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General characteristic of the dissertation

Topicality of the problem. Guyed masts are special structures widely used
for wireless broadcasting and communications industries. The need for taller
and more reliable antenna supporting structures is increasing. There are many
different setups and configurations of guyed masts designated for particular
applications. Usually, a guyed mast consists of a vertical tall mast shaft laterally
supported at several levels along its height by sets of inclined pre-tensioned
guys spaced at equal angles around the mast and attached to discrete
foundations.

The structural analysis of a guyed mast is complex, because of non-linear
behaviour of structural system and the random nature of the loads. The choice
of initial tension and the non-linear behaviour of the guys can have a very great
effect on the displacements and behaviour of a whole structure. The main
disadvantage of guyed masts can be considered their increased deformability
under the action of wind and ice loads as well as temperature changes. Some
guyed masts have suffered in the past from structural failure.

An easiest way to reduce displacements and weight of guyed mast is to
increase a number of elastic supports for the mast shaft. Hovewer, a large
number of usual guys increases mast erection costs. With the aim to increase
the effectiveness of guyed system the author proposes for the first time to use
guyed mast structure with combined guyes. To verify this new structural system
theoretical and experimental studies of its behaviour must to be undertaken.

Subject of research. The main subject of this work is the steel guyed
masts with combined guyes under static loading.

Methodology of research. This thesis deals with experimental, analytical
and numerical research methods.

Main objective. The main objective of this work was to create a new type
of guyed mast with combined guys and to analyse its behaviour under static
loading.

Main tasks
1. To analyse structural systems, behaviour features and design methods of

communication structures.

2. To propose a method for the analysing and determining the internal forces in
guys and shaft of guyed masts with combined guys under a static loading.

3. To execute the numerical simulation of the behaviour of the guyed masts
with combined guyes.

4. To compare the results that are obtained by the numerical simulation by
finite element method with the results of guyed mast model testing.

5. To execute the numerical simulation of layout parameters of guyed mast
with combined guys and their influence on shaft deformability.



6. To prepare the technique of composition of optimal layout paramaters of
guyed mast with combined guys.
7. To evaluate the technical and economical effectiveness of proposed type of
guyed masts and the rational fields of their application.
Scientific novelty
1. A new type of suspension system with main and secondary guys to increase
a number of elastic supports for the mast shaft is proposed.
2. The numerical method for modelling guys is proposed.
3. The analytical method for the analysing and determining the internal forces
in guys and mast under static loading is proposed.
4. An analysis of layout parameters of guyed masts with combined guys and
their influence on structural system deformability is performed.
5. The experimental study of guyed mast model with combined guys is
performed.
6. The technique of composition of optimal layout paramaters of guyed mast
with combined guys is proposed.
7. The technical and economical effectiveness of guyed masts with combined
guys is evaluated.
Practical value
The created new guyed mast with additional guys influences an effect of saving
material by 2,3 times. It can be expected more than 2 times of decreasing of the
guyed mast fabrication cost. The technique of composition of optimal layout
paramaters of guyed mast with combined guys is useful in design of new and
customary guyed masts.
Approbation and publication. The main results of this work were submitted
in 4 scientific technical conferences. Nine papers were published on the topic of
the dissertation and 3 of them in the journals from of list approved by the
Department of Science and Higher Education (see 15-16 p.).
The scope of the scientific work. The thesis consists of general
characteristics, a list of notations, 76 pictures, 15 tables, 5 main chapters, results
and conclusions, list of references. The total scope of the dissertation is 146
pages.
Defended propositions
1. The new type of suspension system with main and secondary guys for the
mast shaft influences an effect of saving material.

2. Combined guys don’t cause problems for design, fabrication and erecting
of guyed masts.

3. An initial equilibrium of guy cables is the most important factor for shaft
displacements and bending moments.



THE CONTENT OF THE DISSERTATION
1. Object and goal of research

In this chapter review of guyed masts, their structural systems and
behaviour analysis methods were briefly outlined.

Intensive theoretical and experimental research is carried out in the field of
analysis and design of modern tall guyed masts. Fundamental works can be
mentioned with data for design, analysis and construction of guyed mast with
many references on this subject. Many dynamic models have been proposed in
the literature. Although any of the well-known theories are complex. Several
simpler methods based on approximations are proposed. In design practice the
dynamic response is sometimes neglected. The static wind load, for example, is
multiplied by a gust and amplification factors resulting in a higher equivalent
static load. As can be seen, design of these structures is not simply. On the other
hand, the capabilities of suspension systems have not yet been sufficiently
investigated and exploited and there are vast possibilities for innovative
solutions. To reduce a weight of mast structures special measures are
sometimes taken. Among them, a mast shaft of prestressed truss system or guy
systems consisting of series of guys with horizontal elements can be mentioned.
Most of those solutions decrease the weight of the shaft, but complicate
construction and increase the total cost of the whole structure.

2. New structural solution of guyed masts. Analytical method for analysis
of guyed masts with combined guys

The proposed guyed mast structure consists of vertical mast-column, main
and secondary guys (Fig 1). The central mast can be constructed using solid,
circular or open steel lattice of typically square or triangular cross-section;
however, the first two types need more complicated connection details. The
mast is normally guyed in three or four directions, e. g., at 120° or 90° angles in
the plan. The main guys are propped by two additional secondary guys each
with a half of the cross-sectional area to increase number of intermediate elastic
supports and to reduce the bending lengths of the mast shaft. The standard
cables are used for main and secondary guys.

The number of secondary guys depends on cross-section shape of the mast-
column. It is intended to use for each main guy two secondary guy cables
situated in vertical plane (e. g., in case of a solid mast) and two or four
secondary guys, if a mast is latticed (Fig 1, c).



Fig 1. Guyed mast: a — typical system; b — system with combined guys; ¢ — cross-
sections: 1 — central mast; 2 — main guy; 3 — additional secondary guy

The secondary guys are attached to the main guy by a special connectors
assuring invariable length of the secondary guys. The latter are attached to the
vertical mast by the same connectors as in the case of standard guyed masts.



A method for static analysis of guyed towers is extended and applied to
problems in two dimensions. The mast and guy cables may be loaded by
arbitrary distributed forces. The effect of axial forces in the mast are taken into
account. Highly accurate non-linear equation analysis algorithm is handled by
the Secant method.

3. Analysis of layout parameters of guyed masts with combined guys and
their influence on structural system deformability

Fig 2. Possible kinematical displacements of combined guys

Let us consider a system of rigid bars loaded by two forces F; and F,
(Fig 2, a). When no motion of the system is allowed, the condition of
equilibrium for the bars requires
h_a = ﬁ . (1)
hy

If this condition of equilibrium is not satisfied, the kinematical
displacements will occur (Figs 2, b and c). Note that displacements u; and u, of
nodes are in opposite directions. If we now replace rigid bars by flexible cables,
the additional displacements will occur due to elastic elongation and
kinematical displacements of the cables. Hence, for behaviour analysis of a



guyed mast with combined guys the factor of initial equilibrium of guy cables is
introduced:

:Fl_ha (2)
“ FZhb '

In order to determine the influence of parameter K, on the behaviour of a
guyed mast, the numerical analysis using by the commercial program Robot
Millennium was performed. The mast shaft was modelled as beam-column
element and guys are modelled as two-node cable elements. The geometric non-
linear static analyses have been performed using Newton-Raphson iterative
technique.

Let’s consider the vertical segment of the guyed mast between two
consecutive groups of cables supported laterally by a single guy and loaded
with two concentrated forces F; and F, at the anchoring nodes of each
secondary guy (Fig 3, b). The mast segment is assumed hinged at two edges at
the level of guy supports.
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Fig 3. Intermediate segment of the guyed mast, including the combined guy:
a — geometrical parameters; b — scheme of loading
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The cross-sections of main and secondary cables are identical with
EA.,=12 MN. Bending stiffness of the mast EIl,, = 73,4 MNm?’. It is also
assumed that i;,_; = h; = h;;; = 30 m. The sum of two concentrated forces
F) + F, =24 kN. Horizontal projection of secondary guys /,= 7,5 m.

Three scenarios were analysed:

h
I. F=Fy=12kN; =“=01+2; h; =30m
hb

F h
2. —1=o,1+2;h—“:1;h,-:30m;

2 b

3. F=F,=12kN; Z—“:0,1+2; h; =18+46m.
b

The non-dimensional lateral displacements u;/h; were defined at each point
where the secondary guys are connected to the mast shaft. Displacements are
summarized in Fig 4. It can be observed that an increase in the parameter K,,
leads to a slight increase in displacements of anchoring node 1 and to a decrease
in displacements of node 2. This increase in displacements is relatively more
important for node 2 than that for node 1. For values K,,=1, the displacements
of nodes are approximately equal to each other.

05 -

-10 0 10 20 30 40
(u/hi)x1000

Fig 4. Relative displacements of nodes 1 and 2 versus parameter K
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4. Experimental study of guyed masts with combined guys

To testify the numerical analysis presented above, a physical steel scale-
model of 3 m high is fabricated and tested in the Structural Laboratory of the
University (Fig 5).

The scale model is two-level guyed mast. The mast shaft is a steel box of
profile 025 x 1,5 mm with a constant bending stiffness EI,= 2500 Nm’. The
cables are made of brass wires with a diameter of 2 mm and EA_,= 193 kN.
The equivalent Young’s module is 135 GPa. One main cable end via two
secondary guys is attached to the mast shaft, and the second one to an anchored
mechanism, allowing a control of tension in the cable. Two positions of
secondary lower guy cable are considered (3.1 and 3.1, see Fig 5).

) 1,400

0,300

0,900

N
0,071

2,387(2,402)

2,387(2,402)

Fig 5. Structural model of guyed mast: 1 — central mast; 2 — main guy;
3.1 — secondary lower guy at K,,, = 0,46; 3.1” — secondary bottom guy at
K.4=0,90; 3.2 — secondary upper guy.

The mast model was tested in bending with a special by designed device.
The model with a pinned foot was placed centrally and loaded laterally.
Loading was produced by weights. To simulate the uniformly distributed wind
pressure, the concentrated horizontal forces spaced at short intervals of 25 cm
are applied. Each model test underwent 3 cycles of loading and unloading. A
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total of 24 strain gauges were used to measure strains on the surface of the mast
shaft at selected positions. Deflections were measured at 6 points of the mast
shaft, and the tensions in the guys determined by suitable dynamometers. The
test data are summarized in Fig 6.

The bending moments induced in the mast shaft are distributed as shown in
Fig 6, b. This indicates that the mast with K,,=0,46 is subjected to positive
moments along a large length of the mast. The redistribution of moments
similar to that in continuous beam is observed in the mast with K,,=0,90.

a) b)
3 3
2,5 2,5
) *\-\
2 2 )
E 1,5 E 15 _ / _p
1 , e T 1 \\-</-/
/A >
0,5 ' = 05 e N FPURT
---m--- 2
0 0 } 1 |

-30 0 30 60 -0,12 -0,09 -0,06 -0,03 0 0,03 0,06

Displacement, mm Bending moment, kNm

Fig 6. Comparison of experimental and predicted (a) deflections and (b) bending
moments of the mast shaft: 1 — K,;=0,46; 2 — K,;= 0,90, ———— experimental; --
---- FE modelling (pretension stresses in cables gy = 38,5 MPa)

The general redistribution trend is to shift from positive moment region to
the negative one. The magnitude of positive bending moment decreased while
magnitude of bending moment increased, leading to their approximately equal
values. Experimental results indicate an average of 2 times decrease in
maximum moment at the attachment point of the bottom cable.

As can be seen from this analysis, designs of guyed mast must take into
consideration the configuration of combined guys, i. e. take into account the
factor K,y.

Fig 6 shows that the experimental results were in good agreement with the
results from the FE analysis. The finite element model can predict the
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displacements of the guyed mast to an acceptable range of 7,2 % to —8,8 %, and
that of bending moments of 12 % to —9,8 %. So the results of FE simulation
match well the experimental data.

5. Technical and economical effectiveness of guyed masts with combined
guys

Technical and economical effectiveness based on material saving criteria of
the masts with combined guys is analysed in this chapter. Formulas and
recommendations are given for determining the rational bending moments
distribution in the mast shaft and the suitable coordinates of the guy’s
attachment to the mast shaft points.

The technique of composition of optimal layout paramaters of guyed mast
with combined guys is proposed.

For the comparative material intake studies, two similar guyed masts are
considered (Fig 7). Both masts have identical geometry cross width and
material properties with the exception that proposed mast has additional guy
cables. The lattice steel masts have a triangular cross-section. The main guys
are located at 3 levels and arranged at 120° in plan. All the main guy cables
form the same angle with horizontal plane of 45°. Four hights of guyed masts,
i. e. 30, 60, 120 and 180 meters, are considered. Loading included self weight
of the mast and static component of the wind load. The dynamic effects of the
wind were neglected. Details of guyed masts are in Table 1.

1-1

I_L J.l

}_ﬁ»‘

Fig 7. Typical guyed mast (a), guyed mast with combined guys (b).
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Table 1. Details of guyed masts used in the analysis

H,m a, m p, kKN/m F, kN
30 0,3 0,11 6,4
60 0,6 0,27 7,9
120 1,2 0,79 10,7
180 1,8 1,40 13,5

In Table 2 a comparison is made between material quantities for a typical
and new guyed mast. The combined guys have significant influence on the
bending moments of the mast shaft. The additional guys enable to increase the
number of intermediate elastic supports for the mast shaft and influence the
effect of material savings up to 2,3 times.

Table 2. Material quantities of typical guyed masts and guyed masts with combined
guys

Shaft weight Guys weight Total
Typical Guyeq mast ) Guyec} mast Typical Guyec} mast
H uyed with Typical with cuyed with
’ & combined guyed mast combined combined
m mast mast
guys guys guys
t % t % t % t % t % t %
30 0,08 | 100 | 0,04 54,0 0,001 100 | 0,002 118,5 0,1 100 | 0,06 63,5
60 0,7 100 | 0,3 46,0 0,06 100 | 0,07 116,7 0,7 100 | 0,4 51,3
120 | 7,7 100 | 3.4 43,4 0,4 100 | 0,46 114,5 8,1 100 | 3,8 46,9
180 | 31,3 | 100 | 13,4 | 427 1,5 100 | 1,65 1133 32,8 | 100 | 15,0 45,9

Results and Conclusions

1. A new type of guyed mast system with combined guy cables composed of
main and secondary guys to increase a number of elastic supports for the mast
shaft has been proposed. Such a solution does not take any dificulty in design,
manufacturing and erecting process of proposed guyed masts.

2. A simplified analytic expresion is proposed to analyse a cable behaviour
under a uniform distributed slanting load in the longitudinal axis. Two-node
catenary cable element, derived using a simplified analytical expression for
elastic catenary, is proposed for modelling the cables. The cable element
tangent stiffness matrix is evaluated.

3. The analytical method for analysing and determining the internal effects in
guys and mast under static loading is proposed. The geometrical non-linearity
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of both guy-cable and mast shaft is taken into account. In order to check the
proposed analytical method and to determine, lateral displacements and
internal forces in the guyed mast under the distributed static loading, the FEM
was performed. A good agreement is obtained between computed results by
proposed method and predicted responses by FE simulation. The analytical
method of behaviour analysis to be adequate for a design of guyed masts with
combined guys.

. An analysis of layout parameters of guyed masts with combined guys and

their influence on structural system’s deformability is performed. To verify
the validity of combined guys, the comparison is made with an existing
solution for a typical guyed mast. The comparison showed that the combined
guys result in smaller bending moments and horizontal displacements in the
mast shaft with identical axial forces in the shaft and in the guy-cables.

. The testing of steel scale model along with the FE analysis was carried out to

determine the influence of geometrical and physical parameters of combined
guyed cables on the displacements and bending moments in the mast shaft.
The results from both methods match well. It was shown that FE analysis can
be used for an improved assessment of mast behaviour with combined guys.

. Analytical expressions are presented to determine the rational bending

moments in the mast shaft and the coordinates of the secondary guy
attachment points to the mast shaft. The ranging technique of optimal layout
paramaters of guyed masts with combined guys is proposed.

. Technical and economical effectiveness based on material saving criteria of

masts with combined guys is analysed. The analysis showed that additional
guys enable to increase number of intermediate elastic supports for the mast
shaft and influence an effect of saving material by 2,3 times. It can be
expected more than 2 times of decreasing of the guyed mast fabrication cost.
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STIEBAI SU KOMBINUOTOMIS ATOTAMPOMIS,
JU ITEMPIU IR DEFORMACIJU ANALIZE BEI REGULIAVIMAS

Tiriamoji problema. Mobiliojo rySio paslaugy bei ju tinkly plétra Lietuvoje
turéjo esming jtaka aukstyju telekomunikaciniy statiniy projektavimo, o tuo
paciu ir moksliniy tyrimy aktyvumui. DidZiaja ju dali sudaro jvairaus auksc¢io
bei konstrukciju stiebai. Sie statiniai yra vienos i§ efektyviausiy aukstyjy
telekomunikaciniy statiniy sistemy.

Vis aktualesnis tampa minéty konstrukciju techninio ekonominio
efektyvumo didinimas. EkonomiSkumo problema tampa ypa¢ svarbi didéjant
stieby ir bokS$ty gamybos bei statybos apiméiai. DidZiausias techninis
ekonominis efektyvumas yra pasiekiamas tobulinant konstrukcing forma. Jau
yra atlikta darby, kuriuose pateikti nauji stieby sprendimai. Nuo XX a. vidurio
yra naudojamos paspyrinés, kombinuotos su réjomis, hibridinés stieby-boksty
konstrukcinés formos. Siy sistemy sprendiniuose démesys sutelktas { stiebo
kamieno masés maZinima. Zinant, kad didZiaja apkrovos dalj stiebams sudaro
véjo apkrova, kamieno masés mazinimas yra logiska tobulinimo kryptis. Taciau
konstrukcinés formos tobulinimas tik masés poZidiriu daZnai turi neigiamos
itakos ne maziau svarbiems ekonominiams veiksniams — padidéja gamybos,
montavimo ir eksploatavimo islaidos.

Darbo aktualumas. Telekomunikaciniai statiniai statomi kiek daugiau kaip
viena Simtmetj, todeél, palyginti su tokiais statiniais kaip tiltai, galima teigti, kad
stiebai yra salygiSkai naujos konstrukcijos, kuriy konstrukcinés formos yra
neiSnaudotos.

Tik iSsamus naujos konstrukcijos, veikiamos statine apkrova, elgsenos
tyrimas gali biti tvirtas pagrindas tolimesnei stiebo pastovumo ir dinaminei
analizei. Todél, analizuojant naujo tipo stiebo elgsena, pirmiausia svarbu
nustatyti itempiy ir deformacijy priklausomybg nuo statinés apkrovos.

Statinés ir dinaminés analizés poZiiiriu stiebai yra sudétingos sistemos,
kuriy jtempimy ir deformacijy biivis priklauso nuo stiebo atotampy ir kamieno
geometriSkai netiesinés elgsenos. Dél Siy priezasCiy stiebai yra jautrhs
konstrukcijos poslinkiams, gamybos ir montavimo metu atsiradusiems
projektiniams nuokrypiams. Todél prielaidos, supaprastinancios konstrukcijos
elgsenos reiSkinius, ne visada yra priimtinos. Stiebams analizuoti $iuo metu
naudojami skaitinés analizés programiniai paketai ne visada uZtikrina norimg
skai¢iavimo tiksluma, o dél sudétingos stiebo elgsenos projektavimas daZnai
bina ilgas ir sudétingas. Stieby skai€iavimo analiziniy metody svarba Siuo metu
iSlieka didelé, nes jie leidzia geriau suprasti konstrukcijos elgsena, o
projektuojant $iais metodais galima tiesiogiai iSspresti ir projektavimo uzdavini.
Tai ypa¢ aktualu iSankstiniam ir variantiniam projektavimui.

18



Siuolaikiniais modeliavimo badais analizuojant netgi labai sudétingas
konstrukcijas, paprastai galima jvertinti didZiuma veiksniy, lemianciy
konstrukciju elgseng. To daZnai pakanka nagrinéjant gerai Zinomas
konstrukcijas, taciau naujo tipo stiebams bitina atlikti eksperimentinius
tyrimus, leidZiancius sugretinti teorinius rezultatus su tikra stiebo elgsena.

Dél minétyjy priezas€iy yra aktuallis teoriniai ir eksperimentiniai tyrimai,
leidZiantys sukurti naujos konstrukcinés formos stiebus, efektyvius masés,
gamybos, montavimo bei eksploatavimo poZzitriu. Aktualu sukurti priimtino
tikslumo stieby inZinering skaiiavimo ir komponuojamyjy parametry
nustatymo metodika, nustatyti iy stieby elgsenos ypatumus bei ekonomini
efektyvuma.

Tyrimy objektas. Pagrindinis Sio darbo objektas — statiSkai apkrauti
plieniniai stiebai su kombinuotomis atotampomis.

Pagrindinis darbo tikslas. Stiebo naujos efektyvos konstrukcinés formos
su kombinuotomis atotampomis sukiirimas ir jos elgsenos analizé, veikiant
statinéms apkrovoms.

Darbo uZdaviniai

1. ISanalizuoti S$iuolaikiniy plieniniy stieby konstrukcines formas ir
skai¢iavimo metodus.

2. Sukurti stiebo su kombinuotomis atotampomis konstrukcija.

3. Parengti inZinering skai¢iavimo metodika stiebams su kombinuotomis
atotampomis skai¢iuoti.

4. Nustatyti kombinuoty atotampy itaka stiebo jtempiy ir deformacijy
biiviui.

5. Atdikti stiebo su kombinuotomis atotampomis modelio elgsenos,
veikiant statinéms apkrovoms, eksperimentinius laboratorinius tyrimus.

6. Nustatyti stiecbo su kombinuotomis atotampomis racionalius
komponuojamuosius parametrus ir parengti stiebo ir jo elementy komponavimo
metodika.

7. lvertinti naujos konstrukcijos stiebo techninj ir ekonomini efektyvuma.

Mokslinis naujumas

1. Sukurta nauja stiebo su kombinuotomis atotampos konstrukciné forma.

2. Pasitlyta atotampy skaitinio modeliavimo metodika.

3. Parengta naujos konstrukcinés formos stiebo inZinerin¢ skai¢iavimo

metodika konstrukcijos elementy poslinkiams ir {razoms nustatyti.

4. Adlikta naujo stiebo elgsenos analizé.

5. Atlikti naujo stiebo modelio eksperimentiniai jtempiy ir deformacijy
tyrimai, rezultaty analizé.

6. Sukurta stiebo su kombinuotomis atotampomis komponavimo
metodika racionaliems komponuojamiesiems stiebo parametrams parinkti.
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7. Atlikta naujo stiebo ekonominio efektyvumo analizé.

Tyrimy metodika. Darbe taikomi analiziniai metodai, jvertinantys
geometrinj netiesiSkuma, taip pat eksperimentiniai ir skaitiniai tyrimy metodai.

Praktiné verté. Sukurtos stiebo konstrukcijos panaudojimas leisty
sumaZinti stieby gamybos kaStus. Parengta metodika racionaliems
komponuojamiesiems stiebo parametrams parinkti turi prakting vert¢ naujy ir
iprasty stieby projektavime.

Ginamieji teiginiai

1. Sukurta nauja stiebo su kombinuotomis atotampos konstrukciné forma
sumazina stiebo gamybos sanaudas.

2. Nauju kombinuotyjy atotampy taikymas nesukelia jokiy papildomy
projektavimo, irazy reguliavimo problemy ir nesukuria gamybos bei
montavimo technologiniy sunkumy.

3. Stiebo kamieno poslinkiams ir lenkiamyjy momenty reikSméms didZiausia
itaka turi pradinés atotampy pusiausvyros koeficiento reikSme.

Darbo aprobacija ir publikacijos. Disertacijos tema publikuoti devyni
mokslo darbai, trys i§ ju — recenzuojamuose periodiniuose mokslo leidiniuose,
trys — tarptautiniy ir trys — kity konferencijy leidiniuose (Zr. 15-16 p.).

Disertacijos apimtis. Disertacija sudaro: bendroji darbo charakteristika,
zZyméjimy saraSas, 76 paveikslai, 15 lenteliy, penki skyriai, pagrindiniai darbo
rezultatai ir iSvados, 116 pavadinimy literattiros sarasas. Viso 146 puslapiai.

Disertacijos struktiira

Pirmajame skyriuje atlikta telekomunikaciny statiniy konstrukciniy ir
elgsenos ypatumy apZzvalga. ISanalizuoti stieby skaiiavimo metodai ir ju
ypatybés, suformuluotas darbo tikslas ir uZdaviniai.

Antrajame skyriuje sukurta nauja stiebo konstrukciné forma. ISvesta
atotampos baigtinio elemento tangentiné standumo matrica, jvertinanti
atotampos tolygiai iSskirstytos apkrovos gulsCiosios dedamosios jtaka.
Suformuotas skaitinis atotampy sistemy skai¢iavimo algoritmas. Parengta
inZineriné stiebo su kombinuotomis atotampomis skai¢iavimo metodika,
ivertinanti statiniy apkrovy poveikius. Atlikta inZinerinés metodikos skaitiné
patikra gretinant su BE metodu.

TreCiajame skyriuje atliktas skaitinis eksperimentas skirtas stieby su
kombinuotomis atotampomis komponuojamyjy parametry jtakai stiebo elgsenai
nustatyti. Atliktas naujo ir iprasto stiebo elgsenos palyginimas. Nustatyti stiebo
komponuojamieji parametrai ir jy rekomenduojamos reik§més.

Ketvirtajame skyriuje tikroji naujos stiebo konstrukcijos elgsena buvo
patikrinta iSbandZius plokStumini 3 m auksCio stiebo modelj statine
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horizonatalia apkrova. Eksperimentiniy tyrimy rezultatai sugretinti su skaitinio
modeliavimo, pasitelkiant BE metoda, rezultatais.

Penktajame  skyriuje iSvestos analizinés iSraiSkos racionaliems
lenkiamiesiems momentams stiebo kamiene apskaiiuoti ir racionalioms
kombinuoty atotampy tvirtinimo prie kamieno koordinatéms nustatyti pagal tiek
geometriSkai tiesing, tiek pagal geometriSkai netiesing skai¢iavimo formuluotg.
Parengta stiebo optimalaus komponavimo metodika, leidZianti parinkti stiebo
kamieno ir kombinuoty atotampy geometrinius ir fizikinius parametrus,
uztikrinancius racionaly lenkiamyjy momenty kamiene pasiskirstyma. Atlikta
naujos konstrukcijos stiebo ekonominio efektyvumo analizé.

Pagrindiniai darbo rezultatai ir iSvados

1. Sukurtas naujo konstrukcinio tipo stiebas, kurio naujumas grindZiamas
kombinuotyjy atotampy vietoj iprasty naudojimu. Pagrindiniy atotampy
atSakos ties stiebo kamienu, iSlaikant ta pati itempiamy atotampuy skaiciy,
didina stiebo tampriy atramy skai¢iy ir sumazina stiebo lenkiamy ruozy ilgi.
Palyginti su jprastais stiebais, kombinuotosios atotampos nesukelia jokiy
papildomy projektavimo, iraZzy reguliavimo problemy, gamybos ir
montavimo sunkumy.

2. Pasifilyta supaprastinta atotampos pusiausvyros analiziné iSraiSka,
rodanti atotampos tolygiai iSskirstytos apkrovos gulsciosios komponentés
itaka. Remiantis pasitlyta iSraiSka gauta atotampos baigtinio elemento
tangentiné standumo matrica, sudarytas skaitinis atotampy sistemy
skai¢iavimo algoritmas.

3. Remiantis sudarytomis kombinuoty atotampy ir stiebo kamieno
pusiausvyros lygtimis pasiiilyta stieby skai¢iavimo metodika, jvertinanti tiek
atotampy, tiek stiebo kamieno geometri§kai netiesing elgsena. InZinerinés
metodikos skaitiné patikra gretinant su BE metodu parodé kokybiSka
sutapima.

4. Atlikta stiebo, veikiamo statinémis apkrovomis, skaitiné elgsenos analizé
parodé tik Siam konstrukciniam stiebo tipui biidingus elgsenos ypatumus,
nustatant stiebo komponuojamuosius parametrus ir ju rekomenduojamas
reik§mes. Atliktas sugretinimas su jprastu stiebu parodé, kad naujo tipo
atotampy panaudojimas leidZia esmingai sumaZinti kamieno lenkiamuosius
momentus bei suvienodinti kamieno poslinkius. Atotampy skétimo jégos,
kamieno gniuzdymo jraza pamate lieka beveik nepakitusi.

5. Tikroji naujos stiebo konstrukcijos elgsena buvo patikrinta iSbandZius
plokstumini 3 m auk$Cio stiebo modeli statine horizontalia apkrova.
Eksperimentiniy tyrimy rezultatai — atotampy skétimo jégos, kamieno
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lenkiamieji momentai ir horizontaltis poslinkiai — kokybiskai ir kiekybiSkai
sutapo su skaitinio modeliavimo, pasitelkiant BE metoda, rezultatais.

6. Pateiktos analizinés iSraiSkos racionaliems lenkiamiesiems momentams
stiecbo kamiene apskaiCiuoti ir racionalioms kombinuotyjy atotampy
tvirtinimo prie kamieno koordinatéms nustatyti pagal tiek geometriSkai
tiesing, tiek pagal geometriSkai netiesing skai¢iavimo formuluotg. Remiantis
Siomis iSraiSkomis pasiiilyta stiebo optimalaus komponavimo metodika,
leidZianti parinkti stiebo kamieno ir kombinuotyjy atotampy geometrinius ir
fizikinius parametrus, uZtikrinanCius racionaly lenkiamuyju momenty
diagramos pasiskirstyma kamiene.

7. Atlikta naujos konstrukcijos stiebo ekonominio efektyvumo analizé
parodé, kad stiebuose panaudojus kombinuotasias atotampas galima iki 2,3
karto sumazinti jo kamieno masg¢. Tokias kombinuotyjy atotampy
konstrukcines  sistemas rekomenduotina  taikyti ne tik naujai
projektuojamuose, bet ir rekonstruojamuose telekomunikacinés paskirties
stiebuose. Atsizvelgiant i Lietuvos metalo konstrukciju gamintojy praktika,
galima prognozuoti, kad kombinuotyjy atotampy naudojimas leis sumaZinti
stiebo kamieno gamybos kaing daugiau nei du kartus.
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