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Abstract:

The objects of research are temporary demountable towers. When a wind load is applied to a
structure at an angle, an uneven horizontal wind load occurs, which causes the structure to twist. For
capital construction projects, due to the massiveness and greater rigidity of the nodes, this is not
significant, but for light structures, accounting for this effect is very important. The purpose of the work
is to study the connections of such towers and the influence of wind load unevenness on
them. Method. Wind load studies are conducted, based on a model of a diving tower with the
dimensions of the widest part 12 x 10 m and a height of 28 m. Different methods of calculation are
taken into consideration, including the ones based on regulatory documentation and numerical
modeling. Software packages allow calculating models with higher accuracy and less time, facilitating
manual counting and reducing the probability of error. A gas-dynamic calculation is performed, as a
result of which the aerodynamic coefficients are found. Results. A comparative analysis of two
methods for calculating wind loads is carried out, after which measures are suggested to increase the
load-bearing capacity of the structure.

1 Introduction

There is an arising need for temporary structures to use during cultural and entertainment events.
Such structures should be easy and fast to install and demount, but also stable and resistant to wind.
[1]-[3]. Demountable towers are widely used across the world [4]-[7]. Such structures work primarily on
the perception of horizontal loads, the main of which is the wind load acting on the structure and
equipment installed on it [8]-[10]. Horizontal impacts are also created by the tension forces of
suspended antennas and wires [11]-[14].

A characteristic feature of tower-type structures is a big height with a relatively small base area.
The tower consists of sections that have a lattice structure, the main elements of which are struts and
diaphragms [15]-[17]. The placement of sports facilities on the city territory is also possible and
relevant. Such facilities have a positive impact on the development and promotion of sports, as well as
on the development and use of the territory [18],[19]. Modern development of construction technologies
allows building and operating sports facilities in the city. Such structures do not have a negative impact
on the urban environment [20]-[23].

One of the most widely used systems for temporary prefabricated structures is Layher Allround.
When building structures with a mass stay of people from the Layher Allround modular wedge
scaffolding system, additional requirements for reliability and safety are imposed. In this regard, the
study of the actual operation of scaffolding in such structures is quite relevant [24]-[26]. These
structures at the stage of construction and operation, due to their design features and the constant
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influence of man-made and natural factors, can undergo various types of deformation which lead to
various changes in their spatial position. The wind load is one of the main ones, since the height of the
structure exceeds its width and length at times [27]-[29]

Wind has the greatest impact on high towers. Wind occurs in the process of equalizing pressure
differences in the atmosphere. The wind load on structures depends on their shape, position in space
and the permeability of their fences. The current regulatory documents consider only examples of the
influence of wind on rectangular buildings, so there is a need to study this effect on demountable
towers to find the relevant aerodynamic coefficients and bending moments.

2 Materials and Methods

ANSYS Software Package gives an opportunity to create turbulence models that can be solved
by different methods depending on their complexity. The design calculation is necessary to find the
aerodynamic coefficients for the wind load when testing the structure with dimensions of 12 x 10 m.

In the calculation area, the dimensions of the area itself and the dimensions of the projected
structure are set, i.e. the dimensions of the structure under study. The length of the wind flow entry
zone is assumed to be 100 meters, and the length of the wind flow exit zone is assumed to be 300
meters. The object being studied is at an angle to the border of the wind flow entrance, since the wind
load is applied at different angles with a step of 5 degrees to find the most "dangerous" angle of wind
impact. Boundary conditions are also set for the calculated area: the input border, the output border,
and two side borders.

ANSYS

2019 R3

Fig. 1 - Design scheme of the structure in the Ansys SP

The mesh split step for the calculated area is 2 m. The mesh split step for the faces of the
structure is 0.25 m. The mesh consists mainly of rectangular elements.

ANSYS

2015 R3
AGAI TG

Fig. 2 - Design scheme and its mesh in the Ansys SP

To get a convergence graph, the number of iterations is set to 1000. The problem is solved with
discrepancies less than 0.001, which is considered a success.

As an intermediate result, it is found that the wind pressure is positive on the windward side, and
negative on the leeward side.
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Fig. 3 - Convergence graph
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Fig. 4 - Static wind pressure around the design model

The static pressure value is necessary to know in order to find the aerodynamic coefficients
defined for each boundary side of the structure.
The calculation is performed with the wind flow blowing at following angles: 0; 5; 10; 15; 20; 25;
30; 35; 40; 45 degrees. When the wind direction is at an angle to one of the sides of a rectangular
structure other than 0 and 90 degrees, a bending moment occurs. The angle at which the bending
moment is applied is 20 degrees for this design of structure.
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Fig. 5 - Graph of the bending moment depending on the angle of rotation of the structure

The study of stress-strain state of the tower under the action of a wind load that causes a bending
moment is performed on the example of a demountable tower for diving. All elements of the tower
structure are of Layher type. All design elements are modeled as rod elements, with shapes of cross-
sections in the form of pipes: horizontal bracing — 48.3 x 3.2 mm, vertical bracing — 48.3 x 4.35 mm, in
accordance with the structural elements of Layher. The design scheme of the structure is created in the
LIRA Software Package, both the stiffness and load are also assigned there. The wind load is applied
at a straight angle according to the regulatory documents and at an angle of 20 degrees, causing the
largest bending moment, according to the results of previous gas dynamic calculation.
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Fig. 6 — Design model of tower

3 Results and Discussion

The obtained maximum coefficients are averaged for each vertical element of the calculated
tower, for further application of the wind load. For analysis, graphs of the bending moment at the ratio
of the sides of the building are given for 1:1, 1:2, 1:4, 1:6, 1:8, and 1:10 at the angles of the wind flow
direction to the building equal to 0, 15, 30, 45, 60, 75, 90 degrees.
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Fig. 7 - Graph of bending moment for the sides of the building with ratio of 1:1
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Fig. 8 - Graph of bending moment for the sides of the building with ratio of 1:2
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Fig. 9 - Graph of bending moment for the sides of the building with ratio of 1:4
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Fig. 10 - Graph of bending moment for the sides of the building with ratio of 1:6
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Fig. 11 - Graph of bending moment for the sides of the building with ratio of 1:8

=000 2620.8

2402.47
2500

2000
1500

531.
1000

500

-500

-1000

Fig. 12 - Graph of bending moment for the sides of the building with ratio of 1:10

The relative arm of the wind load is determined for each aspect ratio:
M

A = imax

" (eore, ) h(061302) (1)

where:
M, ,..x— maximum bending moment;

Ce;¢,- aerodynamic coefficients equal to 0.5 and 0.8, respectively (according to SP

20.1313330.2016 for the type of terrain B),
b; — side of the object,
v - speed of the wind flow, 20m/s.

Based on the aerodynamic coefficients, it is shown that the uneven distribution of wind flow at
different angles of application causes bending moments in the structure, which are not taken into
account in the usual calculation in Russian regulatory document SP 20.13330.2016 "Loads and
actions" [30] (https://docs.cntd.ru/document/456044318). In this regard, it is necessary to calculate the
wind load taking into account the aerodynamic coefficients found for each building separately in order
to avoid insufficient load-bearing capacity of the structure as a whole and avoid its collapse. It can also
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be concluded that when the ratio of wind sides of the tower increases, the arm of bending moment
increases.

0.800

0.700

0.500
0.400
0.300

0.200

0.100

0.000

1 2 3 4 5 6

Fig. 13 - Graph of the bending moment’s dependence on the sides of the building ratio 1:1, 1:2, 1:4,
1:6,1:8, 1:10
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Fig. 14 - Mosaic of movements on Y without taking into account wind load unevenness
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Fig. 15 - Mosaic of movements on Y taking into account wind load unevenness
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Fig. 16 - Mosaic of bending moments in the horizontal plane in crossbars in the absence of a
system of horizontal braces

Uneven wind load causes torsion of the structure, which causes additional bending moments in
the horizontal crossbars.

To ensure load-bearing capacity, the connection system must be installed as shown in the figure
below (see Fig. 17). Horizontal braces must be set in the cells of the external contour, and the contour
must be closed.

Fig. 17 - Scheme of installation of horizontal braces

According to the calculation, the load-bearing capacity of the crossbars, taking into account the
horizontal braces in the cells, is sufficient.
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Fig. 18 - Mosaic of bending moments in the horizontal plane in crossbars in a structure with a
system of horizontal braces
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Using the example of a tower for diving, it is shown that taking into account uneven wind load
causes additional forces in the elements of the structure, namely, the bending moment in the horizontal
plane crossbars, which may lead to a failure to provide sufficient load-bearing capacity of the entire
structure. For the perception of uneven wind load, a solution is proposed with the installation of
horizontal braces in the cells of the external contour, while the contour must be closed.

4 Conclusions

1. Gas-dynamic calculation of rectangular buildings with aspect ratios from 1:1, 1:2, 1:4, 1:6, 1:8,
and 1:10 is carried out. As a result of the calculation, aerodynamic coefficients and the angles of wind
flow at which the maximum bending moment occurs are determined.

2. Based on the corresponding values, a graph of changes in the relative wind load’s arm from
the building's side ratio is provided. As the side ratio increases, the relative wind load’s arm also
increases: with a 1:1 aspect ratio, it is 6%, and with a 1:10 ratio, it is 75% of the size of the larger side.

3. The calculation of the stress-strain state of the tower for high diving events is also carried out.
As a result of the calculation, it is determined that an uneven wind load causes twisting of the structure,
resulting in additional bending moments in the horizontal crossbars, thus the sufficient load-bearing
capacity of the structure is not provided.

4. A scheme for installing horizontal connections that provides the bearing capacity of the
structure under wind load that causes twisting is proposed. The system of connections consists of
installing additional horizontal braces in the external cells of the structure, thus forming a rigid contour
with the crossbars.
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