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Abstract

The paper presents the investigation of stability of two double-layer octahedron-based geodesic domes. The stability
analysis includes the forces acting in the bars as well as the displacements of the nodes with a static point load of 10 kN
applied to the top symmetrical node. The investigation was conducted with both identical constant cross-section of all
the bars and variable cross-sections (with their adjustment to the internal forces) in each of the bar groups. Moreover,
diagrams illustrating the rates of change of the values of the forces and displacements were presented. Also the limit
values were determined, above which the analysed structures are unstable..
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1. Introduction

Geodesic domes can be applied as roof coverings
for arenas, halls, shopping centres, etc. Constructed
of metal bars, they produce lightweight structures,
the span of which can range up to 200 m, without
the application of any intermediate supports. The bar
structures of the low-profile single-layer domes are
particularly susceptible to stability loss. Therefore,
constructing double-layer structures, which are
formed by topological transformations of, e.g.
Platonic solids, is a more expedient solution. Such
structures, made up of two layers connected together
by means of bracing members, show greater stability
than single-layer domes [1].

2. Analysis model

Three 8-, 32- and 128-hedral single-layer bar
structures, obtained on the basis of the first method
of equilateral triangle division [2], were chosen.
These structures were properly connected into two
double-layer bar domes, the former made up of the
8-hedron and 32-hedron, and the latter of the 32- and
128-hedron.

The dome generated from the 8-hedron and
32-hedron consists of nodes numbered 1+13 that
constitute the vertices of the 32-hedron and nodes
14+18 that are the vertices of the 8-hedron. On the
basis of the conducted analysis all the nodes were
arranged in 4 groups (Table 1).
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Table 1. The nodes of the double-layer geodesic dome
generated from the 8- and 32-hedron, arranged in groups

gnr?)%(:)i numbers of nodes
1 1
2 2,3,7,10
3 14
4 4,5,6,8,9,11,12,13,15,16,17, 18

The bars numbered 1+28 constitute the edges of
the 32-hedron, bars 29+36 constitute the edges of
the 8-hedron, and the bars numbered 37+52 are the
bracing members. Like the nodes, all the bars were
also systematised and arranged into 8 groups (Table 2).

Table 2. The bars of the double-layer geodesic dome
generated from the 8- and 32-hedron, arranged w groups

g?oatzf)s numbers of bars
1 3,11,18,24
2 37, 38, 39, 40
3 6,9, 13, 16, 20, 23, 26, 28, 33, 34, 35, 36, 42, 43,
45, 46, 48, 49, 51, 52
4 5,7,12,14,19, 21, 25, 27
5 29, 30, 31, 32
6 41,44, 47,50
7 4,8,15, 22
8 1,2,10,17
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The topology of “ part of the investigated double-
layer dome generated from of the 8- and 32-hedron
was presented in Figure 1.
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Fig. 1. The topology of one cell of the investigated
double-layer dome made up of the lattices
of the 8-hedron and 32-hedron

The other double-layer dome made up of the
lattices of the 32- and 128-hedron has got nodes 1+41
corresponding to the vertices of the 128-hedron and
nodes 42+54 constituting the vertices of the 32-hedron.
All the nodes were arranged in 9 groups (Table 3).

Table 3. The nodes of a double-layer geodesic dome
generated from the 32- and 128-hedron, arranged in groups

Table 4. The bars of the double-layer geodesic dome
generated from the 32- and 128-hedron, arranged in groups

bars
groups

1 15, 42, 68, 92

107,115,122, 128

12,18, 39, 45, 65, 71, 89, 94

140, 142, 145, 148, 162, 164, 175, 177
138, 146, 160, 173

3,32, 58, 83

133, 134,135, 136

105, 106, 114, 121

21, 24,27, 30, 47, 50, 53, 56, 73, 76, 79, 82, 96,
99,102, 104, 110, 113, 117, 120, 124, 127, 130,
132, 150, 151, 154, 155, 157, 158, 165, 166, 170,
171,178,179, 183, 184, 185, 186

10 5,7, 33, 35, 59, 61, 84, 86

11 139, 141, 144,147,161, 163, 174, 176
12 6,9, 34, 37, 60, 63, 85, 87

13 152,153, 167, 168, 180, 181, 187, 188
14 149, 156, 169, 182

15 20, 28, 46, 54, 72, 80, 95, 103

16 109, 111, 116, 118, 123, 125, 129, 131
17 11, 16, 38, 43, 64, 69, 88, 93

18 4,8, 36, 62

numbers of bars
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In this investigated double-layer dome, the bars
numbered 1+104 correspond to the edges of the
128-hedron, bars 105+132 constitute the edges of
the 32-hedron, and bars 133+188 are the members
joining two single-layer structures. All the bars were
arranged in 26 groups and tabulated in Table 4.

nodes bers of nod 19 13, 14, 40, 41, 66, 67, 90, 91
groups fUMDETS 0T nodes 20 | 23, 25,49, 51,75, 77, 98, 100
1 1 21 108, 112,119, 126
2 4,6,18, 28 22 19, 29, 55, 81
3 517, 27. 36 23 10,17, 44,70
24 22,26, 48,52,74,78,97, 101
4 23,16, 26 25 | 137,143,159, 172
5 42 26 [1,2,31,57
6 43, 44, 48, 51 . .
Figure 2 shows the topology of V4 of the lattice of
! 8,9.19, 20, 29, 30, 37, 38 the other double-layer bar geodesic dome.
8 7,10, 21, 31 o 32 hedron
L 128-hedron
9 11,12, 13, 14,15, 22, 23, 24, 25, 32, 33, 34, i’ —— jomng bars
35, 39, 40, 41, 45, 46, 47, 49, 50, 52, 53, 54 gl
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Fig. 2. The topology of one cell of the investigated
double-layer dome made up of the lattices of the

32-hedron and the 128-hedron
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3. Investigation of stability of the selected domes

During the investigation, the change in the dome
thickness characterizing the distance between the
layers, that is the relation of the radii of the spheres
determining the nodes of every single-layer structure,
was taken into consideration.

The two analysed models of double-layer geodesic
domes were loaded with a point force of 10 kN,
applied to the top symmetrical node. The focus
was on the forces acting in the bars as well as on
the displacements of the nodes. The calculations
were made using algorithms generated by means of
computer programs, which helped obtain the final
results. The change of the R1/R2 radii relation of
the spheres determining the nodes of the structures
resulted in computing the variable values o and (3,
which correspond to the thicknesses of the analysed
double-layer domes. The 0.05 interval of the change
of value of the parametres within the range of 1.0 —
0.8 was assumed.

For the purpose of the analysis, in the first instance,
an identical constant cross-section for all the bars
(d = 0.5cm) was assumed. In the next step, new
cross-sections in the function of the internal forces
were applied for every bar group in the calculations.
They were obtained, assuming the allowable stress
G4y 210MPa and applying the formula:

P

T X040

d:

[cm] (1)

where: P — force value [kN].

The results of the forces acting in the selected
groups of bars as well as of the displacements
occurring in the selected groups of nodes were
demonstrated in the figures that follow. Moreover,
the derivatives illustrating the rate of change of the
values of the forces and displacements were drawn.
The drawn curves show a high rate of change of the
values in certain areas, which can be interpreted as
unstable areas for the analysed geodesic domes due
to the forces in the bars and the displacements of the
nodes. The limit value A, was assumed both for the
bar forces and the node displacements, as the limit
area in which solutions are sought [1].

lgT — allowable limit value of the rate of change of
the nodes/forces displacements in the bars.

The double-layer geodesic dome was made up of
the lattices of the 8- and 32-hedron was analysed in
the first run.
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Fig. 3. a) The bars of group 1 of the bar dome generated
from the 8- and 32-hedron, b) the changes of the bar
forces in the o and B function and their derivatives
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Fig. 4. The changes of the forces occurring in the bars of
group 1 of the dome generated from the 8- and 32-hedron,
in the o and B function and their derivatives for sections
d=0.5cmand d = 0.4cm
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Fig. 5. a) The bars of group 5 of the bar dome generated
from the 8- and 32-hedron, b) the changes of the bar
forces in the o and B function and their derivatives
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Fig. 6. The changes of the forces occurring in the bars of
group 5 of the dome generated from the 8- and 32-hedron,
in the a and B function and their derivatives for sections
d=0.5cm and d = 0.4cm

Fig. 7. a) The bars of group 7 of the bar dome generated
from the 8- and 32-hedron, b) the changes of the bar
forces in the o and B function and their derivatives
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Fig. 8. The changes of the forces occurring in the bars of
group 7 of the dome generated from the 8- and 32-hedron,
in the o and B function and their derivatives for sections
d=0.5cm and d = 0.28cm

For the purpose of comparison, an additional group
of bars was selected. The group shows smaller Xgr
than the one assumed in the course of the analysis.
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Fig. 9. a) The bars of group 4 of the bar dome generated
from the 8- and 32-hedron, b) the changes of the bar
forces in the o and B function and their derivatives

2
o <= force P [kN]
i - —— for section
10 4 \ -~ d=0,5m
| s’ ~ force P [kN)
0.8 for

Fig. 10. The changes of the forces occurring in the bars of
group 4 of the dome generated from the 8- and 32-hedron,
in the o and B function and their derivatives for sections
d=0.5cmand d =0.12cm
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Fig. 13. a) The nodes of group 2 of the bar dome generated
from the 8- and 32-hedron, b) the changes of the nodes
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generated from the 8- and 32-hedron, b) the changes of AL |
the nodes displacements in the a and B function and their
derivatives Fig. 14. The changes of the displacements occurring in the
nodes of group 2 of the dome generated from the 8- and
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Fig. 12. The changes of the displacements occurring in
the nodes of group 1 of the dome generated from the 8- and
32-hedron, in the o and  function and their derivatives for the
bar cross-sections d = 0.5cm and d = various cross-sections
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Fig. 15. a) The nodes of group 3 of the bar dome generated
from the 8- and 32-hedron, b) the changes of the nodes
displacements in the o and B function and their derivatives
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Fig. 16. The changes of the displacements occurring
in the nodes of group 3 of the dome generated from
the 8- and 32-hedron, in the o and p function and their
derivatives for the bar cross-sections d = 0.5cm and
d = various cross-sections

A family of double-layer dome structures generated
from the 8- and 32-hedron within the range of a=0.8 to
=0.8 was analysed. Their stability was investigated
on the basis of the diagrams of the forces in the bars
and their derivatives as well as the diagrams of the
nodes displacements and their derivatives. Identical
limit values of the rate of change were assumed 5.0
kN for the forces occurring in the bars, kgr: 0.3 cm
for the nodes displacements. Taking into account
the assumed values kgr, the stability of the analysed
double-layer bar dome made up of the lattices of
the 8-hedron and 32-hedron was determined in the
following areas: o < 0.905 and 3 < 0.98 for the forces
occurring in the bars as well as o <0.905 and § <0.96
for the nodes displacements.

A similar analysis was conducted for the other
double-layer geodesic dome, made up of lattices of
the 32- and 128-hedron. The results were presented
in the figures below.
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Fig. 17. a) The bars of group 2 of the bar dome generated

from the 32- and 128-hedron, b) the changes of the bar
forces in the a and B function and their derivatives
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Fig. 18. The changes of the forces occurring in the bars
of group 2 of the dome generated from the 32- and
128-hedron, in the a and B function and their derivatives
for the bar cross-sections d = 0.5cm and d = 0.35cm
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Fig. 19. a) The bars of group 6 of the bar dome generated
from the 32- and 128-hedron b) the changes of the bar
forces in the a and B function and their derivatives
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Fig. 20. The changes of the forces occurring in the bars
of group 6 of the dome generated from the 32- and
128-hedron, in the a and  function and their derivatives
for the bar cross-sections d = 0.5cm and d = 0.59cm
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Fig. 21. a) The bars of group 8 of the bar dome generated
from the 32- and 128-hedron b) the changes of the bar
forces in the o and B function and their derivatives
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Fig. 22. The changes of the forces occurring in the bars
of group 8 of the dome generated from the 32- and
128-hedron, in the o and P function and their derivatives
for the bar cross-sections d = 0.5cm and d = 0.54cm
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For the purpose of comparison, Figures 23 and
24 illustrate the results of the bar group no. 21, the
change (derivative) of which is smaller than the
assumed limit value A, .

Rys.23. a) The bars of group 21 of the bar dome generated
from the 32- and 128-hedron b) the changes of the bar
forces in the a and § function and their derivatives
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Fig. 24. The changes of the forces occurring in the bars
of group 21 of the dome generated from the 32- and
128-hedron, in the a and B function and their derivatives
for the bar cross-sections d = 0.5cm and d = 0.24cm
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Fig. 26. The changes of the displacements occurring in the
nodes of group 1 of the dome generated from the 32- and
128-hedron, in the a and 3 function and their derivatives for
the bar cross-sections d = 0.5cm and d = various cross-sections

{!5 : Fig. 29. a) The nodes of group 6 of the bar dome generated
LU from the 32- and 128-hedron, b) the changes of the nodes
a) displacements in the o and 8 function and their derivatives
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Fig. 27. a) The nodes of group 5 of the bar dome generated 087
from the 32- and 128-hedron, b) the changes of the nodes Fig. 30. The changes of the displacements occurring in the
displacements in the o and B function and their derivatives nodes of group 6 of the dome generated from the 32- and

128-hedron, in the o and 3 function and their derivatives for
the bar cross-sections d = 0.5¢cm and d = various cross-sections
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For the purpose of comparison, Figures 31 and 33
illustrate the results of the forces occurring in the bar
group no. 2. The rate of change is smaller than the
assumed limit value 2. .
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Fig. 31. a) The nodes of group 2 of the bar dome generated

from the 32- and 128-hedron, b) the changes of the nodes
displacements in the o and B function and their derivatives
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Fig. 32. The changes of the displacements occurring in the

nodes of group 2 of the dome generated from the 32- and

128-hedron, in the o and P function and their derivatives for
the bar cross-sections d = 0.5cm and d = various cross-sections

The other investigated geodesic dome was the
structure made up of the lattices of the 32- and
128-hedron within the range of o = 0.8 to = 0.8. The
limit values of the rate of change were as follows:
Xgr= 17.0 kN for the forces occurring in the bars,
A= 1.0 cm for the nodes displacements. On the basis
of the assumed values kgr, stability of the analysed
double-layer bar dome made up of the lattices of the
32- and 128-hedron was determined in the following
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areas: o < 0.87 and 3 < 0.955 for the forces occurring
in bars as well as a < 0.84 and 3 < 0.94 for the nodes
displacements.

4. Optimisation of the structural material

Two double-layer geodesic domes were investigated
in two ways, namely taking into account the identical
cross-section of each bar (d = 0.5cm) as well as the
variable cross-sections in the function of the internal
forces for each of the bar groups. Aside from the
stability analysis, the structural material, requisite
in both cases, was also analysed. Figures 33 and 34
demonstrate the obtained results.

volume of structural material
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Fig. 33. The volume of the structural material of the
geodesic dome generated from the 8- and 32-hedron in
the o and B function for the bar cross-sections d = 0.5cm
and d = various cross-sections

volume of structural material

a8 3 8 8 8 &8 8 & 8°F
=] (=] o o - o =] o C e volomeof

2900 structural
material for

2000 1 section

i 1 - - . : : d=0,5em

1500 : : - fem}

1000 < volume of
structural
material for

500 — z ol
i ) T 3 1 : ' section
0 < 4 T [em]
fem]

Fig. 34. The volume of the structural material of the
geodesic dome generated from the 32- and 128-hedron in
the a and B function for the bar cross-sections d = 0.5cm

and d = various cross-sections

5. Conclusions

The investigation showed that the change of the
relation of the radii of the spheres determining the
nodes influences the results of stability of geodesic
domes among others. The static analysis is closely
related to the geometric parametres.

Taking into account the analysed criteria, namely the
forces in the bars as well as the displacements of the
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nodes, the first of the investigated domes demonstrates
stability in the area o < 0,905 and B<0,96.

Taking into consideration both of the analysed
criteria, namely the forces in the bars as well as the
displacements of the nodes, the other investigated
dome shows stability in the area o0 < 0.84 and 3 < 0.94.

On the basis of the analysis of the domes with
variable cross-sections a decrease of the required
amount of the structural material by as much as around
70% in comparison with the initial assumptions
concerning the identicality of the cross-section of all
the bars in the given dome was observed.

The investigated double-layer geodesic domes
demonstrated greater stability than single-layer domes.

The choice of the geodesic dome from the static areas
can additionally depend on specific technological and
operational requirements and others.

Dominika Bysiec
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Badanie statecznosci dwuwarstwowych koput
geodezyjnych pochodzacych z oktaedru

1. Wprowadzenie

Koputy geodezyjne moga by¢ wykorzystane jako
przekrycia stadionow, hal, centrow handlowych, itp.
Wykonane z pretow metalowych stanowia lekkie
konstrukcje, ktorych rozpietos¢ moze sigega¢ nawet
200 m i nie istnieje koniecznos$¢ zastosowania pod-
por posrednich. Struktury pretowe kopul jednowar-
stwowych o matych wyniostosciach sa szczegolnie
podatne na niezachowanie statecznosci. Dlatego tez
korzystniejszym rozwigzaniem jest budowa struktur
dwuwarstwowych, ktore otrzymywane sg poprzez to-
pologiczne przeksztatcenia np. wieloscianéw forem-
nych. Konstrukcje te, zbudowane z dwoch warstw
polaczonych ze sobg za pomoca pretow stezajacych
(taczacych), wykazuja wicksza statecznos$¢ niz kopu-
ly jednowarstwowe [1].

2. Model badawczy

Wybrano trzy struktury pretowe jednowarstwowe
pochodne z: 8-, 32- 1 128-§cianu — powstate z I spo-
sobu podziatu tréjkata réwnobocznego [2]. Struktu-
ry te odpowiednio potagczono, tworzac dwie koputy

pretowe dwuwarstwowe, pierwsza powstala — z 8-
i 32-$cianu, druga — z 32- 1 128-$cianu.

Koputa utworzona z 8- i 32-§cianu sktada si¢ z we-
ztow o numerach 1+13 stanowiacych wierzchotki
32-$cianu oraz z weztdw 1418 bedacych wierzchot-
kami 8-§cianu. Na podstawie przeprowadzonej anali-
zy wszystkie wezty pogrupowane zostaty w 4 grupy
(tabela 1).

Prety 1+28 odpowiadajg krawedziom 32-$cianu,
prety 29+36 odpowiadaja krawedziom 8-$cianu,
a prety o numerach 37+52 to prety stezajace. Podob-
nie jak wezly, wszystkie prety roOwniez zostaty usys-
tematyzowane tworzac 8§ grup (tabela 2).

Topologig Y4 czegsci badanej kopuly dwuwarstwowej
utworzong z 8- i 32-Scianu przedstawiono na rysunku 1.

Druga koputa dwuwarstwowa utworzona z sia-
tek 32- i 128-§cianu ma 1+41 wezly odpowiadajace
wierzchotkom 128-$cianu i 42+54 wezly stanowiace
wierzchotki 32-§cianu. Wszystkie wezty uszeregowa-
ne zostaly w 9 grup (tabela 3).

W tej badanej kopule dwuwarstwowej prety 1+104
odpowiadajg krawedziom 128-§cianu, prety 105+132
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odpowiadajg krawedziom 32-$cianu, a prety 133+188
sa pretami taczacymi dwie struktury jednowarstwo-
we. Wszystkie prety pogrupowano w 26 grup i zesta-
wiono w tabeli 4.

Rysunek 2 przedstawia topologie Y4 siatki drugiej dwu-
warstwowej struktury pretowej kopuly geodezyjne;.

3. Badanie statecznosci wybranych koput

Podczas badan uwzgledniono zmiang grubosci ko-
put, charakteryzujaca odlegtos¢ pomiedzy warstwa-
mi, czyli stosunek promieni sfer opisujacych wezty
kazdej struktury jednowarstwowe;.

Badane dwa modele dwuwarstwowych kopul geo-
dezyjnych obcigzone zostaly silg skupiong o wartosci
10 kN, umieszczong w wezle symetrycznym, najwyzej
potozonym. Skoncentrowano si¢ na sitach wystepuja-
cych w pretach oraz na przemieszczeniach weztow.
Obliczenia wykonane zostaly za pomoca algorytmow
utworzonych w uzywanych programach komputero-
wych. Dzigki nim uzyskano wyniki koncowe. Zmie-
niajac relacje promieni R1/R2 sfer opisujacych wezly
struktur, otrzymano zmienne wartosci a i b, ktore od-
powiadajg grubo$ciom analizowanych dwuwarstwo-
wych koput. Przyjeto interwatl zmiany wartosci tych
parametréow 0,05 w przedziale od 1,0 do 0,8.

Do celow analizy przyjeto w pierwszej kolejnosci
staly przekr6j dla wszystkich pretow (d = 0,5cm).
W kolejnym kroku w obliczeniach dostosowywano
nowe przekroje w funkcji sit wewnetrznych dla kaz-
dej grupy pretow. Uzyskano je przyjmujac napreze-
nie dopuszczalne ¢ o 210MPa oraz korzystajac ze
wzoru (1).

Wyniki sit wystepujacych w wybranych grupach
pretow oraz przemieszczen wystepujacych w wybra-
nych grupach weztow zaprezentowano na rysunkach.
Dodatkowo wykreslono pochodne obrazujace pred-
ko$¢ zmian wartosci sit 1 przemieszczen. Wykreslone
krzywe wykazuja w pewnych obszarach duza pred-
ko$¢ zmian wartosci, co mozna interpretowac jako ob-
szary niestateczne dla analizowanych kopul geodezyj-
nych ze wzgledu na sity w pretach i1 przemieszczenia
weztow. Przyjeto Xgr zaréwno dla sit w pretach, jak i
przemieszczen weztow, jako dopuszczalny obszar,
w ktérym poszukuje si¢ rozwigzania [1].

Xgr — dopuszczalna (graniczna) wartos¢ predkosci
zmian przemieszczen wezlow/sit w pretach.

Jako pierwsza, analizie poddano dwuwarstwowa
kopute geodezyjng utworzong z siatek 8- i 32-$cianu.
Dla celéw porownawczych wybrano dodatkowa gru-
pe pretow, ktora wykazuje mniejsze Kgr niz zatozone
przy sporzadzaniu analizy.
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Analizie poddano rodzing struktur dwuwarstwo-
wej kopuly utworzonej z 8- i 32-$cianu w zakresie od
o =0,8 do 3 =0,8. Statecznos¢ przebadano biorac pod
uwage wykresy sit w pretach i ich pochodnych oraz
wykresy przemieszczen weztow i ich pochodnych.
Przyjeto jednakowe wartosci dopuszczalnych (granicz-
nych) predkosci zmian: dla sit wystepujacych w pretach
5,0kN, dla przemieszczen weztow Xgr= 0,3 cm. Napod-
stawieprzyjQtychwartos'cikgrokres'lonostatecznos'c’ana—
lizowanej dwuwarstwowej kopuly pretowej utworzo-
nej z siatek 8-$cianu i 32-§cianu w obszarach: a2 <0,905
1B <0,98 dlasit wystepujacych w pretach oraz e <0,905
1B <0,96 dla przemieszczen weztow.

Podobng analize przeprowadzono dla drugiej kopu-
ly geodezyjnej, rowniez dwuwarstwowej, utworzonej
z siatek 32- 1 128-§cianu. Wyniki zaprezentowano na
rysunkach.

Do celow poréwnawczych rysunki 23 oraz 24
przedstawiaja wyniki grupy pretow nr 21, ktorych
pochodna zmian jest mniejsza niz zakladana warto$¢
graniczna kgr.

Dla celow porownawczych rysunki 31 oraz 32
przedstawiaja wyniki sit wystepujacych w grupie
pretow nr 2. Szybkosc¢ ich zmian jest mniejsza od za-
ktadanej wartoSci granicznej A

Druga badana koputa geodezyjna jest struktura utwo-
rzona z siatek 32-$cianu i1 128-Scianu w zakresie od
o = 0,8 do B = 0,8. Wartosci dopuszczalnych (gra-
nicznych) predkosci zmian: dla sit wystepujacych
w pretach Xgr = 17,0 kN, dla przemieszczen weztow
Xgr = 1,0 cm. Na podstawie przyjetych wartosci kgr
okreslono stateczno$¢ analizowanej dwuwarstwowe;j
koputy pretowej utworzonej z siatek 32- i 128-$cianu
w obszarach: o < 0,87 i B < 0,955 dla sit wystepuja-
cych w pretach oraz o < 0,84 1 3 < 0,94 dla przemiesz-
czen weztow.

4. Optymalizacja materiatu konstrukcyjnego

Dwie dwuwarstwowe kopuly geodezyjne przeba-
dane zostaly w dwojaki sposob, tj. biorac pod uwage
identyczno$¢ przekroju kazdego preta: d =0,5¢cm oraz
zmienno$¢ przekrojow w funkcji sit wewnetrznych
dla kazdej grupy pretow. Oprocz analizy stateczno-
sci, badaniu poddano réwniez materiat konstrukcyj-
ny, potrzebny w obydwu przypadkach. Rysunki 33
i 34 prezentuja uzyskane wyniki.

5. Whnioski i podsumowanie

Z badan wynikto, ze zmiana relacji promieni sfer
opisujacych wezty wptywa m.in. na wyniki statecz-
nosci koput geodezyjnych. Analiza statyczna jest $ci-
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$le zwigzana z parametrami geometrycznymi

Bioragc pod uwagg analizowane kryteria, tzn. sity
w pretach oraz przemieszczenia wezlow, pierwsza
analizowana koputa wykazuje stateczno$¢ w obsza-
rze o <0,9051 3 <0,96.

Bioragc pod uwage obydwa analizowane kryteria,
tzn. sily w pretach oraz przemieszczenia weztdw,
druga analizowana koputa wykazuje statecznosé
w obszarze o < 0,841 3 <0,94.

Na podstawie analizy koput ze zmiennymi przekro-
jami zauwazono zmniejszenie potrzebnej ilosci mate-
riatu konstrukcyjnego nawet o ok. 70% w porowna-
niu do pierwotnych zatozen dotyczacych identyczno-
$ci przekroju wszystkich pretéw w danej kopule.

Badane koputy geodezyjne dwuwarstwowe wyka-
zaty wieksza stateczno$¢ anizeli koputy jednowar-
stwowe.

Wybdr kopuly geodezyjnej z obszardéw statecznych
moze by¢ dodatkowo uzalezniony od okreslonych wy-
mogow technologicznych, eksploatacyjnych i innych.
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