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Abstract. Trussed beam with the 46 m span was considered
as an object of investigations. Pultrusion composite profiles and
steel cables were considered as the materials of the trussed beam
top chord, web and bottom chord, correspondingly.

Trussed beam with strut frames, trussed beam with triangular
web and trussed beam with vertical struts were compared from
the point of view of maximum vertical displacements. The trussed
beam with vertical struts is characterized by the increased
deformability in case if the load is uniformly distributed by the
half of the span. It was shown, that the application of additional
diagonals allows to decrease the deformability of trussed beam
with vertical struts.

The dependence of load-bearing capacity on construction
height and material consumption was obtained for the trussed
beam with vertical struts with the 46 m span. It was shown, that
load-bearing capacity of trussed beam changes within the limits
from 11.4 to 26.1kN/m when the height of the trussed beam
changes from 3 to 7 m, correspondingly. The materials
consumption changes within the limits from 1705 to 2516 kg at
the same time.

Keywords: trussed beam, pultrusion composite profiles, large
span structure

INTRODUCTION

Increasing of structural spans is one of the most significant
problems at the present moment [9].

The composite pultrusion profiles are widely used for the
bended elements during the last time.

Using of composite materials instead of traditional ones,
such as steel, allows to decrease the structural weight.
Composite materials possess increased in comparison with the
traditional materials, specific strength. It is very significant for
large span structures, where structural dead weight is the most
significant component of the load.

Mechanical properties of composite materials can be
regulated by the regulation of several ingredients amount.
Resistance to chemicals, electrical and thermal insulating
properties are significant advantages of composite materials in
comparison with the traditional ones [4].

Composite materials have steadily gained ground in nearly
all sectors. The rise in use of composites can be explained by
better and more comprehensive knowledge of the fundamental
properties of composites and their long service life. This has
enabled more specific uses and has reduced security factors to
realistic levels [4].

But the most significant problem of the pultrusion
composite profiles usage is an imperfect overall stability in
plane of bending moment action. The problem can be fixed by
the development of rational structure of the trussed beam,
where the overall stability of the top chord will be provided by
the corresponding solution of the web.

Other problems of composite pultrusion profiles are that
serviceability limit state is determinative for large spans, so
cross-section is not used completely, and composite pultrusion
profile cross-section height offered by manufactures is limited,
so it is difficult to develop large span constructions. These
problems also can be fixed by developing of rational structure
of trussed beam.

In this connection, the aim of the work is to consider
posibility to develop a large span construction with the sub-
elements from the composite pultrusion profiles. The
dependence of load-bearing capacity on construction height
and material consumption also must be determined.

SOLUTION OF THE PROBLEM

Different types of trussed beams constructions with strait
top chord where analyzed (Fig.1), such as trussed beam with
strut frames; trussed beam with triangular web; trussed beam
with vertical struts.

Beam top chord is strait, so construction can be used for
wide range of buildings. The construction support type is
similar to freely-supported beam. It allow to use such kind of
construction with more wide range of columns, in comparison
with fixed-end type of support, where large longitudinal forces
acts.

The construction of bottom chord is cambered, because this
type better fits to bending moment distribution diagram.

The largest avaliable | type composite pultrusion profile is
profile with height equal to 360 mm, so it was considered as
the cross-section type of top chord (Fig.2).

The most rational from the point of view of displacements
type of trussed beam is beam with the vertical struts. Trussed
beam with triangular web works better, when non-uniformly
distributed load is applied. But the displacements are larger
when uniformly distributed load is applied. Organization of
pretension is another problem of the trussed beam with
triangular web.
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Fig.1. Types of trussed beams. a) — trussed beam with strut frames; b) — trussed beam with triangular web; c) — trussed beam with vertical struts (Spatial bracings

conditionally are not shown in Fig.1)
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Fig.2. Selected type of bottom chord cross-section

The step of pillars was equal to 3 m. This step is most
appropriate for composite beams with cross-section height
equal to 360 mm, because load bearing capacity is almost
identical by ultimate limit state and by serviceability limit
state. The edge spans were equal to 2 m to justify the values of
internal forces, because the scheme of edge element fixation
and middle element fixation is different.

It was assumed that construction is fixed in the plane
perpendicular to bending moment action plane with links in
the joints.
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Different types of joints of top chord with struts were
analyzed (Fig.4).Hinge joints allow to decrease bending
moment in the connection of the struts and top chord, but
fixed end joints allow to decrease effective length for struts by
30 %, and allow to decrease deflections for chosen
construction type by 25%. So, fixed end joints were chosen for
connection of all struts and elements of top chord, excluding
edge ones. The hinge end joints were used for the connection
of edge elements of top chord with the struts due to the large
bending moment acting in the joints.

Usage of trussed beam type with strut frames allow to
decrease material consumption of pillars by 20% or by 35 kg,
but it is necessary 683 kg of additional cable. Trussed beams
with span 46 m and beam height 4 m were considered under
the action of uniformly distributed load with intensity 10
kN/m. Bottom chord is prestressed.

Trussed beam with vertical struts was considered as an
object of investigation (Fig.3). The span of the beam was
equal to 46 m.
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Fig.3. Design scheme of trussed beam. q — load bearing capacity, h — height of trussed beam. (Spatial bracings conditionally are not shown in Fig.3)

Fig.4. Types of joints. a) — hinge joint, b) — fixed end joint

b)

Beam height was chosen as variable factor.
The pultrusion composite was chosen as a material of top

chord and struts. The steel was chosen as a material of bottom
chord. The mechanical properties of chosen materials are
listed in the Table 1.

Cross-section type of top chord is | — type profilie with
height 360 mm, corss-section type of struts is square tube, and

cross-section type of bottom chord is cable (Fig 5).

TABLE 1
Mechanical Properties of Materials
Element Top chord Bottom Pillars
chord
Material Compo_sne Steel Compo_sne
pultrusion pultrusion
Elasticity E¢-=28000 E¢-=2300 | E¢-=167000
modulus MPa 0 MPa MPa
Flexural f,0-=240 fh0-=240
strength MPa MPa
Tensile _ _
strength fi0-=240 MPa fi00=240 MPa
Compressive fe0-=240 fc0-=240
strength MPa MPa
R,=1960
Rope grade MPa

a) b) C)

Fig.5. Cross-section types. a) — cross-section type of top chord, b) — cross-
section type of bottom chord, ¢) — cross-section type of struts

The following calculations were made: ultimate limite state
and serviceability limite state were checked. Maximum
allowed deflection is aqual to 1/300 from beam span. The aim
of calculations was to determine maximum load bearing
capacity and to ensure that cross-sections was fully used by
ultimate limit state and serviceability limit state. Material
consumption also must be obtained.

Internal forces, which acts in the beam elements, when load
is applied, where determined using finite element method.
Dimensions of cross-sections of struts and bottom chord
where determined then on the base of obtained internal forces.

Top chord of the trussed beam and middle struts are
subjected to compressed force and flexural moment. The
normal compressive force and the flexural moment are
interdependent, as the transverse deflection in connection with
the normal force causes a moment in the profile (allowance for
deflection). Allow for this by multiplying the moment (which
is determined without taking deflections into account) by a
moment intensification factor.

The maximum compressive stress in the profile is:

f o
o <=L 1)
m, f
N, 1 M,
O =—+—._’
max _M W
Ncr (2)
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where

Ng — design value of normal compressive force;

Mgy — flexural moment (determined without taking profile
deformations into account);

A — cross-section area of profile;

W - section modulus of profile;

foo /¥ — design value for compressive strength of

profile;

fe0- — cOMpressive strength;

yms — partial coefficient for f in unlimate limit state, in our
case equal to 1.3;

N, — critical compressive force for profile.

Critical compressive force:

N, =
1+i
Nel (3)
A-f .
Fd — c,0 ,
7m,f (4)
N, = 7’ Ep-
el 2
Vme " Lef (5)

where

I — moment of inertia;

Eo- — modulus of elasticy;

yme — partial coefficient for E in ultimate limit state, in our
case equal to 1.3;

L — effective length;

N¢ — load according to elastic theory (Euler load);

F4 — compressive load.

Edge struts of the trussed beam are subjected to

compression. The design value of the normal force Nd must be
lower than the critical column load Ncr:

N, <N, . 6)

The bottom chord is tensioned and its cross-sectional area
was determined by the equation (7) (Epmosos 1991):

7m'N
K, R.

A> @)

where

A — cross-sectional area of the bottom chord,;

N — force acting in the bottom chord;

R, — rope grade;

kp — coefficient, taking into account the drop in the breaking
force of the cable, caused by the inhomogeneity of stress
distribution, in our case equal to 0.75;
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ym — reliability index of the material, in our case equal to
1.6.

NUMERICAL RESULTS

Beams with differents heights were analyzed. Load bearing
capacity is larger for beams with larger height. But further
beam height increase is limited by cross-sections of the struts
(Table 2).

TABLE 2
Numerical results
Height, h, m 3 5 7
Load-bearing capacity, q, 11, 18, 26,
KN/m 4 8 1

Pretensioning force, kN 20, 4,2 2,2

0
Top chord dead weight, kg 104 104 104

2,5 2,5 2,5
Pillars dead weight, kg 152 334 646

5 2 4
Bottom chord dead weight, 390 424 458

kg 7 0 8

Material consumption, P, kg 158 180 214
5,6 0,7 7,7

On the picture (Fig.6) you can see the dependence of load-
bearing capacity on construction height and material
consumption.

The dependence indicates that load-bearing capacity of
trussed beam changes within the limits from 11.4 to 26.1 kg
when the height of the trussed beam changes from 3 to 7 m,
correspondingly. The materials consumption changes within
the limits from 1585 to 2147 kg at the same time.

[ L[] ]/

Fig.6. The dependence of load-bearing capacity on construction height and
material consumption. g — load bearing capacity, h — construction height, P —
material consumption

The constructions were checked also under the action of
non uniformly distributed load. The dimensions of cross-
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sections and pretension force was the same as for uniformly

distributed load.

The ultimate limit state is ensured for all considered
structures with chosen cross-section types. In the picture
(Fig.7) you can see the shape of deflections.

Fig.7. Deformed shape of trussed beam under the action of non-uniformaly
distributed load

Deflections of trussed beam under the action of non-
uniformaly distributed load are listed in the Table 3.

TABLE 3
Maximum vertical displacements
Beam height, Maximum Minimum
h, m deflection deflection
(upwards), (downwards)
w’, mm W, mm
3 358 63
5 396 183
7 551 252

The deflections are not in the available limit 150 mm for
considered span, so serviceability limit state is not ensured.

To prevent this, diagonals can be used (Fig. 8). It is not
necessary to place diagonals in all blocks. Material and cross-
section type for diagonals was chosen as for struts. But it is
neccesary from 120 to 370 kg of additional material for
diagonals depending on construction height.

consumption changes within the limits from 1705 to 2516 kg
at the same time.
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Fig.8. Rational structure of trussed beam. (Spatial bracings conditionally are
not shown in Fig.8)

CONCLUSIONS

Possibility to develop large-span structure from the
pultrusion composite material was stated. It was shown, that
application of diagonal elements in some blocks of lattice
allows to provide satisfaction of the serviceability limit state.

The dependence of load-bearing capacity on construction
height and material consumption was obtained. It was shown,
that load-bearing capacity of trussed beam changes within the
limits from 11.4 to 26.1 KN/m when the height of the trussed
beam changes from 3 to 7 m, correspondingly. The materials
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Vadims Goremikins, Karlis Rocens, Dmitrijs Serdjuks. Sprengelsijas no pultriizijas kompozitiem racionala liellaiduma konstrukcija

Konstruktiva laiduma palielinasana ir viena no problémam, ko risina miuisdiena. Pedgja laika arvien plasak pielieto pultriizijas kompozitmaterialu profilus.
Kompozitmaterialu profiliem ir vairakas prieksrocibas salidzinajuma ar tradicionaliem materialiem. Bet vislielaka pultriizijas kompozitmaterialu probléma ir
kopgjas noturibas zudums lieces momenta darbibas plakné liellaiduma konstrukcijam. Probléma var biit atrisinata ar Sprenelsijas raciondlas konstrukcijas
izstadasanu, kur kop&ja augsgjas joslas noturiba biis nodrosinata ar atbilsto$u rezgojuma risinajumu.

Apskatita $prengelsija ar laidumu 46 m. Augsgja josla un rezgojuma elementi izgatavoti no pultrizijas kompozitu profiliem, bet apaksgjas joslas vants no
terauda.

Analitiski salidzinot atSkirigus $prengelsiju veidus paradits, ka gadijuma, ja konstrukcija slogota ar vienmérigi izkliedétu slodzi labakais variants ir $prengelsija
ar vertikaliem sprai§liem (statpiem). Savukart $im variantam palielinata deformg&jamiba gadijuma, ja vienmeérigi izkliedéta slodze ir pielikta tikai pusei no
laiduma. Paradits, ka $o palielinato deform&jamibu var noverst ievietojot papildus slipus spraislus, bet tas palielina materiala patérinu.

Darba gaita iegiita sakariba starp $prengelsijas materialu patérinu, tas nestsp&ju un augstumu konstrukcijai ar laidumu 46 m. Paradits, ka Sprengelsijas nestsp&ja
mainas robezas no 11.4 1idz 26.1 kN/m ja Sprengelsijas augstums mainas robezas no 3 lidz 7m, bet materiala patérin$ mainas robezos no 1705 lidz 2516 kg ar
papildus ievietotiem slipiem sprai§liem.

Baaum I'opembixknn, Kapanc Ponenc, Imutpuii Cepaiok. PannonanbHasi KOHCTPYKIHS §0JIbINENPOJIETHOI IINMPEeHTreJbHOI 0aJKH U3 My IbTPY3HOHHBIX
KOMMO3HTHBIX MATePHAJIOB

VBenuueHne KOHCTPYKTUBHOTO NPOJETa — OJHA M3 MPOOJIeM, KOTOpHIE PEIIaloT B COBPEMEHHOE BpeMs. B mociennee Bpems BcE walle CTalad HCIOIb30BaTh
IyJbTPY3UOHHbBIE KOMIIO3UTHBIC TPOoduIs. [1ynbTpy3HOHHBIC KOMIO3UTHBIE MPOGUIIS 00J1a1al0T MHOKECTBOM IIPHUUMYIIECTB 110 CPABHCHHUIO C TPAAUIIMOHHBIMH
Mmartepruanami. CaMblii CyIIECTBEHHBIH HEJOCTATOK ITyIbTPY3HOHHBIX KOMITO3UTHBIX MPOdHIIei — MoTeps 00IIel YCTOMIMBOCTH B INIOCKOCTH JACHCTBHS MOMEHTA
Ui OOJNBIIENPONETHEIX KOHCTPYKIMiL. IIpoOieMy MOXXHO pemuTs, pa3spadoTaB palMOHANBHYI0 KOHCTPYKIHUIO IIPEHrelNbHOH OallkH, Il yCTOHYMBOCTD
BEPXHETo 110sica Oy/ieH obecreyeHa COOTBETCTBYIOIIUM PEIICHUEM PEIICTKH.

lnpenrensHas Ganka mpoigeToM 46 M paccMOTpeHa B KadecTBe OOBEKTa HCCICHOBAHMSA. BEepXHMH MOSC M DJIEMEHTHl PELICTKU LIMPEHIelbHON Oaiku
BBITIOJIHEHBI U3 ITyIbTPY3HOHHBIX KOMIIO3UTHBIX poduiieil. CTalbHOI TPOC PacCMOTPEH B KaUeCTBE MaTepHalla HIDKHErO I0sca.

ITytem comocTaBieHHs pPe3y/lbTaTOB pacdeTa Pa3IM4HbIX BAPUAHTOB IINPEHTENbHBIX OAJOK yCTAaHOBIEHO, YTO HAMOOJIEE JKECTKMM B CIy4ae IPUIIOKCHUS
PaBHOMEPHO pacHpe/ielleHHOH 110 MpPOJIeTy, Harpy3KH, sBJIETCS BapUaH C BEPTHKAIbHBIMM cTolkamu. OfHAKO, NaHHBIH BapHaHT OTJIMYAETCS! HOBBHILIEHHOH
nehOpMAaTHBHOCTBIO B Cllydae MPHIOXKEHHS PaBHOMEPHO pacHpeleNeHHOH Harpy3KH K MOJOBHHE mpoieTa. Ilyrem pemreHust mpoOiieMsl SIBISETCS YCTaHOBKA
JIOIIOJTHUTEJIbHBIX IUarOHAJIbHBIX JJIEMEHTOB.

Jlns mmpeHrenbHoM 0ankuM ¢ BEPTUKANbHBIMH CTOMKAMU M TpOJIETOM 46 M MOJyueHa 3aBHCHMOCTb pPacxola KOHCTPYKTHBHOTO MaTepHayia OT HecyleH
CIIOCOGHOCTH M BBICOTHI IIIPEHTeNbHON Oanku. Tloka3aHo, 4To Hecymasi ClIOCOOHOCTh INNMPEHTeNbHOM 6alku MeHsieTcst B mpeaenax ot 11.4 mo 26.1 kH/m mpu
M3MEHEHUH BBICOTHI OT 3 710 7 M. COOTBETCTBEHHO. Pacxos MaTepuaina, B TO ke BpeMs, MeHsIcA B npezenax ot 1705 no 2516kr.

30



	Rational Large Span Structure of Pultrusion Composite Trussed Beam
	Vadims Goremikins, Riga Technical University, Karlis Rocens, Riga Technical University,                               Dmitrijs Serdjuks, Riga Technical University
	Introduction
	Solution of the problem
	Numerical results
	Conclusions
	References
	Вадим Горемыкин, Карлис Роценс, Дмитрий Сердюк. Рациональная конструкция большепролетной шпренгельной балки из пультрузионных композитных материалов

