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Abstract - Timber-concrete composite panels enables to
combine advantages of pure timber and pure concrete panels
in one structural member especially in the case, when the
rigid timber-concrete connection is provided. The
effectiveness of timber and concrete use and load-carrying
capacity of the timber-concrete composite panels will grow in
the case. The new concept of rigid timber to concrete
connection was developed by the using of the granite chips as
the keys to provide high quality of the glued connection.
Behaviour of the timber-concrete composite panels were
investigated by finite element method and laboratorian
experiment. Three timber-concrete composite panels in
combination with carbon fibre reinforced plastic composite
tapes in the tension zone with the span 1.8 m were statically
loaded till the failure by the scheme of three-point bending.
One specimen was produced by dry method, by gluing
together cross-laminated timber panel and prefabricated
concrete panel. Timber-concrete connection of the other two
specimens was provided by the granite chips, which were
glued on the surface of the cross-laminated timber by epoxy,
and then wet concrete was placed. Dimensions of the crushed
granite pieces changes within the limits from 16 to 25 mm.
The current study focuses on determining the effect of the use
of granite chips for timber-concrete composite panels with
adhesive connection between layers. The effect of the use of
granite chips in rigid connection is determined by
comparison of mid-span displacements and level of failure
load of the two variants of the timber-concrete composite
panels. Three-dimensional finite element models of timber-
concrete composite with rigid connection was developed and
validated by experiment data. Obtained results shown, that
the use of the granite chips in rigid timber to concrete
connection allow to make a quality rigid connection.
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Possibility to increase by 28% level of failure load of the
timber-concrete composite panels by the adding of granite
chips was stated. Maximal vertical mid-span displacements
of the panels decrease about 3.8 times at the same time.
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I. INTRODUCTION

Effectiveness of timber-concrete composite (TCC)
structural members strongly dependent from the type of
timber to concrete connection. Semi-rigid and rigid once
are two types of timber to concrete connections in hybrid
timber-concrete composite structural members, which are
used now in the practice [1], [2]. Studies shows that the
adhesive composite connection of the timber-concrete
structural members is more effective in comparison with
the semi-rigid one so as provides higher bending stiffness
and leads to smaller deflections and a better structural
members behaviour, including higher natural frequency,
which is a very important characteristic of the floor
structures [3] - [10].

Timber component in timber-concrete panels very often
is presented by the cross-laminated timber (CLT). Cross-
laminated timber is a renewable structural material, which
possesses a decreased level of anisotropy in comparison
with the solid and glued timber. CLT could be used for
load-bearing walls and panels of multi-storey timber
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buildings as well as the decking structures of pedestrian and
road bridges [11].

Nowadays, two technologies to produce glued
connection of the TCC are known [12]. "Dry" is the gluing
of timber with a precast concrete slab; "wet" - is a
technology when a fresh concrete is placed on a freshly
applied layer of glue. Both techniques have high risk of
forming a poor-quality rigid connection in TCC, and there
are difficulties in controlling the quality of the glued
connection. So, for popularization of the rigid connection
in TCC it is necessary to offer more optimal connection
production technology.

Providing of the rigid connection between CLT and
concrete layers by gluing granite chips on the surface of the
CLT panel probably enables to obtain timber-concrete
composite structural member with increased stiffness [13]
—[15]. So, the objective of current study is investigation of
influence of the granite chips in the rigid timber to concrete
connection on the behaviour of timber-concrete composite
structural members subjected to flexure.

Il. MATERIALS AND METHODS

A timber-concrete composite panel with CLT as timber
component and additional strengthening by the carbon fibre
reinforced plastic tape in the tension zone subjected to the
three-point bending was considered as an object of this
investigation. Influence of the granite chips in the rigid
timber to concrete connection on the behaviour of hybrid
timber-concrete composite structural members subjected to
flexure was evaluated based on the laboratorian
experiments and finite element method (FEM) analyses.
Numerical model of TCC specimen (Fig.1.) was developed
with structural analysis program RFEM. The solid finite
elements were used for FEM model development. 3D
orthotropic elastic material model was used for CLT
elements, for carbon fibre reinforced plastic was used
isotropic non-linear material model and 3D isotropic
Mazars' damage material model was used with non-linear
stress-strain diagram for concrete layer. For 3D numerical
model of the TCC specimens contact solid between
concrete and CLT layers is defined with full force
transmission. Target length of FE equal to 0.02 m and 100
load increments was used for TCC model. The model of
TCC was divided into the finite elements by the rectangular
mesh.

Fig. 1. FEM model of timber-concrete composite with carbon fibre
reinforced plastic tape developed by the software RFEM.

37

F

T4 T-2
A
T 1-1(2) T
100 1800 100

(@)
500 1000 t 500
& :
8 | G|
&
‘ CLT panel Mapei
(b) 2000x350x60

Carboplate E250

o 1 2N
Fig. 2. TCC panel (a) design scheme; (b) placement of carbon fiber
reinforced tape on its surface in the tensioned zone, (c) placement in

testing machine.

The first laboratorian experiment was carried to
investigate the behaviour of the timber-concrete composite
produced by dry method [16]. Timber to concrete
connection in TCC panels was provided by gluing CLT
panel with prefabricated concrete panel by the epoxy
Sicadur 330. Timber-concrete composite panels consist of
the CLT components, which are strengthened by the carbon
fibre reinforced plastic tape Mapei Carboplate E250 in the
tensioned zone and with the layer of finishing mass Sacret
BAM with thickness of 30 mm in compressed zone.

The cross-laminated timber base was formed by the
three layers of strength class C24 timber boards. Thickness
of each board layer is equal to 20 mm. Fibres of outer layers
are oriented parallel to the longitudinal axis of the panels.
The panels have length, width and thickness equal to 2000,
350 and 60 mm, correspondingly. The panels were
produced by the Sconto enterprise, Ltd, Jelgava, Latvia.

The second laboratorian experiment was carried out to
check influence of the granite chips in the rigid timber to
concrete connection on the behaviour of timber-concrete
composite panel. Two specimens with the same dimensions
as the specimen from the first laboratorian experiment were
prepared. Timber to concrete connection was provided by
the granite chips with dimensions changing within the
limits from 16 to 25 mm glued to the surface of CLT by the
epoxy Sikadur 330 [17].

Design scheme of the laboratorian experiments and
specimen placement in testing machine are shown on the
Fig.2. Two groups of strain measuring devices and one
group of deflectometers were used during the static loading
of the timber-concrete composite. Strain measuring devices
T-2 and T-4 were placed in compressed zone. Strain
measuring devices T-1 and T-3 were placed in tensioned
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zone on the surface of the cross-laminated timber. A group
of the deflectometers I-1 and I-2 was placed in the middle
of the span. Precision of the maximum vertical
displacements and absolute deformations measurements
was equal to 0.01.mm and 0.001 mm, correspondingly. All
specimens were loaded until the failure to determine their
level of failure load.

I11. RESULTS AND DISCUSSION

The load-displacement curves of the specimens of TCC
subjected to the three-point bending are shown on the Fig.3.
The dependences of TCC specimens were obtained by the
experiment and developed 3D numerical model, for the
TCC with granite chips there are shown curve with average
values of two specimens.

As it can be seen from load-displacement curve of TCC
specimen with glued connection with granite chips, the
behaviour of the specimens is linear up to about 15 kN, then
increasing of specimen’s stiffness is observed. According
to the laboratory test, mid-span displacement of the TCC
specimen with granite chips at the load level equal to 15 kN
is 3.18 mm, while the calculated by 3D non-linear
numerical model corresponding displacement is 3.50 mm.
3D model produces little more conservative results of the
behaviour of the TCC specimens with granite chips
subjected to the three-point bending than data obtained by
the experiment. The curve obtained with the 3D model very
accurately describes the behaviour of the specimen with
granite chips in the initial linear stage. It can be concluded,
that developed model is safe for prediction of the behaviour
of TCC with rigid connection provided by use of granite
chips.

The behaviour of the TCC specimen produced by dry
technic without gluing of granite chips on the surface of the
CLT is completely different in comparison with TCC
specimen where new concept of rigid connection with
granite chips is used. According to the laboratory test, mid-
span displacement of the TCC specimen without granite
chips at the load level equal to 30 kN is 22.90 mm, for TCC
specimen with granite chips value of mid-span
displacements at the same load level was only 5.77 mm.
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Fig. 3. Load-displacement curves for TCC specimens.
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Fig. 4. Failure of the TCC specimen produced by dry technic without
gluing of granite chips.

Results obtained by bending tests and FEM analyses
show, that connection of the TCC specimen without granite
chips is not rigid. The reason for this is the main problem
of this type of connection, it is the difficulty to ensure
complete and high-quality gluing of the layers. Splitting of
the concrete layer from the CLT panel after collapse can be
seen in Fig.4. It can be seen that a quality connection was
formed only on about 40% of all connection surface. A
similar result was obtained in testing of small-scale
specimens. Fig. 5 shows the collapse scenes for small-scale
TCC specimens with and without granite chips in the glued
connection. In the TCC specimen without granite chips
(Fig.5. (a)) splitting of the concrete layer takes place at the
glued connection. In the case of the TCC specimen with the
proposed connection concept with granite chips (Fig.5. (b))
it can be seen composite action of specimen and collapse
on concrete layer.

e .

Fig. 5. Failure mode of the TCC small-scale specimens (a) without
granite chips in glued connection, (b) with granite chips.
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According to the laboratory tests, level of failure load
for TCC specimen without use of granite chips with span
1.8 m in tree-point bending is equal to 32 kN. For TCC
specimen with rigid connection provided by granite chips
use the failure load equal to 41 kN was obtained.

IVV. CONCLUSIONS

Results of the laboratory experiments shows that
proposed concept of rigid adhesive connection with gluing
of granite chips on the surface of timber layer in timber-
concrete composite provides good connection quality and
full composite action.

Developed 3D numerical model of timber-concrete
composite member subjected to the flexure with rigid
connection and full composite action with sufficient
precision describes the behaviour of the TCC specimen
where connection between layers was provided by gluing
of granite chips on timber component surface and after that
placing wet concrete layer. In this case, quality of the glued
granite chips can be assessed visually but bonding between
concrete matrix and granite chips as aggregates of concrete
is developed naturally.

Based on the obtained data, an increase in stiffness of
the TCC specimens with granite chips has been observed.
On the load level of 30 kN 1.52 times less mid-span
displacements of the TCC specimen with granite chips was
obtained in comparison with displacement calculated by
developed numerical model of timber-concrete composite
with full composite action.

The difference in the failure load level between timber-
concrete composite specimen with and without use of
granite chips in connection between material layers
obtained by experimental bending tests is about 28%.
Timber-concrete composite with proposed connection
technology picks up greater load level than TCC without
granite chips in connection.

Possibility to increase by 28% level of failure load of
the timber-concrete composite panels by the adding of
granite chips was stated. Maximal vertical mid-span
displacements of the panels decrease about 3.8 times at the
same time.

At the load level equal to 30 kN by timber-concrete
composite specimen with granite chips in timber to
concrete connection it is possible to obtain at least 3.8 times
less vertical mid-span displacements than by timber-
concrete composite specimen without granite chips.
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