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RATIONAL ALTITUDE STRUCTURE FOR PLACING THE WIND 

EQUIPMENT IN THE CONDITIONS OF UKRAINE 

Purpose. For wind observations special wind equipment is used, which should be placed at a certain height 
above the ground for a relatively short period of time. Such equipment can be transferred from one region to ano-
ther. Therefore, the main purpose of the studies outlined in the publication is the selection and justification of the 
construction of a mobile altitude structure for the placement of wind equipment in the natural and climatic condi-
tions of Ukraine. Methodology. To achieve this purpose, first we chose the type of altitude structure from the exist-
ing ones. Next, we determined the nature of the effect of natural and climatic loads on these structures in accordance 
with the norms of Ukraine. After this, we performed a numerical analysis of the work of altitude structures by the 
finite element method on the basis of the Lira software. Also, an economic evaluation of the expediency of using 
altitude structures of a certain type was made, taking into account the lease of the land plot for their location. 
Findings. According to the results of the conducted studies, it should be noted that for the conditions of Ukraine a 
steel tower is the most rational mobile altitude structure for placing wind equipment for a relatively small interval of 
time. In comparison with a steel mast of a similar height, the total cost of its installation and operation is lower. The 
X-cross brace for steel towers from 50 to 60 m in height is more rational than the K-brace. Herewith, its usage de-
creases the construction cost almost by half. Taking into account the possibility of transportation, the separation of 
the steel tower into assembly units of 8-10 m in length is the most effective. Originality. The authors proposed the 
method for estimating the economic efficiency of choosing a mobile altitude structure depending on the natural and 
climatic conditions of the terrain. In accordance with this method, the most rational type of altitude structure is de-
termined taking into account its mobility. Practical value. Application of the proposed approaches and the solutions 
allows reducing the time required for calculations in design practice and also more reasonably approaching the 
choice of design solutions for altitude structures. 
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Introduction 

Recently, the opinion on climate change that 
takes place on the planet is constantly expressed 
and discussed among specialists from various 
fields [6–8, 14]. Therefore, in order to confirm or 
refute it, more and more studies are being carried 
out to identify and record various climatic indica-
tors in different regions. Ukraine is not an excep-

tion, whose territory is located in different natural 
zones, including seaside, which allows collecting 
interesting data. 

One of the areas of climate research is wind ob-
servation, which allows not only to specify the 
wind load on building structures, but also to collect 
the relevant statistics. For this purpose, special 
wind equipment is used, which is placed at a cer-
tain height above the ground (from 5 to 60 m) for 
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1–2 years, which requires the use of altitude struc-
tures. 

Since the data collection should be carried out 
both in urban and in suburban areas with an arbi-
trary relief and arbitrary buildings (or lack thereof), 
the use of existing altitude structures is practically 
impossible. Much more effective is the installation 
of wind equipment on specially designed mobile 
altitude structures, which could be repeatedly 
assembled/disassembled and moved to the desired 
point of the terrain. 

Purpose 

Therefore, the main purpose of the studies out-
lined in the publication is the selection and justifi-
cation of the construction of a mobile altitude 
structure for the placement of wind equipment in 
the natural and climatic conditions of Ukraine. 

To achieve this purpose, it was necessary first 
to choose the type of altitude structure, then to de-
termine the nature of load impact on it, and only 
then to develop a constructive solution, and with 
the least possible weight. 

Methodology 

Among the existing altitude structures, steel 
masts and towers are the most suitable for accom-
modating wind equipment and meet the mobility 
conditions. Therefore, they were identified as basic 
for further research. 

The normative documents in force in Ukraine 
that regulate the issues of determining the loads on 
building structures, including altitude structures, 
are the standard specifications [5]. According to 

these standard specifications, it is necessary to take 
into account wind, ice and ice-wind loads for dif-
ferent climatic regions. 

Since the projected structure can be located in 
an arbitrary area on the territory of Ukraine, the 
load values were taken for the area with their high-
est values. Such an area is the coast of the Azov 
Sea, where the identified natural and climatic loads 
reach maximum values. 

For conducting variant calculations an extreme-
ly popular and proven numerical method of build-
ing mechanics – the method of finite elements [9–
13] – was used on the basis of the well-known do-
mestic software complex Lira [4]. 

Four structural variants of an altitude structure 
were analysed – a mast with a guy inclination 
angle of 60 and 45, as well as a tower with 
X-brace and K-brace. The inclination angle of the 
mast guys was limited for reasons of reducing the 
area they should occupy around the structures. The 
tower brace types were chosen to be the best able 
to handle loads in different directions and have the 
highest rigidity. 

The height of the structure in both cases was 
60 m. The section of the mast was adopted as tri-
angular, and that of the tower – as square, as the 
most common and tested in practice. Structurally, 
in all cases, the section of structural elements was 
assumed to be rounded bending welded profiles, 
which are also quite affordable, efficient and inex-
pensive in the modern Ukrainian market. The con-
structed calculation schemes of the mast and tower 
are shown in Fig. 1 and 2, respectively. 

Fig. 1. Finite-element model of mast (guy inclination angle 45) 
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Fig. 2. Finite element model of tower with: a – X-brace and b – K-brace 

 

They consisted of core finite elements, and the 
mask guys were modelled using special finite ele-
ments. This approach avoids questions of estimat-
ing the convergence of results peculiar for finite 
elements of other types [1–3]. 

Findings 

Based on the calculation results, we obtained 
the efforts in the altitude structure. The bending 
moments have the greatest influence on stressed-
deformed state of the structures. Their distribution 
in the form of a mosaic for some of the most typi-
cal cases is presented in Fig. 3 and 4. 

The calculation results allowed drawing up  
a summary table, which takes into account the alti-
tude structure mass, as well as total costs, includ-
ing the manufacture and lease of the land occupied 

for a term of 1 year (Table 1). The set value was 
accepted averaged over Ukraine, because it varies 
for different regions. However, this analysis re-
veals the overall picture. 

Thus, it is clearly seen from the table that the 
amount of material (steel) required for placing the 
mast in comparison with the X-brace tower is more 
than two times lower, and compared with the  
K-brace tower – about five times lower. 

In calculating the cost of renting a land plot for 
the location of mobile altitude structure, two op-
tions were considered: the first – for urban deve-
lopment, the second – for the countryside (outside 
the city). At the same time, a significant role is 
played by the fact that the area necessary for the 
placement of the mast is much larger than the area 
occupied by the tower. 

b a 
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Fig. 3. Pattern of bending moment distribution in mast for wind load:  

a – without icing and b –with icing 

b 

a 
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Fig. 4. Pattern of bending moment distribution in tower for wind load: 
a – without icing and b – with icing 

b 

a 
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Table 1  

Mass and cost of altitude structures 

Indicator 
Altitude structure 

Mast with guy 
angled at 60 

Mast with guy 
angled at 45 X-brace tower K-brace tower 

Mass, kg 3 104 2 975 6 640 15 373 

Material cost (ths. UAH) 66.43 63.67 142.10 329.00 

Metal structure manufacturing cost 
(ths. UAH) 

166.06 159.16 355.24 822.46 

Land lease cost, city/countryside 
(ths. UAH) 

420/140.0 280/60.0 4/0.5 4/0.5 

Total cost, 
city/countryside (ths. UAH) 

652.5/372.5 502.8/282.8 500.3/497.8 1 154.4/1 151.9 

Also, the placement of the mast with a guy  
angle of 45 turns out to be more economical in 
terms of material content, but, provided the location 
within the city, the total cost of construction and 
operation of the mast due to significant land lease is 
higher than that of the X-brace tower. Also, in city 
conditions, it is not always possible to rent a large 
plot of land necessary for placing a mast. These fac-
tors make it possible to state that according to the 
performed researches, it is better to refuse to use the 
masts, but to prefer the towers, wherein with X-
brace. 

A separate issue is the transportation of the cho-
sen structure. To do this, it is planned to be divided 
into separate transport units. Different schemes of 
division are possible. The Table 2 shows the assem-
bly unit mass (in kg) for certain schemes. Due to the 
decrease in the section of the structure in the upper 
part, the last unit has a smaller mass. 

With the first variant of the structure division in-
to 20-meter assembly units, the main advantage is 
the small number of assembly units themselves, 
which positively affects the structure reliability, re-
ducing the number of joints. The disadvantage of 
this division is the emergence of difficulties with 
transportation, especially within the city. This can 
lead to additional costs or even the impossibility of 
transporting units of this length. 

The second variant of the division into 10-meter 
assembly units is the most optimal in both size and 
mass. A moderate amount of assembly units does 
not significantly affect the structure reliability. 

Considering the third variant of the division into 
5-meter units, there are questions regarding the large 
number of joints in the structure, which potentially 

can lead to a decrease in the structure reliability. The 
positive aspects of using such a division should in-
clude the ease of installation on the construction site, 
using lifting equipment with small load capacity. 

Table  2  

Mass of transport units 

Assembly unit division scheme X-brace tower  

20 m 
first unit 5448.8 

last unit 3759.8 

10 m 
first unit 3173.9 

last unit 1610.9 

5 m 
first unit 1587.0 

last unit 690.6 

Originality and practical value 

The research presented in the publication al-
lows estimating the possibility of using different 
types of mobile steel altitude structures for the 
conditions of Ukraine. Since the existing profes-
sional literature and normative base in the design 
of such structures lack information on possible ap-
proaches or recommendations for their design with 
the possibility of location in all climatic regions of 
Ukraine, the studies conducted allow reducing the 
time consumption for practical calculations. 

Having determined, according to the above men-
tioned methodology, the total cost of building and 
operation of an altitude structure for a certain period 
of time, it is possible to provide substantiated rec-
ommendations on the feasibility of using each of the 
considered variants of altitude structures. 
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Conclusions 

Based on the material outlined in the publica-
tion, the following conclusions can be drawn: 

1. For the conditions of Ukraine, the most ra-
tional altitude structure to place the wind equip-
ment for a relatively short period of time  
(1-2 years) is a steel tower. In comparison with a 
mast of similar height, the total cost of its installa-
tion and operation is lower. 

2. X-brace for steel towers with 50-60 m height 
is more rational than the K-brace. Herewith its use 
reduces almost twice the construction cost. 

3. For the purpose of transportation, the most 
effective steel tower division is considered the one 
into 8-10 m long assembly units. 

4. The presented methodology for assessing the 
economic feasibility of choosing a mobile altitude 
structure can be applied to other types of mobile 
structures as well. 
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РАЦІОНАЛЬНА ВИСОТНА СПОРУДА ДЛЯ РОЗМІЩЕННЯ 

ВІТРОВОГО ОБЛАДНАННЯ В УМОВАХ УКРАЇНИ 

Мета. Для спостережень за вітром використовують спеціальне вітрове обладнання, яке має бути розмі-
щено на певній висоті над поверхнею землі на протязі відносно невеликого терміну часу. Таке обладнання 
може переноситись із одного регіону місцевості в інший. Тому основною метою викладених у публікації 
досліджень є вибір та обґрунтування конструкції мобільної висотної споруди для розміщення вітрового об-
ладнання в природно-кліматичних умовах України. Методика. Для досягнення поставленої мети спочатку 
було обрано тип висотної споруди з можливих існуючих. Далі визначався характер дії природно-
кліматичних навантажень на ці споруди за чинними в Україні нормами. Після цього виконувався чисельний 
аналіз роботи висотних споруд методом скінчених елементів на базі програмного комплексу Ліра. Також 
буда надана економічна оцінка доцільності застосування висотних споруд певного типу з урахуванням оре-
нди земельної ділянки для їх розташування. Результати. За підсумками проведених досліджень слід конста-
тувати, що для умов України найбільш раціональною мобільною висотною спорудою для розміщення вітро-
вого обладнання на відносно короткий проміжок часу є сталева вежа. У порівнянні зі сталевою щоглою ана-
логічної висоти сумарна вартість її встановлення та експлуатації виявляється нижчою. Перехресна решітка 
для сталевих веж висотою порядку 50–60 м є більш раціональною, ніж напіврозкісна. При цьому її викорис-
тання практично вдвічі зменшує вартість споруди. З урахуванням можливості транспортування найбільш 
ефективним слід вважати розподіл сталевої вежі на секції довжиною 8–10 м. Наукова новизна. Авторами 
запропонована методика оцінки економічної ефективності вибору мобільної висотної споруди в залежності 
від природно-кліматичних умов місцевості. Відповідно до цієї методики визначено найбільш раціональний 
тип висотної споруди з урахуванням її мобільності. Практична значимість. Застосування запропонованих 
підходів та рішень дозволяє скоротити на практиці проектування час, потрібний для розрахунків, а також 
більш обґрунтовано підходити до вибору конструктивних рішень висотних споруд. 

Ключові слова: висотна споруда; щогла; вежа; програмний комплекс Ліра; метод скінчених елементів 
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РАЦИОНАЛЬНОЕ ВЫСОТНОЕ СООРУЖЕНИЕ ДЛЯ РАЗМЕЩЕНИЯ 

ВЕТРОВОГО ОБОРУДОВАНИЯ В УСЛОВИЯХ УКРАИНЫ 

Цель. Для наблюдений за ветром используют специальное ветровое оборудование, которое должно быть 
размещено на определенной высоте над поверхностью земли на протяжении относительно небольшого пе-
риода времени. Такое оборудование может переноситься из одного региона местности в другой. Поэтому 
основной целью изложенных в публикации исследований является выбор и обоснование конструкции мо-
бильного высотного сооружения для размещения ветрового оборудования в природно-климатических усло-
виях Украины. Методика. Для достижения поставленной цели первоначально был выбран тип высотного 
сооружения из возможных существующих. Далее определялся характер действия природно-климатических 
нагрузок на эти сооружения согласно действующих в Украине норм. После этого выполнялся численный 
анализ работы высотных сооружений методом конечных элементов на базе программного комплекса Лира. 
Также была выполнена экономическая оценка целесообразности использования высотных сооружений 
определенного типа с учетом аренды земельного участка для их расположения. Результаты. По итогам 
проведенных исследований следует констатировать, что для условий Украины наиболее рациональным мо-
бильным высотным сооружением для размещения ветрового оборудования на относительно небольшой ин-
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тервал времени является стальная башня. В сравнении со стальной мачтой аналогичной высоты суммарная 
стоимость ее установки и эксплуатации оказывается меньшей. Перекрестная решетка для стальных башен 
высотой порядка 50–60 м является более рациональной, чем полураскосная. При этом ее использование 
практически вдвое снижает стоимость сооружения. С учетом возможности транспортировки наиболее эф-
фективным следует считать разделение стальной башни на секции длиной 8–10 м. Научная новизна. Авто-
рами предложена методика оценки экономической эффективности выбора мобильного высотного 
сооружения в зависимости от природно-климатических условий местности. В соответствии с этой 
методикой определен наиболее рациональный тип высотного сооружения с учетом его мобильности. 
Практическая значимость. Применение предложенных подходов и решений позволяет сократить на прак-
тике проектирования время, необходимое для расчетов, а также более обоснованно подходить к выбору кон-
структивных решений высотных сооружений. 

Ключевые слова: высотное сооружение; мачта; башня; программный комплекс Лира; метод конечных 
элементов 
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