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Abstract: The objective of this research is to analyze the influence of ceramic coating, simulating the external side, and
plaster with different thicknesses, simulating the internal side of a prototype of solid water-repellent gypsum block
masonry, aiming to improve the thermal performance mainly in the settlement joints of the block. For this purpose, two
specific test methods were used: thermal camera and infrared thermography. The temperature differences between the
internal and external faces were analyzed by means of thermocouples connected in the middle of the prototype and the
mapping of the temperature profile on the surface of the cladding. It was found that the addition of gypsum sheathing plus
ceramic improves the thermal performance of the masonry system, observing that the variation of the thickness of the
gypsum mortar provides a gain in thermal resistance, a reduction in thermal transmittance and an increase in thermal
capacity.
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1. Introduction

In low latitude regions, the presence of high temperatures and humidity causes an increase in the energy consumption
of buildings. According to data from EPE (2016), between 1995 and 2014, electricity consumption in Brazil increased by
95%. According to ABRAVA (2016), building systems contribute to the consumption of approximately 50% of the
electricity used in Brazil, with a significant portion of this percentage coming from systems dedicated to achieving thermal
comfort.

The thermal performance of an environment is related to its thermal load (Cengel, 2007), which is defined as the
amount of heat that must be added to or subtracted from an environment to provide a certain desired condition. Inside a
building, the following factors are considered determinants of heat load: lighting, number of occupants, and equipment
(Souza, 2012). However, in low latitude regions, solar radiation accounts for most of the thermal load inside buildings
(Bezerra and Marinho, 2008). According to Azevedo et al. (2016), the reduction of the thermal load inside buildings, which
comes in greater proportion from the external environment, can be obtained through the application of thermal insulation,
for example, opaque coatings with low thermal conductivity.

The objective of this work is to analyze the thermal behavior of a masonry prototype composed of a solid water-
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repellent gypsum block with two types of coatings: gypsum mortar on the internal side and ceramic for the external side.
The aim is to make a comparison with the parameters obtained by calculation according to NBR 15220-2 (2005) and NBR
15575-4 (2013) standards, in addition to the experimental analysis of the prototype, by means of infrared thermography,
establishing a connection with the values obtained with contact thermocouples.

1.1 The use of gypsum as a thermal insulator

Gypsum has several advantages as a material used for thermal insulation, among them a relatively low cost and a
shorter execution time compared to other materials used as cladding, such as Portland cement. In civil construction, it is
widely used in the form of blocks in the construction of walls and internal partitions (Peres et al., 2001). In 2015, the
Brazilian production of raw gypsum for marketing and processing reached 3.13 Mt, a reduction of 8.5% compared to the
previous year, where the state of Pernambuco is the main producer in Brazil, representing 82.5% of the total produced
(ANM, 2018). According to Neves (2011), there is an increasing use of this material in multi-story buildings in the large
cities of northeastern Brazil and even in the interior, precisely in the states of Pernambuco, Ceara and Sergipe. However,
the estimated consumption of gypsum in Brazil is 7 kg/inhabitant/year, which is low compared to Argentina (20
kg/inhabitant/year), Chile (40 kg/inhabitant/year), Japan (80 kg/inhabitant/year), USA (90 kg/inhabitant/year) and Europe
(80 kg/inhabitant/year) (FINEP, 2010).

Gypsum is widely used in the production of prefabricated blocks, where they have different characteristics depending
on the additive used, being recognized by the color of the block: white - normal, pink - fire resistant (contains fiberglass),
green - water resistant (addition of a silicone polymer). Prefabricated blocks can also be used for acoustic insulation
(perforated structure) and thermal insulation (addition of an expanded polystyrene plate) (Santos, 2008).

Depending on the location and its characteristics, permeable prefabricated gypsum blocks are used exclusively as
internal walls and those with water-repellent characteristics are used in external masonry or in areas with water (Costa and
Inojosa, 2007). The latter are known as water-repellent blocks and provide greater thermal insulation (Sobrinho et al.,
2010), with a thermal conductivity coefficient equivalent to 0.46 W/°C, indicating a material with thermal insulating
properties (Incropera and de Witt, 2003).

Water-repellent gypsum blocks are similar to standard gypsum blocks, except for the addition of a water-repellent
additive in their chemical composition. Water-repellent blocks are pigmented by bluish color and are used in the
construction of internal and external partitions of wet areas and in the first row of dry areas (PBQP-H, 2017; ITEP, 2007).
In Brazil, the water-repellent blocks have a thickness variation of 50, 70 and 100 mm, with a length of 666 mm and a
height of 500 mm, presenting a water absorption capacity < 5.0%, defined by the test method described in item 11.5 of
NBR 16495 (2016). Table 1 characterizes the water-repellent blocks according to normative criteria.

Table 1. Characteristics of water-repellent gypsum block (NBR 16494, 2017)

Characteristics Water-repellent block 70 Water-repellent block 100
Thickness, mm 70 100
Type Massif Massif
Dimensions, mm 666 x 500 666 x 500
Average weight, kg 24 34
Average weight, kg/m? 72 102
Surface hardness-solidity (U.S.C.) >55 >55
Water absorption <5% <5%
Flexural strength, MPa >1.2 >1.5




Regarding gypsum for internal coating, it is mainly constituted of calcium sulfate dihydrate, calcined and reduced to
powder, being able to have additions or additives in some cases (NBR 16494, 2017). Its use as a coating in indoor
environments has several advantages compared to other materials. These advantages include thermal and acoustic
insulation, watertightness, fire insulation, wear resistance, regularization of surfaces and base for decorative finishes
(Carasek, 2008). Gypsum has a low thermal conductivity coefficient compared to other materials, ranging from 0.25 to
0.50 W/(m °C), this is due to the density of the material, which presents large voids in the intercrystalline spaces (Dias and
Cincotto, 1998; Peres et al., 2008).

1.2 Infrared thermography and thermal camera tests

Infrared thermography is a test that measures the radiation emitted by the surface of an object, which is based on the
disturbance of heat flow, generated naturally or artificially (Kylili et al., 2014). This causes deviations in the temperature
distribution of the object's surface, captured by the thermographic equipment, generating a temperature image, known as a
thermogram (Lourengo et al., 2017). The heat flow is responsible for the temperature differences in the thermogram, which
depends on the exposure condition of the studied element (Bauer et al., 2015). Infrared thermography is used in various
engineering areas for equipment and process monitoring, defect detection and thermal performance studies
(Bagavathiappan et al., 2013; Rehman et al., 2016; Lucchi, 2019; O'Grady et al., 2017; Fox et al., 2016).

In the thermal chamber test, temperature is collected through thermocouples placed on the object. In the chamber,
there is a heat source that provides the thermal energy that is detected by the thermocouples (Kylili et al., 2014). All the
walls of a thermal chamber in the heated environment must be lined with insulating material of the necessary thickness to
prevent heat loss to the external environment of the chamber during the test, since the external temperature is always lower
than the heated environment inside the chamber. In order to control the external environment, it is necessary to control the
climate of the environment, aiming to maintain a temperature outside the thermal chamber close to 26°C. Several results
have been obtained in recent researches using thermal chambers in plasterboard masonry (da Silva et al., 2013; Ferreira et
al., 2016).

2. Methodology

To achieve the objective of this study, first, a masonry prototype was made with a solid waterproof gypsum block
called GH 100+, where: GH is the acronym for waterproof gypsum, 100 is the thickness in millimeters and + is the
indication of solids. Subsequently, it was clad with ceramic to simulate the external side and with gypsum of different
thicknesses, 0.5 and 1.0 cm, to simulate the internal side of a masonry. Batista (2019) has already experimentally
developed a similar prototype with water-repellent gypsum blocks.

The hydrophobic gypsum block was used and it is a material that has replaced traditional technologies such as
concrete and ceramic blocks for masonry. This is due to the advantages it offers, such as shorter execution time, design
flexibility, better thermoacoustic performance, comfort, among others (Santana et al., 2019). NBR 16494 (2017) provides
characteristics (Table 1) and guidelines for the use of water-repellent gypsum blocks in vertical masonry.

Considering that, the highest energy consumption occurs in regions with presence of high temperatures and humidity,
Bioclimatic Zone 8 according to NBR 15220-3 (2005), ceramic was used as external cladding. Furthermore, in these
regions, the use of ceramic as external coating is quite common (Costa and Silva, 2001). Regarding the plaster coating,
NBR 13867 (1997) does not recommend a specific thickness; however, several authors recommend different thicknesses in
the range of 0.1 to 1.0 cm, values that depend on the work to be performed (Rocha et al., 2004; Yazigi, 2006; Maeda and
Souza, 2003). In this sense, it was decided to analyze two thicknesses of gypsum, 0.5 and 1.0 cm. For the study of its

thermal behavior, it was placed in a thermal chamber for heating and a thermographic camera was used to verify the
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temperature distribution along the prototype. Finally, the thermal parameters were calculated according to NBR 15220-2
(2005).

2.1 Prototyping

First, it was necessary to prepare the 100 mm thick solid gypsum block (GH 100+), where the cutting regions were
demarcated, as shown in Figure 1a, for the production of a 42 x 42 cm? vertical masonry prototype. Three blocks were cut,
two of 21 x 21 cm? and one of 42 x 21 ecm?. The cuts were made to leave male-female ends, allowing the pieces to be glued
with glue plaster (Figure 1b). According to Souza (2009), the gypsum glue has a tensile strength superior to the block,
providing excellent adhesion and perfect bonding of the parts.

Figure 1. Prototype GH 100+, a) marking of the cuts for the prototype and b) assembly of the 42 x 42 ¢cm? prototype,
highlighting the joint with the red arrow.

2.2 Execution of the coating

The second stage of the research development consisted of the application of two coatings: 10 x 10 cm? ceramic
plates (simulating the exterior) and 2-layer gypsum (simulating the interior), each 0.5 cm thick. For the ceramic tiling,
Weber (2018) recommends the use of adhesives or other glues that do not contain Portland cement for the placement of the
ceramic slabs on the gypsum block. In this research, gypsum glue was used in the ratio of 1 kg/700 ml of water, as
recommended by the manufacturer. After 7 days of placement, the grout was applied and waited more than 15 days to

avoid the appearance of cracks during the heating of the system (Figure 2a).

Figure 2. Prototype of the masonry: a) ceramic coating, b) plaster coating and c) vertical cut of the prototype.

The gypsum coating was applied in two layers to achieve thicknesses of 0.5 and 1.0 cm (Figure 2b). After the
execution of the first layer, a period of 7 days was waited to verify the thermal behavior of the prototype. Then the second
layer was applied and another 7 days were waited for the second verification. Figure 2¢ shows the positioning of the two

coatings, with the ceramic tile on the right and the plaster on the left. In the middle is the GH 100+ masonry.
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2.3 Thermal chamber test

For the thermal behavior verification test, a thermal chamber with dimensions of 43 x 40 x 43 cm?® was used (Figure
3). The heat source was a 250 W lamp located in the central region of the interior, 11.5 cm from the test element. For data
collection purposes (temperature), two thermocouples were applied to the inside (hot side) and outside (cold side) of the
chamber. The control measure imposed was the thermal regulation of the external environment, making it possible to

simulate a colder climate, around 26°C.

Figure 3. Thermal camera with lamp, highlighting with arrows the heat source and thermocouple.

According to Silva et al. (2012), to obtain more representative data, the location of the thermocouple should be in the
center of the object under study, where it receives a higher concentration of heat from the thermal source. For this research,
it was chosen to place the thermocouples in the center of the prototype, one on the side exposed to heat (hot side) and the
other on the opposite side (cold side), fixed by metal straps. To measure the heating temperature, the thermocouples were
connected to a four-channel digital thermometer MT-1044 - MINIPA® programmed to record values at one-minute
intervals. The test had a duration of 6 hours.

Figure 4a indicates the direction of the heat flow acting on the hot side, composed of the ceramic lining, and on the
cold side, composed of the gypsum lining, following a model similar to that of da Silva et al. (2013). The masonry
prototype and verification of the performance of the masonry system similar to Ferreira et al. (2016) were used. Figure 4b
shows the prototype after the application of the coatings and ready for testing. It is possible to identify the location of the

thermocouples in the center of the prototype.
a)  Fuente de calor b)

Lado caliente

Figure 4. Schematic model of the prototype: a) indication of the heat source and b) location of the thermocouples.
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To facilitate the understanding of the analysis, the nomenclature was adopted according to the order of the test:
Case 1: uncoated prototype (Figure 5a);
Case 2: prototype with ceramic coating on the hot side and 0.5 cm of gypsum coating on the cold side (Figure 5b);

Case 3: prototype with ceramic coating on the hot side and 1.0 cm of gypsum coating on the cold side (Figure 5c).

Pared Lisa Con 0.5 cm de yeso y cerdmica
CH3
CH2
CH1 CH2 \
N
@ CH 1 CH4
Caso 1 (a) Caso 2 (b)

Con 1.0 cm de yeso y ceriamica

\\ CH?2
e N

CH4
Caso 3 (¢)

Figure 5. Order of tests, position of thermocouples and indication of the location of the heat source for: a) Case 1, b) Case
2 and c¢) Case 3.

As for the thermocouples, CH 1 and CH 3 were located on the cold side, while CH 2 and CH 4 thermocouples were
located on the hot side (Figure 5). The general nomenclature is detailed in Table 2.

Table 2. Summary of thermocouple positions

Cases Thermocouple used Meaning

CH1 Cold side

: CH2 Hot side
CH 1 Cold side (over plaster lining)

5 CH2 Hot side (on the ceramic coating)
CH3 Cold side (between gypsum sheathing and GH 100+ block)
CH 4 Hot side (between the ceramic lining and the GH 100+ block)
CH1 Cold side (over plaster lining)
CH2 Hot side (on the ceramic coating)

: CH3 Cold side (between gypsum sheathing and GH 100+ block)
CH 4 Hot side (between the ceramic lining and the GH 100+ block)

2.4 Temperature along the prototype using infrared thermography
Heating of the prototype was accompanied with a thermographic camera at one-hour intervals. During heating,
thermograms were taken only from the outside of the thermal chamber (cold side). The cooling process was recorded after

removing the prototype from the thermal chamber, where thermograms were generated at 30-min intervals. For this




purpose, a FLIR thermographic camera, model E60, was used. The thermograms obtained were processed by assigning a
color to each temperature (Usamentiaga et al., 2014). Careful selection of the emissivity value was necessary to simplify
the interpretation of the thermal image (Barreira et al., 2017). According to Incropera and de Witt (2003), the emissivity
value varies according to the type of material, and there are several possible test methods, such as the black tape method
(Lourenco et al., 2017). For this research, the emissivity values obtained for plaster and ceramic tiles were 0.95 and 0.87,
respectively. Through these values, the thermal images were adjusted using FLIR TOOLS® software, where the range
from 23°C (lowest temperature) to 39°C (highest temperature) was used to improve the difference between the
thermograms taken.

2.5 Calculation of thermal parameters

To calculate the thermal parameters of the masonry system, the method presented in NBR 15220-2 (2005) was used,
where most of the input data were obtained: thermal conductivity, specific heat and bulk density of the materials used. The
bulk density of the materials was determined in the laboratory using samples taken from the available stock. Table 3 shows
the values obtained.

Table 3. Data on materials used

Material Thermal conductivity, W/(mK) Specific heat, kJ/(kgK) Bulk density, kg/m3
GH 100+ plate 0.35 0.84 1084
Ceramics 1.05 0.92 3000
Board 1.15 1.00 1980
Plaster coating 0.70 0.84 1100

3. Analysis of Results

3.1 Temperature of the prototype during the test in the thermal chamber

From the results presented in Table 4, it is evident that, on the cold side of the prototype, up to a period of one hour, it
did not present significant changes in relation to temperature. Case 3 CH 3 presented a variation of 1.4°C in this interval.
However, after 2 hours, there was a growth of the same amount. Case 1 showed the highest temperature variation, around
9.5°C in the 6-hour period of the test, while Cases 2 and 3 presented a reduction of 7°C (22%) and 6.5°C (28%) in
comparison with Case 1. When comparing the CH 3 thermocouple in Cases 2 and 3, a reduction of 1.0°C and 0.5°C,
respectively, was observed in relation to the CH 1 thermocouple of Case 1. Cases 2 and 3 showed a difference of 0.5°C
relative to the CH 3 thermocouple, probably due to the climate-controlled conditions of the environment, which caused this
difference in the cold-side temperature variation during the heating test.

Table 4. Temperature variation at each hour in relation to the heating of the cold side of the prototype

Temperature, °C
Time hh:mm Case 1 Case 2 Case 2 Case 3 Case 3
CH1 CH1 CH3 CH1 CH3
00:00 26.3 26.8 27.3 25.8 25.7
01:00 27.0 26.9 27.4 26.7 27.1
02:00 29.9 28.5 29.3 27.8 28.6
03:00 31.8 30.3 31.4 29.4 30.6
04:00 334 31.6 33.0 30.7 323
05:00 34.6 32.7 343 31.7 33.7




Temperature, °C
Time hh:mm Case 1 Case 2 Case 2 Case 3 Case 3
CH1 CH1 CH3 CH1 CH3
06:00 35.8 338 35.8 323 34.7
Variation 9.5 7.0 8.5 6.5 9.0

Figure 6 shows the evolution of the heating of the cold side, where it is possible to observe the variation in the
behavior of the prototype according to the presence of the coatings. In the first hour, the temperature did not vary much,
but after this period, there is a growth of the same. It was observed that after completing 6 hrs of the test, the average
temperature on the cold side reached the maximum value. Case 1 showed the highest temperature growth in the region near
the block joint, considering that this region is a critical point for thermal comfort (Pogas, 2008). In Cases 2, CH 1 and 3 CH
1, an improvement can be perceived, according to the behavior shown in Figure 6, indicating a reduction of approximately

2°C after 6 hrs compared to Case 1. Compared to Case 1 Chl, Cases 2 Ch3 and Case 3 Ch3 exhibit similar behavior.
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Figure 6. Temperature variation in cold side heating.

The temperature variation on the cold side can be explained by the heat transfer in the system. On the external
(ceramic) side, there is heating by convection with the air and radiation by the 250 W lamp. Part of the radiation is
reflected and part is absorbed; the transmission is zero, since the analyzed prototype is an opaque body. The absorbed
radiation is conducted through the prototype through heating, as shown in Figure 6. The heating takes a period of about one
hour to influence the temperature of the cold side. In Case 1, the heat transfer is direct. However, the presence of ceramic
(Cases 2 and 3) interrupts the direct heat transfer, since the ceramic has different thermal conductivity (Table 3) and, for the
same time and thermal load, the temperatures are lower (CH 3) than Case 1 (CH 1), Figure 6 and Table 4. And for the
gypsum lining, the heat transfer by conduction is limited by each layer of gypsum added, so the surface temperature of

Case 3 (CH 1) is lower than Case 2 (CH 2).




Table 5 shows the cooling behavior of the prototype on the cold side. It is worth noting that, after turning off the heat

source, it took about 30 minutes to reduce the temperature. At around 2 hrs, according to the CH 1 thermocouple, Case 1

suffered a heat loss of 3°C, and for Case 2, there was a reduction of 1.2°C. In Case 3, there was a reduction of 1.1°C. These

results indicate that there was a 60% reduction in heat loss for Case 2 and 63% for Case 3, which represents a considerable

gain in comfort. It should also be noted that for thermocouple CH 3, the reduction was 1.6°C in both cases.

Table 5. Half-hourly temperature variation in relation to the cooling of the cold side of the prototype

Temperature, °C
Time hh:mm Case 1 Case 2 Case 2 Case 3 Case 3
CH 1 CH 1 CH 3 CH 1 CH3
00:00 35.9 33.9 35.7 323 34.8
00:30 36.7 344 36.1 32.3 35.0
01:00 359 344 36.2 32.7 34.9
01:30 34.7 33.6 35.0 32.0 34.0
02:00 329 32.7 34.1 31.2 332
Variation -3.0 -1.2 -1.6 -1.1 -1.6

Once the heat source is turned off, the heat transfer process continues for approximately 30 min (Figure 7). It is

observed that the cooling behavior for the analyzed cases was similar, noting that Case 1 lost heat faster, stabilizing around

32°C, while for Cases 2 and 3, upon analyzing the CH 1 thermocouple, it is observed that the heat loss is small, especially

for Case 3, which is probably due to the presence of a 1 cm thick gypsum cover.
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Figure 7. Cooling of the cold side of the prototype in relation to analysis time.

This behavior is due to the thermal equilibrium with the environment by the convection mechanism. The external

surface heated by the 250 W lamp emits radiation heating the environment of the thermal box, which prevents the

temperature from dropping rapidly. The heat is maintained for a period of 30 minutes. On the cold side, the behavior is

different between Case 1 and Cases 2 and 3. In Case 1 CH 1, the variation is higher, this is due to the fact that the prototype
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only consists of the GH 100+ block, therefore, the thermal equilibrium by convection with the environment takes place
faster; indicating higher thermal diffusivity (temperature variation speed) than the other systems, since the GH 100+ block
has higher thermal conductivity and lower specific heat (Table 3). In Cases 2 and 3 for CH 1, the variation is similar. This
similarity is due to the same coating material. The convective thermal equilibrium with the environment is similar in time.
For CH 3 of Cases 2 and 3, the variation is the same, since the heat transfer by conduction on the hot side is the same,
involving the GH 100+ block and ceramic material.

3.2 Temperature of the prototype by infrared thermography

Thermogram analysis shows the heating process during the 6-hour test interval for the cold side (Figures 8, 9 and 10).
The thermal scale was adjusted between 23 and 39°C to allow comparison between tests. For Case 1, it was possible to
note that in the first hour, there was a significant variation in hue, intensified by heat transfer, being that the lighter the
color, the higher the temperature. The heat distribution was from the central region to the edges (Figures 8a and 8b). After
2 hrs (Figure 8c), light colors are observed at the edges, more intense at the top, in the direction of the settlement of the
block, which probably indicates the direct influence on the heat distribution at this point. Consequently, with the passage of
time, there was an expansion of this region accentuating in a round shape, concentrating much of the energy transferred
from the heat source to the central part (Figures 8d, 8e and 8f). At the end of the 6 hrs of heating, it is worth noting that the
heat distribution tends to occupy the regions of the settlement joint, moving from the center to the left and right edges of
the middle upwards (Figure 8g), indicating a possible critical region for the thermal comfort of masonry in solid
waterproof plaster.

Inicio lh 2h 3h

(a) (b) (€) (@

23,0

(¢) (® (2

Figure 8. Thermograms of cold side heating, Case 1, for times in hours: a) 0, b) 1, ¢) 2,d) 3, ¢) 4, f) Sand g) 6.

The thermograms of Case 2 had a lower intensity of the tone, lighter compared to Case 1. It is observed that the
prototype started to change the tone in the central region from 2 hrs after the start of the test, unlike Case 1 (Figures 9a, 9b
and 9c). After this period, a slight variation of the shade and uniformity of the light shade distribution of the surface can be
observed, indicating a possible improvement in the distribution of heat transferred from the hot source and that the gypsum
coating is a possible correction for the problem presented in Case 1, indicating an improvement in the thermal performance
of the prototype. Comparing the final interval at 6 hrs of testing (Figures 8g and 9g), it is observed that less heat has passed
through.
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Figure 9. Thermograms of cold side heating, Case 2, for times in hours: a) 0, b) 1, ¢) 2,d) 3, ¢) 4, f) Sand g) 6.

With respect to Case 3, a reduction in hue was observed compared to Case 2. The prototype began to show a color
change in the central region 2 hrs after the start of the test, indicating an improvement with respect to Case 1 (Figures 10a,
10b and 10c¢). After this period (Figure 10d), it is observed that the heat distribution on the surface is more uniform and less
intense than that of Case 2, indicating that the increase in the thickness of the coating contributes to improve the thermal
performance of the masonry by increasing the thermal resistance (Table 6). When comparing the final interval for Cases 1,
2 and 3 after 6 hrs of testing (Figures 8g, 9g and 10g), it was observed that, with the same thermal load and exposure

interval, the prototype that presented better performance was Case 3.

Inicio 1h 2h 3h

(@) (b) (©) (d)
4h 5h 6h

23,0
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Figure 10. Thermograms of cold side heating, Case 3, for times in hours: a) 0, b) 1,¢) 2, d) 3,¢) 4, f) 5, and g) 6.

As can be seen in the three cases presented, the highest temperatures are in the central part of the prototype, indicating
that the heating is mainly due to the radiation absorbed by the 250 W lamp rather than to convection with the air inside the
prototype. Although it is also observed, in later hours, that the upper part of the prototype presents higher temperature than
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the lower part, this is due to heat transfer by convection, since the hot fluids (air) move upwards, due to the increase in
volume (lower density). From the thermograms presented, the heating in the prototype can be qualitatively appreciated,
verifying the thermal diffusivity of each system. As explained in the previous subheading, the highest thermal diffusivity
corresponds to Case 1 and the lowest to Case 3.

3.3 Analysis of the calculation of thermal parameters

Table 6 shows the values obtained for the thermal parameters, according to NBR 15220-2 (2005), for the prototype
with the different cladding configurations (Cases 1, 2 and 3).

Table 6. Total thermal resistance, thermal transmittance, thermal capacity and thermal delay for the cases studied

Cases Total ther1121a1 resistance, | Thermal tranzsmittance, Heat capzacity, Tl s, fnou
m°K/W W/(m?*K) kJ/(m*K)

Case 1 0.46 2.19 91.06 3.72

Case 2 0.47 2.14 108.78 3.75

Case 3 0.48 2.11 113.82 3.79

According to NBR 15220-2 (2005), the higher the thermal resistance, the better the thermal performance of the
system. For the cases with the addition of coating, a gain in thermal resistance over the prototype without the presence of
coating can be observed. Case 2 presented the value of 0.47 m?>K/W, which corresponds to an increase of 2.41% compared
to Case 1, and Case 3 presented the value of 0.48 m?K/W, which is equivalent to a gain of 4.17% over Case 1, i.e., the
prototype with greater coating thickness resists thermal flow better.

With respect to thermal transmittance, the lower the value of this parameter, the better the thermal performance of the
component, since the heat flow through it will be lower. Case 2 presents a value of 2.14 W/(m’K), which represents a
reduction of 2.41% compared to Case 1, and 2.11 W/(m?K) for Case 3, equivalent to a reduction of 4.17%, with the latter
presenting better thermal performance. The transmittance values are below 2.5 W/(m?K) presenting performance in relation
to the external walls according to item 11.2.1 of NBR 15575-4 (2013).

The thermal capacity represents the amount of heat required to vary by 1°C in a given system. It can be noted that
Case 2 obtained a value of 108.78 kJ/(m?K), which represents an increase of 19.4% compared to Case 1, and Case 3
obtained a value of 113.82 kJ/(m2K), which represents a gain of 25% compared to Case 1. The values presented for thermal
capacity are below 130 kJ/(m?K), not complying with criterion 11.2.2 of NBR 15575-4 (2013).

According to NBR 15220-2 (2015), the thermal lag represents the time required for the thermal action of a medium to
manifest itself on the opposite surface, subjected to a periodic heat transfer regime. It was observed that the uncoated
prototype (Case 1) had a value of 3.72 hrs, higher than the addition of coatings, which was 3.65 hrs for Case 2, and 3.69
hrs for Case 3. NBR 15220-2 (2005) points out that, in the case of a component formed by different materials
superimposed in n layers parallel to the faces (perpendicular to the heat flow), the thermal lag varies according to the order
of the layers, which may justify this variation in the thermal lag values with the addition of coatings.

In the present study, the results are limited to one test. It is necessary to perform more tests considering other variables
such as repeatability of the data, intermediate thicknesses of gypsum sheathing, different heating sources, among others, in
order to be certain of the influence of the sheathing on the thermal behavior of gypsum block masonry; however, the results
presented give an idea of the behavior of this, which can serve as a basis for future research.

4. Conclusions

When analyzing the results obtained with the thermal chamber, it was verified that there was a gain in the thermal

behavior of the prototype with the presence of the coatings, indicating the reduction of the thermal load transferred and the
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consequent gain in thermal comfort. This gain was greater when the thickness of the gypsum sheathing was increased. The
influence occurred in both the heating and cooling processes. Additionally, it could be observed that the temperature
variation in heating was greater than in cooling due to the elimination of the heat source. The same result was verified
when analyzing the thermograms. There was a gain in thermal behavior in relation to the cold side due to the presence of
the gypsum coatings.

Regarding the calculations of the thermal parameters, the thermal capacity of the prototype increased by 25% with the
application of 1.0 cm of gypsum coating with ceramic compared to the same without coating.

From the results obtained, it can be deduced that solid water-repellent gypsum masonry significantly improves the
thermal performance when a gypsum or ceramic coating is applied. However, further research is needed to generalize the
conclusions and to ensure the accuracy of the thermal performance of water-repellent gypsum.
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