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INMPEOVEMENT OF THE DESIGHN OF MOEBILE
COMMUNICATION TOWEE

Vladimir Sintsov Viadimir Mitro fanow, Sergey Malarow

Hational Academy of ¥ abore Protection and Health Eesort Development

Summnary. The article 15 about the reduchon of metal capacity of the comstmetion for wchik commmmnication.
The mfhuerce of the corshuctive arrangement of special tower lathce on the load fomre distibton i the cone
stuctonbels & comsidered. Caloulation is made and dyrane characteristics of differert design model of the
toarer ae deternared. Behavior of different desiznmodels of the toweer talang 1o accoant palsabng conporernt
afwind bad is analyzed.
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INTRODUOCTION
The rate of mobile corpnnmication develop- (.
et has considerably increased for the last ten years e
in Ukraine. To increase stability of mokile corarami- -..”J

cation new base stations are established. The line of ;
mohile cormaunication corsists of recelver-transtait- =
ter stations located at a distance of straight visthility [
of each other {about 40-30 km). Each intermediate [
stengthens it and travsraits it to the next station with [
the help of pardbolic antentas. [
Tetrahedral towers (height 35 - 60 m) with the & \
cross lathce from the rigid stuts are compaonly used o
as supports of parsbolic antennas of mobil cornrmnic a- |
tion lines (Fig. 13 [1] ,
Having highly directional erission both in the I
vertical and in the horizontal plane; parabolic anten-
hias require such kind of supports where the antensia’s f
heam deviations from the assigned direction were not [
larger than 10. !
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Lpplication of standard rmasts and towers as anternas for mobile connec tion was developed
in the USSR for the relay stations of connection, and now it is not alwaye econorde ally expedient.

Lz the beginning station towers of 40m height were widespread. Such stations are umally
ecuipped with three - four sectorial antermas that are 1500-2500 rea in height, about six radic relay
antermas with the plate 1200 rorn in diarneter and 46 radio relay antennas with the plate of 600
oo in diarae ter. The signal is transmitted to the antermas b cables, located inside the boz 400 oo
wide of the mass below 10 kefin [2].

There iz a small van near each tower with expenstee equiprment to provide the reception and
transmittion of sighals. The fower should meet the main requirernents such as: high operational
relighilityand the miniwization of cost of its produe tion and rmoanting. Mowadays, itis corarnon to
produce forty meter towers from the wolumettic starting marks with their subsedque nt strengthening
at the constriction site and installation to the foundations in the assembled form [3].

This approach requires producing wolumetric starting rarks sized adecuatelsy to be trans
ported by automobile. Constroctieelsy the towrer is a three-dire nsional te trahe dron with the break
of belt at the heizht of 28 meters. The bottor base of the tower is 4000 o and the top base s
1100 roaw. It is drvided into fourblocks in terras of height. The forty meter tower for mobile com-
rmnication developed by “Steel Project™ Grrbh and constructed in the Crirea weas accepted as the
prototype of our improved tower [4].

The airn of improsement 1s o reduce straing in the helts at the joint of adjacent blocks ower
the height of tower due to the change of lattice scheme.

The traditional approach to the calealation of the tower construc tion rrobee s ite subdidsion
into the frarmework plare girders which are affected by long forces. Inour case, the e thod of firdte
element was nsed in calenlating the tower construction. The method was realized in PE “LIRA
W2.4™ [5]. This allowed to take into consideration three-dimensional work of the constction.

STRUCTURAL MODELING

& tower miode]l was bailt as three-dimensional tetrahedron with the brealk of belt over the
height. & constructiee acherne of the latfice was canded out in wersions with creating caleulating
model of the tower.

The firstblock of 8,5  height consists of four woluretric starting marks joine d together in the
cenfral part. In the asserrbled state the block is a tancated prraraid. In both wersions there is cross
lattice with strut frarmes in the fixst block. The second and the third blocks are three -dirme nsional
te trahe dral tune ated pryrarnids 10 m heigh, each of whichis made as a urit starting rark. The lattice
in the first design model is a cross with the subdivision into the panels in both blocks.

In the second tower model desigh the firstblock is performe d without any change of the base
wersion. The second block is a croas lathice with the strut frawies over the entive height of the block.
The fourth block iz made in the formn of three -ditne neional pristn 12 moheigh, This block is idertical
for both design models. Sections of tower elements are made of single steel cormer welded fo each
other. Geometric scheres of both wversions of the towers are in Fig. 2.
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Fiz. 2. Geometncal schenatios of the design models of towrers.
a) base verine b with the changed lathiee

Constant load: self-weizht of constructional elemernts was dete rrnined and applied autornat-
cally by the prograr while mdicating the sections of the elerments [5].

Wind load: the preveailing loadon this fype of construction iz wind load. This lead iz gene rated
by aly raass oving and depe nds upor wind speed in the region of building. The wind load walue iz
dependable on the swrface of the tower rods on which the pressare of air flows acts. The wind load
on the second block in the second version of design rindel had lower values in comparison with the
first model as a result of the rarefaction of the latice. Wind loading was determined according to
the prescriptions of cwrrent standards [&]. It was applied as concentrated loading to the constuc tion
joints at the level of diaphragin being perpendicular to tower facet and goes diagonallyacross the
cross-gection (at the angle of 459

Seistnic load: seismic loading (7 dg.) was applied to the tower models. The loading was
deterrrined in accordance with the require rents of actusl standards [7]. Seisraic action canses in-
ertial forces. Inertial mass deterenines inertial forees in the selfweight of constructional elerments.
Self-weight iz deterrnived and applied autormatically by the prograr while indicating sections of
construcion elements. Seistaic load was applied in the rantual perpe ndicular directions, along the
Haxes OX and ¥ axes.

Techrinlogical load: techninlogical load of tower models 15 the weight of anternas installed
at the levels of 40 m - four ante nmas G5 W (weight of 0,127 M), teo parabolic antennas 0.6 and

1,2 in diameter (weight 0,367 KN and 0,735 kI); 32 m — 3 parabolic antennas 1 2 m in diare ter
iweight 0,735 kR, 30 1 - one anterma with (diameter 12w weight 0,735 k), on the mark - one
antenmna with a diaweter of 1,2 m with weight 0,735 kW [6].

Ize storrn load: this load was determined in correspondence with the reguirvernents of actual

standards [6].
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AMNALYWELE OF RESULTS

The method of firate element was nsed in calenlation of towers. It was realized in PK “LIRA
WS4 Tt roade it possible fo take into account the tree-dimensional work of the constraction. This
caloulating approach enabled a careful exarnivation of bebavior ander pulsating wind and acting
under the influence of wind. The dymarde characteristics of design rodels and the displacerment of
the top point are given in Tables 1 and 2.

Tabl.l. Thranme charmeterishes of design models

1t desigh model 2nd desizn model
Ma He Cham Freqenties Charn Frequenmes The
ofload- af vahies - penod | vabies - pericd
inz fhe Curlar Fre- Ciroular Fie-
form frequency quency frequency | quency
3 1 0,140 715 1,139 0Ewe | 6,157 1 1185 0,50
3 2 nozy A 4354 0230 | 0)Es 22081 4 485 0,224
3 3 noz21 43019 e 0,131 | 002l 43,721 7595 0132
5 1 0131 7al0 1,211 0E28 | 0,129 T L2 009
5 2 n1s Al 1,57 0205 | 012 T L2655 0,79
5 3 0035 2559 4,451 0228 | 055 2855 4519 0221

The caleulations showed that the greatest straing in the belts of tower blocks appear in the
third form of Aucteation with the wind direction along the diagonal. The results of caleulations are
ghven in Tables 3 and 4.

Tahl 2. Displacernents of the upperut of the tosrer

Ne Movings Ma of
ofunit [ v z - y | loading | CommaEnt

12 | ooz | oms | omm | oooe | ooz | oo 1 -
12 | 26187 | 01z | -7edz | oo | 1429 | -000s 2 -
12 | -2mges | o1zs | &3 | 0o | 12811 | ools 3 1
1% | ms1er | oz | -redz | ooom | wzes | oois 3 2
172 | 5@ | 217090 | -l2ea | -l2om | 12080 | ooz 4 ;
122 | 1som |77z | ol | 1oges | 10gss | 13237 5 1
122 | 176224 | 306 | 11595 | 108 | -1072 | oo 5 2
122 | &9 | 21700 | -12ss0 | <1207 | 12061 | 008 5 3
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Tabl.3. Shairs i the belts (15t desiznmodel)
a]-:!i_ e Strans, kM, Hi*m Type of an e Comporent
ert sechon H M, Q Qr element of loadine

129 1 S50 BA 0oz 4.5 025 11 5 3

211 1 -4340 | 0,001 LE7 -0,05 11 5 3

9 1 -SEsgZ | 003 0,02 0,01 1 5 3

24 1 S2ERTa | 0001 .10 0,02 11 5 :

Tabl 4. Shairs in the belts (2nd desizn model)
ﬂ'ﬂi N.E ’ bl Tpe of an He . Corrporert
et sechon H M, Q, Q elernent ofloading

115 1 S99 00z 043 021 10 5 3
197 1 SR | -005 -0,1& 0.04 10 5 3
422 1 34900 0,05 050 001 10 5 i

The tower behavior under the polsating rfluerce of the wind inboth versions is quite close.
Force distribution in the tower elements (2nd design model) under the pulsating influence of the
wind (3rd form ) is shown in Fig. 3.
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Fig. 3. Fowe comditices in the elernents of towrer (2 desizn mod el under the pulsatine infhience of wind
[Zrd form).

The data avalysis of caleulations carried out for teo wersions of fower model enabled to
reveal the following:

- the change in the angle of slope of the basic stuts of cross lattice with the introduction of
strut frames in the second block rmade the straims of wind loading  distibute raore proporionally
n the belts of the first, the second and the third blocks, taking pulsating cormponent into account;

- the maximum strains walue in the belts of the first, the second and the third blocks were
reduced and the whecame closer to each other. Thiz allows to nse the element of the same section

for thern;
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- the displacerwent of tower top urite for both versions of design models rermained within
the limits of acce ptable walues.

CONCLISION

The change of the conrecting lattice construction in three-dirnensional tower construction
for mobile corarnunics ion redistributes efforts in tower elemme nts and decrease metal consurnption.
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POSZUKIWANIE KONITRUKTY WHET FORMY WEE? ZWIAZAWE]T
Z RUCHEM O WY 30K O3CT 40 METROW

Streszezends, Praca podwriecona proh lesmona chrigesna materizbinar konsto koo machesve) wrissy. Fompraco-
vwrano preypadel wphran kondoetne) decyzgl dotyezace] przestzarme] kyatoamicywriesyr na makidad s Prmepoo-
wadzono obliceerma cloreslagee dynanteze charakterys td liemrrchinodell chliczerioarhwries, Freeproara-
dzorno mahee zwnel model ob hezemoaryh biozge pod wrage drzama pochod mee od wiabowego cb clgzerna.

Siowra khwerowe: vwiesa, artena, metoda koficosrezo elamerty, model chliczeniosry



