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ABSTRACT
Introduction. Cable-stayed structures occupy a special place in the modern construction industry due to their unique character-
istics and wide application possibilities. They allow to convey architectural expression of large span buildings and to ensure high 
efficiency and minimal weight of structures. Systems with cross arranged cables and arch cable-stayed combined solutions, including 
"tensegrity" structures, are of particular interest nowadays. Materials and methods. The study is based on an analysis of regulatory 
documents, scientific and technical literature reflecting the installation of cable-stayed structures, including requirements for the 
quality of materials, installation processes and structural reliability control. A comparative analysis of various types of cable-stayed 
systems (parallel, radial and cross arranged) is carried out, and examples of their practical application are considered. Results and 
discussion. Based on the analysis of regulatory documents and scientific and technical literature review, cable-stayed structures 
were classified into various categories, reflecting their design features and applications. The advantages and disadvantages of each 
type of cable-stayed coverings were analyze as well as progressive methods of installations were revealed. Conclusion. The use 
of cable-stayed coverings, especially with cross-arranged cables and "tensegrity" structures are a promising direction in modern 
construction. These structures allow to create complex architectural solutions, creating lightweight, aesthetically attractive cover-
ings. At the same time, the design and installation of cable-stayed structures require consideration of all their disadvantages and 
limitations to ensure the strength and durability of buildings and structures.
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AННОТАЦИЯ
Введение. В современной строительной отрасли вантовые конструкции занимают особое место благодаря своим уникальным 
характеристикам и широким возможностям применения. Они позволяют создавать архитектурно выразительные здания 
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с большими пролетами, обеспечивая высокую экономичность и минимальный вес конструкций. Особый интерес вызыва-
ют системы с перекрестным расположением вант и арочно-вантовые комбинированные решения, включая «tensegrity»-
структуры. Материалы и методы. Исследование основывается на анализе нормативных документов, научно-технической 
литературы, отражающих монтаж вантовых покрытий, включая особенности применения различных материалов, в том числе 
произведенных с применением нанотехнологий, требования к качеству материалов, технологические процессы установки 
и контроль надежности конструкций. Проведен сравнительный анализ различных типов вантовых систем (параллельное, 
радиальное и перекрестное расположение вант), а также рассмотрены примеры их практического применения. Результаты 
и обсуждения. На основе анализа нормативных документов и научно-технической литературы сформирована классифи-
кация вантовых покрытий по различным категориям, отражающим их конструктивные особенности и области примене-
ния. Проанализированы преимущества и недостатки каждого типа вантовых покрытий, выявлены прогрессивные методы 
монтажа вантовых покрытий. Заключение. Использование вантовых покрытий, особенно с перекрёстным расположением 
вант включая «tensegrity» - структуры, является перспективным направлением в современном строительстве. Данные типы 
конструкций позволяют создавать сложные архитектурные решения, создавая лёгкие, эстетически привлекательные по-
крытия. В то же время проектирование и монтаж вантовых конструкций требуют учета всех их недостатков и ограничений 
для обеспечения прочности и долговечности зданий и сооружений.

КЛЮЧЕВЫЕ СЛОВА: вантовые покрытия, монтаж вантовых покрытий
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INTRODUCTION

Cable-stayed structures stand out due to their exceptional 
characteristics and wide application possibilities in the 
modern construction industry. These systems consist of 
flexible steel cables which are strong in tension, as well 
as supporting structures that accept loads from these ele-
ments. The cables can be implemented in the form of 
tendons, ropes or bundles of high-strength wire. Such 
structures are an important tool in the development of 
architectural solutions, allow to crate buildings with com-
plex spatial shapes, as well as large span structures. They 
are an effective solution for long-span buildings [1]. They 
are also actively used in the construction of shopping 
malls, exhibition halls, sports complexes, as well as indus-
trial facilities, ensuring reliability and cost-effectiveness 
when covering significant spaces. Their widespread use 
is explained by the ability to effectively use the bearing 
properties of materials, ensuring minimal weight of the 
structure and high efficiency. Cable-stayed coverings are 
one of the key types of spatial structures that most accu-
rately reflect the tectonics of the structure [2]. Their main 
advantage over the rigid structures is the minimum weight 
per square meter of the covered area, as well as the most 
efficient use of metal, the main structural material. In 
hanging cable-stayed constructions metal elements only 
work under tensile, which makes it possible to fully utilize 
their strength characteristics. According to V.E. Dolgopo-
lov and his colleagues data, “the rational use of materials 
in cable-stayed structures reduces the cost of materials 
and installation, which is especially important for unique 
structures” [3]. 

The greatest interest in recent years, both in Russia 
and abroad, has been caused by structures with cross-
arranged cables, as well as arch cable-stayed combined 
systems. These structures are actively developing and are 
considered one of the most progressive solutions in mod-
ern construction. Their use opens up great opportunities 
for creating lightweight, cost-effective and architecturally 
expressive coverings. Combined cable-stayed structures 
include a large group of systems known as “tensegrity” [4]. 
In such systems, continuous stretched cables are combined 
with few short struts. Habibi T. and co-authors indicate 
that “prestressing is a key factor ensuring the stability and 
efficiency of tensegrity structures” [5]. One of the variet-
ies of “tensegrity” systems are cable-stayed trusses which 
consist of high-strength belts (flexible cables) and vertical 
ties. To ensure the stability of the cable-stayed belts when 
exposed to alternating external loads, pre-tensioning is 
used. P.G. Eremeev emphasizes that “tensegrity systems 
open up new horizons in architectural design, allowing to 
create lightweight and cost-effective structures” [6].

Innovative technologies for the construction of unique 
buildings and structures in order to increase productiv-
ity in the construction industry are also being actively 
discussed. 

MATERIALS AND METHODS

The installation of cable-stayed structures is covered 
by a set of regulatory documents that specify both the 
general requirements for construction and the specific 
features of working with highly pre-tensioned elements. 
The key areas of rationing are:
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easier and less costly, which simplifies delivery to con-
struction sites. 

The possibility of covering large spans: cable-stayed 
systems allow the implementation of structures with large 
spans without intermediate columns which is especially 
important for objects with open spaces. 

Economic efficiency: these structures provide financial 
benefits, since the weight of the supporting elements re-
mains minimal, which reduces the overall materials cost.

Aesthetic expressiveness: the unique geometry of the 
cable-stayed structures provide buildings with modern 
dynamic exterior, turning them into a splendid element 
of any landscape or urban environment. 

Comfort of the building’s interior: сable-stayed cov-
erings improve the acoustic characteristics of rooms, in-
crease the level of natural lighting and expand the visibility 
zones. 

Strength and durability: cable-stayed structures ensure 
stable operation of structures for a long period under high 
loads and external factors. 

It is also worth highlighting the disadvantages of cable-
stayed structures. 

High deformability: this is the main disadvantage of 
this type of structure. It is necessary to develop additional 
solutions to increase the rigidity of cable-stayed structures 
and to correct deformability. 

Cost increase: cable-stayed structures application 
leads to an increase in the project budget due to the use 
of special support structures and building materials.

Complexity in the organization of drainage system: it 
is necessary to develop additional solutions for efficient 
outflow of water, taking into account the geometry of 
cable-stayed structures [7]. 

The production of cables is a complex technological 
process. At the same time, the use of structural solutions 
with long horizontal or slightly inclined cables turns out 
to be non-optimal, since structures can significantly in-
crease deformations and worsen the overall efficiency 
of the system. Thus, the design and operation of such 
systems require special attention to detail to ensure their 
reliability and durability [8]. 

The low material consumption of the structural ele-
ments is justified by the fact that they work mainly under 
tension. In these structures, the problem of compressed 
elements stability has been solved – they can be mas-
sive and carry a maximum load over a large area, which 
allows the material to be used most efficiently. Modern 
construction methods suggest the possibility of improv-
ing cable-stayed roofs by the application of carbon fibers 
instead of steel. Carbon materials have a low weight with 
a high strength and rigidity, heat and corrosion resistance. 
A water-resistant tarpaulin is assumed to be the direct 
enclosing material. Such coverings can be assembled like 
sails on a ship, and deployed to the design position in hot 
or rainy weather.

Requirements for the quality of materials and prod-
ucts. 

Technological processes of installation.
Inspecting the strength and reliability of structures 

after installation.
Safety of work during installation.
The main documents regulating these aspects include 

Russian standards:
Building regulations SNiP 3.03.01-87 “Load-bearing 

and separating constructions” – establishes general re-
quirements for the quality of assembling and installation 
of building structures, including cable-stayed systems.

Building regulations SP 64.13330.2016 “Loads and 
actions” – contains methods for calculating loads that 
must be taken into account when designing and installing 
cable-stayed coverings.

Building regulations GOST R 52969-2008 “Steel 
structures. Methods of quality control of welded joints” – 
defines the requirements for quality control of welded 
joints, which are often used in cable-stayed systems.

The quality of the materials directly affects the du-
rability and reliability of the cable-stayed coverings. 
The installation of cable-stayed coverings is a complex 
technological process that requires precise following the 
sequence of operations and tension parameters control. 
After the installation of the cable-stayed coverings is com-
pleted, it is necessary to verify their reliability and compli-
ance with the design parameters. Safety during installation 
of cable-stayed coverings is crucial due to high-altitude 
work and the use of highly stressed elements.

The building regulatory framework in the field of in-
stallation of cable-stayed coverings is quite extensive and 
covers all stages of work, from the selection of materials 
to the final tests. Strict observance of these standards en-
sures high quality of installation, durability of structures 
and safety of facilities operation. The development of 
technologies and new materials creation require constant 
improvement of existing regulatory documents, as well 
as the development of additional standards taking into 
account the specifics of modern solutions.

Based on the analysis, including regulatory materials, 
a number of indisputable advantages of cable-stayed 
systems can be identified in comparison with traditional 
steel structures:

Low weight of the structure: due to the use of high-
strength steels and efficient load distribution in stretched 
elements, the cables fully utilize their cross-sectional 
area, which significantly reduces the overall weight of 
the structure. 

Simple installation process: in most cases, the instal-
lation of cable-stayed coverings does not require scaf-
folding, which reduces labor intensity and speeds up the 
construction process.

Mobility: due to the possibility of folding the cables 
into compact coils, their transportation becomes much 
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The concrete plays an essential role in the design and 
construction of structures. The strength and reliability 
of structures as a whole will depend on it [9, 10]. When 
building using cable-stayed structures, modified types 
of concrete can be used, for example, high-strength 
lightweight concrete to optimize the consumption of 
reinforcing steel and concrete, or concrete of medium 
density D1500-D1700 with expanded clay aggregate and 
strength class B25-B30 using expanded clay gravel and 
modifying additives. Lightweight concretes made from 
highly mobile mixtures are obtained using inexpensive 
raw materials with cone slump test class P4-P5, which 
are effectively used in construction [11]. An additional 
economic effect is achieved due to lower thermal con-
ductivity coefficients, as well as reduced costs during 
the operation of the building [12,13]. It is worth noting 
that the rapidly developing field of nanotechnology is 
also implemented in the construction industry. New 
materials are constantly appearing with exceptional and 
sometimes contradictory indicators. For example, for 
the first time, Russian scientists A.N. Ponomarev and 
M.E. Yudovich created lightweight nanofibre concrete. 
This is ordinary concrete based on B25 concrete with 
the addition of a complex additive, including compo-
nents processed using nanotechnology. The strength of 
nanoconcrete is 45–60 MPa, specific gravity is 1.4–1.6 
t/m3, frost resistance is W20 [14].

To ensure the durability and reliability of structures, 
since flexible cable elements are susceptible to atmosphere 
corrosion, especially in conditions of high humidity, salt 
deposits and temperature fluctuations, corrosion inhibi-
tors containing synergistic nano-additives are used. The 
leading place among corrosion inhibitors is occupied by 
heterocyclic compounds, namely nitrogen-containing 
compounds, in particular, imidazoline derivatives [15, 16].

Consequently, cable-stayed structures represent a 
modern and effective solution for the construction of 
large-scale facilities, however, their application requires 
careful consideration of all the features and possible limi-
tations [17].

RESULTS AND DISCUSSION

Cable-stayed structures can be classified according to 
various parameters. However, taking into account that 
the architectural and spatial organization of buildings 
with such structures is determined both by the shape of 
the covering itself and by the features of the supporting 
contour, it seems most logical to classify them accord-
ing to these two key characteristics [18]. This approach 
allows to more accurately describe and systematize the 
features of these structures, depending on their archi-
tectural and construction solutions [19]. Based on the 
studied information, a scheme was made, which allows to 
classify cable-stayed structures according to various crite-

ria that determine their design features and applications 
(Figure 1). The scheme includes several main categories 
revealing specific aspects of cable-stayed structures design 
and implementation:

A comparative analysis of the cable-stayed coverings 
was carried out according to the location of the cables 
(Table 1).

The analysis of the main characteristics of cable-
stayed coverings, depending on the location of the cables, 
allows us to conclude that each type of such structures has 
its own advantages and disadvantages. At the same time, 
structures with cross-arranged cables, as well as arch-
type cable-stayed combined systems, are actively being 
improved and are recognized as one of the most advanced 
in the modern construction industry. The use of such 
technologies makes it possible to implement lightweight, 
economical and at the same time aesthetically attractive 
roof designs.

Combined cable-stayed structures cover a wide class of 
systems, which are commonly referred to as “tensegrity”. 
In these systems, the tensioned cables forming a continu-
ous system combine with short and distant from each 
other support elements – struts. “Tensegrity” structures 
include cable-stayed structures consisting of strong flex-
ible highly stressed cables and vertical struts. To ensure 
the stability of the cables systems under variable external 
loads, the pre-tensioned elements are applied.

The advantages of tensegrity systems include the fol-
lowing features:
• The structures are lightweight.
• Minimum loads transmitted to the underlying ele-

ments.
• High rigidity under asymmetric loads.

High resistance to dynamic influences, including seis-
mic ones, due to the built-in damping properties of the 
system.

The ability to create visually light and transparent 
designs.

At the same time, these systems are characterized by 
increased accuracy requirements: it is necessary to strictly 
maintain the geometry of the elements, control the pre-
tensioning force and the quality of joints. These factors 
require special attention at the design and installation 
stages [20].

Here are some examples of "tensegrity" structures:
Mercedes-Benz Stadium (Atlanta, USA). This mod-

ern stadium uses elements of "tensegrity" in its roofing 
system. The coverings consists of mobile panels supported 
by a network of cables, which ensures the lightness and 
functionality of the structure.

Tensys Pavilion (Great Britain). Tensys specializes in 
the design of tensegrity systems. One of their projects is 
a pavilion where a combination of stretched membranes 
and cables is applied to create a lightweight and durable 
structure.
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Edward Fuller's Domes. Richard Buckminster Fuller, 
one of the pioneers of the tensegrity concept, created 
many dome structures based on the principles of stressed 
integrity. Montreal Biosphere (1967) – geodesic dome 
for Expo 67, although it is not a classic "tensegrity", but 
demonstrates the ideas underlying this technology [21].

Examples of the use of "tensegrity" structures show 
their versatility and potential in various fields: from ar-
chitecture and construction to medicine and space. These 
structures combine lightness, stability and aesthetic con-
cept, making them an ideal solution for complex archi-
tectural tasks. 

Having considered innovative technologies for the 
construction of unique buildings and structures in order 
to increase productivity in the construction industry, the 

authors can highlight a unique method of cable-stayed 
structures installation using a temporary cable car, pro-
posed by the French company Freissine. This system is 
a 125-meter-long structure secured by two metal stops on 
the upper ring of the facility. To minimize the sagging of 
the cable car, tension force of about 16 tons was created. 
The whole construction was based on two special metal 
saddles placed above the upper ring.

This method allows the installation of cable-stayed 
trusses simultaneously from two opposite sides. The work 
is carried out from work platforms located at various levels 
of reinforced concrete rings, which makes it possible to 
work with both the lower and upper belts of the cables 
in parallel. Construction cranes deliver the struts of the 
cable-stayed trusses to the platforms, where they are at-

Fig. 1. Classification of cable-stayed structures
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Table 1. Types of cable-stayed coverings

Type of the structure Characteristics Advantages Disadvantages Examples

Parallel cables 
arrangement

The design of the suspended 
shell consists of parallel cables 
system fixed on an open con-
tour – a reinforced concrete or 
steel beam, as well as the frame 
of an outbuilding. This solution 
ensures stability and efficient 
load distribution, making hang-
ing shells a popular choice for 
various construction projects.

– Simple design; 
– The ability to op-
timize the space by 
reducing deflection.

Increased tension in 
the cables and sup-
porting structures 
leads to a higher 
consumption of 
materials, which 
requires careful 
design to bal-
ance strength and 
economy.

Hangars at the 
airports of Frank-
furt am Main and 
Fiumicino, where 
the coverings are 
made in the form of 
shells with parallel 
cables.

Radial cables 
arrangement

Radial arranged cables are used 
mainly in circular and elliptic 
buildings. In these designs, two 
contours are used to fix the 
cables: the outer and inner sup-
porting rings. Radially arranged 
cables, placed at equal distances 
from each other, serve as the 
basis for  trapezoidal reinforced 
concrete slabs, which are further 
joint together to create a single 
solid structure. In this case, the 
distance between the cables 
along the perimeter of the 
covering is determined by the 
variant design method, taking 
into account a number of factors. 
It should be proportionate to the 
interval between the columns 
supporting the entire structure, 
which ensures optimal load 
distribution and stability of the 
system.

– Almost flexure 
free operation of 
the span elements, 
ensuring cost-
effectiv ness and 
high load-bearing 
capacity;
– The outer ring 
works under com-
pression, and the 
inner ring works 
under tension, 
which allows to use 
reinforced concrete 
and steel, respec-
tively.

– A large variety of 
standard sizes of 
slabs;
– The complex-
ity of the drainage 
systems.

The USA pavilion at 
the 1958 Brussels 
World’s Fair covered 
by a two-belt radial 
cable-stayed system 
with a diameter of 
104 m.

Cross arranged 
cables

Formed by two perpendicular 
groups of parallel cables – 
bearing and stabilizing. Such 
structures form a saddle-shaped 
surface. This combination en-
sures the unique geometry and 
stability of the system.

– Wide opportunity 
to create a variety of 
architectural forms;
– Efficient use of 
materials.

– High sensitivity to 
wind and tempera-
ture influences;
– The risk of dy-
namic instability 
(flutter) with low 
curvature.

The Yubileyny 
Sports Palace in 
St. Petersburg, 
where load-bearing 
and stabilizing 
cables are attached 
to columns at dif-
ferent levels, which 
reduces the height 
of the building.

tached to the cables using cast-iron clamps and anchor 
joints. The anchors design is a combination of adjustable 
and non-adjustable elements: one end of the truss is fixed 
with an unregulated fork anchor, and the other with an 
adjustable screw anchor. This makes it possible to adjust 
the tension precisely and to create pre-tensioning. 

The finished trusses are moved by cable car using 
winches and carriages. After reaching the specified posi-
tion, the trusses are fixed in stationary anchors on rein-
forced concrete floors. The central ring uses only adjustable 
anchors to precisely balance the system. During installa-
tion, the lower cables are tightened with a force of 14 tons, 
and the upper ones with a force of 2 tons, which ensures 
the stability of the structure until the work is completed.

After the installation of all 48 cable-stayed trusses, the 
pre-tensioning stage of the construction process is carried 
out. The tension of the upper cables is carried out in stages 
using jacks with efforts of 14, 35 and 51 tons, respectively. 
This consistent process guarantees uniform load distribu-
tion and high strength of the entire structure [22].

This method demonstrates a high level of technical 
skills and an innovative approach that significantly im-
prove the productivity and installation quality of complex 
cable-stayed structures. Computer analysis demonstrates 
that in order to ensure the stability of the central ring, it 
is necessary to create a pre-tensioning of two diametrical 
cable-stayed trusses at all stages of installation. Then pre-
tensioning of the orthogonal trusses is performed, after 
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that the rest. As a result, the pre-tensioning in the load-
bearing cables increased from 14 to 37 tons. 

CONCLUSION

An analysis of the main characteristics of cable-stayed 
coverings shows that each type of construction has its 
advantages and disadvantages. However, coverings with 

a cross arranged cables and arch cable-stayed combined 
systems are of the greatest interest. In modern construction, 
the use of cable-stayed structures is a developing trend. 
Combined systems, including "tensegrity" structures, are 
widely used in the construction of various buildings and 
structures of modern architecture. A promising direction is 
the designing of strong and durable buildings and structures 
using modern materials, including nanomaterials. 
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