Recent developments in timber-concrete composite

Resultados recentes sobre estruturas mistas madeira-betao

Abstract

Timber-concrete composite (TCC) is increasingly applied for
strengthening of existing timber beam ceilings in construction
practice. Also, for construction of new buildings some interesting
TCC systems have been developed in the last years.

The paper is focused on recent research results on TCC gained at
HTWK Leipzig / Germany. Especially, the structural performance of
shear connectors and the application of high performance concrete
layers in TCC systems are presented in detail. By the application of
fibre reinforced light-weight concrete with self-compacting fresh
concrete properties the load bearing behavior of TCC slabs could
be improved essentially. Furthermore, it is possible to decrease
the depth of the concrete slab in the TCC system. This fact leads
to a considerable reduction of the dead load of TCC slabs and is of
essential importance for strengthening of existing structures.

Finally, some practical applications of TCC are reported.
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Resumo

As estruturas mistas madeira-betdo tém tido uma utilizacdo
crescente no refor¢o de vigamentos de madeira existentes. Também
no ambito da construcdo nova tém sido usadas nos ultimos anos
solugdes interessantes com recurso a estruturas mistas.

Este artigo apresenta resultados recentes de investigacdo levada a
cabo na HTWK Leipzig / Alemanha sobre estruturas mistas madeira-
-betdo, detalhando em especial o comportamento estrutural dos
ligadores e a aplicacdo de camadas de bet&o de elevado desempenho.

Através da aplicagdo de betdo de agregados leves reforcado com
fibras de aco auto compactdvel, a capacidade resistente de lajes
mistas pode ser substancialmente melhorada. Além disso, é possivel
reduzir a altura da camada de betdo incorporada no sistema misto.
Este facto conduz a uma reducdo considerdvel do peso proprio de
lajes mistas madeira-betdo e tem consequentemente uma grande
importancia no caso do reforco de estruturas existentes.

Finalmente, s&o referidas algumas aplicacdes praticas de estruturas
mistas madeira betéo.

Palavras chave: Estruturas mistas madeira-betdo / Ligadores / Comportamento
estrutural / Bet&o de alto desempenho / Reforco e reparagdo /
/ Aplicagdes praticas
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1 Introduction

Timber-concrete composite (TCC) is a well-established technique for
strengthening of existing timber beam ceilings and for construction
of floors in new buildings. Basically, TCC consists of timber beams
that are connected with a concrete slab by shear connectors,
Figure 1. Other possible applications of TCC are wall constructions
that are not the topic of this paper.
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The shear connectors ensure the interaction of timber beams and
concrete slab in the composite member. Usually, sheer connectors
cause a flexible, but not a rigid bond between the timber and the
concrete part of the composite section. Therefore, besides the depth
of concrete slab and concrete strength class the stiffness and the
ultimate load of shear connectors are of essential importance for the
load-bearing behavior of TCC constructions, Figure 2.
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Figure 2 Influence of concrete slab depth and modulus of elasticity

on stiffness of TCC systems, calculation according to
Eurocode 5 [1]

First applications of TCC trace back to the lack of resources in
the early 20™ century. It has been recognized that concrete is a
valuable construction material for bearing compressive forces.
Other advantages of concrete in comparison to other often-applied
construction materials are the good fire resistance and durability.
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However, in flexural concrete members the tensile zone of the
cross section has to be strengthened by materials with high tensile
strength. Besides steel — leading to reinforced concrete — timber is
a good material for this purpose. So, application of TCC leads to
structural systems with advantageous load bearing capacity and low
dead load at reasonable costs.

Beside the mentioned advantages TCC owns also some
disadvantages. One of those is the fact that there are no normative
rules for the design of TCC. Of course, TCC members can be
designed according to codes for timber structures, e.g. Eurocode
5 [1]. But there is no information about characteristic or design
values of stiffness and ultimate load of shear connectors available
in the codes. This circumstance is the main obstacle for application
of TCC in practice. Hence, in Germany TCC is mainly limited to
strengthening of existing timber beam ceilings. For this purpose it is
a very economic technology because the boarding can stay in place
whereas for other strengthening techniques the boarding has to be
removed [2], [3]. Application of TCC in new construction is limited to
few special new buildings.

Nowadays, the main research in TCC is focused on the development
of high-effective shear connectors, the load-bearing behavior of
TCC members and some special structural-physical topics. In the
following some results of the TCC research projects performed at
HTWK Leipzig are presented.

2  Application of steel fibre reinforced
concrete in TCC

Basically, the concrete slab in TCC has to bear stresses caused by
shear forces and bending moments in parallel direction to the timber
beams, Figure 1. Besides this, there are secondary stresses in the slab
caused by the following facts [5]:

e There is a spreading of load in the concrete slab starting from
shear connectors.

e Loads acting between the timber beams cause shear forces and
bending moments in the concrete slab in rectangular direction
to the timber beams. In case of larger single loads there is a
significant lateral load distribution bearing more than only one
timber beam.

e There are restraints caused by shrinkage of timber and concrete.

e The concrete slab is part of the embracing system.

So, it is not useful to apply plain concrete in TCC. There is a need
for reinforcing the concrete slab. If an ordinary mesh reinforcement
is used the resulting minimum depth of the concrete slab is 8 cm
at least because of the fact that a concrete cover for reinforcement
is needed at top and buttom side of the section. An alternative is
the application of fibre reinforced concrete using steel or polymeric
fibres. Then, there is no need for a concrete cover and the depth
of the concrete slab can be reduced to the statically appropriate
value of few centimeters, Figure 3. Another effect is the better load-
bearing behavior of shear connectors when steel fibre reinforced
concrete is applied; see Chapter 3, Figure 6.
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A further improvement can be achieved if steel fibre reinforced
lightweight concrete (SFRLWC) is used in TCC, especially when
strengthening existing timber beam ceilings [6]. Caused by the lower
material density the increase of the dead load of construction by
adding the concrete slab at the top of the timber beams is reduced.
This is also a valuable effect for other members that are loaded by
TCC slabs, e.g. walls and foundations. However, if SFRLWC has to
pump at site some special considerations are necessary [7].

The application of SFRLWC with self-compacting properties makes
the casting process much more easy. However, there is only little
experience with this material in construction practice.
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Figure 3  Strengthening of existing timber beam ceilings with TCC;

left: application of a mesh reinforced concrete slab, right:
application of steel fibre reinforced concrete

3 Development of shear connectors for TCC

Ultimate load and stiffness of shear connectors influence essentially
the load-bearing behavior of the complete TCC system. Besides,
shear connectors should be easy to assemble and must not be too
expansive to give them a chance in construction practice. Therefore,
many investigations have addressed the development of suitable
shear connectors.

For this reason numerous push-out tests were carried out at HTWK
Leipzig. The geometry of used push-out specimens is presented in
Figure 4. The concrete used for the specimen was classified in the
concrete class C20/25 according EC2; the timber beams exhibit an
average compressive strength in grain direction of 51 MPa, an average
bending strength of 62 MPa and a Youngs-Modulus of 12300 MPa.
All specimens were loaded in a servo-hydraulic testing machine,
whereby the loading regime was implemented according to DIN
EN 26891 [4]. At first the load was increased force-controlled with
a loading rate of 20% of the estimated maximum load per minute
until 70% of the maximum value, Figure 5. Within this loading regime
the force was kept constant for 30 seconds at 40% of the estimated
maximum load. After that the further loading was applied path-
controlled until failure of the specimen or a displacement of 15 mm.

The experiments showed that a combination of notch with screw is
an economic and technical advantageous solution. When applying
steel-fibre reinforced concrete a further improvement of the load-
bearing behavior of the connectors is achievable, Figure 6.
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Figure 4  Push-out specimen for investigation of the structural
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Figure 5 Push-out specimen for experimental investigation of
structural behavior of shear connectors
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Figure 6 Push-out specimen for experimental investigation of

structural behavior of shear connectors

4 Lateral load sharing in TCC-floors

TCC slabs are able to distribute loads along and perpendicular to
the axis of the timber beams. A concentrated load applied to one of
the composite beams will deflect it due to bending. Because of the
stiffness of the concrete slab adjacent beams also deflect although
no load is applied to them directly. These beams contribute to the
load bearing of the whole system and relieve the loaded beam
partly, Figure 7 [8], [9]. The described behavior of distributing loads
perpendicular to the span is called lateral or transversal load bearing
behavior and investigated at HTWK Leipzig for some years.

For investigation of lateral load bearing behavior some experiments
have been carried out accompanied by numerical analysis based
on FE-method [10]. Basically, the specimens were single-spanned
slabs, spanned in direction of the timber beams, Figure 8. The slabs
consisted of three beams (10/20 cm) aligned in one direction and
had a distance between each other of 60, 75 or 90 cm. The span
of the system was 3.90 m. The load was applied with a constant
velocity of 0.1 mm/s in the mid span of the central bar.

Figure 7

Principle of lateral load sharing in TCC structures

The experimentally determined load-deflections curves of the TCC
ceilings were the basis for development and calibration of a FE-model
as shown in Figure 9. Details of the FE-model are reported in [11].
The FE-program ATENA was used for the numerical investigations.
For all elements the 3D Solid Brick Elements were chosen. The
bond between wood and concrete part of the model was realized
by a smeared 3D-interface material. The comparison between the
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load-displacement curves of the central beam (loaded) at mid span
(Figure 10 green curve) and the response of the FE-model (Figure 10
red curve) shows a very good accordance.

Figure 8  Experimental set-up of tested TCC ceilings

Figure 9

FE-model with timber beams and concrete topping

A parametric study showed that in TCC ceilings with dimensions
usually in practice there is an essential load transfer in lateral
direction. Even in case of unfavorable boundary conditions the
deflection of the loaded beam is only 60% in comparison to a beam
without consideration of load transfer. This fact should be considered
in the design of TCC ceilings to achieve economical results.
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5 Application in practice

TCC is a well-proven technique for strengthening of existing
timber beam ceilings. In this way a lot of square meters of timber
beam ceilings with to low stiffness already have been successfully
revaluated, Figure 11. Especially the application of steel fibre
reinforced concrete in TCC has led to a simplification of the
construction progress as the otherwise needed mesh reinforcement
can be cancelled. This saves a lot of time because the transport of
mesh reinforcement, usually 6,00 m in length, to the required place
is quite complicated. Very often tight staircases have to be used as
way for transport causing many problems.

For the construction of new buildings just few TCC systems were
applied. Main reason is the advantage of competing reinforced
concrete slabs in lower member height, better sound insulation and
fire resistance [12].
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Figure 11 Strengthening of existing timber beam ceilings with TCC;
left: typical building with timber beam ceilings, right:
arranged ceiling before casting
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