visual appeal and
compliance with the architectural intent. The characteris-
tics that affect the overall appearance of a structure or ob-
ject, such as harmony with the environment, architectural
style and design intent, were considered.

When assessing the durability of a material, the au-
thors of this study analysed its resistance to wear, ageing
and external factors. The assessment included an analysis
of the material’s response to various wear agents, such as
friction, impact, corrosion, abrasion and other mechani-
cal or chemical influences. The authors of this study also
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assessed the material’s resistance to changes in climatic
conditions, ultraviolet radiation, temperature, humidity,
and other external factors that can affect its physical and
chemical properties over a long period of operation. Then
the possibility of maintaining or restoring the material’s
characteristics over time, which is important for predicting
the service life of the structure or object in which it is used,
was considered.

When assessing the environmental friendliness of a
material, the level of damage it can cause to the environ-
ment during its life cycle was determined. All stages of the
material’s life cycle were analysed, from raw material ex-
traction to production, transportation, use, and recovery
or recycling. The energy and environmental efficiency of
production processes, emissions, waste generation, and
the impact on water resources, soil, and air were taken into
account. The possibility of using recycled materials or re-
cycling the material to reduce the environmental impact
was also assessed. The analysis was carried out in the con-
text of the material’s compliance with the requirements of
sustainable development and conservation of natural re-
sources.

RESULTS

Construction, as an industry of material production, plays
an important role in the development of infrastructure and
shaping the face of cities and villages. It covers a wide range
of activities, including new construction, reconstruction,
repair, and restoration of buildings and structures. How-
ever, the economic reforms taking place in Ukraine have
brought about significant changes in this sector. One of the
key trends that defines the current state of construction in
Ukraine is the rapid growth of new construction, especial-
ly in cities and their surroundings (Bannikov et al., 2022).
This growth is driven by the increasing demand for new
residential and commercial space arising from population
expansion and business development. In this regard, con-
struction companies are actively expanding their opera-
tions and investing in new projects. However, this growth
has also been accompanied by increased competition and
higher demands on the quality and efficiency of construc-
tion projects. In 2024, the use of advanced technologies
and materials will become increasingly important as they
not only ensure the high quality of buildings, but also con-
tribute to energy efficiency and environmental friendliness
of construction. Thus, the construction industry in Ukraine
is undergoing a period of intense change, driven by eco-
nomic reforms and growing demand for housing and com-
mercial space. To ensure the successful development of the
industry, it is necessary to improve technologies, enhance
the quality of construction projects and take into account
the environmental aspects of construction (Table 1).

Table 1. Integrated materials for modern infrastructure

The design stage Type of material

Composite panels

Exterior of the facility

Properties
High strength, lightweight

Purpose

Plannin
g Steel structures

The basis of the building

High strength, corrosion resistance
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Table 1. Continued

The design stage Type of material Purpose Properties
. Double-glazed windows Windows and facades High thermal insulation, noise insulation
Design Solar panels Energy supply Renewable energy, reducing energy costs
Concrete blocks Walls and partitions Durability, fire resistance
Construction Environmentally friendly . Environmental friendliness
insulation materials Insulation and energy efficiency
LED lighting Interior lighting Energy efficiency, service life
Completion Water treatment systems Waste water treatment Cleaning efficiency and environmental

friendliness

Source: compiled by the authors

The Table 1 allows systematizing information about
the use of different materials at different stages of the de-
sign and construction of an infrastructure facility. In con-
struction, the choice of materials plays a crucial role in
achieving a balance between various parameters such as
quality, durability, environmental friendliness and cost-ef-
fectiveness. Thanks to advances in science and technology,
modern building materials offer a wide range of options to
achieve these goals (Lam et al., 2023).

One of the key aspects of choosing materials is their
properties. Steel, for example, is renowned for its high
strength and long service life, making it a popular choice
for structural applications. Concrete also plays a central
role in construction due to its ability to be easily moulded
and its high strength, which allows for stable and reliable
structures. In addition, glass is widely used in construction
as a material for windows, facades and interiors, due to its
transparency and aesthetic appearance, which adds to the
attractiveness and functionality of buildings. However, the
choice of materials is not limited to their physical charac-
teristics. It is also important to consider the environmental
aspect. The use of environmentally friendly materials and
technologies helps to reduce the environmental impact of
construction and conserve natural resources. Clay brick,
wood and stone are building materials that are natural, du-
rable and aesthetically pleasing. Clay bricks are made by
firing clay and have high strength, durability and fire re-
sistance, making them a popular material for construction.
Wood is known for its natural beauty, warm appearance
and renewability as a resource, and is used to create a com-
fortable and cosy environment in buildings. Stone, on the
other hand, has unsurpassed strength, fire resistance and
a unique look that makes a building aesthetically pleasing
and reliable. These materials also meet the requirements of
environmental friendliness, as they are natural and do not
harm the environment during production.

For example, in 2024, composite materials are of great
interest, as they can be more resistant to corrosion and
have a longer service life, while having less negative impact
on the environment. At the same time, cost-effectiveness is
also important when choosing materials. In addition to the
cost of the material itself, it is worth considering its trans-
portation, installation, and maintenance costs throughout
its lifetime. This can include an analysis of the service life,
maintenance requirements and recyclability of materials,
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which can reduce costs and increase economic benefits in
the future. Thus, the choice of materials in construction is
a complex task that requires careful analysis of various fac-
tors. Considering quality, durability, environmental friend-
liness and cost-effectiveness, it is possible to ensure the
optimal choice of materials for construction projects that
meet the needs of modern society and the requirements of
sustainable development.

Built in the 20™ century, Kharkiv Railway Station is
known for its high modernity and popularity among other
Ukrainian railway stations (Dreval et al., 2024). It is fasci-
nating not only for its enormous size and practicality, but
also for its unique architectural style, which combines el-
ements of classicism with modern trends. This building
serves as an excellent example of the successful use of the
latest building materials and advanced technologies in in-
frastructure construction (Fig. 1).

Figure 1. Kharkiv railway station
Source: Kharkiv Railway Station (n.d.)

The modern construction materials used in the con-
struction of Kharkiv Railway Station are represented by
a variety of high-quality components. High-strength
steel is a material characterized by high strength, usual-
ly in the range of 500 to 700 megapascals (MPa). Its high
strength allows it to withstand significant mechanical
loads without serious deformation or fracture. In addi-
tion, high-strength steel is highly resistant to corrosion,
making it an effective material for use in environments
where there is interaction with moisture or chemically



aggressive environments. This ensures the durability of
structures made of high-strength steel, which can ex-
ceed 100 years. This steel is perfect for building durable
and reliable structures. High-strength steel was used for
the load-bearing structures and the roof of the station,
providing strength, corrosion resistance and durability.
This material made it possible to create spacious waiting
rooms, platforms and other premises, taking into account
their resistance to loads. The maximum load on the roof
of the station using high-strength steel was calculated
using the formula for calculating the maximum permis-
sible load on a structure (1). Substituting the permissible

value: P, = SOOZMPa = 250 MPa. Thus, the maximum load
that high-strength steel can withstand with a given safety
margin is 250 kg/m?.

The facade of the station is made of stone and brick,
which reflects its monumental appearance and provides
high resistance to weathering. The material has a strength
in the range of 10 to 20 MPa, which corresponds to the aver-
age values for stone and brick. The thickness of the facade
walls ranges from 500 to 600 mm. These characteristics, to-
gether with the aesthetic appearance, create a reliable and
attractive appearance of the station. To calculate the wall
thickness using formula (2), the average material strength
6=15 MPa and wall thickness t =550 mm (average value)
should be used for the material resistance. The safety fac-

tor F=2.R = 22MPa0ssm _ 8;—5. Therefore, the material re-

sistance R=412.5 1\21

Wood is used for interior decoration and furniture
making, adding cosiness and comfort to the room. Wood
has a strength of 5 to 10 MPa, depending on its type and
quality. This means that wood can withstand a certain
load without breaking or deforming. Wood has a cosy and
comfortable look that adds warmth and natural beauty to
the room. Its natural texture and colour create an atmos-
phere of cosiness and luxury. Wood can last from 50 to
100 years, depending on the conditions of use, treatment,
and care. Proper maintenance can significantly extend its
service life, ensuring long-lasting comfort and aesthetic
appearance of the interior. The innovative technologies
used in the construction of Kharkiv Railway Station re-
flect the modernity and progress in the construction in-
dustry. Reinforced concrete structures formed the basis
for creating spacious waiting rooms and platforms, pro-
viding the station with resistance to significant loads. The
high-strength steel frame provides not only strength but
also resistance to wind and snow. Modern heating, ven-
tilation and air conditioning systems provide comfort-
able conditions for passengers at any time of the year,
maintaining the optimum temperature and humidity.
The station’s electric lighting is based on energy-saving
technologies, making it more environmentally friendly
and efficient. The station is also equipped with modern
information systems that provide passengers with access
to train timetables, ticket availability information and
other useful services, increasing the level of comfort and
convenience for all users.
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High-strength steel structures play a crucial role in
construction, ensuring the stability, reliability, and effi-
ciency of facilities. Their use has become an important step
in the development of the construction industry, ensuring
a high level of safety and durability of buildings. Steel is a
material with high strength and durability, which allows for
the creation of structures with high loads and at the same
time ensures their stability even in the most difficult con-
ditions. Steel structures are known for their quick instal-
lation and easy modification, which makes them efficient-
ly used in any construction project and reduces the time
required to complete the work. In addition, steel is highly
resistant to various hazards, such as fire and earthquakes,
making it an indispensable material for the construction
of structures subject to safety and reliability requirements.
It is also worth noting the environmental friendliness of
high-strength steel structures. The use of steel in construc-
tion helps to reduce the environmental impact as it can be
recycled and reused, reducing waste and contributing to
sustainable development. This approach helps to conserve
natural resources and reduce the negative impact of con-
struction on the environment, in line with modern require-
ments for sustainable development and environmental
protection. In light of the growing need for sustainable, safe
and efficient building solutions, high-strength steel struc-
tures remain an integral part of modern construction. Their
importance lies in ensuring the reliability and stability of
buildings in all conditions, making them an indispensable
element in the construction of the future (Tong et al., 2021).

Yevhen Paton Bridge in Kyiv is one of the oldest and
most famous bridges in Ukraine (Fig. 2). It was completed
in 1953 and, at that time, was one of the longest welded
bridges in the world. The Paton Bridge is an excellent ex-
ample of how modern steel can be used to create strong,
reliable and aesthetically pleasing infrastructure. About
28 thousand tonnes of St3SP steel were used in the con-
struction of the bridge. This steel is known for its high
strength and resistance to corrosion, making it an ide-
al material for structures that are subject to significant
loads (Lobanov et al., 2021). The use of modern steel has
made it possible to create a strong and reliable bridge that
can withstand significant loads. Thanks to this, the Paton
Bridge has remained one of the most important transport
arteries in Kyiv for many years. The use of modern steel in
the construction of the Paton Bridge has brought a number
of benefits, including increased strength and stability. The
bridge can withstand significant loads and vibrations, mak-
ing it safe to operate for many years. Reduced weight: due
to its lightweight construction, the bridge required fewer
materials and energy to build, making it more environmen-
tally friendly. Increased durability: modern steel is resist-
ant to corrosion and other types of damage, which signif-
icantly increases the service life of the bridge. Aesthetic
appeal: the elegant design of the bridge makes it not only
functional but also visually appealing. It is important to
note that the Paton Bridge was built in 1953, when bridge
construction technologies were significantly different
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from todays. However, this bridge is an excellent example
of how modern steel can be used to create a strong, relia-
ble and aesthetically pleasing infrastructure.

Figure 2. Yevhen Paton Bridge
Source: N. Shakilov (2013)

The unladen weight of the carriageway (denoted as G)
is calculated using formula (3), which takes into account
the width, height, and density of the material. In this case,
G=10m-0.4 m-28 t/m®= 112 t. The payload (denoted as Q)
is calculated using formula (4), which considers only the
width of the carriageway and the value of the payload. As
a result of the calculations, Q=10 m- 20 t/m =200 t/m. The
wind load (denoted as W) is calculated using formula (5),
which considers the width of the carriageway and the val-
ue of the wind load. As a result, W=10 m-2 t/m =20 t/m.
The snow load (denoted as S) is calculated using formula
(6), which also considers only the width of the carriageway
and the value of the snow load. The result of the calcu-
lation is S=10 m- 1.5 t/m =15 t/m. The total load on the
bridge is calculated using formula (7), which sums the dead
weight, payload, wind, and snow loads. As a result of the
calculations, P=112 t/m + 200 t/m + 20 t/m + 15 t/m = 347
t/m. The reaction in each column (denoted as R) is cal-
culated using formula (8), which divides the total load by
the number of columns. After performing the calculations,
R =270 - 8675 t/m.

In construction, where the demand for materials with
high strength and lightness is constantly growing, steel
composites are becoming an interesting solution for many
projects. These materials combine the advantages of steel
with the properties of other composite materials, which
opens up great opportunities for creating the most durable
and lightweight building structures. One of the main ad-
vantages of steel composites is their high strength (Sajan
& Selvaraj, 2021). Due to the unique combination of steel
with other lightweight and strong materials, such as glass
fibre or carbon fibre, composite materials provide high
stability and durability of structures with minimal weight.
This reduces the weight of building elements, which is
particularly important in the case of large structures or in
environments with limited ground loads. The use of steel
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composites helps to improve the efficiency of the construc-
tion process, reduce transportation and installation costs,
and ensure that structures are more resistant to various
environmental influences. In addition, steel composite
materials are highly flexible and have a high degree of cor-
rosion resistance. This makes them an ideal choice for con-
struction in aggressive environments or in areas with high
levels of humidity. Such materials ensure the durability and
reliability of structures even in the most difficult operating
conditions. They can successfully withstand extreme con-
ditions and ensure the stability of building structures over
time, making them an attractive choice for a wide range of
projects and applications. The use of steel composites in
construction opens up wide prospects for creating innova-
tive and sustainable structures. They allow for the realiza-
tion of even the most complex design ideas and ensure a
high level of safety and reliability of structures. Therefore,
the use of steel composite materials in construction is a
reasonable step towards achieving sustainable, innovative
and efficient construction projects.

In light of the growing awareness of environmental
issues and the need for sustainable development, the is-
sue of sustainability is becoming increasingly relevant in
construction. Taking environmental aspects into account
when choosing materials and technologies is becoming
a prerequisite for reducing the negative impact of con-
struction on the environment and creating sustainable
and environmentally friendly construction projects. One
of the key components of green construction is the selec-
tion of environmentally friendly building materials. The
use of materials such as recycled steel, wood from regen-
erated forests, or biodegradable polymers helps to reduce
emissions and environmental pollution. In addition, it is
important to consider not only the sustainability of in-
dividual materials, but also their interaction with nature
during production, use, and disposal. For instance, the use
of materials that can be easily recovered or recycled with-
out great environmental damage contributes to a more
sustainable construction that conserves natural resources
and minimizes its impact on the ecosystem. In addition,
an important aspect of green building is the use of ener-
gy-efficient technologies and the development of green
infrastructure solutions. This includes the installation of
solar panels to generate the own electricity, which reduc-
es dependence on traditional energy sources and helps to
save energy. In addition, the use of water drainage and
treatment systems reduces water consumption and min-
imizes the discharge of polluted water into the environ-
ment. Green roofs and walls are also an important element
of green infrastructure, as they contribute to improving
air quality by absorbing carbon dioxide and other harmful
substances, as well as reducing heat emissions and retain-
ing moisture, which helps to maintain a comfortable mi-
croclimate in the building. All these measures are aimed
at creating environmentally friendly and sustainable con-
struction projects that meet the requirements of modern
society for sustainable development and environmental



protection. Environmental friendliness in construction is
not only important for reducing the negative impact on
nature, but also helps to create healthy and comfortable
conditions for residents and users of construction projects.
Careful consideration of architectural and aesthet-
ic aspects is a key element in the creation of infrastruc-
ture facilities that exist in the visual context of their sur-
roundings. When designing any infrastructure facility, it
is necessary to take into account not only its technical
characteristics and functional purpose, but also its visual
interaction with the environment (Ghomejshi, 2021). En-
suring the harmonious integration of an object into the
visual context of the surrounding space requires a thor-
ough study of the local architecture and landscape. This
allows integrating a new facility into the existing aesthet-
ics of the environment, creating a single, harmonious en-
vironment. It is important not only to comply with archi-
tectural design standards, but also to consider the unique
features and cultural aspects of the local heritage. This
approach to designing infrastructure facilities contributes
not only to their aesthetic appeal, but also to a positive
impact on the psychological and emotional state of people
who use them. A sense of harmony and harmony with the
environment creates a favourable atmosphere for living,
working and recreation, which is an important factor in
improving the quality of life of the population and creat-
ing sustainable and aesthetically pleasing communities.

DISCUSSION

When designing an infrastructure facility using modern
construction materials, a thorough analysis of various as-
pects was carried out. Starting with the choice of materials,
the authors of this study took into account their technical
characteristics, resistance to loads, environmental friend-
liness and efficiency of use. Kharkiv Railway Station was a
unique architectural structure that combined the best tra-
ditions of classicism and modern architectural solutions.
The use of various types of building materials, such as clay
brick, wood, stone and high-strength steel, allowed for the
creation of a unique architectural structure that reflected
both historical traditions and modern needs and standards.
The Yevhen Paton Bridge in Kyiv is one of the oldest and
most famous bridges in Ukraine, built in 1953. The use of
St3SP steel made it possible to create a strong and reliable
bridge that can withstand heavy loads and remains an im-
portant transport artery in Kyiv. The advantages of using
this steel include increased strength and stability, reduced
structural weight, increased durability and aesthetic design.

Researchers J. Zhao & S. Li (2022) found that life cycle
assessment of building materials is an important step in
choosing the best material for construction. A comparative
analysis of energy and environmental impacts allows to as-
sess the environmental impact of each material, from raw
material extraction to disposal. Improving environmental
efficiency can be achieved through the use of environmen-
tally friendly materials and optimization of production
processes. The use of standards and certifications helps to

Pavlovskyi et al. >

ensure the objectivity of comparative analysis and contrib-
utes to the creation of more environmentally sustainable
construction projects.

According to the results of recent studies by B. Bickel et
al. (2010), the design and manufacture of materials with
the desired deformation properties is an important step in
engineering and industrial activities. This process involves
not only the selection of a suitable material, but also the
development of its structure and processing to achieve cer-
tain mechanical characteristics. It is important to consider
various factors, such as strength, elasticity, ductility and
other properties, depending on the specific application of
the material. To achieve the desired deformation proper-
ties, various material processing methods are often used,
such as casting, rolling, moulding, and others. In addition,
composite materials and nanomaterials technologies allow
for the creation of materials with unique properties that
can be precisely tailored to meet specific needs (Zakharo-
va, 2024). These data are consistent with the points made
in the previous section. Another important aspect of mate-
rial design is the consideration of economic and environ-
mental factors. Efficient use of resources and minimization
of waste are key challenges in developing materials with
the desired deformation properties. In addition, it is im-
portant to ensure that materials are safe and sustainable in
service, so that they not only have the required mechanical
properties but are also durable and safe for the environ-
ment and humans (Ratushnyak et al., 2023).

Modern construction technologies were also studied
to ensure efficient use of the selected materials and maxi-
mum quality and durability of the facility. Referring to the
definition of X. Chen et al. (2022), the introduction of tech-
nology in the construction industry is an integral part of
the modern construction process. Construction companies
are constantly introducing new technologies to improve
efficiency, reduce costs and shorten construction time. One
of the key areas of technology adoption is the use of infor-
mation systems and software for project management, re-
source planning and automation of construction processes.
This helps to optimize project management, improve co-
ordination between construction stakeholders and reduce
the time required to complete the work.

As noted by B.]. Meacham (2022), fire performance
and regulatory requirements in modern construction play
a key role in ensuring the safety of buildings and their
occupants. Modern construction methods require careful
selection of fire protection materials and technologies, as
well as careful design of fire safety systems. Regulatory
requirements apply not only to materials but also to evac-
uation, fire alarm and extinguishing systems. The use of
modern technologies, such as automated fire detection
and extinguishing systems, helps to improve the effective-
ness of fire protection measures. However, it is important
not only to install, but also to properly design and main-
tain these systems to ensure their reliability and efficien-
cy. It is worth noting that the introduction of technology
plays a key role in the development of the construction
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industry, contributing to its competitiveness, improving
the quality of construction and reducing the negative im-
pact on the environment. However, it is also important to
take into account the need to train specialists in new tech-
nologies and adapt legislation to the changing realities of
the construction industry.

During the design process, it was important to con-
sider not only technical aspects but also architectural and
aesthetic requirements. It was necessary to ensure that
the choice of materials matched the appearance and func-
tionality of the facility, in accordance with its purpose and
the nature of the area. P.V. Ghom & A. George (2021) state
that aesthetics in architecture determines the appearance
and interior design of buildings, influencing the percep-
tion and emotions of observers. It manifests itself through
architectural styles, shapes, colours and textures, creating
a variety of visual experiences. Aesthetics is also related
to the functionality and usability of space, and the effi-
ciency of materials and technologies. A successful balance
between these aspects allows to create not only attractive,
but also functional and efficient buildings that meet the
needs of modern society.

Researchers Y. Yuan et al. (2021) identified that archi-
tectural design plays a key role in shaping the consumer
experience, especially for buildings and structures used in
public or commercial settings. Efficient use of space, origi-
nal design and convenient arrangement of elements inside
the premises can significantly increase user satisfaction
and comfort. In doing so, architects take into account not
only aesthetic aspects but also functional requirements,
as well as the needs and preferences of end users. An im-
portant factor in architectural design is the creation of
spaces that stimulate positive impressions and emotions
in users. This may include considering natural light, creat-
ing pleasant views from windows, using environmentally
friendly and healthy materials, and organizing functional
areas to meet the needs of users. Thus, architectural de-
sign is closely related to consumer experience, as it has a
direct impact on the comfort, convenience, and aesthet-
ic perception of buildings and structures. Understanding
the needs and preferences of users is an important as-
pect in the development of architectural solutions aimed
at creating a positive and satisfactory user experience
(Kuznetsov, 2024). These results confirm the above study,
as careful consideration of architectural and aesthetic as-
pects allowed to create an infrastructure facility that not
only meets the technical requirements and functional pur-
pose, but also harmoniously fits into the visual context of
the environment, perceiving feedback from the architec-
ture and aesthetics of the surrounding space.

In addition, it was important to consider the envi-
ronmental aspect during the design process. The selected
building materials had to meet modern environmental
standards, so they had to be selected with due regard to
their environmental friendliness and safety for the en-
vironment. It was important to ensure that the building
materials not only met the requirements of technical and
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aesthetic quality, but also had a minimal negative impact
on nature, helping to maintain ecological balance and en-
sure the health of residents and the environment for the
long term. Referring to the work of P. Lamba et al. (2022),
plastic waste recycling in the construction sector can con-
tribute to sustainable development by reducing the use of
natural resources and the amount of plastic waste in the
environment. However, innovative recycling technologies
and waste management strategies are needed to success-
fully implement this idea. It is necessary to improve the
quality and sustainability of the materials obtained, ensure
energy efficiency of recycling processes and take into ac-
count the environmental aspects of these activities. It is
also important to encourage the use of recycled materials
in construction by creating incentives for manufacturers
and construction companies. To achieve the goals of sus-
tainable construction, cooperation between various indus-
try players and government agencies is needed to devel-
op new recycling methods and implement effective waste
management strategies.

Researchers T.-T. Liu et al. (2022) have shown that
interest in green building materials has increased signifi-
cantly in recent decades due to the awareness of environ-
mental issues and the need for sustainable development.
Green building materials are materials that are produced
with minimal impact on the environment and have high
energy efficiency during their production, use, and dis-
posal. These materials can be either naturally occurring
or synthetic, but they are usually characterized by lower
energy consumption and less environmental impact than
traditional building materials. Examples of green building
materials include wood from sustainably managed forests,
clay, hemp, cellulose insulation materials, and concrete
using admixtures from recycled waste. These materials
have several advantages, including good thermal insula-
tion properties, environmental friendliness, renewable
resources and reduced harm to human health and the en-
vironment. There is no doubt that green building materials
play an important role in creating healthy and sustaina-
ble buildings, contributing to the reduction of greenhouse
gas emissions, energy savings and construction waste
(Stepanov et al., 2023). In addition, their use contributes
to a more conscious and responsible approach to construc-
tion and sustainable development in general.

Another important stage of the process was to deter-
mine the architectural solution for the facility. The use of
modern construction materials allowed to implement the
best architectural ideas, ensuring not only practicality but
also the aesthetics of the building. Referring to the defini-
tion of M. Condotta & E. Zatta (2021), the use of recycled
building materials in architectural practice and European
standards faces a number of challenges. The uncertainty of
standards and classification of materials makes it difficult
to verify their compliance with building codes. The quality
and safety of such materials are also important, as they can
be defective or worn out. To address these issues, stand-
ardized quality and safety testing procedures need to be



developed and certification systems introduced. The use
of recycled materials should be actively promoted through
financial and tax instruments. This could help develop a
market for used construction products and reduce the neg-
ative environmental impact of construction.

Researchers A. Almssad et al. (2022) found that ma-
sonry, especially brickwork, plays an important role in
creating sustainable buildings. Bricks are one of the oldest
and most traditional building materials, but their impor-
tance in modern architecture is maintained and expand-
ing. This overview of the role of bricks in architecture ex-
amines their contribution to the creation of buildings that
meet the principles of sustainable development and envi-
ronmental safety. One of the key aspects of using bricks is
their energy efficiency. Bricks have good thermal insula-
tion, which reduces energy consumption for heating and
air conditioning in a building. This helps to reduce carbon
dioxide emissions and reduce the negative impact on the
environment. Thus, the use of bricks in construction con-
tributes to the creation of buildings with low energy con-
sumption and contributes to the sustainable development
of urban infrastructure (Mysak et al., 2016).

The process of designing an infrastructure facility
using modern building materials required a comprehen-
sive approach and consideration of various factors. This
approach allowed to create a high-quality, efficient and
aesthetic facility that meets modern requirements and
satisfies the needs of consumers. The result of this pro-
cess was the creation of an infrastructure facility that not
only meets technical standards, but also harmoniously fits
into the visual and functional environment, contributing
to comfortable and safe use by consumers. As noted by
K.Herman & L. Drozda (2021) in times of social distancing
caused by the COVID-19 pandemic, green infrastructure is
becoming especially important for the urban environment
and living space. City authorities are forced to revise their
urban policies and tactics, paying more attention to the
creation of green areas, parks, squares and public spaces
that contribute to the physical and psychological well-be-
ing of citizens. Green infrastructure is not only a means
of beautifying the urban environment, but also a powerful
tool for mitigating the negative effects of social exclusion
and improving the quality of life. The development of green
infrastructure in urban environments during the pandem-
ic poses several tasks and challenges for city authorities. It
is important not only to create new green spaces, but also
to ensure their accessibility and affordability for all groups
of the population, including people with disabilities and
low-income groups. In addition, strategies for the sustain-
able use of green spaces need to be developed, providing
for their maintenance and care to preserve their value and
attractiveness in the long term.

Following the results of F. Dadakhanov et al. (2022),
the prospects for the production of innovative building
materials are reduced to the development of environmen-
tally friendly composites, the use of advanced technologies
such as 3D printing and nanomaterials, and the creation
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of smart materials adaptive to environmental changes.
Successful realization of these prospects requires a com-
bination of research, creativity, investment, and compli-
ance with quality and safety standards. It is important to
ensure that new materials are available on the market to
support the sustainable development of the construction
industry. Analysing the results and conclusions, green in-
frastructure plays a key role in adapting cities to new liv-
ing conditions during the pandemic and social distancing.
It not only helps to improve the physical and psycholog-
ical health of citizens, but also contributes to the forma-
tion of more sustainable, healthy and harmonious urban
environments.

CONCLUSIONS

The design of an infrastructure facility using modern
building materials is an important component of the con-
struction industry, as it determines the quality and func-
tionality of the future structure. The use of modern mate-
rials in the design process allows to achieve a high level of
efficiency and environmental friendliness of the facility.
Kharkiv Railway Station is an excellent example of the use
of modern building materials and innovative technologies
in infrastructure construction. The Paton Bridge is a great
example of how steel can be used to create efficient and
sustainable infrastructure. The use of this steel has cre-
ated a bridge that is not only safe and reliable, but also
aesthetically pleasing.

The study confirmed that the use of modern building
materials is a key factor in ensuring maximum strength and
durability of structures. The use of the latest production
and material processing technologies makes it possible to
create structures that are resistant to weather, mechanical
damage and other negative influences, thereby ensuring
their durability and reliability over a long period of oper-
ation. The table of integrated materials for modern infra-
structure provided valuable information on various build-
ing materials. This information helped to select the best
materials based on quality, efficiency and environmental
performance. In addition, the use of modern materials has
helped to reduce energy consumption and improve the en-
ergy efficiency of buildings. Innovative materials and ad-
vanced thermal insulation technologies allow for efficient
heat retention in the premises, reducing heating and air
conditioning costs, resulting in lower energy consumption
and resource savings.

The study confirmed the importance of environmental
friendliness of building materials and their impact on the
environment. The choice of environmentally friendly ma-
terials has a double effect: it helps to reduce emissions of
toxic substances into the atmosphere and protects the eco-
system from negative environmental impact. This approach
was an important step towards sustainable development of
construction, helping to preserve natural resources and en-
sure a healthy environment for future generations. Design-
ing an infrastructure facility using modern building mate-
rials is a complex and responsible process that requires a
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comprehensive approach and careful consideration of var-  materials on the cost and technical complexity of infra-
ious aspects. Taking all these factors into account allows  structure construction needs to be investigated.
creating a building that will meet the requirements of mo-
dernity, ensuring comfort and safety for its users. ACKNOWLEDGEMENTS
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AHoTauiqa. [HbpacTpyKTypHi 06’€KTU BimirpaloTh KIHOYOBY POJb y 3a0e3ledyeHH] JKUTTEBUX MOTPe6 CYCIiIbCTBA Ta
PO3BUTKY eKOHOMiKM. [IDOE€KTYBaHHS TAKMX 00 €KTiB CTA€E BCe Gi/bII CKIATHMM 3aBIAHHSIM, OCKiIbKM BUMATa€ MO€LHAHHS
iHHOBALIIHMX TEXHOJIOTi}i, eKOJIOTiYHOCTi Ta BpaXyBaHHS NOTEHLiHMX DU3MKiB. MeTa AOCTifKeHHS Moisraia y
BUBUEHHI BIUVIMBY Cy4acHUX OyiBeJbHMX MaTepialiB Ha SIKiCTh, CTi/IKiCTh Ta eeKTUBHICTb iHDPaCTPYKTYPHUX 06’€KTiB.
V uboMy IOCTiIsKeHHI BUKOPUCTOBYBAINCS peTebHe BUBUEHHS Pi3HMX TUIIIB OyAiBelbHUX MaTepialiB, giTepaTypHuit
aHaji3 HayKOBMX JIKepesl, OI[iHKa MiIJHOCTi Ta eKOJOTiYHOCTi MaTepialiB, TeCTyBaHHS iXHbOI JOBrOBIUYHOCTI, @ TAKOX
aHaji3 iXHbOi ecTeTMUYHOI MPMBa6GAMBOCTI. Y pe3ynapTaTi aHamizy 6ya0 BUSIBAEHO, IO Ipoliec BUOOPY OyIiBeTbHUX
MaTepiaJliB MaB 3HAYHMI1 BIUIMB Ha e(PeKTUBHICTh, Mil[HICTb Ta CTiiIKiCTh iHPPACTPYKTYpPHOTO 06’eKTY. By/io 3a3HaueHo,
110 MTpaBWJIbHMIT BUOIp MaTepialiB Cripusie JOCITHEHHIO ONTUMAJIbHOIO 6AIAHCY LIMX XapaKTePUCTUK, IO € KIIOUYOBUM
ISl 3abe3TeveHHsT JOBrOBIYHOCTI Ta HaLifHOCTI cropynu. JOCTiIKeHHST PO3IISIHYJI0 BUKOPUCTAHHS BUCOKOMIITHUX
CTajeBUX KOHCTPYKIIiii, eHeproe@eKTUBHUX i30/SLiiHMX MaTepiaiB Ta iHHOBALiIHUX TEXHOJIOTIN [JIsT MigBUILEHHS
CTilIKOCTi 10 pi3HMX Hebe3MeK, TAKUX SIK 3eMJIeTPYCH Ta Toxkexki. Y poboTi 6y/Io mpecTaBieHo MeTOIM Ta KPOKM, SIKi
BUKOPMCTOBYBAJIVCS MPYU MPOEKTYBAHHI iHPPacTPyKTYpHUX 06’€KTIB 3 ypaxyBaHHSIM Cy4acHMX OyIiBeTbHMUX MaTepiatis.
Takoxk 6y710 OTMCAHO 3HAUEHHST eKOJIOTIYHOCTI B OYAiBHUIITBI iHOPACTPYKTYPHMUX 06’€KTIB, 110 MiAKPECTMIO0 He0OXiZHICTh
BMKODMCTAHHSI €KOJIOTIiYHO YMCTUX MaTepialiB Ta TeXHOJIOTi/i 3 MiHiMalbHMM BIUIMBOM Ha AOBKUIISA. JIOCATHEHHS
cTabisbHOCTi, eHeproeeKTUBHOCTI Ta €KOJIOTiUHOI CTifiKOCTi y 6yIiBHUIITBI 6y/IM BU3HAHI KJIIOYOBMMM 3aBAAHHSIMU B
Cy4acHiif ramysi 6ymiBHMIITBA. BMCHOBOK JOCTiIKEHHS TOJISITaB Y HeOOXiqHOCTI 30a/1aHCOBAHOIO MMiAX0Qy 40 BUOGOPY
6yIiBebHMX MaTepialiB Ta TEXHOJOTi s CTBOpeHHS iHGPacTPyKTypHUX OO’€KTiB, 1[0 BiAIOBiZAaIOTH BMMOTam
CTQJIOTO PO3BUTKY Ta 36epekeHHST HAaBKOIMIIHBOTO cepenoBuila. IIpakTMyHe 3HAYEHHS LIbOr0 JOCTIIKeHHS TOJsIrae
B TOMY, LIJ0 BOHO Ha/la€ KOHKPETHi peKoMeHallii om0 BM6opy cydacHUX OyIiBesIbHMX MaTepiasiB Ta TEXHOJIOTIi st
OTITMMAaJbHOTO IMPOEKTYBAHHS Ta OYIiBHMIITBA iHPPACTPYKTYPHUX 06’€KTiB, 1110 BigMOBigal0Th BUMOTaM e(eKTMBHOCTI,
CTifIKOCTi Ta €KOJIOTiYHOCTI
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