Feasibility of using a vibrating machine for laying ceramic tiles

characterized by the transfer of water that occurs between the mortar
and the substrate, allowing the entrance of the cement paste into the
pores of the substrate, which promote the anchoring of the coating.
The author identified through microscopy the morphology and nature
of the products formed in this region, and stated that the interlocking
of crystals in the pores of the substrate was mainly responsible for
the adhesion resistance. Still according to Carasek® a possibility of
increment of adherence is related to the impact energy applied at the
moment of the execution of the laying of the ceramic pieces.

The measurement of this bonding factor, adherence, is
instrumentally determined by the test described in the NBR 13,753
standard — Annex A.* The test uses equipment that continuously applies
a traction force to a metal tablet glued under the surface of a coating
specimen, in order to verify the force required to pull this specimen
out. The execution is due in stages, and begins with the choice of
specimens, which according to the standard, must be established
6 specimens per test. Then, they are instructed to prepare the test
specimens, where it is determined that the test specimens should be
cut, since they have dimensions of 100x100 mm, be cleaned in order
to remove loose particles of dirt and then perform the bonding of the
metal insert on them. After gluing the tablets, the traction equipment
can be positioned and the test can be performed, verifying the force
necessary to pull out the specimen. Figure 6 presents a diagram of this
tablet-glue-test piece system.
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Figure 6 Schematic section of the system used in the adhesion resistance
test.

After carrying out the test, the force must be observed on the
equipment display, and the form of rupture. The force on the dial (P)
is given in newtons, and must be divided by the surface area (A) of
the insert, in square meters, to determine the bond strength (R) in
megapascals (Equation 1). The minimum resistance established by
standard is 0.3 MPa.
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Regarding the form of rupture, it can occur in 7 different ways,

illustrated in Figure 7:

1. Rupture at the ceramic tile/adhesive mortar interface
2. Rupture inside the adhesive mortar
3. Rupture at the adhesive mortar/substrate interface

4. Rupture inside the substrate mortar
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5. Rupture at the substrate/base interface
6. Rupture inside the base
7. Rupture at the tablet/glue interface or

8. Rupture at the glue/ceramic plate interface

Figure 7 Forms of rupture in the bond strength test of ceramic tiles laid with
adhesive mortar.

Coating laying machine

General description: The vibrating machine for installing
coatings aims to optimize the execution of this service, meeting the
requirements established in NBR 13,753.4 This equipment consists of
a set of suction cup and motor, which generates controlled vibrations
in the coating. In its operation, the suction cup works under the action
of the lever present in the equipment, exerting suction force on the
piece, facilitating handling when picking up and positioning the
piece under the base. With the piece placed under the base, the motor
vibration intensity is adjusted, then the motor is pressed against the
piece, activating the vibration function, which will thicken the mortar
by crushing the cords, replacing the force applied by the hands or by
the rubber mallet used in the normative method.

Brazilian version with patent registration: Searching for the
possible origins of this equipment, a patent application was found in
Brazil by a group of 5 people' regarding equipment very similar to
the one that will be used in this research. The version of the equipment
from this group was designed as a portable tool powered by a power
cable, consisting of a rotary engine system that transferred vibrations
to the ceramic piece through a rubberized dampening base, shown in
Figure 8. The title of the patent application was “Mechanical vibrator
for ceramic laying”, and the order number was BR1020120211408A2.
The patent application describes the functions of the equipment and
clarifies that the equipment provides simple handling, as it does not
require practice or skill from the operator, guarantees the reduction of
time spent in the service.

Figure 8 Mechanical vibrator for laying ceramic cadar under patent application
BR1020120211408A2.
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Version sold in Brazil: In Brazil, the company Khaata Tools sells a
version similar to that found in the aforementioned patent application,
but with differences such as the power supply, in which the Khaata
model (Figure 9) is powered by a portable and rechargeable battery,
whereas the patent model is powered by power cord. Another
difference is the fact that the Brazilian model has a suction cup in its
contact area, contrary to the patented one, which only has a rubberized
base plate.

1 removable battery
2 Suction cup drive lever
3 suction cup

Figure 9 Machine for laying ceramic tiles sold by the brand Khaata Tools.

Comparison between the version marketed in Brazil
and the one used for analysis

The commercially available coating laying machine models are
comprehensive, but for the most part they are only available in the
foreign market. As seen so far, there is only one model sold in Brazil,
sold by Khaata Tools. However, due to the unavailability of this model
at the time of purchase, it was decided to import equipment from the
YS-H brand (Figure 10), sold in the Chinese market and available for
purchase on the Banggood website.

1 engine drive
2 removable battery
3 suction cup

Figure 10 Variant of the YS-H ceramic tile laying machine marketed in Brazil
by the Banggood website.

Comparing both versions one finds subtle but important
differences between them. The chosen model (Figure 9) presents
better characteristics in relation to the Brazilian model (Figure 8),
such as, for example, the chosen model is equipped with two suction
cups with a total load capacity of 200 kilograms and a battery of
five thousand milliamps, whereas the version Brazilian has only one
suction cup with a total load capacity of 25 kilograms and a battery of
two thousand five hundred milliamps.

Methodology

An experimental research was carried out in this work, seeking
to achieve the above objectives. As a guide for the activities to be
developed, NBR 13753:1996 was the normative basis.

The delimitation of this research is reserved for the interval defined
by the moment of application of the mortar on the piece, until the
moment after the mortar has cured, in which the coating is released
for transit, or in this case, released for carrying out the pull-out test,
and under the caveat , in the case of pieces with dimensions greater
than 900 cm? of surface area and excluding the grouting procedure.
What precedes the beginning of the service, such as the curing period
of the subfloor, cleaning the site, preparing the mortar and the like
were not part of the scope of this research. The focus was entirely on
laying the piece, as this is what the equipment described in the work
proposes to do.

Copyright:
©2023 Ross etal. 12
The materials used were:
1. Toothed steel trowel 10mm x 10mm x 10mm
2. Trowel
3. Rubber hammer

4. Coating laying machine (YS-H brand model, imported by the
Banggood sales site — acquired by the author of this work)

5. Mortar container
. Mortar mechanical mixer
. Traction equipment

. Tablet
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. Coating cutting device
10. Spatula
11. Polished Porcelain Tile 120cm x 60cm

The execution parameters will follow a basic executive flow,
based on NBR 13753 (ABNT, 1996), which comprises the following
sequence:

1. Laying the ceramic piece to the substrate

2. Verification of the state of compaction of the mortar

3. Laying new pieces to measure adherence

4. Performance of the adhesion resistance determination test

Eight samples were defined for the test, four samples for visualizing
the kneading of the mortar beads still in the fresh state and four for
the adhesion resistance test. Regarding the executive procedure for
laying the pieces, the following order was followed in both the two
checks carried out:

Laying the piece using a single layer of mortar and compaction by
percussion with a rubber hammer

1. Placement of the piece using a double layer of mortar and
consolidation by percussion with a rubber hammer

2. Laying the piece using a single layer of mortar and compaction
by mechanical vibration using the equipment

3. Laying the piece using a double layer of mortar and compaction
by mechanical vibration using the equipment

It should be noted that items a and ¢ deviate from the norm, since
they were executed with a single layer of mortar in large format
piecesl.

After laying the first four pieces, using a rubber hammer and
also a vibrating machine, a visual check was made of the state of
consolidation of the mortar and a photographic record of each sample
was made.

Once the verification of mortar compaction was finished, the other
four pieces were laid, these destined to be tested to determine the
adherence resistance. After 46 consecutive days from the laying date,
the pullout test was performed by a qualified professional, working in
a specialized laboratory.

The design of this research can be better visualized in the flowcharts
of Figure 11 and Figure 12 respectively.
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Figure || Flowchart of the executive process using the method of consolidation by percussion with a rubber hammer.
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Figure 12 Flowchart of the executive process using the method of compaction by vibration with a machine for laying ceramic tiles.

The delimitation of this research is reserved for the interval defined
by the moment of application of the mortar on the piece, until the
moment after the mortar has cured, in which the coating is released
for transit, or in this case, released for carrying out the pull-out test,
and under the caveat , in the case of pieces with dimensions greater
than 900 cm? of surface area and excluding the grouting procedure.
What precedes the beginning of the service, such as the curing period
of the subfloor, cleaning the site, preparing the mortar and the like
were not part of the scope of this research. The focus was entirely on
laying the piece, as this is what the equipment described in the work
proposes to do.

The materials used were:
1. Toothed steel trowel 10mmx10mmx10mm
. Trowel

. Rubber hammer
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. Coating laying machine (YS-H brand model, imported by the
Banggood sales site — acquired by the author of this work)
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. Traction equipment
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. Coating cutting device
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11. Polished Porcelain Tile 120cmx60cm

The execution parameters will follow a basic executive flow, based
on theNBR 13753,* which comprises the following sequence:

1. Laying the ceramic piece to the substrate
2. Verification of the state of compaction of the mortar
3. Laying new pieces to measure adherence

4. Performance of the adhesion resistance determination test

Eight samples were defined for the test, four samples for visualizing
the kneading of the mortar beads still in the fresh state and four for
the adhesion resistance test. Regarding the executive procedure for
laying the pieces, the following order was followed in both the two
checks carried out:

1. Laying the piece using a single layer of mortar and compaction
by percussion with a rubber hammer

2. Placement of the piece using a double layer of mortar and
consolidation by percussion with a rubber hammer

3. Laying the piece using a single layer of mortar and compaction
by mechanical vibration using the equipment

4. Laying the piece using a double layer of mortar and compaction
by mechanical vibration using the equipment

It should be noted that items a and ¢ deviate from the norm, since
they were executed with a single layer of mortar in large format
pieces'. After laying the first four pieces, using a rubber hammer and
also a vibrating machine, a visual check was made of the state of
consolidation of the mortar and a photographic record of each sample
was made.

Once the verification of mortar compaction was finished, the other
four pieces were laid, these destined to be tested to determine the
adherence resistance. After 46 consecutive days from the laying date,
the pullout test was performed by a qualified professional, working in
a specialized laboratory.

Once the experimental phase was concluded, data were collected
from another 82 tests of adhesion resistance in floor coverings,
installed in different works using the traditional method with a rubber
hammer, in order to promote a comparative analysis with the results
obtained by the author.

After all data collection, both those obtained directly via own tests
and data obtained through third-party tests, the results were analyzed
in order to determine the viability of using the machine for laying
ceramic tiles.

"Parts with a surface area greater than 900cm?.

Citation: Ross GD, dos Santos FC. Feasibility of using a vibrating machine for laying ceramic tiles. MOJ Civil Eng. 2023;7(1):8—17.

DOI: 10.15406/mojce.2023.07.00168


https://doi.org/10.15406/mojce.2023.07.00168

Feasibility of using a vibrating machine for laying ceramic tiles

Results

The results of this research were obtained through the stipulated
methodological processes and are presented below.

Kneading of mortar cords

After laying, the four pieces of polished porcelain tile measuring
60x120 cm were lifted to visually verify that the mortar cords had
been crushed. Two pieces laid using the vibrating machine were used,
one with a single layer (Figure 13A) and the other with a double layer
(Figure 13B) and two other pieces laid using the rubber hammer, also
with one piece using a layer mortar layer (Figure 14A) and another
with a double layer (Figure 14B).

Visually analyzing the samples, a higher level of mortar
impregnation was noticed in the pieces applied using the vibrating
machine, and in the pieces laid with only one layer of mortar, the
higher level of kneading of the cords was more evident. The difference
in consolidation in the pieces laid with a double layer was more
subtle, but it was still possible to see greater impregnation in the piece
in Figure 13B.

Figure 13 (A) View of the kneading of the mortar cords of the 60x120 cm
porcelain tiles laid using the vibrating machine with a single layer of mortar
and (B) a double layer.

Figure 14 (A) View of the kneading of the mortar cords of the 60x120 cm
porcelain tiles installed using a rubber hammer with a single layer of mortar
and (B) a double layer.

Adhesion resistance test

Following the verification of the quality of laying by visualizing
the kneading of the mortar cords, another four new pieces were laid,
following the established methodological process.

Preparation of parts and performance of the test: After 46 days
from the laying date, the bond strength test determined by NBR
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13.753 — Annex A* was carried out. The assay was administered by
a specialized laboratory. The values obtained, as well as the form of
rupture, are recorded in Tables 1 and 2, with respective averages of
0.63Mpa and 0.56Mpa in the pieces laid with the vibrating machine
and 0.45Mpa and 0.38Mpa in the pieces laid with rubber mallet. The
form of rupture of each specimen was recorded photographically and
are visualized in Figures 15 and 16.

Figure 15 (A) Specimens extracted from porcelain tiles laid using a vibrating
machine with a single layer of mortar and (B) a double layer.

Figure 16 (A) Specimens extracted from porcelain tiles laid using a rubber
hammer with a single layer of mortar and (B) a double layer.

Table | Results of breaking stresses of specimens settled using the vibrating
machine

Single Layer - Machine Double Layer - Machine

CP  Voltage (Mpa) Break CP Voltage (Mpa) Break
| 0.79 D [ 0.59 W
two  0.74 D two  0.62 D

3 0.63 H 3 0.61 D

4 0.56 D 4 0.59 D

5 0.5 D 5 0.32 D

6 0.6 D 6 0.65 D

Table 2 Results of the rupture tensions of the specimens settled using the
rubber hammer

Single layer - Hammer Double Layer - Hammer

CP  Voltage (Mpa) Break CP  Voltage (Mpa) Break
| 0.43 W | 0.3 A
two  0.49 w two 048 D
3 0.55 W 3 0.28 A
4 0.22 \\% 4 0.36 A
5 0.6 W 5 0.38 A
6 0.41 W 6 0.49 D
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