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ABSTRACT. In general, one of the possible future paths of the building construction industry is the
development of robotization and prefabrication of individual building components. Presented article
continues the development of prefabrication using traditional effective combination of two often used
materials in construction — timber and concrete in the form of a slabs. The traditional concept of
combining these materials is used for ceiling structures — slabs, panels, floor panels, where timber
is most often in the form of beams and a concrete slab is applied over the beams as a material
transmitting compressive stress. The key to functionality for this system is the shear connection of
both materials. The presented study presents a thin concrete layer made of high-performance concrete,
which is connected to a wooden board from glulam using an adhesive bridge. The aim of this presented
study is to improve the bending load-bearing capacity and bending stiffness of the glulam slab with a
small amount of high-performance concrete and thus achieve a more favorable environmental profile of
the ceiling panel. The individual variants differ in thickness, the presence and number of ribs. These
variants are compared with a variant of the same thickness of glulam slab without the layer of concrete.
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1. INTRODUCTION

In the construction sector of civil engineering, it is
common to use solid reinforced concrete slabs with
steel reinforcement. Reinforcement serves to transfer
tensile stresses in concrete, which is the weak point
of concrete. Timber-Concrete Composites (T'CC) of-
fer a sustainable and more environmentally friendly
building elements option due to timber’s recyclability,
reusability, sustainability and high tensile and bend-
ing strength. It works in combination with concrete,
which transmits predominantly compressive stresses,
where high-performance concrete (HPC) with high
compressive strength finds very effective potential of
applications [I]. TCC offer many different applica-
tions in civil engineering. The first applications were
applied more than 50 years ago as a modification of
existed floors [2]. The traditional concept of combin-
ing these materials is the use of timber in the form
of beams. This study presents timber slabs — mas-
sive glulam board. The solid plate can be further
optimized and lightweighted in different shapes. The
advantage of this solution is a larger contact area be-
tween the materials and a reduction in contact stress.
In the traditional concept, various steel shear connec-
tors [3], composite shear connectors [4, [5], or various
locking notches [6] or bonding systems [7H9] are used
for connections of TCC. For shear connection in this
study is used adhesive bonding with epoxy resin in
combination with notch shear connections — system

of ribs. The goal of presented study is to enhance
the bending strength and stiffness of a glulam slab
by incorporating a small amount of HPC, ultimately
improving the environmental footprint. The differ-
ent variants vary in thickness and the presence and
quantity of ribs. These variants are compared to a
version of the glulam slab with the same thickness but
without the concrete layer.

2. MATERIALS USED FOR EXPERIMENT

A recipe of HPC was developed by the Department
of Architectural Engineering, Faculty of Civil Engi-
neering, Czech Technical University in Prague [10].
HPC mixture design utilizes predominantly local raw
materials and is detailed presented in Table |1} The
HPC mixture is self-compacting and fine-grained. It
combines two types of quartz sand and silica flour
with silica fume. The maximum grain size is 1.2 mm.
Dispersed alkali resistant glass fibers were designed
into the mixture to eliminate shrinkage microcracks.
The water cement ratio was 0.28 and the water binder
ratio was 0.24.

A reference mixture without any fibers was also
mixed. The compressive strength tested on three
cubes 100 x 100 x 100 mm? was 131.1 MPa according to
the standard CSN EN 12390-3. The flexural strength
tested on six prisms 40 x 40 x 160mm?> was equal
to 16.2 MPa according to standard CSN EN 12390-5.
The compressive strength was verified on the prism
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FIGURE 1. Specimen dimension of glulam slabs, scheme of all five types including HPC part and system of longitudinal

and transverse ribs.

Mix content kgm3
Cement I 42.5R 650
Technical silica sand 1200
Silica flour (ground quartz) 235
Silica fume (microsilica) 100
Fibres — AR glass 20
Superplasticizers 24
Water 180
Total 2409

TABLE 1. Recipe of HPC mixture.

fragments, and it was 133.8 MPa.

A mixture with dispersed AR Glass fibers was mixed
for the determination of basic mechanical parameters.
It was used for TCC presented in this article. The
compressive strength tested on three cubes 100 x 100 x
100 mm? was little bit lower 113.3 MPa according to
the standard CSN EN 12390-3. The flexural strength
tested on six prisms 40 x 40 x 160mm?® was equal
to 17.9 MPa according to standard CSN EN 12390-5,
little bit higher in comparison with reference mixtures
as expected. The compressive strength was verified
on the prism fragments, and it was 126.1 MPa.

In the presented article only one type of glulam was
selected. Glue-laminated technology allows different
structural products to be manufactured in different
sizes and shapes. The manufacture of glue-laminated
timber as engineered products for structural uses re-
quires careful procedures for material preparation.
For this experiment glulam boards were selected ad-
hesively bonded by birch plywood plates. Basic table
values of the flexural mechanical parameters of the
wood used are presented in the Table

The adhesiveness in this article to create a bridge
in the interface between HPC and glulam was selected
epoxy resin Sikafloor 150/280 based on the previous
successful experience with this epoxy resin in similar
research projects. The basic material parameters of
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Paramater Glulam
Bending Elasticity Modulus E,, || [N mm?] 6672
Bending Elasticity Modulus E,,, 1 [N mm?] 5329
Bending Strength f,,, || [N mm?] 59.6
Bending Strength f,, 1 [N mm?] 50.5

TABLE 2. Basic mechanical parameters of used glulam.

the epoxy resin are the flexural strength of 15 MPa
and the modulus of elasticity of 2.0 GPa. The specific
gravity of the resin is 1100kg m~3 according to the
technical data sheet of the Sika company [1T [12].

3. SPECIMEN DESIGN AND PREPARATION

The production process presented is slightly different
from the others. If glue is used to transfer shear stress
between TCC materials, the wooden and concrete
parts are usually manufactured separately and finally
glued together. In this experiment, HPC is carried
out directly on the glulam part using an adhesive
bridge, which facilitates the technological production
process. First, a glulam board is prepared for the
designed specimen dimensions of 150 x 400 mm in
the variants presented in Figure In sum three
specimens were prepared for each of the five groups.
The first is a reference for comparison — a glulam
board without any HPC layer with a thickness of
27mm. The other boards have a thickness of glulam
21 mm, where a layer of HPC was added so that the
total thickness is also approximately 27 mm for better
comparison. Furthermore, a system of longitudinal
ribs is designed for the glulam board to lighten the
contact area, another variant combines longitudinal
and transverse ribs. The last group are glulam boards
with only HPC ribs, without a continuous HPC layer.
The geometry of all specimens is visible in Figure
Specimen groups are named D.1 to D.5, as visible in
the same Figure
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Specimen Number Weight Thick Width Length Fcfmax ¢Fcf max
kg] [mm] [mm] [mm] [kN] [kN]
D.1.1 1.061 26.47 148.8 400.0 21.96
Glulam 27 D.1.2 1.045 26.56 148.7 400.0 21.67 21.98
D.1.3 1.047 26.68 149.0 402.0 22.31
D.2.1 2.015 26.65 150.1 400.0 28.09
Glulam 21 + HPC 6 D.2.2 1.914 26.25 152.3 399.0 28.75 28.96
D.2.3 2.013 26.63 152.2 399.0 30.04
D.3.1 2.028 27.54 152.7 402.0 28.19
Glulam 21 + HPC 6 + ribs longitudinally D.3.2 1.896 27.34 151.8 401.0 27.06 28.37
D.3.3 2.201 28.33 152.2 402.0 29.87
D.4.1 2.069 28.12 152.2 402.0 33.97
Glulam 21 + HPC 6 + ribs longitudinally + transversely D.4.2 2.111 27.78 151.0 403.0 30.61 31.91
D.4.3 2.078 27.25 151.5 401.0 31.15
D.5.1 1.223 26.57 148.4 402.0 23.99
Glulam 27 + ribs longitudinally D.5.2 1.221 26.42 148.7 400.0 22.51 22.96
D.5.3 1.286 26.47 148.8 401.0 22.37

TABLE 3. List of samples, individual weights and dimensions, measured maximum force value.

The next step, after preparing the glulam boards,
was to apply a bonding bridge to transfer shear stress
at the interface of both materials. This was done in
two stages. The first stage involved applying a coat of
epoxy resin, which sealed the wood structure. After
it hardened, a second coat was applied, followed by
the addition of sand with a grain size of 0.6-1.2 mm.
The sand was spread loosely over the surface. After
hardening, as specified in the technical sheet, the
sample was ready for concreting. The bonding bridge
effectively transfers shear loads [§], while the epoxy
also protects the wood from the wet concreting process.
Finally, concreting was carried out. In addition to
the specimens, as specified in the plan, the concrete
support structures were also cast to determine the
basic mechanical properties of the concrete, as listed
above.

4. EXPERIMENT AND RESULTS

The article focuses on the influence of a thin HPC
layer on the load-bearing capacity and overall behavior
of the slab. Loading is carried out using a four-point
bending test. The distance between the supports was
300 mm and the distance between the loading supports
was 100 mm. The loading process was carried out at a
constant loading rate of 0.5 mm min—! so that the total
test length until failure was approximately 15 minutes.
The experiment was created on a Galbadiny Quasar
100 hydraulic press with a maximum cylinder load
capacity of 100kN. Numerical values of maximum
reached forces the results are given in Table [3] The
table provides interesting results. The table provides
interesting results with a visible positive influence of
the HPC layer.

These differences between single groups are better
visible in Figure [2| where the curves from the load
tests are presented. The result of the reference group
D.1 without a HPC layer shows similar results with
group D.5; where only longitudinal thin HPC ribs
are presented. This is quite a surprising result, and

it may be due to the ribs being properly filled with
HPC. The maximum flexural strength of group D.1
was 62.8 MPa. This result corresponds to the value
of 59.6 MPa given in Table 2] so measurement was
correct.

However, a significant influence of the HPC thin
layer on the load-bearing capacity and a positive influ-
ence on the specimen stiffness in groups D.2; D.3 and
D.4 are visible. All variants show similar values of
strength and stiffness. Variant D.2 is the worst of the
three mentioned, because it has a smaller interface
contact area without any ribs. The concrete surface
slipped at the end due to the shear stress. Variant D.3
is a little bit stiffer, achieves better results. Thanks
to the longitudinal ribs the interface contact area is
increased, however, there was also shear failure of the
interface bond and then failure of the glulam. Group
D.4 with longitudinal and transverse ribs achieved the
best results and there was no slipping in the interface
bond area. Furthermore, the ribs could be optimized
in future work. In Figure [3| are presented views on
the damaged specimens after the destructive loading
tests.

5. CONCLUSIONS

The aim of this presented study was to improve the
bending load bearing capacity and bending stiffness of
TCC. It is a glulam by incorporating a small amount
of HPC. To allow for a better comparison of the re-
sults, all samples were made with approximately the
same dimensions and were compared to reference sam-
ples without HPC. The load bearing capacity of the
glulam without HPC corresponds to the data provided
in the technical data sheet. The HPC was applied
directly to the glulam, with surface treatment involv-
ing an adhesive bridge of epoxy resin and silica sand
before concreting process. The effect of the single
longitudinal HPC ribs on the overall stiffness of the
panel was not proven. However, a significant positive
effect of the HPC layer in the compression zone was
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FI1GURE 2. Force-displacement diagram for all specimen from groups D.1 to D.5. Visible significant influence of the
concrete layer on the load-bearing capacity and especially the stiffness of the slab.

FI1GURE 3. View on the damaged representative specimens after the loading test, one from each group D.1 to D.5.
For group D.3 and D.4, the HPC was removed after the testing to see the ribs and the positive influence of the

transverse rib.

demonstrated, as the bending load bearing capacity
increased by approximately 45 %, and the stiffness
was also improved. At the same load value, the de-
formation of the specimen was roughly halved. The
ribs showed a positive effect on the shear capacity of
interface between both materials.
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