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Abstract

It was presented the mechanical-thermo-acoustic characterization of a block-making composite for use in
civil construction, with cement, marble and/or granite, plaster, EPS, sand, obtained in order to reduce the
cost of building a residence, contributing to the reduction of the housing deficit and to removing harmful
and immeasurable waste from the environment. The blocks made from the composite material obtained
had as main characteristics the low cost, good compressive strength, low thermal conductivity, good
acoustic resistance, good aesthetics, versatility, easy manufacturing and assembly processes and fast
curing process. The work brings a combined study of the mechanical, thermal and acoustic resistances
of the composite designed with the marble and marble/granite residues. It is emphasized that, besides
the characterization of the conceived and produced composite, rooms were built, which demonstrated
the mechanical viability of the proposed material and the thermal and acoustic resistance tests were
performed in prototypes instead of the study restricted to the models. Blocks were manufactured with
filling of 500 ml empty PETS bottles. Using the blocks with an area of around 0.2m?, four rooms were
built with an area of 7.8m? each. The study determined which is the most viable block in relation to the
combination of mechanical, thermal and acoustic resistances.

Introduction

The use of waste, especially those generated massively by industrial processes, represents
avery importantaspect in the study of composite materials. Composite materials are essential
for changing the energy paradigms that can drive the transformations of collective thinking
within the capitalist system, as they can produce new materials capable of significantly
increasing the efficiency of renewable energy sources. In this context, it is understood that
composite materials will play a fundamental role in the search for this paradigm break of
thinking only in the most economically viable, for having a long-obtained technological
domain. With the optimization and discovery of new materials it will be possible to evolve
technologically and imagine a world less harmful to its population. Today it is impossible
to imagine this reality in the short term, but only materials can lead to this technological
transformation by the evolution of energy exchange efficiency in technological processes.
In another aspect, natural and synthetic fibers have deserved prominence in obtaining new
materials, with properties suitable for each purpose, such as fillers. Although industrial waste
does not provide composites with structural reinforcement, the removal of the environment
has a significant benefit to the sustainability of the earth. Removing from the environment
what can bring harm is a very important contribution that researchers worldwide have made
to minimize the harmful effects that such waste can cause.

Mining and beneficiation of ornamental rocks (marble, granite, quartz, slate and others)
produce, at all stages of the process, (mining, beneficiation and finishing) a significant amount
of solid waste, with an average material loss of 65 to 75% [1,2]. Besides representing losses
in production, this significant amount of waste will affect the environment and productivity.
In micro and small companies this waste is usually disposed of in the quarries themselves,
causing great environmental and aesthetic impact. Brazilian exports of ornamental stones
totaled US $144.69 million and 305,182.14 tons in the first two months of 2016. The average
price of exported products fell by 13.68%, from US $549.2 / tin 2015 to US $474.1 / tin 2016.
The most significant export increase was recorded for marble slabs [3].
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The amount of waste that the ornamental stone industry
produces is around 1,610,000 tons per year. The use of this waste
for the production of building blocks is a way to reduce the negative
environmental impacts caused by its inadequate disposal in the
environment, and also to reduce the consumption of natural
resources [4,5]. The tailings are discarded in settling ponds and
landfills and are formed by materials of high fineness from the
process of cutting, polishing and polishing pieces, made from
marble and granite slabs [6,7]. The use of waste as fillers in civil
construction has been widely sought as a way to lower the cost of
building elements. Another strand in evidence is the combination
of mechanical, thermal and acoustic properties, in obtaining
constructive materials that promote thermal and acoustic comforts,
as well as adequate mechanical resistance. Examples of this search
are some recent studies developed and shown in the literature,
shown below.

Yang W & Jun Moon H [8] investigated the influence of
multisensory interaction in the acoustic, thermal, visual and
internal environmental comforts with three internal environmental
physical factors, acoustic, thermal and lighting conditions in an
environmentally controlled laboratory. They concluded that the
impact of acoustics on indoor environmental comfort was the
highest among the three factors [8]. Echeverria CA et al. [9] studied
the sound absorption in a series of 21 isotropic Hybrid Fiber
Reinforced Composite (HFRC) prototypes, using the impedance
tube method. The experimental results indicated low absorption
coefficient at mid-frequencies (500Hz-2.5kHz) and a higher
absorption (2.5-6.4kHz) coefficient at higher frequency ranges
[9]. Ricciard P & Buratti C [10] investigated thermal, acoustical,
and visual conditions in seven classrooms at the University of
Pavia, Italy. Measurements of the main descriptors of thermal,
acoustical, and visual comfort were carried out and new specific
questionnaires were purposely developed, in order to investigate
the students’ perception on acoustic and lighting comfort. The
analysis of the lighting questionnaire showed that the average
measured illuminance value has a high correlation with the
perceived visual comfort [10].

Lemeurs D et al. [11] presented experimental and modelling
study provides a general overview of the acoustical performance
of hemp-lime and hemp-clay for building thermal insulation. They
proposed a classification in terms of density to be used as a general
guideline to evaluate or optimize the acoustical performances
of hemp-based concrete [11]. Buratti C et al. [12] evaluated the
thermal, acoustic and environmental performance of recycled
waste panels consisting of rice husk (RH) produced by gluing and
pressing the raw material. Thermal resistance of RH was equal to
0.59m?K/W, in the same order of magnitude of many traditional
systems. Sound absorption coefficients were measured by means
of the impedance tube. All the panels present acoustic absorption
comparable with traditional ones (peak values 0.87-0.99). Karmann
C et al. [13] demonstrated that there is little knowledge from
occupied buildings of the impact of radiant heating and cooling
systems on indoor environmental quality aspects such as thermal
comfort, indoor air quality, and acoustics. They were present

the survey results of 1645 occupants in buildings with radiant
systems. They concluded that radiant and all-air spaces have equal
indoor environmental quality with a tendency towards improved
temperature satisfaction in radiant buildings [13]. Pedroso M et al.
[14] presented results for materials used currently and alternative
materials available in the construction market to control noise in
buildings. The characterization at the level of embodied energy,
acoustic behavior and costs of these materials was presented.
They concluded that there are alternative materials that, from the
acoustic behavior, embodied energy and costs points of view, are
perfectly viable to replace the currently used products [14].

Kang ] et al. [15] pointed out that Soundscape research
represents a paradigm shift from noise control policies towards
a new multidisciplinary approach as it involves not only physical
measurements but also the cooperation of humanity and social
sciences to account for the diversity of soundscapes across countries
and cultures. The ten questions presented range from the very
basic definitions underlying the emerging soundscape science. The
last question aimed to identify the most crucial gaps in soundscape
research and set the agenda for future advancements in the field.
Morales L et al. [16] described the acoustic aspects of the main
cathedrals of Andalusia. The monumental size of these buildings
and the characteristics of the materials used in their construction
render cathedrals highly reverberant spaces. They concluded that
both the distribution of the early reflected energy, and the acoustic
characteristic of reverberation, spaciousness, strength, and clarity
set for favorable transmission of spoken or sung messages and
music, exhibit a remarkable dependence on sound-source location
and its areas of influence.

Reixach R et al. [17] investigated the acoustic properties of
natural fiber reinforced composites. Fibers from orange tree
pruning were obtained and subject to different treatments in
order to obtain mechanical,
thermomechanical pulps. These pulps were used as reinforcement
for a polypropylene matrix. The obtained composite materials were
submitted to acoustical tests in an impedance tubes device. They
compared their results with those obtained using other methods
most usual lightweight soundproof solutions. This work presents
the mechanical-thermo-acoustic characterization of a composite
made of cement, marble and / or granite residue, plaster, EPS,
sand, obtained in order to reduce the cost of building a residence

thermomechanical and chemi-

and, thus, contribute with existing efforts to reduce the housing
deficit and contribute to the removal of harmful and immeasurable
waste from the environment [18,19]. The blocks made of the
composite obtained had the main characteristics: low cost, good
compressive strength, low thermal conductivity, good acoustic
resistance, good aesthetics, versatility and easy manufacturing
and assembly processes. Another great advantage of the composite
produced was its fast curing process allowing considerable agility
of the construction process. Also noteworthy is the good finish
of the block produced, thus reducing the cost of labor due to the
lack of finishing. The composite obtained can also be used for the
construction of homes through the on-site launching technique.
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The work brings a combined study of the mechanical, thermal
and acoustic resistances of the composite designed with the marble
and marble/granite residues. The works found in the literature of
composite materials aimed at the manufacture of blocks generally
only bring mechanical characterization. It is emphasized that,
besides the characterization of the conceived and produced
composite, rooms were built, which demonstrated the mechanical
viability of the proposed material and the thermal and acoustic
resistance tests were performed in prototypes instead of the study
restricted to the models. Relevant literature presents. Blocks were
filled with filling of 500ml empty PETS bottles. With the blocks with
an area of around 0.2m?, four rooms were built that constituted a
house, with an area of 7.8m? each. The study determined which is
the most viable block in relation to the combination of mechanical,
thermal and acoustic resistances. Preliminary tests were performed
to determine the most suitable composite formulation. To reach the
construction phase of the blocks, the following steps were taken:
waste collection, transportation to the place of manufacture of the
blocks, preparation of the molds, cleaning of the mold parts. Then

each constituent material was separated, and then each element
was mixed to prepare the composite, which was poured into the
mold.

The proposed composite was obtained using variations of
cement proportions, marble residue powder / granite residue
powder, plaster, EPS and sand. Water was added at approximately
50% of the dry volume for the mixing and homogenization of the
composite. The amount of each mixed constituent was measured
by volume for ease of operation. Type CP II cement containing 35
to 70% blast furnace slag and quick plaster was used. Styrofoam
pieces collected from appliance stores were used. The marble and
granite residues were collected in marbles, mixed with water to
form a pulp. They were generated after the pieces of granite and
marble were polished and cut in aqueous medium, moving a dense

mud that after drying was called marble/granite powder mud. Once
manufactured, the blocks were transported to the building site.
Figure 1 shows some of the steps of the manufacturing process of
blocks types 1 and 2, with the dimensions: 0.80m x 0.28m x 0.10m
[18,19].

Figure 1: Stages of the manufacturing process for Type 1 void blocks and Pets 2 type bottle fillers.

Among the formulations that used the tested residues, RM /
RMG, the one with the highest resistance was 1C + 1G + 1RM + 2A
with a favorable value for both masonries, sealing and structural,
above 3.5MPa. The formulations with the introduction of industrial
residues presented mechanical strength also compatible with the
requirements of the relevant standard for both types of masonry,
between 3.5 and 4.5MPa. As one of the objectives of the work
was the search for a material that would allow the manufacture
of blocks with adequate mechanical and thermal resistances,
the formulation 1C + 1 G +1 ISO + 1RM + 2A was chosen for the
composite production and subsequent fabrication of the blocks.

blocks for future building of the rooms. Four rooms were built:
room 1-type 1 blocks and residues of crushed marble and styro-
foam; room 2-eight hole bricks; room 3-type 2 blocks with marble/
granite dust and crushed styro-foam residues; room 4-blocks type
1 and crushed marble/granite and styro-foam dust residues. Figure
2 shows the four rooms built. All rooms had an internal area of
7.8m? (3.00m x 2.60m) and the height of the walls ranged from 2.20
m west side and 2.40m east side. Due to the ease of transport and
lower cost, asbestos-free fiber-cement roof tiles were chosen as
cover.
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Figure 2: The four rooms under construction and after construction.

Thermal tests

One of the aspects of the work concerns the possibility of
verifying the thermal resistance behavior of the built block. To
confirm this possibility, thermal tests were performed to determine
the thermal conductivity, thermal diffusivity and heat capacity of

the composite produced [18]. Thermal parameters were measured
using Quick-line 30 (Anter Thermal Properties Corp.) equipment
which measures thermal properties based on the analysis of the
material’s thermal response to excitation through a thermal flow.
Figure 3 shows the equipment, the sensor and one of the samples
used in the composite thermal test.
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Figure 3: Quick-line 30 equipment used in composite thermal testing.

Thermal comfort test

Measurements were made with open and closed doors and
windows. There was no movement of people beyond the meters
themselves and no appliances capable of producing heatinside. Data
collection was performed on days with good solarimetric conditions
[18,20-25]. Type K thermocouples were fixed in the central region
of the housing unit 1.5 meters above the floor. The cromel-alumel
thermocouples were connected to a digital thermometer to measure
the temperature of the indoor environment. Data acquisition on
the walls was performed manually by means of a manual reading
infrared thermometer positioned on the wall at a distance of
0.1m. Temperatures were measured from 08:00 to 14:00. The
temperatures of the inside and outside surfaces of the tile were
measured with an infrared thermometer also every thirty minutes.
They were measured at three points on both surfaces. A thermal
stress meter recorded the following meteorological parameters,
between eight and fourteen hours, every half hour: indoor air
temperature, wind speed, wet and dry bulb temperatures. relative
air. Global solar radiation was measured with an Instrutherm
radiometer every five minutes.

Acoustic test

The instrument used to generate the beep was a function
generator. To transmit the sound, four speakers and Leadership
sub-wolf speakers were coupled to the equipment to direct
the sound to the wall. The instrument used for sound pressure
measurements was a LT Lutron decibel meter, model SL-4012
[18,23,26-28]. The equipment had the ability to measure the
equivalent sound pressure level (Leq) as per IEC 60804, and
parallel measurements of Lp, Lpk (time weighted): Start / Stop, 30-
140db in a single range. It had real-time octave (1/1) band filter
(16Hz-16Hz)-average, minimum, maximum and real-time octave
(1/3) band filter (12.5Hz-20Hz)-average, minimum, maximum. The
sound pressure levels of the measurement points were determined
according to the weighting of the C scale, expressed in dB, according
to the adopted technical standard. Meter slow response indication
was used. Sound was emitted from the inner wall, and attenuation
or enlargement was measured at the outer wall. Measurements
for acoustic performance evaluation occurred in the period from
8:00 to 16:00. The decibel meter was located 0.50m from the floor,
leaning against the wall in all rooms. Figure 4 shows the equipment
used in the acoustic test.

Figure 4: Acoustic test of composite blocks. a) equipment directing the measurement point, b) measurement

performance c) Equipment used in the acoustic test.
Results and Discussion
The average thermal conductivity of the marble powder

composite has increased by 32.3% over marble/granite, the thermal
diffusivity by 11.6% and the volumetric thermal capacity by 16%

(Table 1). For the volumetric thermal capacity and diffusivity, the
marble/granite residues presented better results. Regarding the
comparison between the most commonly used building materials,
8-hole bricks and concrete blocks, the thermal conductivity of the
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composite in the chosen formulation was much lower, being 62%
lower for marble/granite waste and 80% lower than concrete
blocks, which demonstrated the feasibility of producing a higher
thermal comfort of the composite blocks, as they provide a higher
thermal resistance. The thermal conductivity of the composites with
marble dustand marble dust/granite residues through the averages
of values found came very close to the expressed conductivity of the
gypsum plates and inferior to the bricks, proving that they behaved
as materials with greater insulation.

Table 1: Presents the average thermal test results for
marble/granite and marble residue composites.

K C D
TYPE
(Wm/K) (MJ/m’K) (mm?/s)
(M/G)PR 0.34 1.37 0.25
MPR 0.45 1.53 0.29

After proving that the composite material produced had a much
lower thermal conductivity than the conventional construction
materials, concrete block and eight-hole brick, it was started to
perform tests aiming to prove that the blocks would provide greater
thermal comfort in their design. inside. For this diagnosis, the
external and internal temperatures of the walls and the temperature
of the internal environment of each room were measured. For a
comparative analysis it was essential that all rooms were subject
to the same environmental and solarimetric conditions. It was
intended to demonstrate that the rooms built with blocks made of
composite material provided greater thermal comfort. However, it
was noticed that the temperatures of the outer surfaces of the room
built with conventional eight-hole bricks were always higher than
those of alternative rooms. This was due to a higher absorption of
solar radiation as a function of the color and material of the wall,
which was towed.

However, it was noticed that the temperatures of the internal
walls of the conventional room were always higher than those
of the room walls with alternative blocks, but due to the greater
absorption of the plastered wall, the comparative analysis was
compromised. However, the comparative analysis between the
alternative rooms can be done, and since the conductivity of the
composite material was much lower, it was understood that the
thermal comfort provided by the blocks that built the rooms was
higher. Another fundamental parameter for the comfort analysis
would be the thermal sensation inside the rooms. As we had no
equipment to determine this parameter, a thermal sensation test
was performed by calculating the effective temperature. Another
alternative check was to enter the rooms and spend a few minutes
under your comfortable conditions. Then one went to another
and the procedure was repeated. Thus, it was perceived and
determined which room was most comfortable. It is noteworthy
that the conditions for thermal comfort are various and that this
theme would be the object of further study. It would require a data
acquisition system capable of holding and storing multiple points
at the same time for a real analysis of the comparative behavior
between the conventional and alternative materials used.

However, it is understood that the results obtained constitute
a preliminary indication to diagnose thermal comfort conditions
associated with the thermal resistance provided by the blocks used
in the construction of the rooms. Table 2 & 3 present the results of
the parameters measured during the east and west wall tests, for
the diagnosis of thermal comfort. The two adopted configurations
were analyzed: open and closed door and window, in the east
and west walls. For a better comparison between the rooms in
the two configurations tested, the average external and internal
temperatures are presented in Table 4 & 5.

Table 2: Average temperatures of the walls of the rooms-
open configuration.

Rooms Tp,,.(°C) Tp,,. (°C) AT (°C)
1 34.30 40.20 6.90
2 34.70 42.40 7.70
3 35.00 41.60 6.60
4 33.50 40.60 7.10

Table 3: Average temperatures of the walls of the
rooms-configuration closed.

Tpint 'I‘pext AT
Rooms
9] (§9) (°C)
1 33.40 39.90 6.50
2 34.60 41.60 7.00
3 34.00 40.50 6.50
4 33.70 40.30 6.60

Table 4: Interior temperature of each room-closed setting.

Rooms Tp,,.(°C)
1 32.60
2 33.40
3 32.80
4 32.60

Table 5: Interior temperature of each room-open configu-

ration.
Rooms Tp,,.(°C)
1 30.50
2 30.80
3 30.50
4 30.60

The average internal and external temperatures of the two walls
of the rooms exposed to radiation for the configuration with open
doors and windows showed that the alternative rooms with voids,
with temperature variation of 7.10 °C, presented higher thermal
resistance, which allowed us to assume that it would provide
greater thermal comfort. In relation to the inner walls, this room
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was the one that presented the lowest temperature and in relation
to the outside temperature, the room with the conventional bricks
presented the highest temperature due to the absorptivity of its
walls, which induced a larger temperature difference. between the
outer and inner surfaces. Table 3 presents the average temperature
values on both sides of the walls for the closed configuration.

All rooms built with composite material blocks had the same
behavior with respect to thermal resistance and could therefore
also provide thermal comfort. It was noticed that the temperatures
of the west, inner and outer walls were always higher than those
of the east walls, as the percentage of solar illumination on the
east walls was decreasing throughout the morning, which was
not the case with the west walls in that from noon onwards there
was always an increase in the sunny area. Other factors that may
have influenced this higher west wall temperature were the lower
incidence of wind and the heat buildup caused by heating the other
sunny walls in the morning. Regarding the ambient temperature
inside each room, the average results obtained are shown in Table
4. It was observed that the average internal temperature of each
room built with the blocks of composite material, for voids and
filling in the configuration with closed doors and windows, was
practically the same. The room built with conventional eight-hole
bricks had a higher internal temperature of 2.5%. From the data in
Table 5 it was noticed that all the rooms presented similar behavior

Table 6: Average acoustic parameters for Room 1.

and it could not be said that the rooms built with the blocks offered
higher thermal resistance than the conventionally built room, for
the reasons already highlighted.

For this configuration, similar behavior was observed once again
in relation to the average internal temperature of each room, with
no thermal resistance supremacy of the blocks made of composite
material in relation to the conventional eight-hole brick. Despite
this similarity it was noticed that the most comfortable thermal
sensation was provided by the blocks filled with PET bottles,
which represented an ecologically positive factor, since the use of
numerous Pets bottles caused the removal of materials harmful to
the environment. It is also noteworthy that the blocks produced had
the advantage of not requiring plastering, which reduced the labor
cost of the building. In addition, the time to build the building was
also shorter due to the larger area of the blocks. It is noteworthy
that for a new construction the length of the blocks should be
reduced to allow even more agility of the construction process.
The average results of the acoustic parameter measurements
performed in each room are presented. A comparative analysis of
these parameters was performed between the rooms built with the
blocks of composite material manufactured and the conventional
bricks used for the construction of the walls of room 2. Table 6
presents the average acoustic parameters for room 1.

Room 1
Absorption
Frequency External sound level Internal sound level Absorbed Fraction

Acoustics
(HZ) dB(c) dB(c) (%)

(dB)
100 50.3 66.9 16.6 24.8
125 52.9 69.0 16.1 23.3
250 52.0 69.3 17.3 25.0
500 53.1 68.3 15.2 22.3
1000 51.4 67.5 16.1 239
2000 60.2 78.3 18.1 23.1
4000 50.6 68.5 17.9 26.1
6000 47.5 63.3 15.8 25.0
8000 49.2 66.2 17.0 25.7

It was noticed that for this room built with hollow blocks of
composite material that used marble residue dust the highest
acoustic absorption occurred at the frequency of 4000Hz,
corresponding to 26.1% and the lowest was at the frequency of
500Hz. Acoustic absorption averaging for all frequencies yielded
24.4%. Table 7 presents the average acoustic parameters for Room

2,builtby conventional bricks. For this room, built with conventional
eight-hole bricks, we obtained an average acoustic absorption
like that of room 1, reaching a maximum absorption of 26.7% for
4000Hz. The average absorption of all frequencies corresponded to
24.2%. Table 8 presents the average acoustic parameters for Room
3, made up of blocks of composite material filled with Pets bottles.
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Table 7: Average acoustic parameters for Room 2.

100 51.2 66.0 14.8 224
125 52.6 67.7 15.1 22.3
250 53.1 70.3 17.2 24.5
500 48.5 63.6 15.1 23.7
1000 50.7 66.7 16.0 24.0
2000 55.6 73.1 17.5 239
4000 49.5 67.5 18.0 26.7
6000 47.6 63.0 15.4 24.4
8000 49.0 66.2 17.20 26.0

Table 8: Sound level as a function of frequency Room 3.

100 51.9 69.5 17.6 25.3
125 53.6 71.1 17.5 24.6
250 51.8 71.6 19.8 27.7
500 53.6 69.1 15.5 224
1000 52.9 69.5 16.6 239
2000 59.1 79.5 20.4 25.7
4000 55.1 74.5 19.4 26.0
6000 50.3 67.9 17.6 25.9
9000 49.9 68.0 18.1 26.6

Table 9: Sound level as a function of frequency Room 4.

100 51.8 68.5 16.7 24.4
125 54.9 71.1 16.2 22.8
250 51.8 69.3 17.5 25.3
500 51.9 67.6 15.7 23.2
1000 55.3 71.3 16.0 22.4
2000 57.3 75.9 18.6 24.5
4000 51.5 69.6 18.1 26.0
6000 52.6 68.3 15.7 23.0
8000 51.7 69.1 17.4 25.2
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Table 10: Sound level as a function of frequency for all rooms.

Absorbed Fraction (%)

Frequency (HZ) Room 1 Room 2 Room 3 Room 4
100 24.8 22.4 25.3 24.4
125 233 22.3 24.6 22.8
250 25.0 24.5 27.7 253
500 22.3 23.7 22.4 23.2
1000 239 24.0 239 224
2000 231 239 25.7 24.5
4000 26.1 26.7 26.0 26.0
6000 25.0 24.4 259 23.0
8000 25.7 26.0 26.6 25.2

Media 24.4+1.28 24.2+1.45 25.3+1.55 24.1+1.28

For this room there was a slight increase in the level of sound
absorption compared to the room built with conventional eight-
hole bricks. The average absorption of all frequencies was around
25.3%. There was a higher absorption capacity for high frequencies.
Table 9 presents the average acoustic parameters for Room 4, built
with type 1 blocks and marble/granite residues. The absorption
capacity of the walls of this room behaved similarly to the one built
with conventional and plastered bricks, with an average value for
all frequencies of around 24.1%. The behavior of the anterior room
was repeated for greater absorption capacity at high frequencies.
Table 10 presents the average sound absorption levels for all rooms.

Conclusions and Suggestions

Based on the results of the mechanical, thermal and acoustic
tests performed with the composite under study, the following
conclusions and suggestions are presented.

Conclusion

A. It was feasible to obtain a composite for use as a building
material from marble and granite waste powders and crushed EPS.

B. The use of crushed EPS residue caused mechanical
damage to the composite but increased the thermal resistance of
the block made with it.

C. The best combination ratio between mechanical and
thermal resistances was the one that used 1C + 1G + 2A + 1EPS
+ 1RM / G and was therefore chosen for the manufacture of the
blocks.

D.  The thermal conductivity of the composite (0.34-045W/
mK) was much lower than that of traditional concrete (07-
09W/mK) and eight-hole brick between 06 and 07W/mK, This
demonstrated the feasibility of producing a higher thermal comfort
of the composite blocks, as they provide a higher thermal resistance.

E.  The thermal diffusivity of the composite was lower than
relative to conventional masonry because of its higher thermal
resistance capacity.

F. Allrooms made of composite material blocks had identical
heat resistance behavior and could therefore provide thermal
comfort as well.

G. The most comfortable thermal sensation was provided
by the Type 2 blocks, which represented an ecologically positive
factor, since the use of numerous Pets bottles led to the removal of
environmentally harmful materials.

H. Pet bottle-filled blocks had greater acoustic absorption
capacity for all tested frequencies, with a supremacy of around
5.0% over conventional brick and up to 5.2% over blocks made of
voids.

I.  Regardingthe frequencylevel there was a similar behavior
for all rooms with higher absorption for the high frequency range
above 1000Hz.

J. The highest level of sound absorption was for room 3
(marble dust composite + hollow block) at 250Hz.

K. For all tested building elements there was a higher
absorption capacity for the higher frequency ranges.

L. Both types of blocks used had similar sound absorption
capacity, superior to type 2 block.

M.  For the high frequency bands there was a greater acoustic
absorption capacity for all blocks, with supremacy for those made
of PETS bottle-filled composite material.

N. The most viable block type combining thermal and
acoustic resistances was type 2, with Pets bottle fillings.

Suggestions

a.  Make the blocks filled with more efficient materials for
sound absorption or include a new material to be added to cement,
sand and plaster, such as cork grains.

b.  Test the acoustic absorption capacity of other residues
already studied, wood dust, eggshell dust, acai fibers, vegetable
bushing, corncob dust, among others.
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c.  Fabricate blocks with other geometries and test their
mechanical-thermo-acoustic capabilities.
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