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USING OF SPATIAL STEEL TRUSSES IN THE ROOF

TELPISKO TERAUDA KOPNU IZMANTOSANA PARSEGUMA

V. Goremikins, J. Grabis and D.Serdjuks

Keywords: large span roof, rational geometrical parameters, grades of steel

1. Introduction

Large span roofs structures are widely used for the public and industrial buildings such as theaters,
exhibition halls, covered stadiums, hangars, machine building enterprises. Large span roof structures
can be divided into the following main groups depending on the static scheme:

- beam structures;

- frame structures;

- arch structures;

- shell structures;

- suspended structures;

- spatial structures.
The most significant advantages of large span beam structures are small width of supporting columns,
simplicity of design procedure, producing, assembling and joints constructions, decreased sensitivity
to temperature actions and displacements of foundations. The increased dead weight is the most
significant disadvantage of these structures [1-5].
The truss is the main load bearing element of large span beam structures. The trusses are divided into
the plane and spatial depending on the main load bearing elements placement. The spacious trusses
(Fig.1.) are characterizes by the decreased dimensions of the elements cross-sections and decreased
dead weight in some cases [3].

Fig.1. Spatial steel truss

The values and distribution of internal forces, acting in the elements under design load, depend on the
main geometrical parameters of the truss. The main geometrical parameters of the spatial steel truss
are angles between the grains and elements of lattice and height.

So, the aim of the paper is to consider using of spatial steel truss as the main load bearing element of
large span roof. The main geometrical parameters of the spatial steel truss which enables to decrease
the material consumption also should be evaluated.



2. Solution of the problem

The spatial steel truss is considered as the main load bearing element of the roof with the span which
is equal to 60 m. The truss is with the parallel chords and height equal to 3 m.

The truss is loaded by the design vertical loads combination in 2.17 kPa, which includes dead weight
of the roof and snow. The design value of snow load is 1.28 kPa. The structure of the roof contains
purlins. So, design vertical load is applied as the concentrated forces to the nodes of top chords of the
spatial truss. All elements of the spatial truss are with the welded round pipe cross-sections.

Steel grades C245, C285 and C375 with the design strength in 240, 280 and 365 MPa
correspondingly, were considered as materials of the truss.

Rational from the point of view of materials consumption angles between the grains and elements of
lattice (Fig.2.) were evaluated by the response surface method [6].
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Fig.2. Scheme of the spatial truss: L — span of the truss; h — height of the truss; a - angle between the
elements of lattice; B - angle between grains of the spatial truss

The dependences of the materials consumption on the angles between the grains and elements of
lattice was evaluated in the form of second order polynomial equations for three mentioned grades of
steel [7,8]:

P=b,+ba+b,B+b,off+b,a’ +b, . (1)

The coefficients of equation (1) were determined on the base of numerical experiment. The
experiment was joined with the determination of internal forces, which acts in the elements of the truss
when the vertical design load is applied. All elements of the truss were axially compressed or
tensioned. Areas of cross sections for tensioned elements were determined by the equation:

A:W, (2

v/ c
where: N — axial force acting in the element; R, — design strength of steel; . — material safety factor.

Then tensioned elements were checked by slenderness, which should not exceed 400. The value of
safety factor was equal to 0.95. Areas of cross sections for compressed elements were determined by
the equation:

gy (3)

¢Ry 7/1,’

where: ¢ — buckling coefficient.



The value of the buckling coefficient was taken as 0.8 in the first approximation. Then it was corrected
basing on the equation (3). The value of safety factor was equal to 1.00 for compressed elements.
Rational values of angles o and  were determined by the system of equations (4) and then corrected
to satisfy by the constructional requirements [3-5].

S—P:bl +b,+2b,,x=0,
iy @)
@sz +b,a+2b,5=0,

Second limit state also was taken into account. The maximum allowable vertical displacement of the

spatial truss was equal to ﬁ of the span.

3. Numerical results

Nine variants of spatial truss were analyzed by the computer program LIRA 9.4 for each considered
grade of steel. The variants were differed by the values of angles between the grains and elements of
lattice. The angle between grains of the spatial truss changes within the limits from 30 to 90 degrees.
The angle between the elements of lattice changes within the limits from 30 to 60 degrees.

The values of coefficients of second order polynomial equations, which describe the dependences of
material consumption on the angles o and [, are given in the table 1 for three grades of steel. The
deviation of the results, obtained by the equations does not exceed 2.4%.

Table 1.
Coefficients of the equation (1)
Values of coefficients
Grade of steel
bo bl b2 b12 bll b22

C245 16.702 -0.128 1.078 0.433 1.652 0.302
C285 14.927 -0.427 1.000 0.715 1.260 0.400
C375 12.610 -1.088 0.963 0.578 1.585 0.260

The materials consumption of the spatial truss changes within the limits from 16.24 to 20.32 t, from
14.33 to 17.88 t and from 11.91 to 15.93 t for grades of steel C245, C285 and C375, correspondingly.
Character of the dependences between material consumption and angles o and B can be illustrated by
the Figure 3, where are shown the results, obtained for the grade of steel C 285.

In the case of steel grade C375 the growing of the angle B between grains of the spatial truss from 30
to 90 degrees causes the increase of materials consumption by 6.53, 12.38 and 28.14 % for the angles
between the elements of lattice a equal to 30, 45 and 60 degrees, correspondingly.

Growing of the angles between the elements of lattice o from 30 to 60 degrees causes the decrease of
materials consumption by 28.31, 16.86 and 6.68% for the angles between grains of the spatial truss
equal to 30, 60 and 90 degrees, correspondingly.
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Fig. 3. The dependence of material consumption P on the angle between the elements of lattice o and
the angle between grains of the spatial truss § (steel grade C285)
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The dependences of the maximum vertical displacements of spatial truss on the angle between the
elements of lattice o and the angle between grains of the spatial truss j also were obtained.

The maximum vertical displacement of the rational variants of spatial truss changes within the limits
from 0.150 to 0.199 m. Character of the dependences between maximum vertical displacements and
angles a and [ can be illustrated by the Figure 4, where are shown the results, obtained for the grade of
steel C 285.

f.,cm

Fig. 4. The dependence of maximum vertical displacements f on the angle between the elements of
lattice a and the angle between grains of the spatial truss B (steel grade C285)

The obtained dependences were used for the determination of the rational geometrical parameters of
spatial truss, which are shown in table 2. The maximum vertical displacements of the rational variants
of spatial truss changes within the limits from 0.179 to 0.199 m.



Rational geometrical parameters of spatial truss

Table 2.

Angle between Angle between Maximum
Grade of steel the elements of grains of the Material vertical
lattice a, degrees spatial truss p, consumption P, t | displacements, m
degrees
C245 48° 30° 16.11 0.179
C285 45° 30° 14.65 0.199
C375 45° 30° 14.44 0.199

The second limit state has significant influence on the obtained rational geometrical parameters of
spatial truss. The materials consumption for spatial truss can be decreased till 13.99 and 11.46 t for
grades of steel C285 and C375, correspondingly. Rational angle between the elements of lattice a is
equal to 52.43° in the case. But the maximum vertical displacements will be equal to 0.209 and
0.261 m. The diagram, which illustrates the dependence of materials consumption on the grade of steel
for spatial trusses with the rational geometrical parameters, is shown in Figure 5.

Material consumption P, t
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Fig. 5. The dependence of materials consumption on the grade of steel for spatial trusses with the
rational geometrical parameters

The variants of the plane truss with the angle between the elements of lattice changing within the
limits from 30 to 60 degrees also were analyzed. The comparison of rational from the point of view of
materials consumption variants of plane and spatial trusses for grades of steel C245, C285 and C375
allows us to conclude that the plain trusses are at 10-15% more rational, than the spatial ones in

considered case.




4. Conclusions

Large span spatial truss was considered as the main load bearing element of the roof.

The dependences of material consumption on the angles between the elements of lattice and angle
between grains of the spatial truss were obtained for grades of steel C245, C285 and C375.

In the case of steel grade C375 the growing of the angle B between grains of the spatial truss from 30
to 90 degrees causes the increase of materials consumption by 6.53, 12.38 and 28.14 % for the angles
between the elements of lattice o equal to 30, 45 and 60 degrees, correspondingly.

It was shown, that the rational from the point of view of materials consumption values of angle
between the elements of lattice and angle between grains of the spatial truss are equal to 45 and 30
degrees, correspondingly, for grades of steel C285 and 375.

The dependences of the maximum vertical displacements of spatial truss on the angle between the
elements of lattice and the angle between grains of the spatial truss also were obtained. It was shown,
that the maximum vertical displacements of the rational variants of spatial truss changes within the
limits from 0.179 to 0.199 m.
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Goremikins V., Grabis J. un Serdjuks D. Térauda telpisko kopnu izmanto$ana liellaiduma parsegumos
Darba ir izpétita trejskaldnu liellaiduma telpiska kopne. Kopnes veids — trapecveida paraléljoslu kopne ar
trisstirveida rezga sistemu. Ir piepemts minimalais ieteicamais kopnes augstums — 3 m. Kopnes elementi ir
veidoti no metinatam caurulem.

Darba ir atrastas sakaribas starp kopnes rezga elementu slipuma lenki un kopnes masu, sakaribas starp lenki
starp skaldném un kopnes masu, sakaribas starp pielietoto terauda klasi un kopnes masu. Ir atrastas optimalas
rezga elementu slipuma lenka vértibas un lenka starp skaldném vertibas. Darba ir izvérteta kopnu izliece
atkariba no pielietotas térauda klases, lenka starp skaldnem tréjskaldnu kopnei un rezga elementu slipuma
lenka. Ir salidzinatas trejskaldpu un plakanas kopnes no materiala patérina viedokla. Slodzu aprékina
kombinacija iekjauj sevi passvara slodzes, slodzes no jumta seguma, sniega slodzes. Kopnes aprékins veikts péc
pirmd un otra robezstavokjiem.

Darba ir secinats, ka plakanas kopnes ir izdevigakas par trejskaldpu kopnem, optimaldkais kopnes rezga
elementu slipuma lenkis ir 45°, optimalakais lenkis starp skaldném ir 30°. Augststipribas téraudu pielietojums
kopnu elementu konstruésanda nav racionals. Kopnes izliece ir lielaka kopnem no augststipribas téraudiem, ar
lielaku lenki starp skaldném un lielaku rezga elementu slipuma lenki.

Goremikins V., Grabis J. and Serdjuks D. Using of Spatial Steel Trusses in the Roof

Spatial steel truss with the span equal to 60 m was investigated. The truss is with the parallel chords and
triangular lattice. The minimum recommended height of the truss equal to 3m was adopted. The elements of the
truss is the round welded pipes.

The dependences of material consumption on the angles between the elements of lattice and angle between
grains of the spatial truss were obtained for three grades of steel. The dependences of the maximum vertical
displacements of spatial truss on the angle between the elements of lattice and the angle between grains of the
spatial truss also were obtained. The dependences were obtained for the case, when the structure is loaded by
the design vertical load, which includes snow and structural dead weight. Two limit states were taked in to
account.

It was shown, that the rational from the point of view of materials consumption angle between the elements of
lattice and the angle between grains of the spatial truss are equal to 45 and 30 degrees, correspondingly. The
usage of high-strength steel is not rational for such kind of trusses. Vertical displacements of spatial truss is
greater for high-strength steel trusses with greater angle between the elements of lattice and greater angle
between grains.

I'opembixun B., I'paduc 5. u Cepatok JI. Mcnosib30BaHKMe NPOCTPAHCTBEHHBIX (pepM B 00JIbIIENPOIETHBIX
TePeKPBHITUSIX

B pabome uccnedosana mpéxepannas 6Ooavuenporémuas npocmpancmeentHas gepma. Buod gdepmvr —
mpaneyuesuonas ¢ NApailelbHbIMU SPAHAMU U MPEY2OAbHOU cucmemou pewemxu. Ilpunama MuHumManvHas
pexomenoyemasn evicoma epmovi — 3m. DiemeHmuvl pepmbl CKOHCMPYUPOBAHBI U3 INEKMPOCEAPHBIX KPYeTblX
mpyo.

B pabome uaiioenvi 3agucumocmu mexcoy yenamu HAKIOHA dNEeMeHmO8 peuiémxu gepmvl u maccou gepmu,
3A8UCUMOCIIU MEXHCOY V2IOM MeXHCOy SPAHAMU U MACCOU DepMbl, 3A8UCUMOCIU MEXHCOY UCNONb308AHHBIM
Kaaccom cmanu u maccoui pepmul. Hatidenvl onmumanvhvle 3HAUEHUs Yena HAKIOHA 2NeMEHMO8 PEEMKU U yena
Mmedcoy epanamu. B pabome oyenen npoeud gepmul 6 3agucumocmu om y2na HAKIOHA 1eMEHMO8 peulémxKu,
Yena Mexucoy epaHamMu U UCHONb30BAHHBIM Kiaccom cmany. CpasHenvl mpéxepantule U nI0CKue pepmul ¢ mouKu
3penus mamepuanoémxkocmu. Pacuemmnas kombunayua exuioudaem HA2py3KU OmM COOCMBEHHO20 6ecd, 6eca
nokpuimus u cneza. Pacuem npouseoouncs no 08ym npeoenbubiM cOCMOAHUAM.

B pabome oOokazano, umo nnockue ¢hepmol 6vicoOHee mpexzpaHuvlx (epm. OnmumanvHblll 2ol HAKIOHA
oneMeHmos pewlémku pagen 45° onmumanvuvill yeon medxcoy epamamu paeer 30°. Hcnonwvzosanue
BbLICOKONPOUHBIX cmaneil 015 d1eMeHmos epmvl He payuonanvo. Ilpocub gepmuvl yeenuuusaemcs npu
Y6enuueHuU pacuemnozo CONpomuUGIeHUs, YEeIuuenuu yena Mexicoy 2paHamu U YeludeHuu yend HAaKIoHa
INIeMeNMos peuémxu gepmol.
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