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Abstract

The article presents the results of a numericalyaisaof the load capacity and stiffness
of the composite timber and concrete beam. Timbdrcancrete structures are relatively
new, they have not been thoroughly tested and they rarely used because
of technological constraints. One of the obstatdessing them is difficulty with finding

a method which would allow successful cooperatietwien concrete and timber, which
has been proposed by the authors of the presécieafhe modern idea of sustainable
construction design requires the use of new morérammentally-friendly solutions.
Wood as an ecological material is easily accessibks energy-consuming, and under
certain conditions more corrosion-resistant thaelstThe analysis presented in the
article showed that cooperation between a woodembkand a concrete slab on profiled
steel sheeting is possible. The analysed compbsitan has a greater load capacity
and stiffness than the wooden beam.

Keywords: composite timber and concrete beam, nigaleanalysis

1. INTRODUCTION

Sustainable development is one of the doctrinagh@fEuropean Union, which
controls social, economic, and environmental chanhgad creates balance
between profits and costs. One of the importantasaref this policy

is sustainable construction, which relies on natumaterials, such as wood.
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Timber structures are less energy-consuming an mamrosion-resistant than
other structures. However, they are less duraldehane a lower load capacity
and stiffness than e.g. steel structures. For theasons, timber and concrete
composite structures provide an alternative toiticathl timber structures. The
fundamental question is how to increase stiffnasd l@ad capacity in such
composite structures. The joining together of @#mbeam and a reinforced
slab may be beneficial. The idea of timber and ausiip structures is not new.
Professor Ganowicz from the Poznan University d&L$ciences worked on
this issue in the previous century. The most imgordrtproblem is how to
develop a connector which would join both materesl finding an effective
method for concrete placing.

Traditional timber structures are used as a cocistru material for rafter
framing, wooden balk houses or Canadian housesedGlaminated timber
is used in halls where the risk of corrosion ishhifpr example: swimming
pools and warehouses for storing fertilizers, saltl other chemicals. It is
sometimes used to cover buildings of a wider sfika,gyms or auditoriums,
where the roof covering is made on profiled stéaesing. The authors of the
article suggest using profiled steel sheeting asstiuttering of a concrete slab.
Thus, the weight of the structure will increaset e concrete slab will
effectively cooperate with the timber beam, inciegghe load capacity and
stiffness of the structure. However, a practicahijg method which would
allow cooperation between timber and concrete ises®ary. There are no
typical solutions to this problem on the Polish kedr Typically used methods
include screws, bolts or nails driven into the wemdeam, which makes it
difficult to use profiled steel sheeting. The stéés of such joints is low and
their load capacity is questionable. The authorthefarticle are trying to patent
a new type of steel shear connector, which maydeel without welding. The
steel profiled sheeting may be joined with the #mbeam during assembly.
Currently, laboratory tests of the innovative sheamnectors using [5] and of
the load capacity of the timber and concrete coitgpbgam are being prepared.

2. THEPLASTIC AND ELASTIC RESISTANCE MOMENT OF
THE COMPOSITE TIMBER AND CONCRETE BEAM
ACCORDING TO EN 1994-1-1

In order to determine the plastic and elastic tasis®2 moment, an analysis of
the timber and concrete composite beam was pertbririee dimensions of the
theoretical model were the same as of the expetahemodel. The analysed
composite beam was 5.1 metre-long. The dimensibttseccross-section of the
wooden beam were 200 mm x 300mm. The wooden beaymade of GL28h

Brought to you by | University of Zielona Géra Library
Authenticated
Download Date | 1/11/17 11:31 AM



ANUMERICAL ANALYSIS OF THE RESISTANCE AND STIFFNESS
OF THE TIMBER AND CONCRETE COMPOSITE BEAM

141

glued laminated timber. The beam cooperated with dbmpressed concrete
slab which was 700 mm wide and 150mm thick. The /@3%oncrete was
poured onto the steel profiled sheeting. The catjpmr between timber and
concrete was made possible thanks to the sheaectmma which were 19 mm
in diameter and were arranged in pairs in each fold

Table 1. Data
Data Symbol Value Unit
Beam span L 5.10 m
Height of the concrete slab h 150.0 mm
Thickness of the concrete above the stesl| he 95 mm
sheeting
Width of the concrete slab b 700 mm
Glued laminated timber GL28h
Bending strength of structural timber mukf 28 MPa
Tensile/Compression strength of structurd! fi o/ fe.0x 16.5/24 MPa
timber
Height of the timber section wh 300
Width of the timber section Wb 200 mm
Concrete C35/45
Mean strength of concrete erf 43 MPa
Diameter of the shear connector d 19
Steel sheeting T55
Thickness of the steel sheeting g 1,0 mm
Steel fy 235 MPa

The width of the concrete slab was smaller tharefifective width which was

obtained using [5]. The elastic resistance momesd 268.6 kNm, while the

plastic resistance moment was 277.7 kNm. For thenér concrete slab
(100mm) the plastic resistance moment was 228.2.KNm elastic resistance
of the timber beam was 84.0 kNm. The load capaxdithe composite beam was
3.2 times higher in the elastic model and 3.3 titmg$er in the plastic model
than the load capacity of the timber beam. Howetleese results are very
optimistic, because timber is not a plastic materal is non-linear before the
rupture (Fig. 5.). The load capacity of the sheamectors is also important.

3. ANUMERICAL ANALYSISOF THE COMPOSITE TIMBER
AND CONCRETE BEAM

In order to accurately determine the load capadfitthe composite beam, a 3D
numerical model was prepared. The model consisteca dimber beam
and a concrete slab on steel sheeting. It is pteden Fig. 1. The slab and the
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beam were joined using the shear connectors embeiddine concrete slab.
The shear connectors are presented in Fig. 3.

Fig. 1. A 3D model of the composite timber and ¢ete beam

Fig. 2. Steel sheeting as the skin of the conaiete

The geometry of the model was replaced by finiearents. The model of the
concrete slab and the model of the timber beam wrer@ed using C3D8 eight-
node solid elements (Fig. 4). The model of the slteanectors was created
using B31 beam elements. The steel sheeting wadecreas the skin of the
concrete slab (Fig. 2) and the S4R four-node shethents were used.
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Fig. 3. Shear connectors

The model was meshed and consisted of 32 626 na@29 962 elements
(Fig. 4). Taking into account the longitudinal sysiny and the transverse
symmetry of the element, only one fourth of the posite beam was analysed.

Fig. 4. Mesh

In the numerical calculations the individual anchilioear laws of physics of
particular materials were used (see Fig.5). Thetigiéy of structural steel and
the non-linear behavior of concrete in a 3D spaegewaken into account.
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Fig. 5. The laws of physics for each material
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Steel was modelled as an elastic-plastic materitii meinforcement, whereas
concrete was modelled as an elastic-plastic mateiidn isotropic damage

(Concrete Damage Plasticity). For wood, a non-liredastic model was used.
Thanks to the laws of physics, the time step inclwlthe model reached the load
capacity was easy to determine. The laws of physiese derived from the

Eurocodes. The calculations were performed using &baqus-Standard

procedure and the Newton-Raphson method. The l@dapplied in the form

of kinematic displacement, as in a four-point begdbeam schema. It was
assumed that the resistance of the beam was readienl there was a local
extreme on the static equilibrium path.

4. RESULTSOF THE NUMERICAL ANALYSIS

As a result of the calculation, a static equilibmipath was obtained (Fig. 6.).
The maximum reaction was 90.97 kN and was obtaindtie 24" step of the
calculation, where the maximum deflection of therhewas 62.84 mm. The
deflection under the force was 56.41mm. Taking extoount the fact that the
symmetry was applied, the maximum reaction forghtire element was 181.94
kN and the bending resistance was 309.3 kNm. Talisevwas higher than the
previously calculated elastic and plastic resistanc

268.6 kNm < 309.3 kNm and 277.7 kNm < 309.3 kNm

Resistance is not only important factor in the giegiractice, the serviceability
limit state is equally important. For the composieam the limit deflection was
20.4 mm. In the 1M step the deflection was 19.28 mm and the bending
resistance was 192.2 kNm. For the timber beant¢neing resistance was 41.8
kNm when the serviceability limit state was taketmoi account. The gain
amounted to 192.2/41.8=4.6.

The resistance of the composite beam may be loaeuse of the load capacity
of the shear connectors. The stresses of the slemectors are presented in
Fig. 7. Some of the shear connectors plasticized.

The displacement of the concrete slab relativéhéotimber beam amounted to
5.6 mm. The tests of flexibility of the shear coctoes may help improve the
model. Taking into account the incomplete utiliaatbf the load capacity of the
concrete slab (Fig. 8), the thickness of the cdacstab may be lower. The
thickness was reduced to 11 cm. As a result of dhleulation, the static
equilibrium path was obtained (Fig. 9.). It is wortoting that the strain energy
curve had a local extreme (Fig. 10) and may alsadeel to determine the local
capacity of the beam [4].
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Fig. 7. The stresses of the shear connectors
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Fig. 10. The strain energy curve

The results obtained in the analyses are presémiEable 2.

Table 2. Results of the numerical calculation

Moment | Deflection Moment for the limit
[kNm] [mm] deflection (20.4mm)
[KNm]
Timber beam (elastic model 84.0 41.0 24.6
Elastic model
= PN-EN 1994 268.6 171
8 Plastic model
o]
® | usingPN-EN1994 | 27T | o
(%]
8 Numerical analysis
(o8
£ Thick slab 3093 62.8 192.2
O . -
Numen_cal analysis 274.6 625 1625
Thin slab

5. CONCLUSIONS

The analyses conducted revealed that the propossigndsolution, the timber
and concrete composite beam may be very advantageou

the load capacity increases at least 3 times
the stiffness increases at least 7 times
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the new type of steel shear connectors may alloope@tion between
concrete and timber and may be used in new sokition

the numerical model is an efficient analytical {dmit it needs improvements
the laboratory tests of the innovative shear cotumecand the composite
timber and concrete beam make it possible to craat®re accurate model
in the Abaqus program

there is lack of references of experimental regoltsompare them with
numerical results presented in this article, theiatory tests of the
composite timber and concrete beam are needed

on the basic of results given in the paper, conmedtiffness function k(x)
can be determined, the variability of this functimay show how flexible the
connection is.
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ANALIZA NUMERYCZNA NO SNOSCI | SZTYWNOSCI BELKI ZESPOLONEJ
DREWNIANO - BETONOWEJ

Streszczenie

W artykule przedstawiono wyniki analizy numeryczmegnosci i sztywnaci belki
zespolonej drewniano-betonowej. Konstrukcje dremmibetonowe nie as zupetra
nowascia, lecz nie g jeszcze dostatecznie przebadane, a brak powsegstego ich
stosowania wynika z ograniazetechnologicznych. Jednz przeszkdd jest sposob
zapewnienia wspotpracy drewna z betonem, co zogtaez autoréw zaproponowane.
Wspoiczesna idea budownictwa zrownéaa@ego wymaga od projektantdw stosowania
nowych rozwizan, ktore keda bardziej przyjaznerodowisku. Drewno jako materiat
ekologiczny jest fatwo dogbne, mniej energochtonne i w pewnych warunkach ma
wiekszy odpornd¢ na korozg niz stal. Analiza przedstawiona w artykule wykazada,
mozliwa jest wspoipraca belki drewnianej i betonowdytyp wykonanej na blasze
faldowej. Analizowana belka drewniano-betonowa vegta wielokrotnie wiksz
nosnosé i sztywna¢ w stosunku do belki drewnianej.

Stowa kluczowe: belka zespolona drewno-beton, zaalumeryczna
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