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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.

Keywords: altitude structure; mast; tower; Lira software; finite element method

tion, whose territory is located in different natural

Introduction zones, including seaside, which allows collecting

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-

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

doi: 10.15802/stp2018/129651

© R. A. Savchenko, D. O. Bannikov, I. I. Kyrpa, 2018

147


mailto:kriateddd@gmail.com

ISSN 2307-3489 (Print), ISSN 2307-6666 (Online)

Hayxka ta nporpec Tpascnopty. Bicauk /IHinponeTpoBchkoro

HaL[lOHAJIBHOTO YHIBEPCHUTETY 3alli3HUYHOro TpaHcnopty, 2018, Ne 2 (74)

TPAHCIIOPTHE BYJIBHUIITBO

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: ¢ — 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.
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Fig. 3. Pattern of bending moment distribution in mast for wind load:

a — without icing and b —with icing
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Fig. 4. Pattern of bending moment distribution in tower for wind load:
a — without icing and b — with icing
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Mass and cost of altitude structures

Table 1

Altitude structure
Indicator Mast with guy Mast with guy
angled at 60° angled at 45° X-brace tower K-brace tower
Mass, kg 3104 2975 6 640 15373
Material cost (ths. UAH) 66.43 63.67 142.10 329.00
Metal structure manufacturing cost 166.06 159.16 355.24 822.46
(ths. UAH)
Land lease cost, city/countryside 420/140.0 280/60.0 4/0.5 4/0.5
(ths. UAH)
Total cost, 652.5/372.5 502.8/282.8 500.3/497.8 1 154.4/1 151.9
city/countryside (ths. UAH)

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
S-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
first unit 5448.8
20 m
last unit 3759.8
first unit 3173.9
10 m
last unit 1610.9
first unit 1587.0
Sm
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.

InTech,
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PAIIIOHAJIBHA BUCOTHA CIIOPY A AJI51 POSMIIIEHHA
BITPOBOI'O OBJIAJHAHHSA B YMOBAX YKPAIHHU

Merta. [{ns1 crioctepeskeHb 3a BiTpOM BHKOPHCTOBYIOTH CIIellialbHE BITpPOBE 00JaJHaHHS, sIKe Mae OyTH po3Mi-
LIIEHO HA MEBHIH BUCOTI HaJl TIOBEPXHEIO 3eMJIi Ha MPOTsA3i BIIHOCHO HEBEJIHMKOTO TepPMiHy yacy. Take oOyiajHaHHS
MOXE MEPEHOCHTHCH i3 OJHOTO PErioHy MiCLEeBOCTI B iHIIMH. TOMy OCHOBHOIO METOIO BHKJIQJCHHX Y ITyOurikarii
JIOCIIIKEHb € BUOIp Ta OOIPYHTYBaHHS KOHCTPYKIIi MOOLTBHOI BUCOTHOT CIIOPYIH JUIsS PO3MIIIEHHS BITPOBOTO 00-
JaJHAHHA B MPUPOIHO-KIIMATHIHIX yMOBaX YKpainu. Meroauka. [y TOCSITHEHHS NOCTABIEHOI METH CIOYATKY
Oyno oOpaHO THII BHCOTHOI CHOPYAM 3 MOXJIMBHX icHytoumx. Jlami BHW3Ha4aBCs Xapakrep [ii NPHPOIHO-
KITIMaTUYHAX HABAaHTaKCHb HA IIi CIIOPYAH 32 YNHHUMH B YKpaiHi HopMamu. Ilicis Iboro BUKOHYBABCS YUCEIBHU I
aHasiz poOOTH BHCOTHHX CIOPYJ METOJOM CKiHUEHHX eJeMEHTIB Ha 0a3i mporpamHoro komiurekcy Jlipa. Takox
Oyna HaJaHa eKOHOMIYHA OITiHKA JOIIFHOCTI 3aCTOCYBAaHHS BHCOTHUX CIIOPY[I IIEBHOTO TUIY 3 YpaxXyBaHHSAM Ope-
HAW 3eMeNBHOI TUISHKY JUTA X po3TanryBaHesd. Pe3yasTaTH. 3a miacyMKkaMu IPOBEICHUX JOCTIKECHD CIIiJl KOHCTA-
TYBaTH, 110 JUIsl YMOB YKpaiHH HaAWOUIBII pallioHaIbHOI0 MOOUTFHOIO BUCOTHOIO CIIOPYOIO JUIS PO3MIILIEHHS BITPO-
BOro o0JyaJiHaHHS Ha BiJTHOCHO KOPOTKHI MPOMIXOK 4acy € cTajieBa Bexa. Y MOPIBHSHHI 31 CTAJIEBOIO IIOTJIOK0 aHa-
JIOT1YHOT BUCOTH CyMapHa BapTiCTh I BCTAHOBJICHHS Ta eKCILTyaTalil BUSABISEThCS HIDKYOK. [lepexpecHa perriTka
JUISl CTaJIEBUX BEX BUCOTOO Mopsiaky S0—60 M € Oinbl panioHanbHO0, HiX HamiBpo3kicHa. [1pu npomy ii Bukopuc-
TaHHS NMPAaKTUYHO BJBIYi 3MEHIIYE BapTICTh CHOPYAU. 3 ypaxyBaHHSIM MOXKJIMBOCTI TPAHCIIOPTYBaHHS HaWOUIbII
e()eKTUBHMM CJIiJ] BBXKATH PO3NOALT CTajeBOI Bexi Ha cekuii nosxuHo 8—10 M. HaykoBa HoBHM3HA. ABTOpamMu
3aIpOMOHOBAaHA METOIUKA OIIHKM €KOHOMIYHOI e(peKTHBHOCTI BHOOPY MOOUTBFHOI BUCOTHOI CIOPYAH B 3aJICKHOCTI
BiJl MPUPOTHO-KITIMAaTHIHUX YMOB MiCIIEBOCTi. BiINOBiqHO 10 ITi€1 METOAMKH BU3HAYECHO HAMOLIBIN paimioHaTbHUN
THIT BUCOTHOI CIIOPYAH 3 ypaxyBaHHIM ii MoOinbHOCTI. IIpakTH4yHa 3HAYMMIicTb. 3aCTOCYBaHHS 3alIPOIIOHOBAaHHX
MiAXOIB Ta pIillIeHb AO3BOJIIE CKOPOTUTH HA MPAKTHUII IMPOCKTYBaHHA 4ac, MOTPIOHUI I po3paxyHKIB, a TaKOX
OUTBIII OOTPYHTOBAHO ITIIXOAUTH O BUOOPY KOHCTPYKTHBHUX PIllICHh BUCOTHHUX CIIOPY/I.

Kniouosi cnosa: BUCOTHA CIIOPY/a; IIOTJIa; BeXa; MporpaMHuii koMmruieke Jlipa; MeTo 1 CKiHUCHHX €JICMCHTIB
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PAIIMOHAJIBHOE BBICOTHOE COOPYXXEHHUE IS PASMEIIEHUSA
BETPOBOI'O OBOPYJIOBAHMS B YCJIOBUAX YKPAUHBI

Hean. [ns1 HaOIr0IeHNH 32 BETPOM HCIONB3YIOT CIELHAIbHOE BETPOBOE 000PyJOBaHHE, KOTOPOE JOJIKHO OBITh
pa3sMelIEHO Ha ONpPEJIEICHHON BBICOTE HaJl MOBEPXHOCTBIO 36MJIM HA MPOTSKEHUH OTHOCUTEIILHO HEOOJBIIOrO Ie-
prosa BpeMeHH. Takoe 000py/I0BaHHE MOXET IMEPEHOCUTHCS M3 OHOTO PErHOHAa MECTHOCTH B Apyroil. [lostomy
OCHOBHOH II€JIbI0 M3JIO’KCHHBIX B ITyOJIMKAllMU MCCIICIOBAHUN SIBIISIETCS BBIOOD M OOOCHOBaHHE KOHCTPYKIUH MO-
OMIIBHOTO BBICOTHOTO COOPY)KEHHMS ULl pa3MEIEeHNs] BETPOBOTO 000PYI0BaHMS B NMPUPOAHO-KIMMATHIECKUX YCIIO-
BusIX YKpauHbel. Meroguka. [ JOCTHXKEHUs TOCTaBICHHON 1€ NepBOHAYAILHO OBLI BHIOPAH THIT BBICOTHOTO
COOPY>KEHHS U3 BO3MOXKHBIX CYHIECTBYIOIUX. Jlanee onpenensuics Xapakrep JEHCTBUS MPUPOIHO-KINMATHIECKUX
HAarpy30K Ha 3TH COOPYXKEHHUs COINIACHO NEHCTBYIOIUX B YkpauHe HOpM. Ilocie 3TOro BBIMOIHSIICS YHMCIECHHBIN
aHasn3 paboThI BEICOTHBIX COOPYXEHHI METOJOM KOHEYHBIX JIEMEHTOB Ha 0a3e MporpaMMHOTO Komiuiekca Jlupa.
Takxe OblTa BBITOJTHEHAa SKOHOMHYECKAs OICHKA IIEIeCO00pPa3HOCTH HCIIOIB30BAaHHUA BBICOTHBIX COOPYKEHHH
OIIPEJICTICHHOTO THUIMA C y4eTOM apeH[bl 3€MEJIbHOTO ydyacTKa Uil UX pacrosoxeHus. Pe3yabrarhl. Ilo ntoram
MIPOBEICHHBIX MCCIIEIOBAHNHN CIEeIyeT KOHCTaTHPOBATh, YTO IS YCIOBUHM YKpanHBI Hanbosee panroHaIbHBIM MO-
OWIIGHBIM BBICOTHBIM COOPYXXEHHEM IS pa3MeIeHHs BETPOBOTO 000pyI0BaHUS HA OTHOCHUTENIFHO HEOOIBIION WH-
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TPAHCIIOPTHE BYJIBHUIITBO

TepBaJl BpEMEHU SIBJIICTCS CTajbHAas OalHs. B cpaBHEHUH CO CTaIbHOI MauTOM aHAJOTMYHON BBICOTBI CyMMapHast
CTOMMOCTh €€ YCTaHOBKH M 9KCIUTyaTalluM OKa3bIBaeTCsl MeHblIed. [lepekpecTHas pemieTka ajisl CTaJbHBIX OalleH
BBICOTOH mopsanka 50—-60 M sBusercs Ooiee paroOHAIBHOW, YeM MmoiypackocHas. [Ipm 3ToM ee HMcIoibp30BaHUE
MPAaKTHYECKN BABOE CHIDKAET CTOMMOCTH cOoOpykeHus. C ydeToM BO3MOXHOCTH TPaHCIIOPTHPOBKH Hamboiee 3 (-
(DEeKTHBHBIM CIIEAYET CUNTATh pa3lelieHNe CTAIbHON OamrHu Ha cekuuu a0l 8—10 M. Hayynast HoBu3HA. ABTO-
pamMu TpemoKeHa METOIMKAa OLEHKH JKOHOMHYECKOH 3((EeKTHBHOCTH BBIOOpAa MOOMIBHOTO BBICOTHOTO
COOpPYXXEHHUsI B 3aBHCHMOCTH OT MPHUPOJHO-KIMMATHYECKHX YCJIOBHH MECTHOCTH. B cOOTBETCTBHMH C 3TOH
METOIUKON OMNpenelicH HanOoJee panuOHANBHBIA THII BBICOTHOTO COOPYKCHHS C YYETOM €ro MOOMIBHOCTH.
IIpakTHyeckasi 3HAYNMOCTD. [IpuMeHeHNe TPEATIOKEHHBIX OJX0A0B U PEIICHUH MO3BOJSET COKPATUTh Ha MpakK-
THKE NTPOEKTUPOBAHUS BpeMsl, HEOOXOAMMOE /IS PacueToB, a TakxKe 0osiee 000CHOBAHHO MOJXOJUTH K BEIOOPY KOH-
CTPYKTHBHBIX PEIIEHUI BEICOTHBIX COOPYKEHUI.

Kniouesvie cnosa: BbICOTHOE COOpYKEHHE; MauTa; OallHs; MPOrpaMMHBIM kKommiekc JIupa; METon KOHEUYHBIX
2JIEMEHTOB
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