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Abstract: Loadbearing sandwich panels used as wall elements are a promising development since
they combine structural and energy efficiency. Composite behaviour needs to be ensurd so that the
sandwich panel works as one element under a flexural load (meaning that the shear forces due to
bending are transferred from one face to the other). To assure this full composite behaviour, an
investigation of the bond strength between the faces and the core of the sandwich panel is necessary.
Therefore, two different bond test set-ups were performed on sandwich panels with Textile
Reinforced Cement (TRC) faces and an Extruded Polystyrene (XPS) insulating foam core. The two
bond test set-ups were compared and revealed that one of the set-ups showed a combination of
bond and shear failure of the core so that a clear conclusion on the bond strength couldn’t be
obtained. The second set-up showed clear bond failure and gave a good estimation of the bond
strength between TRC and XPS.
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1. Introduction

Nowadays, Nearly Zero Energy Buildings are emerging in construction industry since new
European regulations try to increase the energy efficiency of future and existing buildings. The design
and construction of those buildings is only possible when innovative energy efficient building
elements are developed like for example, insulated sandwich panels with Textile Reinforced Cement
(TRC) faces. TRC sandwich panels are composed of a rigid insulating core surrounded by two stiff
TRC faces. These TRC faces are composed, in turn, of a cement matrix and a textile reinforcement.
TRC sandwich panels combine structural — and energy efficiency in one element, since the TRC faces
provide the necessary loadbearing capacity while the insulating core improves the energy efficiency
of the element. This loadbearing capacity can be enhanced by ensuring a full composite behaviour,
meaning that both faces are working together to resist the applied forces, [1]. To ensure this composite
behaviour the bond between the faces and the core is crucial.

Related works on testing the bond properties are mostly dedicated to the bond between TRC
and concrete since up to now strengthening and formwork for concrete structures have a largest
application field of TRCs [2]-[4]. Different ways of testing the shear capacity of this TRC-concrete
bond are proposed and are mostly based on double-lap shear tests. Only Horstmann et al. [5],and
Shams et al. [1] performed bond tests on TRC sandwich panels with a foamed Polyurethane (PU) core
by a double-lap shear test.
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In this paper the results from two different shear bond test set-ups between TRC and Extruded
Polystyrene (XPS) are presented. The set-ups were compared so that the most appropriate one (only
debonding failure) could be defined for further research on the bond between TRC and XPS.

2. Materials and methods
2.1. Textile Reinforced Cement

TRC is a composite material composed of a cementitious matrix and a textile reinforcement. The
matrix used in this research is a commercially available self-compacting mortar with an E-modulus
of 12,5 GPa and a compressive strength of 60 MPa according to the supplier [6]. The used textile
reinforcement is an E-glass fibre 3D spacer textile with a density of 623 g/m?® and a spacer distance of
10 mm [7].

2.2. Extruded polystyrene

The insulating foam used for this paper is XPS as foam blocks with a thickness of 160 mm, a
density of 33 kg/m? and a rthombus grid surface finishing. The E-modulus and compressive strength
(9.1 MPa and 13.5 kN respectively) were determined by the average of X compression tests on cubic
foam blocks with sides of 160 mm. The shear modulus of the XPS foam, 4.3 MPa, was determined
according to NBN EN 14509 (2013) [8] with a four-point bending test on three specimens.

2.3. Test set-ups

2.3.1. Double-lap shear test according to Shams et al.

The first test set-up is based on the shear tests performed by Shams et al. [1] which is a double-
lap shear test. The specimens for this set-up are composed of two TRC layers with an insulation block
in between, resembling the configuration of the final application, namely sandwich panels. One of
the faces is supported at the bottom with a steel beam while the other face can move freely in the
vertical direction but is supported in the horizontal direction by steel tubes with a Teflon end. These
Teflon ends assure minimal friction between the panel and the tubes. The force is applied on the face
that is not supported in the vertical direction (Figure 1). The tests were monitored on both sides with
the full field measuring technique Digital Image Correlation (DIC) which is a non-destructive
technique that measures the displacement of the specimen according to a reference image. Next to
DIC, two LVDT’s are used, one to measure the vertical displacement of the bottom of the loaded face
and one to measure the horizontal displacement at the bottom of the loaded face to verify the results
of DIC.
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Figure 1. (a) specimen geometry and dimensions in mm, (b) schematic presentation of the double-lap
shear test, (c) picture of double-lab shear test
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2.3.2. Inserted type

The second bond test is designed according to the set-up of Wozniak et al. [4] for the bond
between TRC and concrete and is much easier to produce than the previous one. The specimens for
this set-up are composed of two insulation blocks with a TRC plate in between (Figure 2 (a)). The
bonded area of this type of specimen is the same as for the previous double-lab shear test. The two
foam blocks are restricted in the X and Z direction at the bottom of the specimen. The load is applied
on the TRC plate by means of a steel beam (Figure 2 (b) and (c)). Also for this set-up the displacement
of both sides of the specimens was monitored by DIC.

-—
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Figure 2. (a) specimen geometry with dimensions in mm, (b) schematic presentation of the test set-up, (c)
picture of the test set-up

2.4 Production method

The production method of the specimens depended on the used test set-up. The specimens for
the double-lap shear test (which is described in 2.3.1) were made in a few steps. First the insulation
was placed into the mould on which a thin layer of cement was casted. Then the textiles were put in
place and the rest of the cement was poured on the textile until the mould was filled. The mould was
covered and turned 180° after one day so that the second face could be casted in the same way as the
first one. For the second specimen type (see section 2.3.2) the cement was poured vertically between
two foam blocks after positioning the textile in-between.

3. Results

3.1. Double-lap shear test

In Figure 3 (a) the force-displacement curves of four identical double-lap shear tests are given.
The vertical displacement is the displacement at the top of the loaded face measured by the DIC. All
specimens gave comparable results with a maximum load around 40 kN. A high ductility was noticed
except for specimen 4. This is due to the loss of DIC data as a consequence of large deformations.
Figure 3 (b) shows a representative specimen at failure where a combination of shear failure of the
core and debonding between the core and a face was noticeable.
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Figure 3. (a) force-displacement curve of the double-lap shear test, (b) picture of specimen at failure

Analysis of the DIC results provided the complete displacement (and consequently strain) field
of the specimens’ surface. The horizontal displacement of the loaded TRC face at the bottom of the
specimen proved to be significant (Figure 4 (a)) and led to the compression of the foam at the interface
with the TRC face. This horizontal compression increased the friction between the foam and the TRC
face, leading to an inhibition of the debonding phenomenon and a reduced debonding speed after
initiation.
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Figure 4. (a) horizontal displacement (x-direction) of the top and bottom of the loaded TRC face, (b)
compression at the interface

To investigate what exactly happens during the test, the vertical displacement at the interface
and the shear strain of the foam were investigated. The vertical displacement was plotted for four
different lines crossing the interface between the TRC face and the foam at the four corners of the
foam (Figure 5 (a)) at a load of 22 kN. A sudden shift of 0.02 mm in the vertical displacement over a
horizontal distance of 1 mm was observed for the top left corner (LO - loaded end), indicating that the
debonding initiates around 25kN (Figure 5 ).
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Figure 5. initiation of debonding (line L0) at a load of 22kN
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After this first initiation of debonding, shear of the core became visible and further development
of the debonding was prohibited by the horizontal compression discussed above. At the maximum
load of the test (+ 40 kN at Figure 3 (a)) the core failed in shear since the ultimate shear strain (0.041
calculated from the shear force and shear modulus given in 2.2) was reached (Figure 6 (a)). After the
core failed in shear, debonding also started at lines L1 and L2 (Figure 5) with a final failure by
complete detachment of the foam from the TRC as a result (Figure 3 (b)).

The same test was also performed on sandwich panels with a thinner core of 20 mm instead of
160 mm. Figure 6 (b) shows the force-displacements curves of the different specimens. If the maximal
load and displacement were compared with the previous specimens with thicker core a reduction for
both the maximal load and displacement was observed. This emphasizes the influence of the core on
the test set-up.
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Figure 6. (a) shear failure at a load of 40 kN, (b) force-displacement curve of the double-lap shear test
with a thinner core of 20 mm, (c) double-lap shear test performed by Shams et el. [1]

The results of the test performed in the scope of this paper are compared with the one of the
double-lab shear test on polyurethane (PU) performed by Shams et al. [1]. In Figure 6 (c) PU1
represents polyurethane with a density of 50 kg/m?3, PU2 polyurethane with a density of 100 kg/m?.
Since the experiments performed in the scope of this paper had no shear grid or pin connector and
the properties of XPS are closest to PU1 a comparison was made between the results of this paper
and the one of PU1 in Figure 6 (c). The thickness of the core was also 160 mm for the experiments
performed by Shams et al. [1]. Comparison of the results showed a better shear bond for the XPS then
for the PU. This improved behaviour could be due to the profiled finishing of the XPS blocks (like
described in 2.2) which provides mechanical interlocking.

3.2. Inserted type set-up

For the second set-up, the inserted type, the ultimate strength reached up to 26 kN which was
similar to the load where the first debonding happened during the double-lap shear test. However,
the ductility is less for the inserted type than for the double-lap shear test.
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Figure 7. Load-displacement curves of inserted type bond test

Figure 8 (a) shows the vertical displacement taken on a line drawn at the bottom of the specimen.
As soon as debonding started (+ 20 kN) the line of the vertical displacement shows a discontinuity.
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A closer look on the strain in the horizontal direction (Ex) showed that failure by debonding is
followed by compression at the interface (Figure 8). Shear debonding occurred at a value of 20 kN
for the inserted type specimen and at 22 kN for the double-lab shear test. Since the bonded area is the
same for both specimen similar debonding stress were reached for both types of specimen.
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Figure 8. (a) debonding starting at the bottom of the specimen, (b) compression at the interface
before debonding

4. Conclusion

In terms of production method, the inserted type specimens were easier than the double-lap
shear specimens since the latter needed to be casted in two days, while the first ones were casted in
one single step. The failure happened in different stages, starting with debonding at the loaded side
followed by compression at the interface, shear failure of the core and finally failure by complete
debonding at supported side. In contrast, the second set-up showed a clear debonding failure,
initiated at a similar bond stress, without shear of the insulation. As a conclusion it can be stated that
the second set-up was more suitable for testing the bond between TRC and XPS.
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