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Abstract. Studies of several metal ribbed-ring large-span domes on computer models have
been carried out. All elements of the dome frames are made of steel I-beams. The dome
frames have the same number of ribs and rings, but they have different size of the upper
ring. The frame elements cross-sections are oriented normally to the dome surfaces, with
the exception of the upper ring. The joints of the frame elements with each other are
assumed to be rigid in the normal direction and hinged in the tangential direction. The
frames are mounted on support nodes at the level of the lower ring pivotally. All the domes
are subjected to the same nodal loads from the weight of the enclosing structures and the
weight of snow. The snow load is assumed to be asymmetrical, located only on one side of
the dome. Under the combined action of these loads, the dimensions of the upper ring of the
domes influence the stress-strain state of their frames. As a result of the research, graphs
have been generated representing the stress level in the meridional ribs and in the upper
rings of the domes. The conclusion has been made that the stress state of metal dome frames
depends on the size of the upper ring. The necessity of increasing the cross-section of the
upper ring with an increase in its size has been noted.
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Binsinue pa3Mepa BepXHero KoJibla Ha HANIPSIKEHHOE COCTOSTHHE
pedpHUCTO-KOJIbIEBOI0 METAJIMYECKOT0 KYII0J1a

E.B. Jleoenn V=

HanmonanbsHelit uccienoBarenbckuii MOCKOBCKHI TOCYIapCTBEHHBIN CTPOUTENBHBIN yHUBEPCUTET, Mockea, Poccuiickas Dedepayus
X evglebed@mail.ru

HUcropus cratbu AHHOTauusl. BBIIONHEHBl HCCIENOBaHUS HECKOJBKHX PEOPHUCTO-KONBLEBBIX
[Moctynuna B peAaxuuio: 6 urons 2023 r. METAJUIMYECKUX OOJBIIETIPOIETHBIX KYIIOJOB Ha KOMIIBIOTEPHBIX Monensix. Bee
TNopa6orana: 27 centsiops 2023 . 2JIEMEHTHI KYTOJIBHBIX KAPKAaCOB NMPHUHATHI U3 CTAJIbHBIX BYTaBpoB. KymnosbHbie
[punsara x ny6nuxanun: 30 centsiopsa 2023 r. KapKachl UMEIOT OJIMHAKOBOE KOJMYECTBO pedep M KOJiell, HO OTINYAoTCA APYT

OT JIpyra pa3MepoM BepxHero koibla. CeueHust 2JIeMEHTOB KapKacoB OpPUCHTH-

pOBaHBl HOPMAJIBHO K KYIOJbHBIM MOBEPXHOCTSIM, 32 MCKJIIOUEHHEM BEPXHETO
konpua. ConpspkeHHs 3J€MEHTOB KapKaca JpyT ¢ JpyroM NPHHATHI )KECTKUMH B
HOpPMaJIbHOM HAIpPaBJICHWU M HIAPHUPHBIMH B TAHT€HLMAIBHOM HAaIlpaBJICHUU.
Kapxkacel ycTaHOBNIEHBI Ha ONOPHBIE y3JIbl B YPOBHE HMJKHETO KOJblLia IIAPHUP-
Ho. Ha Bce kymomna npuiokeHbsl OJJMHAKOBBIE Y3JIOBbIE HArPy3KH OT BECa Orpak-
JTAIOIMX KOHCTPYKIMH W Beca cHera. CHeroBas Harpyska NPHHATa HECUMMET-
PYYHOM, PACIIONIOKEHHOM TOJIBKO C OJHOW cTOpoHBI Kymnoia. [Ipu coBmecTHOM
JIEMCTBUM 3TUX Harpy3o0K pasMepbl BEPXHETO KOJblla KyIOJIOB OTPAXArOTCsA Ha
HaInpsHKEHHO-1e()OPMHUPOBAHHOM COCTOSIHMM MX KapkKacoB. B pesynbrare uccie-
JOBaHUH MOCTPOEHBI TPadMKH, OTPAXKAIOIINE YPOBEHb HANPSDKECHUH B MEPHUANO-
HaJILHBIX peOpax ¥ B BEPXHUX KOJIbIaxX KyrnosioB. CrenaH BbIBOJ O 3aBUCUMOCTH
HaIpPsHKEHHOTO COCTOSHMSA KapKacoB METAJUIMYECKUX KYIOJIOB OT Pa3MepoB
BepxHHUX Kousel. OTMedeHa HeOOXOIUMOCTh YBEIMUYCHHS CEUYCHUS BEPXHETO
KOJIbLIA C YBEJIMUEHUEM €T0 pa3Mepa.

3asiBiieHHe 0 KOH(DJIUKTE HHTEPECOB

ABTOD 3asBIsIeT 00 OTCYTCTBHH
KOH()INKTa UHTEPECOB.

KuroueBble ci10Ba: peOpUCTO-KOJIBIEBOM KyIOJI, MEpPUANOHAIIBHOE pedpo, BepX-
Hee KOJbII0, KOMIIBIOTEPHAsl MOJENb, CTATUYECKUI pacyeT, HAPsHKEHHOE COo-
CTOSIHUE
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1. Introduction

Domes are used as coverings of buildings and structures both because of the expressiveness of their
geometric shape and reliability of their structural systems. Due to their spatial rigidity and cost-effective metal
consumption, they occupy a leading position among spatial coverings [1-3].

Geometric schemes of metal dome frames are diverse, depending on the overlapping spans and the purpose
of the structure [4; 5]. Also, there can be different geometrical schemes of frames in ribbed-ring domes, for
example, related to the number of sectors or tiers. One of the essential features of this difference is the size of the
upper ring. Although the size of the upper ring often depends on the aesthetic or technological concept of a
designer.

Many publications considered various aspects of ribbed-ring domes by means of various computer
programs. For example, stress state of the dome frame was analyzed with changing parameters of its geometric
scheme [6], with different dome height-to-diameter ratios for different spans [7], when brick filling of the frame
cells between steel ribs and rings [8], with different dome height ratios and different cross-sections of core
elements [9], and with different heights compared to the span of the dome frame with connections [10].
However, there are no publications devoted to the study of ribbed-ring domes with relatively different sizes of
the upper ring.
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Asymmetric load has the greatest influence on the stress-strain state of the frames of spatial structures. This
load includes the second variant of the snow load on the dome cover'. It determines the required cross-sections
of the main bearing elements of the dome frames.

Six frames of spherical ribbed-ring domes with a curvature radius of 23 m, a span of 39.3 m and a height
of 11.0 m (h/D = 0.28) were considered as objects of the research. Domes’ frames consisted of 24 ribs, had 6

tiers, and differed from each other by the size of the upper ring. The smallest ring had a diameter of 4 m (d,;, ),

the largest one had a diameter of 14 m (d,,, ), and the step of changing the diameter of the upper ring was 2 m.

Due to the increase in the diameter of the upper ring, the lengths of the meridional ribs elements between the
rings varied from 3.42 m to 2.75 m. The length of the upper ring elements varied from 0.78 m to 1.81 m.

All elements of the dome frames were made of steel I-beams: the ribs are made of I 5011, the upper ring
was made of I 501114, the remaining rings were made of I 2011I1. The cross sections of the frame elements were
oriented normally to the dome’s surfaces, with the exception of the upper ring, a cross section of which was
oriented vertically (Figure 1). It was assumed that the conjugations of the upper ring to the meridional ribs, as
well as conjugations of the other rings to the ribs, are rigid in the normal direction and hinged in the tangential
direction. The frames are pivotally mounted on the supporting nodes at the level of the lower ring.

Figure 1. Investigated models of dome frames

' CR 20.13330.2016. Loads and impacts. Updated version of CNR 2.01.07-85*. Moscow: Ministry of Construction of Russia, 2016.
(In Russ.) Available from: https://www.minstroyrf.gov.ru/docs/13673/
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2. Methodology

The study of the stress state of the ribbed-ring dome’s frame was carried out in the SCAD program [11]
using computer models of spatial rod systems [12]. The study of dome type rod systems is usually carried out by
scientists in various computer programs. Previously, the author performed a comparative study of ribbed-ring
domes with various mounting methods [13; 14], as well as on the number of installed connections between
meridional ribs [15]. The material presented in this paper has been obtained by the author in full compliance with
the generally accepted principles of research for similar states in spatial rod systems.

Dome frames are spatial rod systems pivotally mounted on supports under the meridional ribs at the level of
the lower ring. It is with such computational models that they were presented in these computer studies. All
computer models of domes differed from each other only in the size of the upper ring. The same nodal loads
were applied to all dome frames: from the weight of the enclosing structures, which was symmetrical relative to
the axis of the domes; from the weight of snow, located only on one side of the domes and being asymmetrical
(Figure 2).

d=4m — d=6m e
P S
7 RN\ M /]
YN R NNy /] N N

/
yJE L AN\ L] LV NN

d=12m e d=14m s
e /.
SR =
/ Y ey / T T VI
y AN e N N NN /[ ] "

Figure 2. Asymmetric snow load on the dome frames

The combined effect of these loads creates a stress-strain state of the dome frames, which determine their
bearing capacity. Despite the fact that the loads are the same, the stress-strain states in the elements of the dome
frames with different sizes of the upper ring of the domes differ from each other.

The outlines of deformed schemes of dome frames with different sizes of the upper rings do not differ from
each other, but the values of deformations are not the same. If the maximum deflection in the most loaded part of
the dome with the smallest size of the upper ring (d,;, ) is equal to f'=9.5 cm , then it increases by 1.6 times in

the dome with the largest size of the upper ring (d,,, ) (Figure 3).

The graphs of longitudinal forces N in the elements of dome frames with different sizes of the upper rings
differ from each other insignificantly. And the diagrams of bending moments in the elements of dome frames
with different sizes of upper rings show significant differences. These differences are associated with a change in

the ratio between the values of moments M , in the upper rings and those at the meridional ribs (Figure 4).
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Figure 4. Diagrams of bending moments M » in elements of dome frames
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3. Example

With an increase in the size of the upper rings, the values of bending moments M, and longitudinal
forces N in the meridional ribs change, but these changes are different and insignificant in magnitude (Figure 5):
M, first increases within 11% of the initial value, then decreases; N first decreases, then stabilizes within 19%.
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Figure 5. The ratio of forces N d; /N din and M d; /M
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in the upper rings at § = 0°

A different pattern of changes in bending moments M, and longitudinal forces N, as well as in moments M,,,

is observed in the upper ring. At the same time, the internal forces along the axis of the one-sided asymmetric
snow load (B = 0°) and in the direction perpendicular to this axis (B = 90°) differ from each other. For
B = 0° as the size of the upper rings increases, the bending moments M increase significantly, reaching the

value that is 3.1 times more than the moments at d,,, than the moments at d_ ;. (Figure 6). At the same time,

max
the longitudinal forces N and moments M, decrease, reaching values of 0.38 N and 0.26 M, compared to the
For B = 90° with an increase in the size of the upper rings, the bending moments M . also
min (Figure 7). At

of 0.46 N and

forcesat d .. .

increase significantly, reaching 2.7 times higher values at d,, compared to the moments at d

the same time, the longitudinal forces N and moments M,, decrease, reaching values at d ..

0.38 M, compared to the forces at dp;y.
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Since the internal forces N, M,, M, in the meridional ribs and in the upper rings of the dome frames

change differently when the size of the rings is changed, the studies of the normal stresses o; in them were car-
ried out. The stress values were determined by the formula:

‘Alx,ii My,i .

W,.;, W

X,1 Vi

N;
A;
With an increase in the size of the upper rings in the dome frames, the initial stresses ( 12.51 kN/cm?)

at d,;, in the meridional ribs change insignificantly, within 9% with no tendency to rise (Figure 8). The initial

n
stresses ( 15.05 kN/cm?) in the upper rings at d.;, change significantly, within 26% and have a tendency to

increase (see Figure 8).

Meridional ribs Upper rings
1.50 ‘\ ‘\
——.—
6,/64 . S e B
1 mi ____.___.______.__-
1.00 o
0.75
4 6 8 10 12 14

Diameter of the upper ring d,- ,m

Fi 8. The ratio of th, test st o _/(5 .
igure e ratio of the greatest stresses dl dmln
in the elements of the dome frames

456 ANALYSIS AND DESIGN OF BUILDING STRUCTURES



Jlebeds E.B. CTpouTenbHas MexaHuka UHXEHEPHBIX KOHCTPYKUMIA 1 coopyxermit. 2023. T. 19. Ne 5. C. 450-458

4. Conclusions

1. As a result of the research, it has been shown that with an increase in the size of the upper rings in the
frames of ribbed-ring domes, the bending moments in the vertical plane in these rings increase several times, but
the longitudinal forces and moments from the vertical plane decrease.

2. The normal stresses in the meridional ribs increase slightly at first, then decrease without reaching the
initial values. The normal stresses in the upper rings increase significantly with an increase in their size, with a
tendency to further increase.

3. With increasing the size of the upper rings in metal ribbed-ring domes, it is necessary to increase their
cross-section. The reliability of metal domes mainly depends on calculations for a combination of loads consid-
ering asymmetric force influences.
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