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Abstract: The article presents the results of shear and ten-
sile strength of deformable cement adhesives, reinforced
by fiberglass mesh with a different weight in a lightweight
floor system without screeds. The substrate under adhe-
sive was EPS and XPS thermal insulation. Tests were car-
ried out in dry, wet conditions as well as during freezing
and thawing. On their basis, it can be concluded that the
larger contact surface of the EPS thermal insulation with
the deformable adhesive C2S1 increases the adhesive’s ten-
sile strength. This surface is not important using C2S2 ad-
hesives or when the substrate is made from rough insula-
tion XPS. It was generally found that the higher weight of
the fibreglass mesh in deformable cement adhesives has
a more favorable effect on their shear strength. Water ab-
sorption does not significantly affect the adhesion of terra-
cotta, and in some configurations of components in this
system increases it. The adhesive with the symbol C2S2
compared to C2S1 has a higher tensile and shear strength
using the same materials. Frost conditions do not allow for
long-term use of this type of floor construction in snow and
ice protection systems. This experimental research shows
that an economical solution with optimal strength consists
of XPS insulation, 205 g/m2 mesh, C2S1 adhesive.

Keywords: light floor; tensile strength; shear strength; de-
formable adhesives

1 Introduction

At the moment, the light floor system is not a commonly
used solution. It is worth popularizing due to many advan-
tages, including:

*Corresponding Author: Jacek Karpiesiuk: Bialystok University of
Technology, Wiejska str. 45A, 15-351 Bialystok, Poland; Email:
Tadeusz Chyzy: Bialystok University of Technology, Wiejska str.
45A, 15351 Bialystok, Poland

Attribution 4.0 License

— the low weight of a light floor allows installation
it on ceilings with low load-bearing capacities (e.g.
wooden) or where permanent loads should be re-
duced,

— the small thickness of the floor (no screeds, thick-
nesses 5-6¢cm in the light floor system) is important
when renovating or modernizing rooms, due to the
minimum dimension in the door light,

— the system is can be used for underfloor heating, in
which, due to the lack of screed, we have lower ther-
mal inertia of the floor, and this effects increasing
the heat density flux (thermal efficiency), what con-
firmed in [1],

— due to the high efficiency and low thermal inertia,
this type of floor is a universal heating and cooling
model, which, as described in [2] should be the re-
sult of the latest research of scientists. These fea-
tures are useful in devices using renewable energy
sources (RES),

— there is no long process of binding concrete (floor

no require screed), and this accelerates the commis-
sioning of the investment.
The use of two components - adhesive and mesh
layer as a replacement for cement or anhydrite
screeds is a characteristic feature of this floor con-
struction. Previous investigations of the layer system
shown in Figure 1 and described in [3] have proved
the need to use a glass fibre mesh.

Building boards are characterized by a similar con-
struction used as thermal insulation under ceramic tiles.
They are made on the core of extruded XPS polystyrene
with a two-sided coating of modified cement mortar, rein-
forced with a fabric or a glass fibre mesh. Building boards
are placed on the market based on European Technical As-
sessments [4] and National Technical Approvals [5]. In ac-
cordance with the assessment, or technical approval pro-
cedure, two strength tests are carried out, confirming the
required technical and useful properties, before placing
the product on the market:

— compressive strength at 10% deformation,
— tensile strength, perpendicular to the face.
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Declared properties depend on the product manufac-
turer, and they reach an amount not less than 0.20 MPa
[6] in the case of compressive stresses and tensile strength.
Made in 2017/2018 and described in [3, 7], tests of the me-
chanical light-floor system’s strength were carried out us-
ing one type of C2 TE S1 cement adhesive and mesh with
335 g/m? weight. Through this procedure, the necessary
information regarding the shear and tensile stress of the
commonly available cement adhesive (not modified by the
mortar manufacturers), was obtained. Standard [8] gives
the adhesive the symbol C2, describing it as cement adhe-
sive with increased parameters. Normally bonding adhe-
sive are marked with the symbol C1. According to the stan-
dard [8], their minimum adhesion is > 0.5 MPa. The ce-
ment adhesive type C2 must meet the additional high ad-
hesion requirements of = 1.0 MPa. It is important to em-
phasize that these values refer to the placement of ceramic
tiles on a concrete substrate, in accordance with the stan-
dard [9]. Special requirements are characterized for adhe-
sives with the symbols S1and S2, where S1is a deformable
adhesive within the limits of > 2.5mm and < 5mm, and S2is
an adhesive with a high deformability = 5mm. In the exper-
imental tests described here, only C2 cement adhesive was
adopted on the non-standard EPS and XPS thermal insula-
tion substrates, with variable formability of S1or S2. The ar-
ticle publishes the latest results of experimental research,
where it was decided to check whether the use of cement
adhesive mortar with the highest deformability (type C2S2)
and various types of glass fibre mesh would have a signifi-
cant impact on the selected parameters of the mechanical
strength of the floor, without screeds.

For statistical purposes, the tests of adhesion and
shear strength of the C2S1 adhesive, with the so-called "ar-
mored" mesh and a weight of 320 g/m?, were repeated. In
addition, the influence of other fibreglass mesh weights
on the possible changes in strength properties of the C2S1
mortar was checked. Apart from tests in dry conditions, all
panels were tested 21 days in water, in accordance with the
standard [9]. In addition, frost resistance tests of 5x5cm ter-
racotta tiles attached to rough thermal insulation XPS 300,
using C2S2 adhesive on fibreglass mesh, and weighing 145
and 205 g/m?, were conducted. These tests were carried
out after 25 and 50 cycles (3 samples each) of freezing and
thawing, in accordance with the procedure described in [3].
This was done in order to initially verify the possibility of
using this type of adhesive in the winter on a critical sub-
strate, in the form of thermal insulation boards.
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Figure 1: Cross-section of a light floor without screeds with XPS or
EPS thermal insulation

Figure 2: An example of a research stand, for adhesion measure-
ments, using the pull-off method and shear strength tests, by
PressoMess

2 Research methodology

The plates shown in Figure 2 were fabricated for research in
the Elektra Kardo Bialystok. After 28 days of seasoning at a
temperature of approximately 20°C, they were transported
to the Sika Poland laboratory for strength tests.

The measurements of the tensile and shear strength
of stuck terracotta samples were carried out in accordance
with the stated procedure. This was done on the machines
described in [3]. The substrate consisted of XPS 300 insu-
lating boards with a rough surface of 600 x 1250mm and



DE GRUYTER

an EPS 200 hydro with 500 x 1000mm. Terracotta tiles
were attached on one half of each panel, using C2S1 ce-
ment mortar and C2S2 on the other, with reinforcement on
both plates from the fibreglass mesh. The pull-off method
was made in accordance with the recommendations of the
standard [9], and the measurements of shear strength from
PressoMess manufacturer’s instructions. Because three
types of mesh were used, the following 6 test sets were pre-
pared with adhesives C2S1 Ceram 255, and C2S2 Schonox
Q12:

— 3 pieces XPS board (rough) with 145, 205 and 320
g/m? glass fibre mesh

— 3pieces EPS hydro board with 145, 205 and 320 g/m?
glass fibre mesh

The photos of the preparing and measuring stands dur-
ing tests are shown in Figure 3 and 4. Cross-sections of
the lightweight floor stand are placed with the insulation
boards (XPS and EPS), and a ceramic tiled floor, in order to
research potential detachment and shear forces in the two
adhesives, as shown in Figure 5.

Figure 4: PressoMess for shear strength testing

Adhesive layer strength in a lightweight floor system = 445
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Figure 5: Cross-sections of the lightweight floor stand with insula-
tion boards EPS and XPS with ceramic tile floor, in order to research
of detachment and shear forces in two adhesives C2S1 & C2S2 and
three fibreglass meshes

3 The research results

All test results are presented in the following tables.
Table 1 — dry and wet tests:
Model As,, — results s and o, based on EPS with C2S1 &
C2S2,
Model Bg,, — results os and o, based on XPS with C2S1 &
C2S2,
Model Cs - results 75 based on EPS with C2S1 & C2S2,
Model Ds - results 75 based on XPS with C2S1 & C2S2.
Table 2 - frost resistance tests in 25 and 50 cycles freez-
ing and thawing:
Model Ay, — results o, based on XPS with C2S2, where:
o5 — tensile strength, dry condition
on — tensile strength, wet condition
om — tensile strength, frost resistance
Ts — shear strength
Description in tables all forces [kN] only in a dry state.
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Table 1: Test results in a dry and wet condition

Model A n (with EPS insulation)

Most cohesive separation inside of

- C2$1 W|th glass fibre mesh 145 g/m? [MPa]

1

r,J RS "?j S

Sample Nr
.05=0.21
.0s=0.24
.0s=0.24
on=0.25
.0n=0.24
3.0n=0.31
Average result
05=0.23
05s=0.27

N!—‘U)NI—‘

adhesive, average force 0.57 kN

- €251, with glass ﬁbre mesh 205 g/m [MPa]

Most cohesive separation inside of

Sample Nr
.0s=0.26
0s =0.30
.05=0.24
.0n=0.24
.on=0.22
3.0n=0.25
Average result
0s=0.27
0n=0.24

N P, W N -

SR

adhesive, average force 0.66 kN

- C2$1 W|th glass fibre mesh 320 g/m [MPa]

Cohesive separation inside of

Sample Nr
.0s=0.18
.0s=0.18
.0s=0.23
.on=0.17
on=0.21
3.0n=0.19
Average result
05=0.20
0n=0.19

NP, W R

adhesive, average force 0.50 kN
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Model B » (with XPS insulation)

- €251, with glass fibre mesh 145 g/m? [MPa]

Sample Nr
.0s=0.25
.0s=0.21
.0s=0.27
.on=0.19
.on=0.30
3.0n=0.25

N P, W N -

Average result
05=0.24
0n=0.25

Cohesive separation inside of
adhesive, average force 0.60 kN

— C2S1, with glass fibre mesh 205 g/m [MPa]
| \ i ’{3. _ : Sample Nr
: .0s=0.25
.0s=0.27
0s =0.25
.on=0.27
.on=0.23
3.0, =0.25

N P W N -

Average result
R 05=0.26
Most cohesive separation inside of 0,=0.25
adhesive, average force 0.64 kN

— €251, with glass fibre mesh 320 g/m? [MPa]
Sample Nr
0s=0.23
.0s=0.24
.0s=0.30
.on=0.24
.on=0.26
3.0n=0.22

N P W N -

Average result
Us=0.26
0n=0.24

Cohesive separation inside of
adhesive, average force 0.64 kN

-C2S2, wnth glass ﬁbre mesh 145 g/m? [MPa]

Sample Nr
1.05s=0.32
2.05=0.29
3.05s=0.31
1.0,=0.36
2.0,=0.35
3.0n=0.30
Average result
Ba @y RIS 05=0.31
Cohesive separation inside of 0,=0.33

adhesive, average force 0.77 kN

- C2S2, with glass fibre mesh 205 g/m [MPa]

BT WS . T YW s
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- €252, with glass fibre mesh 145 g/m? [MPa]

Model Cs (with EPS insulation)

Sample Nr
1.05s=0.31
2.05s=0.25
3.05s=0.28
1.0,=0.35
2.0,=0.33
3.0n=0.30
Average result
05=0.28
Adhesive separation from XPS, 01,=0.32

average force 0.70 kN

- €281, with glass fibre mesh 145 g/m? [MPa]
T ' ‘ ‘ Sample Nr
1.75=0.50
2.175s=0.55
3.75s=0.55

|

Average result
75=0.53 MPa

\ W |
Cohesive separation inside of
adhesive

€252, with glass fibre mesh 205 g/m? [MPa]

lﬂm g9 Sample Nr

1.05=0.28
2.05=0.26
3.0s=0.27
1.0,=0.19
2.0,=0.26
3.0,=0.28
Average result
05=0.27
Most cohesive separation inside of 0,=0.25

adhesive, average force 0.67 kN

- €251, with glass fibre mesh 205g/m? [MPa]
' e q Sample Nr
; 1.75=0.65
2.175s=0.65
3.75s=0.45

/ Average result
. | 75=0.58 MPa
Most cohesive separation inside of

adhesive

- €252, with glass fibre mesh 320 g/m? [MPa]

- €251, with glass fibre mesh 320g/m? [MPa]

it Sample Nr
1.175s=0.60
2.7s=0.65
3.7s=0.50

Average result
7s=0.58 MPa

Most cohesive separation inside of
adhesive

Sample Nr
1.05=0.32
2.05s=0.25
3.05s=0.32
1.0, =0.37
2.0n,=0.37
3.0n=0.36
Average result
05=0.30
Cohesive separation inside of 0,=0.37

adhesive, average force 0.74 kN
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- €252, with glass fibre mesh 145 g/m? [MPa]

Sample Nr
1.7 =1.50
2.17s=1.10
3.7s=1.20

Model Ds (with XPS insulation)

Average result
T75s=1.27 MPa

Most cohesive separation inside of
adhesive

- €252, with glass fibre mesh 205 g/m? [MPa]
Sample Nr

1.75=1.25
2. Ts = 1.10
3.7s=1.00

- C2$1 with glass fibre mesh 145 g/m? [MPa]
: : Sample Nr

l.17s=1.15
2.17s=1.00
3.7s=0.90

Average result
75=1.02 MPa

Cohesive separation inside of
adhesive

Average result
s=1.12 MPa

Most cohesive separation inside of
adhesive

- CZSZ W|th glass ﬁbre mesh 320 g/m? [MPa]
/ Sample Nr

1.75=1.60
2.7s=1.40
3. s =1.15

-C281, W|th glass fibre mesh 205 g/m? [MPa]
AL Sample Nr

1.7s=1.20
2. Ts = 1-40
3.7s=1.20

Average result
75s=1.27 MPa

Most adheswe separatlon from XPS

75s=1.38 MPa

Most cohesive separation inside of
adhesive

Average result

- C2S1, with glass fibre mesh 320 g/m? [MPa]
Sample Nr

1.7s=1.10
2. Ts = 1-00
3.7s=1.00

Average result
75s=1.03 MPa

Most cohesive separation inside of
adhesive
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- €252, with glass fibre mesh 145 g/m? [MPa]
bt it Sample Nr

1.7s2 2.0no
detachment
2.7s=0.80
3.7s=0.80

Average result
7s=1.20 MPa
Adhesive separation from XPS

- €252, with glass fibre mesh 205 g/m? [MPa]
' || s Sample Nr
I 1.75=1.50
ML 2.7,=1.30
3.7s=1.60

Average result
T7s=1.47 MPa

Most adhesive sparaion from XPS

- €252, with glass fibre mesh 320 g/m? [MPa]

Sample Nr
1.75>2.10
2.7s=1.90
3.75>1.90

Average result
Ts ~ 2.00 MPa

Cohesive separation inside of
adhesive

Adhesive layer strength in a lightweight floor system =— 449
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Table 2: The results of frost resistance tests

Model Ay, (with XPS insulation)

- €252, with glass fibre mesh 145 g/m?, 25 cycles
[MPa]

Sample Nr
Adhesive separation of glue l.o0m=0.14
cement mortar from terracotta tile, 2.0m =0.16
average force 0.32 kN 3.0m =0.09
Average result
om=0.13

- €252, with glass fibre mesh 205 g/m?, 50 cycles
[MPa]

Sample Nr
Adhesive separation of glue 1.0m=0.04
cement mortar from terracotta tile, 2.0m=0.07
average force 0.15 kN 3.0m=0.06
Average result

om =0.06

The terracotta tensile strength results for the various
types of glass fibre mesh, insulation base and adhesives
are shown in Figures 6-9, and the shear strength in Fig-
ures 10-11.

0,35 EPS 033
031 W
0,30 —527027 57027
=" —025
0,25 P2
0.20

020 - L
0,15 -
0,10 -
0,05 -
0,00 -

145 205 320 145 205 320

C251 Ddry mwet C2S52

Figure 6: Average results of the pull-off method; comparing the
same EPS insulation to different mesh & adhesive & conditions
(dry-wet)
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0,00
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0,32

0.30

025026 026
0,25

0.24

145 205 320 145 205 320

251 C2S2
Odry Ewet Mfrost

Figure 7: Average results of the pull-off method; comparing the
same XPS insulation to different mesh & adhesive & conditions
(dry-wet-frost)

C25s1

0.27

0,30
026 026

0,25 0.24

023

0.20
0,20 +—

EPS
m XPS

0,15 +—
0,10 +—

0,05 +—

Tensile strength [Mpa]

0,00

145 205 320

Figure 8: Average results of the pull-off method; comparing the
same adhesive C2S1to different mesh & insulation

The difference in tensile strength in various EPS or XPS
insulation bases, using the same weight of fibreglass mesh
in C2S1 adhesive and C2S2, is in the range of 5-10%, as
shown in Figure 6 and 7. A 20% greater discrepancy and
higher adhesion were noticed only when using a 320 g/m?
mesh on an XPS substrate. This is confirmed in [3]. Fig-
ure 8 and 9 show how the use of different types of C2S1
or C2S2 adhesive influences identical undercoats and re-
inforcing meshes. Differences in stress during the detach-
ment of samples are 15-26%, and cement adhesive C2S2 has
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0,35
0.31
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029 >
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025 +—
©
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20,20 +—
= EPS
®o15 |
g = XPS
© 0,10 +—
‘@
S
2 0,05 +—
0,00
145 205 320

Figure 9: Average results of the pull-off method; comparing the
same adhesive C2S2 to different mesh & insulation

EPS

1,60
1,40 .27

1.20 112 -
1,00

0,80
0,60
0,40 -
0,20 -
0,00 -

053 0-38 0.58

Shear strength [Mpa]

145 205 320
C2s51

145 205 320
C2S2

Figure 10: Average results of the shear strength tests; comparing
the same EPS insulation to different mesh & adhesive

better adhesion. Only with a mesh weight of 205 g/m2, de-

viations are smaller 3-7%.

Interestingly, the amount of adhesive tensile strength
may depend on the total area of the gaps in the fibreglass
mesh used for EPS insulation (dry conditions). It amounts
to 1590, 1710 and 1430 mm? for 145, 205 and 320 g/m?

respectively (Figure 12-14). In a mesh 320 g/m?, the con-

tact surface of the adhesive and thermal insulation is the

least. This can affect the fact that in EPS thermal insula-

tion, with a larger contact surface between the adhesive
and thermal insulation, the tensile force is higher. This is

2,50
2,00
‘T 2,00
2 1,47
£ 1,50 1,27 1,20 —
) 1,02 1,03
@ 1,00 - —
k7
§ 0,50 - — — -
£
7
0,00 -
145 205 320 145 205 320
€251 €252

Figure 11: Average results of the shear strength tests; comparing
the same XPS insulation to different mesh & adhesive

confirmed by the results of research using various types
of mesh on EPS insulation in the article [10], where it was
found that the use of 320 g/m? mesh (armored mesh) does
not increase the system’s tensile strength. The results of
the present article show that this phenomenon does not
occur in XPS insulation with a different material surface
structure than EPS and for adhesives with higher C2S2 de-
formability. Here the surface of the gaps in mesh does not
affect significant changes in the tensile strength of cement
adhesives (Figure 6-9).

0.75 mm

50 x 50 mm

Figure 12: The total area of the gaps is equal to 1590 mm? (for 145
g/m? the fibreglass mesh)

When comparing experimental conditions, generally,
the absorbability of light floors does not have a major im-
pact on their strength, and even in a moist environment,
the tensile strength is increased by 20%, as noted in Fig-
ure 7, using an XPS board, the 320 g/m? mesh, and a C2S2
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1.8 mm

50 x 50 mm

Figure 13: The total area of the gaps is equal to 1710 mm? (for 205
g/m? the fibreglass mesh)

0.75mm

50 x 50 mm

Figure 14: The total area of the gaps is equal to 1430 mm? (for 320
g/m? the fibreglass mesh)

adhesive. A significant decrease in tensile strength during
frost resistance tests is shown in Figure 7. Standard tensile
tests with 25 cycles of freezing and thawing have half this
strength in relation to dry conditions. When we apply non-
standard 50 cycles, the strength drops to 0.06 MPa.

Higher mesh weight generally increases the shear
strength of deformable cementitious adhesives. This can
be seenin figures 10 and 11in C2S1 adhesives on EPS insula-
tion and C2S2 on XPS insulation. During shear stress tests,
the EPS substrate had 2 times the higher bond strength,
using C2S2 adhesive relative to C2S1, independent of the
meshes as shown in Figure 10. The same result was ob-
tained by comparing the EPS and XPS insulation, in fa-
vor of the latter in the C2S1 adhesive. Smaller differences
in stresses occur in the C2S2 adhesives and XPS insula-
tion - 15-20%. Only when applying the 320 g/m? mesh, the
disproportion increases by a multiple of 2, and the shear
strength is 2 MPa, as depicted in Figure 11.
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4 Conclusions

The presented results of the terracotta tensile strength
tests in a light floor system prove that:

— Absorbability does not significantly affect the adhe-
sion of terracotta, and in some configurations in-
creases it,

— Frost conditions contribute to a significant 2-times
the reduction of this strength on C2S2 adhesive,
which is also confirmed by the results obtained in [3]
using C2S1. The the standard test proves sufficient
adhesion of tiles according to [11], but non-standard
tests with 50 cycles of freezing and thawing do not
meet the technical conditions. This does not allow
for long-term, trouble-free use of this type of floor
construction in snow and ice protection systems,

— Twice the better shear strength is a result of using
identical materials (XPS, C2S1, 320 g/m?), described
in this article in relation to [7], proving that the pre-
cise application of the tile assembly rules, adhesive
application, and the structure of the insulating base,
all have a significant impact on strength parameters
of light floors,

— The same is confirmed by the results of the pull-off
method, where the results described in this article
compared to [7] are 30% higher for EPS and 60%
greater for XPS,

— The tensile strength of C2S1 adhesive is higher when
the gaps of the fibreglass mesh used have a larger
contact surface with EPS insulation. This is not im-
portant when using C2S2 adhesives or the substrate
is from rough insulation XPS.

— Generally, it can be stated that the higher grammage
of the fibreglass mesh in deformable cement adhe-
sives on the EPS and XPS insulation substrate con-
tributes to the increase of shear strength of these ad-
hesives.

— An adhesive with the symbol C2S2 in relation to C2S1
has a higher tensile and shear strength with the
same mesh weight or type of base insulating.

OPTIMAL LIGHT FLOOR MODEL FOR TESTING
TENSION STRENGTH

We achieve the best results by using:

— EPSinsulation, 145 g/ m? mesh, C2S2 adhesive = 0.31
MPa,

The worst results when using:
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— EPS insulation, 320 g/m? mesh, C2S1 adhesive =
0.20 MPa.

For the optimal solution (economically profitable with
a good result, meeting the criteria of pull-off strength, and
equal to 0.26 MPa) the floor constructions consisting of:

1. XPS insulation, 205 g/m?mesh, C2S1 adhesive.

OPTIMAL LIGHT FLOOR MODEL FOR TESTING
SHEAR STRENGTH

We achieve the best results by using:

— XPS insulation, 320 g/m2 mesh, C2S2 adhesive =
2.00 MPa,

The worst results when using:

— EPS insulation, 145 g/m2 mesh, C2S1 adhesive, =
0.53 MPa.

For the optimal solution (economically profitable with
a good result, meeting even the criteria for stronger disper-
sion adhesives acc. [6], equal to 1.27 MPa) a floor construc-
tion composed of the following can be considered:

1. XPS insulation, 205 g/m? mesh, C2S1 adhesive.

After analyzing the tests of tensile and shear strength,
it can be concluded that the optimal lightweight floor con-
struction consists of rough XPS thermal insulation boards,
on which terracotta tiles were directly attached, using ce-
ment adhesive type C2S1 with an embedded mesh of 205
g/m? weight.
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Wojciech Ziemlifiski from Sika Poland for providing labo-
ratory spaces to conduct research and testing.

The research was carried out as part of my own
work from Bialystok University of Technology No.
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the Ministry of Science and Higher Education.
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