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Evaluation of Rational Parameters of Trussed Beam
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Abstract. Using of subdiagonals is one of the most common
methods to decrease the materials consumption of the beams in
the case of increased spans. Two variants of the trussed steel
beam with the span in 12 m were considered. The trussed beams
consist of the top and bottom chords, struts and pillars.

Rational from the point of view of materials consumption
distances from the support to the joint of the edge strut with the
top and bottom chords, height of trussed beam and vertical
dimension of the edge strut were evaluated by the response
surface and inspection methods. The dependences of materials
consumption and distances from the support to the joint of the
edge strut with the top and bottom chords, height of trussed
beam and vertical dimension of the edge strut were obtained as
the second order polynomial equation on the base of numerical
experiment.

Rational from the point of view of materials consumption
structure of the trussed beam was suggested.
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INTRODUCTION

The problem of efficiency increase of steel structures is one
of the most significant at the present moment [8]. The
regulation of stress-strain state of bended steel structures in the
design stage is one of the methods to solve the problem. The
stress-strain state regulation for beams can be obtained by the
using of subdiagonals. The beam is transformed in to
continuous one with the complained supports in this case [3].
More rational bending moment distribution for trussed beam,
in comparison with the simple one, allows decreasing of
materials consumption. But the more rational bending moment
distribution and materials consumption can be obtained in the
case when the trussed beam possesses a rational structure.

The most widely used types of trussed beams are beams
with the central pillar, beams with the vertical edge and central
pillars and beams with the inclined edge struts (Fig.1) [3,10].

The comparison of the trussed beams types from the point
of view of materials consumption under the action of the
uniformly distributed load with intensity in 1 kN/m indicates
that the most rational are types with the vertical edge struts
and with the inclined edge struts. The trussed beams with the
heights and spans equal to 1.5 and 12 m, correspondingly,
were considered.

In this connection, the aim of the paper is to develop
rational from the point of view of materials consumption
structure of trussed beams with the vertical edge and central
pillars and with the inclined edge struts and vertical central
pillar. The dependences of the main geometric parameters of
the trussed beams and materials consumption also must be
obtained.
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Fig.1. Types of the trussed steel beams: a) — type with the central pillar; b) —
type with the inclined edge struts; ¢) — type with the inclined central struts and
edge pillars; d) — type with the vertical edge and central pillars; e) — type
with the inclined edge struts and vertical central pillar.

SOLUTION OF THE PROBLEM

The trussed steel beams with the vertical edge and central
pillars and with the inclined edge struts and vertical central
pillar were considered as the objects of investigation. The
spans of the beams were equal to 12 m [3]. The development
of rational structures of trussed beams was joined with the
determination of it rational, from the point of view of
materials consumption, geometric parameters. The main
geometric parameters of trussed beam with the vertical edge
and central pillars are heights of beam and edge pillar and
distance from the support to the joint of edge pillar with the
top chord (Fig.2).
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Fig.2. Design schemes of the trussed steel beams: a) — variant with the vertical
edge pillar; ) — variant with the inclined edge struts; 1 — top chord; 2 —
bottom chord; 3 — central pillar; 4 — edge strut; 5 — edge pillar; a - distance
from the support to the joint of the edge strut with the top chord; a; - distance
from the support to the joint of the edge strut with the bottom chord; & —
height of the trussed beam; A, — vertical dimension of the edge strut or edge
pillar.

The main geometric parameters of trussed beam with the
inclined edge struts and vertical central pillar are distances
from the support to the joint of the edge strut with the top and
bottom chords, height of trussed beam and vertical dimension
of the edge strut (Fig.2).

The beams were considered under the action of uniformly
distributed load with intensity in 1 kN/m. The bottom chord is
not prestressed. Steel with the point of yield in 280 MPa was
considered as material of top chord, struts and pillars. Steel
cable on the base of the wire with tensile strength in 1960
MPa and modulus of elasticity in 1.7-10° MPa was considered
as the material of bottom chord.

Rational from the point of view of materials consumption
main geometric parameters of trussed beams with the vertical
edge and central pillars and with the inclined edge struts and
vertical central pillar (Fig.2) were evaluated by the response
surface method [6]. The dependence of the materials
consumption on the heights of the beam, edge pillar and
distance from the support to the joint of edge pillar with the
top chord (Fig.2. a)), was evaluated in the form of second
order polynomial equations (1) [7,15]:

+byy -a® +byy-a-hy + by (1)

The dependence of the materials consumption on the
distances from the support to the joint of the edge strut with

the top and bottom chords so as height of trussed beam and
vertical dimension of the edge strut (Fig.2. b)) was evaluated
by the same approach, as the equation (1):

B, =by+b -h+by-a+by-a +b, -h +b, -h*+
+byy h-a+by-h-ay+by-h-h +by-a*+

+b23 'a'al +b24 '(l'hl +b33 'a12 +b34 'al 'hl +b44 'h12 (2)

The coefficients of equations (1) and (2) 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 uniformly distributed load
is applied. The dimensions of elements cross-sections were
determined then on the base of obtained internal forces.

The elements of the top chord, struts and pillars are
subjected to the compression with the bending. The type of
cross-sections of top chord, struts and pillars was rectangular
to prevent influence of the assortment. The height/width
relations were equal to 2 for the elements of top chord and to 1
for the struts and pillars.

The bottom chord is tensioned and its cross-sectional area
was determined by the equation (3):
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where: 4 — cross-sectional area of the bottom chord; N —
force acting in the bottom chord; R,, — tensile strength of the
wire; k — coefficient, taking into account the drop in the
breaking force of the cable, caused by the inhomogeneity of
stress distribution; 1.6 — reliability index of the material.

The coefficient £ , taking into account the drop in the
breaking force of the cable, caused by the inhomogeneity of
stress distribution, was equal to 0.75 [16].

Rational values of the heights of edge and central pillars
and distance from the support to the joint of edge pillar with
the top chord were determined by the system of equations (4)
and then were precised by the inspection.
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Rational values of the heights of the distances from the
support to the joint of the edge strut with the top and bottom
chords, height of trussed beam and vertical dimension of the
edge strut were evaluated by the inspection.

Minimum materials consumption was determined on the

base of obtained rational values of trussed beams geometric
parameters. Second limit state was not taken into account.
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NUMERICAL RESULTS FOR TRUSSED BEAM WITH THE
VERTICAL EDGE PILLARS

Twenty seven variants of trussed beam with the vertical
edge pillars were analised using the computer program LIRA
9.4. The variants were differed by the values of heights of the
beam and central pillars and distance from the support to the
joint of edge pillar with the top chord. The heights of the edge
pillar change within the limits from 1 to 4 m. The relation of
the edge pillars height to the beams height, changes within the
limits from 0.65 to 0.85. The distance from the support to the
joint of edge pillar with the top chord of the trussed beam
changes within the limits from 2.6 to 3.2 m.

Coefficients of second order polynomial equation, which
describe the dependences of material consumption on the
heights of the beam and edge pillars and distance from the
support to the joint of edge pillar with the top chord, are given
in the Table 1.

The dependence of materials consumption on the height of
the beam and distance from the support to the joint of edge
pillar with the top chord of the trussed beam is shown in Fig.3.
The height of edge pillar is equal to three quarter of central
pillars height.

TABLE 1
Coefficients of the equation (1)
Designation of] Values of coefficients
coefficients
by 387.0540
by -3.6141
b, 16.2759
bs -905.5000
by 2.4378
b, -2.4778
b3 -4.4444
by, 53.2778
by -422.7780
b33 1404.3300

The dependence indicates that materials consumption
changes within the limits from 44.270 to 77.170 kg.

The dependence of materials consumption on the heights of
the beam and edge pillar is shown in Fig.4. The dependence
was obtained when the distance from the support to the joint
of edge pillar with the top chord of the trussed beam was
constant and equal to 2.9 m. The shapes of obtained
dependences indicate that the rational values of the heights of
edge and central pillars and distance from the support to the
joint of edge pillar with the top chord can be determined by
the system of equations (4) and the obtained values will be
within the limits of the experiments field.
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Fig.3. The dependence of materials consumption on the heights of the beam
and distance from the support to the joint of edge pillar with the top chord of
the trussed beam: P, — materials consumption of trussed beam with the
vertical edge pillar; 4 — height of the beam; a — distance from the support to
the joint of edge pillar with the top chord. The height of edge pillar is equal to
three quarter of the beams height.
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Fig.4. The dependence of materials consumption on the heights of the beam
and edge pillar: P, — materials consumption of trussed beam with the vertical
edge pillar; 4, — height of the edge pillar. Other designations as in Fig.3. The
distance from the support to the joint of edge pillar with the top chord of
trussed beam is equal to 2.9 m.

The dependence indicates that materials consumption
changes within the limits from 44.270 to 85.650 kg.
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The rational from the point of view of materials
consumption values of height of the beam and distance from
the support to the joint of edge pillar with the top chord are
equal to 2.560 and 2.740m, respectively. The rational value of
edge pillars height is equal to 1.820 m. Minimum value of
materials consumption is equal to 42.97 kg.

NUMERICAL RESULTS FOR TRUSSED BEAM WITH THE
INCLINED EDGE STRUTS

The rational from the point of view of materials
consumption values of main geometric parameters of trussed
beam with the inclined edge struts were evaluated by the
inspection. The distances from the support to the joint of the
edge strut with the top and bottom chords changes with the
step 0.02 m from 2.5 to 29 m and from 1.2 to 2 m,
respectively. The heights of the beam and the vertical
dimension of the edge strut changes with the step 0.02m, from
1.9 to 2.5 m and from 1.25 to 1.65 m, respectively.

The graphs of the dependence (2) are shown in Fig.5 and 6.
The dependence of materials consumption on the height of the
beam and distance from the support to the joint of the edge
strut with the top chord of trussed beam is shown in Fig.5. The
graphs were obtained at the fixed values of vertical dimension
of the edge strut and distances from the support to the joint of
the edge strut with the bottom chord. The vertical dimension
of the edge strut was constant and equal to 1.45 m. The
distances from the support to the joint of the edge strut with
the bottom chord was fixes at the level of 1.20 m.

Py, kg

Sifas masa, kg

Fig.5. The dependence of materials consumption on the height of the beam
and distance from the support to the joint of the edge strut with the top chord
of trussed beam with the inclined edge struts: P, — materials consumption of
trussed beam; / - height of the beam; a - distance from the support to the joint
of the edge strut with the top chord of trussed beam; The vertical dimension of
the edge strut was equal to 1.45 m. The distances from the support to the joint
of the edge strut with the bottom chord was equal to 1.20 m.

The dependence of materials consumption on the distances
from the support to the joint of the edge strut with the top

chord and vertical dimension of the edge strut is shown in
Fig.6.

The rational, from the point of view of materials
consumption, values of distances from the support to the joint
of the edge strut with the top and bottom chords are equal to
2.840 and 1.910 m, respectively. The rational values of beams
height and vertical dimension of the edge strut are equal to
2.480 and 1.630 m, respectively. Minimum value of materials
consumption is equal to 40.919 kg.
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Fig.6. The dependence of materials consumption on the distances from the
support to the joint of the edge strut with the top chord and vertical dimension
of the edge strut: 4; - vertical dimension of the edge strut. Other designations
as in Fig.5. The distance from the support to the joint of the edge strut with the
bottom chord of trussed beam is equal to 2 m. The height of the beam was
equal to 2.2 m.

So, using of inclined edge struts instead of vertical pillars
allows to decrease materials consumption of trussed beam by
5%. The inclined edge struts allows to decrease more
effectively the values of bending moments, which act in the
top chord of trussed beam under the action of vertical
uniformly distributed load.

CONCLUSIONS

The rational from the point of view of materials
consumption structure of trussed beams with the vertical edge
and central pillars and with the inclined edge struts and
vertical central pillar was suggested.

It was shown, that the rational from the point of view of
materials consumption values of height of the beam and
distance from the support to the joint of edge pillar with the
top chord of trussed beams with the vertical edge and central
pillars, are equal to 2.560 and 2.740m, respectively. The
rational value of edge pillars height is equal to 1.820 m.
Minimum value of materials consumption is equal to 42.97 kg.

The rational from the point of view of materials

consumption values of distances from the support to the joint
of the edge strut with the top and bottom chords of trussed
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beams with the inclined edge struts and vertical central pillar,
are equal to 2.840 and 1.910 m, respectively. The rational
values of the beams height and vertical dimension of the edge
strut are equal to 2.480 and 1.630m, respectively. Minimum
value of materials consumption is equal to 40.919 kg.

It was stated, that using of inclined edge struts instead of
vertical pillars allows to decrease materials consumption of
trussed beam by 5%.
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Vadims Goremikins, Karlis Rocéns, Dmitrijs Serdjuks. Sprengelsijas racionalo parametru novértéiana

Sprengelu izmanto$ana Jauj samazinat sijas materialu patérinu lielo laidumu gadijuma. Apskatiti divi $prengelsijas varianti ar laidumu 12 m, kas atkiras ar
rezgojuma shému. Sprengelsijas sastav no augigjas un apakigjas joslas, statiem un atgazniem. Terauds ar plistamibas robezu vienadu ar 280 MPa pienemts ka
augs§&jas joslas un rezgojuma elementu materials. Apak$&ja josla ir iepriek§ nesaspriegtais vantis ar atsevi§ko stieplu peréjoso pretestibu vienadu ar 1960 MPa.
Racionalie no materialu pat€rina viedokla augs€jas un apaksgjas joslas pane]u garumi, $prengelsijas augstums un mal&ja atgazna vertikalais izmérs, novertéti
eksperimenta gaita. Sakaribas starp materialu pat€rinu, augs€jas un apaks&jas joslas panelu garumiem, $prengelsijas augstumu un mal&ja atgazna vertikalo
izméru, noteikta uz skaitliska eksperimenta bazes. Sakaribas veids — otras pakapes polinoms.

Piedavata Sprengelsijas raciondla no materialu patérina viedokla konstrukcija. Paradits, ka slipo statnu izmanto$ana lauj samazinat $prengelsijas materiala

patérinu par 5% salidzinajuma ar Sprengelsiju ar vertikaliem statiem.

Baaum I'opembiknH, Kapanc Pouenc, Imutpuii Cepaiok. OuneHka panMoHaJIbHbIX NaPaMeTPOB IINPEHTeJIbHOI 0aIKH

Vcnons3oBaHue IINpeHreseil BIseTcss OAHUM U3 Hanbosee palloHAIBHBIX CIOCOO0B YMEHBIINTD PACX0] MaTeprana I OaJlok B Ciydae OONBIIHX IPOIETOB.
PaccMoTpeHO J1Ba BapuaHTa MIIPEHTeNIBHOM Oayky mposietoM 12 M, oTinyaromuecs cxemMamu penreTok. Crainb ¢ npenenoM tekydectd B 280 MIla paccmorpena
B KQueCTBE MaTepuaa 3JIeMEHTOB BEPXHETO 10sica U pemeTkl. HinkHuii mosic mpecrapiseT coboii BaHT 03 NpeiBapUTEILHOTO HAMPSKEHUS, BHINOITHEHHBII

13 IIPOBOJIOKH C IIpe/ieNioM poyHocTy B 1960 MITa.

PanyioHasbHBIE, ¢ TOYKH 3pEHHS PACXO0/a MaTepPHAIIOB, JUIMHHBI IIaHENIeH BEPXHET0 U HIDKHETO II0sICOB, BEICOTA LINIPEHT eJILHON OaKU U BapTUKAIBHBINA pa3Mep
KpaliHero packoca, onpesiesieHbl IIpU MOMOIIM YHCJIEHHOTO 9KcIepuMenTa. UncaeH bl 3KCIepUMEHT NPOBE/IEH IPH IIOMOIIH METO/I0B IOBEPXHOCTH OTKIINKA U
nepebopa. [TomydeHs! 3aBHCHUMOCTH MEX/y PacX00M MaTepHaloOB, JUIMHHAMH NaHeIel BEpXHEro U HIDKHETO MOsICOB, BHICOTOH MIPEHTeNbHO OaJIKu 1
BapTHKAJIBbHBIM Pa3MepoM KpaiiHero packoca. @opma MOITyuEHHBIX 3aBUCUMOCTEN — ITOJIMHOM BTOPOI'O MOPS/IKA.

Ipennoxena panyoHaabHas KOHCTPYKIMS INNpeHrenbHoi OGanku. IIka3zaHo, YTO MCIOJIB30BAaHHE HAKIOHHBIX PACHOPOK MO3BOJISIET YMEHBIIUTH PAcXo]l
MaTepraia IIpeHrenbHoN 6anku Ha 5% [0 CPaBHEHUIO C IINPEHreIbHOH 0aIKoi ¢ BepTHKAILHBIME PACIIOPKAMH.
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