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Abstract - Civil construction is considered a major generator of urban solid waste and one way
to mitigate this problem is to invest in modular construction systems, making room for lean
and sustainable models. This paper evaluated the potential of Sugarcane Bagasse Ash (SCBA) as
composites, combined with the inclusion of expanded polystyrene (EPS) in the production of cement
slabs applied to civil construction. For the partial substitution of Portland Cement (PC) the chemical
characterization of SCBA by fluorescence and X-ray diftraction was carried out and its production
used concentrations from 6.8% to 25.5% of SCBA. In the cementitious plate, tensile strength tests
were performed for flexure tensile strength, water absorption and permeability, in accordance to
Brazilian guidelines. The results demonstrated the use of SCBA in partial substitution of PC in the
proportion of 6.8% and 13.6% with absence of fine sand and 17% with addition of fine sand, allowing
its use in a clean, modular and dry construction technology. It is possible to conclude, therefore, that
the industrial residue of SCBA can be used in substitution of PC and that the inclusion of EPS in the
studied product’s formula increases its volume and decreases its apparent density.

Keywords: Industrial waste. Composite material. Sustainable construction system. Physical and
mechanical properties.

Produc¢ao de placas cimenticias utilizando cinza do bagaco da cana-de-agucar
aliado ao poliestireno expandido

Resumo - A construgio civil é considerada como um grande produtor de residuos s6lidos urbanos,
uma forma de mitigar este problema é o investimento em sistemas construtivos modulares, dando
espaco para modelos enxutos e sustentaveis. Este trabalho avaliou o potencial da cinza do bagacgo
da cana-de-agucar (CBC) como compositos, aliado a inclusdo do poliestireno expandido (EPS)
na produgido de placa cimenticia aplicada a construgdo civil. Para substitui¢ao parcial do cimento
Portland (CP) foi realizada a caracterizagdo quimica da CBC por fluorescéncia e difragao de raios - X
e na sua produgdo utilizou-se uma concentragao entre 6,8 % e 25,5% de CBC. Na placa cimenticia
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foram realizados testes de resisténcia a tragao na flexao, absor¢do de agua e permeabilidade de acordo
com as diretrizes brasileiras. Os resultados demonstraram a utiliza¢ao da CBC em substitui¢do parcial
do CP na propor¢ao de 6,8 % e 13,6 % com auséncia de areia fina e 17% com acréscimo de areia
fina, permitindo sua utilizagdo em uma tecnologia construtiva limpa, modular e a seco. Conclui-se,
portanto, que, o residuo industrial de CBC pode ser utilizado em substitui¢ao do CP e que, a inclusao
do EPS na formula¢ao do produto estudado aumenta seu volume e diminui sua densidade aparente.

Palavras-chave: Residuo industrial. Material compdsito. Sistema construtivo sustentavel.
Propriedades fisicas e mecanicas.

Produccion de losas de cemento con ceniza de bagazo de azicar asociada con
poliestireno expandido

Resumen - La construccién civil se considera una de las principales generadoras de residuos sélidos
urbanos y una forma de mitigar este problema es invertir en sistemas de construccién modular,
dando cabida a modelos esbeltos y sostenibles. Este trabajo evalué el potencial de las cenizas de
bagazo de cafia de azucar (SCBA) como compuestos, combinados con la inclusién de poliestireno
expandido (EPS) en la produccion de losas de cemento aplicadas a la construccion civil. Para la
sustitucion parcial del Cemento Portland (PC) se realizd la caracterizacion quimica del SCBA por
fluorescencia y difraccion de rayos X y su produccion utilizé concentraciones de 6.8% a 25.5% de
SCBA. En la placa cementosa se realizaron pruebas de resistencia a la traccién en flexion, absorcion
de agua y permeabilidad, de acuerdo con las directrices brasilefias. Los resultados demostraron el
uso de SCBA en sustitucion parcial de PC en la proporcién de 6,8% y 13,6% con ausencia de arena
fina'y 17% con adicién de arena fina, permitiendo su uso en una tecnologia de construccién limpia,
modular y seca. Es posible concluir, por tanto, que el residuo industrial de SCBA puede ser utilizado
en sustitucion del PC y que la inclusién de EPS en la formulaciéon del producto estudiado aumenta
su volumen y disminuye su densidad aparente.

Palabras clave: Residuos industriales. Material compuesto. Sistema de construccidon sostenible.
Propiedades fisicas y mecdnicas.

Introduction

Given the current environmental scenario and the need to develop sustainable materials
applied to the construction sector, several efforts have been promoted to reduce the use of natural
resources and waste generation. The best way to decrease the use of these resources comes from the
substitution of traditional methods by more efficient construction methods and the incorporation
of waste (industrial and construction) as raw material (Marhani et al. 2012; Alwaeli 2013; Cordeiro
et al. 2016; Zhang et al. 2016).

More efficient, modular and constructive methods should be applied on the construction site to
mitigate waste, improve the process, make it possible to meet deadlines, reduce costs and maximize
profits (Marhani et al. 2012; Gosling et al. 2016; Jamil and Fathi 2016). In this sense, prefabricated
processes using wood frame, steel frame and reinforced concrete (industrial, commercial and
residential) construction models can be applied instead of more traditional construction methods
(Sarhan and Fox 2013; Bajjou and Chafi 2018; Martins et al. 2019; Bagheri and Doudak, 2020).
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An ecologically sustainable alternative that is economically viable and has shown satisfactory
results is the introduction of solid waste in mortars (Moretti et al. 2016; Favara and Gamlin
2017; Anjos et al. 2020; Matias et al. 2020). Thus, mortars produced from composites, represent
an alternative to minimize cost, energy, reduce the volume of waste and improve their properties
(Matias et al. 2020; Oliveira et al. 2020; Raheem and Ikotun 2020).

The inclusion of these residues (industrial and/or civil construction) in the production of
composite materials allows the reduction of demand for extraction of natural resources and makes
it possible to obtain materials with similar properties, resulting in innovative technologies (Castro
and Martins 2016; Namrou and Kim 2016; Favara and Gamlin 2017; Oliveira et al. 2020).

Several studies using mainly Sugarcane Bagasse Ash residues (SCBA) are being developed
on the inclusion of concrete mortars (Chen et al. 2013; Gonzalez-Ldpez et al. 2015; Castro and
Martins 2016; Lima et al. 2012;). Currently, most of the SCBA waste is dispensed with in the crops
as an agricultural input, but there is another portion that does not receive such destination and
corresponds to an environmental problem for the production chain and can be reused in the
construction industry. Due to the high silica content (SiO,) present in SCBA, this residue presents
pozolic properties (Frias et al. 2011; Longarini et al. 2014; Bahurudeen and Santhanam 2015; Molin
Filho et al. 2019) and can be used as a small aggregate or even in partial substitution of cement in
concrete production (Frias et al. 2011; Lima et al. 2011; Lima et al. 2012; Raheem and Ikotun 2020).

Allied to the incorporation of SCBA, the addition of polymers such as expanded polystyrene
(EPS) in the production of mortars makes it possible to produce a highly resistant material with
properties of low thermal conductivity, making the cementitious plate more efficient as a thermal,
acoustic, and waterproof insulator (Batayneh et al. 2007; Hong and Choi 2017; Matias et al. 2020).
This material included in the concrete mortar composite reduces its incident load and makes it an
excellent material for the manufacture of cementitious plates (Zhou et al. 2018; Jesus et al. 2019;
Koksal et al. 2020).

Thus, the development of these composite materials must be related to the rheological
characteristics in the establishment of resistance, fluidity, cohesion and segregation of phases and
requires specialized research with appropriate tests and techniques (ABNT NBR 15823-1 2017).
Aiming at the reuse of waste and sustainable development, the objective of this study was to
produce a cement slab with the incorporation of different quantities of SCBA in partial substitution
of cement, alongside the addition of EPS to the mortar.

Materials and methods

For the production of the cement slab, raw materials available in the Brazilian market were
used, such as Portland CPV-ARI cement, 4 x 4mm fiberglass mesh, expanded polystyrene (EPS),
natural washed fine sand (silica) and expanded vermiculite. SCBA was supplied by a sugar-alcohol
plant located in the Northwest of Parana State - Brazil (Latitude 23°23’49.71 “S, Longitude 52°
5'37.21 “W).

All raw materials had their granulometric profile characterized (ABNT NBR 10004 2004;
ABNT NBR 7211 2009; ABNT NBR 15900-1 2009; ABNT NBR 5752 2014; ABNT NBR 7181
2016) for a greater production control of the cementitious plate. SCBA was sieved and used with a
granulometry of 0.044mm in the mortar mixture.
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In the production of the mortar were used, expanded polystyrene of the EPS MARINGA
brand with a diameter of 3mm in the form of a micro sphere (EPS-30) and the ADFORS Vertex
brand fiberglass with a 4 x 4mm mesh, being applied in two stages, the first placed on the base of
the form and the second fixed on the mortar.

Characterization of SCBA

The chemical composition of SCBA was determined by Wavelength Dispersive X-Ray
Fluorescence (WDXRF) model S8 TIGER - Bruker (Tokyo, Japan). The sample was analyzed
in He with a Rh X-ray source operating in the 30 - 60kV voltage range. Its morphological state
(crystallinity) was determined by XRD in a Bruker AXS D8 Advance instrument, with Cu radiation
Kal, a2 operating at 40 kV and 40 mA, in the range of 5° to 80°. The diffraction patterns were
collected in a plane geometry with 0.02° steps and accumulation time of 3s per step. The X-ray
diffraction data of the powder was refined following the Rietveld method with the software TOPAS
Academic V.5 ©.

Cement Plate Characterization

The quantity of inputs used for the production of the cementitious plate was sized as described
in Table 1. The plates were produced in the dimensions of 600mm X 1200mm X 6mm, meeting all
requirements according to the current legislation in Brazil (ABNT NBR 15.498 2016).

The preparation and production of the cement slab was performed with the mixture of cement,
lime, sand and water, referring to each composition in study (Table 1) under mechanical agitation
for 3 minutes. The other components were incorporated to the preparation adding SCBA, EPS and
the adhesive (diluted in water) and kept in agitation for another 2 minutes, then vermiculite and the
whole mixture was agitated for 3 minutes.

Table 1. Composition of the raw material mixture for the production of the cementitious plates

o PG s w8 HS
A 6,42 - 0,48 - 2,58 - 3,00
B 3,21 2,55 0,48 - 2,58 - 3,00
C 3,21 2,55 0,48 - 2,58 0,03 3,00
D 1,61 3,83 0,48 0,50 2,58 0,04 3,00
E 5,99 2,04 0,48 - - 0,01 3,00
F 7,28 1,02 0,48 - - 0,01 3,00

After the production of the cement plate, the specimens were divided into rectangular shapes
to perform the tensile strength tests in simple bending, apparent density, water absorption index
and permeability following the recommendation of the Brazilian legislation (ABNT 2016). The
tensile strength test was carried out at the Universidade Tecnoldgica Federal of Parana (UTFPR),
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Apucarana Campus - Brazil. For the test it was used the universal testing machine TIME-SHIJIM
TIME WDW-300E, with loading rate between 20 and 50mm/min, supported with the face exposed
in the installation facing up and load applied along the midline through the loading bar in the
intervals of 10s to 30s.

The compositions of the raw material mixtures in the formation of the cementitious plate went
through the multivariate statistical analysis PCA (Principal Component Analysis). The tests data
were duly organized in tables in MS-Excel and loaded in the free software PAST (Paleontological
Statistics Software Package for Education and Data Analysis) from the University of Oslo, Norway
(https://folk.universitetetioslo.no/ohammer/past). After this, the analysis of the resulting PCA
graphs was performed and their results are discussed in the next section.

Results and discussions

Result of raw material characterization

Table 2 shows the composition of SCBA performed by X-ray fluorescence (XRF). Through the
results, it is possible to observe the predominant presence of silicon dioxide (silica - SiO,). This
result is in accordance with the results described in the literature (Moisés et al. 2013; Gongalves et
al. 2017; Molin Filho et al. 2019) and the composition of SCBA characterized by WDXRF indicates
the potential application of this residue in the zeolitization process.

Table 2. Chemical composition of SCBA by X-ray fluorescence.

Composites SiO ALO, K,0 CaO Fe,O, TiO Others

2 2

Mass (%) 80,2 4,83 5,32 1,26 5,04 2,66 0,69

Figure 1 shows the X-ray diffractometer (XRD) obtained for the SCBA, in which it was possible
to demonstrate peaks that characterize the material as crystalline. Through the comparison
with the crystallographic reference sheets of pure materials (standard pattern number 02-0458
- International Centre for Diffration Data - ICDD database), it can be stated that there is a
predominant presence (> 98%) of the crystalline structure of a-quartz and a small proportion (<
2%) of the mixture of trimidite and cristobalite.

Several authors (Lima et al. 2012; Cordeiro et al. 2016; Gongalves et al. 2017; Molin Filho et al.
2019; Anjos et al. 2020; Chindaprasirt et al. 2020) have described the incorporation of sugarcane
bagasse ash in materials applied to civil construction, instances in which they obtained promising
results in terms of resistance to compression, diametrical compression, bending traction and water
absorption. Thus, the incorporation of SCBA as a partial substitute for cement is relevant in view of
the need to develop actions capable of contributing to the sustainability of the planet.
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Figure 1. CBC X-ray diffractogram
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The different compositions (Tables 1) were prepared with the main objective of evaluating
the effect of increasing the percentage of SCBA and the reduction of cement on the strength
of the cementitious plate, as well as evaluating its physical and mechanical characteristics. To
maintain the working capacity of the mixtures, a superplasticizer was used for high performance
concrete.

According to the Brazilian technical standard (ABNT NBR 5752 2014), for a material to be
evaluated as a pozzolanic material replacing Portland Cement, at least 80% of its particles must be
smaller than 0.045 mm. Thus, the granulometric control was important for the reproduction of the
physical and mechanical characteristics of the cement plate.

For the production of cementitious plates was used, SCBA with granulometry of 0.044 mm
and EPS in the form of a microsphere with a diameter of 3 mm, specific mass 13 kg / m?, 10%
deformation under compression of 30 Kpa, thermal conductivity = 0.044 W.m.K' and water
absorption less than 5%.

Figure 2 presents the PCA analysis for evaluating the composition of the mixture. In this
analysis we can observe that in sample A the cement is strongly associated with sand for the
formation of the cement plate. With the incorporation of SCBA in the mixture, the most effective
interaction by PCA analysis occurred for mixtures E and E, with SCBA percentages of 13.6 % and
6.8 %, respectively.
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Figure 2. PCA analysis for the composition of the cement plate mixture.

Cement plate mechanical result

After the mechanical tests performed on the specimens, the results of resistance to traction
in simple bending, deformity, density and water absorption index were obtained and presented in
Table 3. These results help to adequately classity the fiber cement plate according to its application
(ABNT NBR 15.498 2016), so due to its physical properties measured in Mega Paschoal (MPa)
these plates can be applied in external or internal environments.

Table 3. Results of the mechanical test

Samples S?:éllici;lteh Deformity Densit3y Water Absortion (Sﬁi Al\)/[g:;drin

(MPa) (mm) (g/cm?) (%) (%)
A 1,9342 0,8413 1,13 28,42 0,00
B 13,5758 3,3568 1,20 25,00 17,0
C 1,7466 15,1209 0,70 51,61 17,0
D 1,3041 10,0821 0,71 53,12 25,5
E 4,1976 10,0844 0,71 39,39 13,6
F 5,2863 10,0832 1,12 22,73 6,8

Table 3 shows that all samples presented plastic properties when submitted to the tensile
strength test, thus increasing their performance, since they did not present sudden ruptures,
allowing a displacement of deformity and thus avoiding immediate shearing. The application of
fiberglass as a canvas at the base of the form contributed to fixing and compacting the mortar and
consequently increasing the surface resistance of the cementitious slab. Several authors (Sales
and Lima 2010; Arenas-Piedrahita et al. 2016; Arif et al. 2016; Namrou and Kim 2016;) have also
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succeeded in their experiments with high mechanical performance through the incorporation of
SCBA in the production of mortar and/or concrete.

The best tensile strength performances in single bending (Table 3) were obtained by samples B,
E and F. Samples E and F were above the minimum required (ABNT NBR 15.498 2016), in addition
to achieving relevant variables such as initial adhesion, plasticity, consistency, water retention, start
and end of grip for materials produced from cement matrix (Cintra et al. 2014). Samples C and D
had the lowest tensile strength in simple bending (Table 3), this result is due to the higher volume of
SCBA incorporated in the composite and in sample C to the EPS incorporated in the composition
of the mortar (Table 1).

The sample that presented the best result for deformity was C, but samples D, E and F obtained
very expressive results for simple tensile deformity (Table 3). The specimen with the least deformity
was sample A, this result can be attributed to the absence of SCBA and EPS in its composition
(Table 1). After the incorporation of SCBA in the mortar composition allied to the addition of EPS
it is possible to observe the increase in plasticity (Table 3), this result is corroborated by the work of
Carvalho and Motta (2019) who evaluated the properties of concrete with the addition of EPS for
use in load-bearing walls and by the work of Strecker et al. (2014) who related the inclusion of EPS
for the production of cementitious plates.

After the mass density test (Table 3), the matrix that obtained the highest density result was
sample B, reaching 1.20g/cm’, the highest proportion of fine sand in its composition is attributed to
this performance. This sample also presented the highest performance in the tensile strength test.
Samples C, D and E showed the lowest density, since the composition of sample C has the lowest
proportion of fine sand than samples D and E this performance is due to the presence of EPS and
absence of fine sand in its composition (Cintra et al. 2014). Thus, the incorporation of EPS in the
mortar contributes to the reduction of the mass density of the cementitious plates.

Water absorption is characterized as a physical process by which the concrete retains water
in its pores, therefore, the smaller the amount of water absorbed by the plate, the greater the
impermeability (Zareei et al. 2018). After analyzing the results (Table 3), it was observed that
specimens C and D reached the highest water absorption rates, this result was due to the high
volume of EPS in the mortar composition (Table 1) that increased its void index. Although the
EPS volume between samples E and F described in Table 1 are the same, sample F obtained a better
result in the water absorption index because it contains in its mortar higher PC volume and was
better hydrated, increasing its workability, agglutination of the elements and filling the voids.

In the mortar composition for samples E and F (Table 1) the percentage of vermiculite was
kept constant and the volume of EPS and SCBA decreased, which promoted an increase in tensile
strength in the simple bending of the materials (Table 3) and a decrease in their water absorption
rates. The hydration of the cement interferes both in the behavior of the mortar in its fresh state
and affects the properties in its hardened state. The mortar needs a large part of the percentage of
water to be retained so that the chemical reactions of hardening of binders occur in an appropriate
manner so that the properties in the hardened state are satisfactory (Cintra et al. 2014).

Vermiculite can be used in civil construction as a small aggregate in the formulation of
mortar for thermal and acoustic insulation or for waterproofing roof slabs (Ugarte et al. 2008).
After analysis in the samples, it was found that the higher the concentration of EPS in the mortar
composition the higher the water absorption index, due to the increased porosity of the material.
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And the vermiculite, being a mineral formed by hydrated silicates, can help in waterproofing these
materials, thus helping in the formulation of mortars that seek thermal, acoustic and permeability
performance.

PCA analysis was applied to evaluate the mechanical tests (Figure 3). The main components
PC1 (axis 1) and PC2 (axis 2) of the PCA analysis of these samples explain approximately 89% of
the tests. We observed in the mechanical tests that the tensile strength is a very significant element
in sample B, however, although this sample does not present sudden ruptures, it allows a small
displacement of deformity with little expressive density. Sample F shows the opposite behavior,
presenting less resistance, but a greater displacement of deformity and with less probability of
ruptures when compared with sample B. The sample presents resistance and density properties
similar to sample E but with increased water absorption. The other samples A, C and D presented
little relevant mechanical properties.

Figure 3. PCA analysis of the mechanical tests on cementitious plates.

The permeability test was applied only to samples B, E and F, being these samples the ones that
presented the highest performance in the tensile strength test in simple bending and the lowest
percentage of water absorption (Table 3). The other samples did not reach the minimum required
resistance of 4 MPa according to Brazilian guidelines (ABNT NBR 15.498 2016). In this test, for
samples B, E and F the results were satisfactory and did not present dripping, but sample E presented
humidity on the lower face of the plate after 24 hours.

A comparison between samples B, E and F with the 4 (four) most marketed cement plates in
Brazil was made to measure the density performance and mechanical performance. In addition to
these comparisons, the classification of each plate fits the norms (ABNT NBR 15.498 2016), since
the “A” classification refers to plates with external applications subject to the direct action of sun,
rain, heat and humidity and “B” classification stands for internal and external applications not
subject to the direct action of sun, rain, heat and humidity (Table 4).
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Regarding the mechanical characteristics of the samples if compared with the main
commercial plates in the Brazilian market, sample B obtained the best performance, this result
may have occurred due to the packing of the particles that cause this physical effect (Cordeiro et
al. 2016). It is noted that for the commercial plates used as reference, the resistance in saturated
state decreases, while for samples B, E and F, it had an increase in its resistance when in saturated
state (Table 4).

Table 4. Comparison of density performance and mechanical performance in relation to industrialized
and commercialized slabs in Brazil.

Apparent Density Water

Plates Bending Strength (MPa) (g/cm’) Absortion WeighSt Classification*
Equilibrium  Saturated  Equilibrium  Dry (%) (Kg/m’)
Comercial 1* 17 11 1,70 1,40 30,0 20,40 A3
Comercial 2* 12 - - 1,25 30,0 15,41 B2
Comercial 3* 14 11 1,70 1,40 26,0 20,40 A3
Comercial 4* 12 8 1,70 1,54 24,0 15,41 A3
Sample B 13,60 16,70 1,25 1,21 25,0 15,30 A4
Sample E 4,20 6,71 0,76 0,71 39,3 12,51 A2
Sample F 5,00 6,71 1,18 1,11 22,7 18,00 A2

* Brazil (ABNT NBR 15.498 2016); * Cement Plates sold in Brazil.

In this comparison it can be highlighted that samples B, E and F presented an apparent density
slightly lower than the commercial plates. As for the water absorption test, samples B and F showed
lower rates of water absorption (Table 4).

Samples B, E and F presented the demanded parameters (ABNT NBR 15.498 2016) for all
requirements related to strength, density, water absorption and permeability, with sample B
achieving the best tensile strength classification in simple bending (Table 4). According to the
ABNT NBR 15.498 (2016), the plates are classified in categories according to their resistance to
traction in flexion, and the plate with classification A2 presents resistance to traction in flexion
from 4 to 7 Mpa, A3 resistance from 7 to 13 Mpa and A4 resistance higher than 13 Mpa. The B2
classification demonstrates that the plate under analysis had a resistance of 7 Mpa in the result of
traction in simple bending as can be observed in Table 4.

Conclusion

In this paper we studied different mixtures characterized by the partial substitution of Portland
Cement for Sugarcane Bagasse Ash, with rheological properties expected in the production of cement
slabs. It was demonstrated that we can use SCBA in substitution of Portland Cement (PC) in the
proportions of 6.8 and 13.6% with the absence of fine sand and the substitution of 17% of PC with the
addition of fine sand, generating a significant reduction in cement consumption and the addition of
small amounts of EPS contributed to the reduction of mass density in the production of cementitious
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slabs, confirming data from the literature that indicate the use of SCBA in substitution of PC. These
values show an excellent alternative for the reuse of sugarcane bagasse burning residues, both for
recycling and for the possible development of a product with quality comparable to those in current use.
Furthermore, this application enables an adequate technical destination for SCBA and has the potential
to promote the deceleration of natural resources consumption, such as cement. Thus, advances are
presented in the development of new products that can contribute directly to the advancement of socio-
environmental values, both for generating plants and for use in civil construction for the advancement
of buildings. Although the studies have shown possibilities of replacing the usual compositions, new
studies in the hardened state are recommended for the final proof of the proposed idea.

Acknowledgements

The present work was developed with the institutional support of the Universidade Cesumar
(UNICESUMAR), which guaranteed a full scholarship to produce this research. Full appreciation
to Prof. Dr. Emerson Schwingel Ribeiro of the Chemistry Department of the Universidade Federal
do Rio de Janeiro - UFR] for the analysis of X-ray Fluorescence and X-ray Diffraction and also
to Prof. Ms. Rodolfo Krul Tessari of the Department of Civil Engineering of the Universidade
Tecnolégica Federal do Parana - UTFPR Campus Apucarana for the mechanical tests performed
on the samples. The authors would like to thank Brazilian National Council for Scientific and
Technological Development - CNPq (Process no. 308505/2018-2), as well as the Coordination for
the Improvement of Higher Education Personnel - CAPES and the research support of the Cesumar
Institute of Science, Technology and Innovation - ICETI and the Cesumar University - Unicesumar.

Participacao dos Autores: AAMF - responsavel pelo desenvolvimento experimental; ESR - anélises e caracterizagdo de
XRF e XRD; NNTTJ - andlises e interpretages por PCA; LCSHR - co-orientagéo e responsavel pela corre¢io e estruturagio
do artigo; JEG - orientador e responsavel pela corregio e estruturagio do artigo.

Aprovagao ética ou licengas de pesquisa - A pesquisa desenvolvida através deste artigo ndo precisou ser enviada para
nenhum comité de ética ou precisou de licencas para a realizacdo da pesquisa.

Disponibilidade dos Dados - Artigo desenvolvido a partir de dissertacio de Mestrado, que pode ser acessada no
repositorio da Unicesumar - http://rdu.unicesumar.edu.br/bitstream/123456789/5960/1/ ARNALDO%20ALBERT0%20
DE%20MORAES%20FILHO.pdf.

Fomento: O desenvolvimento do projeto recebeu incentivo Conselho Nacional de Desenvolvimento Cientifico e
Tecnoldgico - CNPq (Processo n° 308505 / 2018-2), bem como a Coordenagio de Aperfeicoamento de Pessoal de Nivel
Superior - CAPES e ao apoio a pesquisa do Instituto Cesumar do Ciéncia, Tecnologia e Inovagio - ICETI e Universidade

Cesumar - Unicesumar.

Conflito de Interesses: Os autores declaram nao existe conflito de interesses.

References

Alwaeli M. 2013. Application of Granulated Lead-Zinc Slag in Concrete as an Opportunity to Save Natural Resources.
Radiation Physics and Chemistry, 83:54-60. DOI: https://doi.org/10.1016/j.radphyschem.2012.09.024

Anjos MAS, Araujo TR, Ferreira RLS, Farias EC, Martinelli AE. 2020. Properties of self-leveling mortars incorporating

a high-volume of sugar cane bagasse ash as partial Portland cement replacement. Journal of Building Engineering,
32:101694. DOL: https://doi.org/10.1016/j.jobe.2020.101694

Gaia Scientia | ISSN 1981-1268 | Volume 15(1): 93-106 103



http://rdu.unicesumar.edu.br/bitstream/123456789/5960/1/ARNALDO%20ALBERTO%20DE%20MORAES%20FILHO.pdf
http://rdu.unicesumar.edu.br/bitstream/123456789/5960/1/ARNALDO%20ALBERTO%20DE%20MORAES%20FILHO.pdf
https://doi.org/10.1016/j.radphyschem.2012.09.024
https://doi.org/10.1016/j.jobe.2020.101694

Production of cement slabs using sugarcane bagasse ash associated with expanded polystyrene

Arenas-Piedrahita JC, Montes-Garcia P, Mendoza-Rangel JM, Calvo HZL, Valdez-Tamez PL, Martinez-Reyes J. 2016.
Mechanical and durability properties of mortars prepared with untreated sugarcane bagasse ash and untreated fly ash.
Construction and Building Materials, 105:69-81. DOI: https://doi.org/10.1016/j.conbuildmat.2015.12.047

Arif E, Clark MW, Lake N. 2016. Sugar cane bagasse ash from a high efficiency co-generation boiler: Applications in
cement and mortar production. Construction and Building Materials, 128:287-297. DOL: https://doi.org/10.1016/j.
conbuildmat.2016.10.091

Associagdo Brasileira de Normas Técnicas — ABNT. 2004. NBR 10004. Residuos Sélidos - classificagdo (solidwaste—
classification). Rio de Janeiro, Brazil.

Associagdo Brasileira de Normas Técnicas - ABNT. 2009. NBR 7211. Agregados para concreto — Especificagdo (aggregates
for concrete—specification). Rio de Janeiro, Brazil.

Associagdo Brasileira de Normas Técnicas - ABNT. 2009. NBR 15900-1. Agua para amassamento do concreto - requisitos
(mixing water for concrete part 1: requirements). Rio de Janeiro, Brazil.

Associagdo Brasileira de Normas Técnicas — ABNT. 2014. NBR 5752. Materiais pozolanicos — Determinagio do indice
de desempenho com cimento Portland aos 28 dias (pozzolanic materials—determination of the performance index with
Portland cementat 28 days). Rio de Janeiro, Brazil.

Associagdo Brasileira de Normas Técnicas — ABNT. 2016. NBR 7181. Solo - Anilise granulométrica (soil—grainsize
analysis). Rio de Janeiro, Brazil.

Associagdo Brasileira de Normas Técnicas - ABNT. 2016. NBR 15498: Placa de fibrocimento sem amianto - Requisitos e
métodos de ensaio. Rio de Janeiro, Brazil.

Associagdo Brasileira de Normas Técnicas — ABNT. 2017. NBR 15823-1: Concreto auto-adensavel. Parte 1: Classificagio,
controle e aceitagdo no estado fresco (self compacting concrete. part 1: Classification, control and acceptance in the fresh
state). Rio de Janeiro, Brazil.

Bagheri M.M, Doudak G. 2020. Structural characteristics of light-frame wood shear walls with various construction
detailing. Engineering Structures, 205:110093. DOI: https://doi.org/10.1016/j.engstruct.2019.110093

Bahurudeen A, Santhanam M. 2015. Influence of different processing methods on the pozzolanic performance of sugarcane
bagasse ash. Cement and Concrete Composites, 56:32-45. DOI: https://doi.org/10.1016/j.cemconcomp.2014.11.002

Bajjou MS, Chafi A. 2018. Lean construction implementation in the Moroccan construction industry: Awareness,
benefits and barriers, Journal of Engineering, Design and Technology, 16(4):533-556.

Batayneh M, Marie I, Asi I. 2007. Use of Select Waste Materials in Concrete Mixes. Waste Management, 27:1870-1876.
DOIL: https://doi.org/10.1016/j.wasman.2006.07.026

Carvalho CHR, Motta LAC. 2019. Study about concrete with recycled expanded polystyrene. Ibracon Structures and
Materials Journal, 12(6):1390-1407. DOI: http://dx.doi.org/10.1590/s1983-41952019000600010

Castro TR, Martins CH. 2016. Avaliagao daadi¢ao de cinzas do bagago de cana-de-agticar em argamassas mistas. Ambiente
Construido, 16(3):137-151. DOI: http://dx.doi.org/10.1590/s1678-86212016000300097

Chen CG, Sun CJ, Gau SH, Wu CW, Chen YL. 2013. The Effects of the Mechanical-Chemical Stabilization Process for
Municipal Solid Waste Incinerator Fly Ash on the Chemical Reactions in Cement Paste. Waste Management, 33(3):858-
865. DOI https://doi.org/10.1016/j.wasman.2012.12.014

Chindaprasirt P, Kroehong W, Damrongwiriyanupap N, Suriyo W, Jaturapitakkul C. 2020. Mechanical properties,

chloride resistance and microstructure of Portland fly ash cement concrete containing high volume bagasse ash. Journal
of Building Engineering, 31:101415. DOI: https://doi.org/10.1016/j.jobe.2020.101415

104 Gaia Scientia | ISSN 1981-1268 | Volume 15(1): 93-106



https://doi.org/10.1016/j.conbuildmat.2015.12.047
https://doi.org/10.1016/j.conbuildmat.2016.10.091
https://doi.org/10.1016/j.conbuildmat.2016.10.091
https://doi.org/10.1016/j.engstruct.2019.110093
https://doi.org/10.1016/j.cemconcomp.2014.11.002
https://doi.org/10.1016/j.wasman.2006.07.026
http://dx.doi.org/10.1590/s1983-41952019000600010
http://dx.doi.org/10.1590/s1678-86212016000300097
https://doi.org/10.1016/j.wasman.2012.12.014

Moraes Filho et al. (2021)

Cintra CLD, Paiva AEM, Baldo JB. 2014. Argamassas de revestimento para alvenaria contendo vermiculita expandida
e agregados de borracha reciclada de pneus — Propriedades relevantes. Ceramica, 60(353):69-76. DOIL: https://doi.
org/10.1590/50366-69132014000100010

Cordeiro GC, Tavares LM, Toledo Filho RD. 2016. Improved pozzolanic activity of sugar cane bagasse ash by
selective grinding and classification. Cement and Concrete Research, 89:269-275. DOI: https://doi.org/10.1016/j.
cemconres.2016.08.020

Favara P, Gamlin J. 2017. Utilization of waste materials, non-refined materials, and renewable energy in in situ remediation
and their sustainability benefits. Journal of Environmental Management, 204:730-737. DOL: https://doi.org/10.1016/j.
jenvman.2017.03.097

Frias M, Villar E, Savastano H. 2011. Brazilian sugar cane bagasse ashes from the cogeneration industry as active
pozzolans for cement manufacture. Cement & Concrete Composites, 33:490-496. DOI: https://doi.org/10.1016/j.
cemconcomp.2011.02.003

Gongalves JE, Paixdo RM, Silva JRR, Aquotti NCEF, Silva PS, Lizama MAP, Andreazzi MA, Moraes Filho AA. 2017.
Caracterizacion fisica y mecanica de ladrillos de suelo cemento com la incorporacién de diversos residuos. IGEPEC,
21(2):182-196. DOL: https://doi.org/10.48075/igepec.v21i2.17559

Gonzélez-Lopez JR, Ramos-Lara JF, Zaldivar-Cadena A, Chavez-Guerrero L, Magallanes-Rivera RX, Burciaga-Diaz O.
2015. Small Addition Effect of Agave Biomass Ashes in Cement Mortars. Fuel Processing Technology, 133:35-42. DOI:
https://doi.org/10.1016/j.fuproc.2014.12.041

Gosling J, Pero M. Schoenwitz M., Towill D., Cigolini R. 2016. Defining and categorizing modules in building projects:
An international perspective. Journal of Construction Engineering and Management, 142(11):04016062.

Hong G, Choi S. 2017. Rapid self-sealing of cracks in cementitious materials incorporating superabsorbent polymers.
Construction and Building Materials, 143:366-375. DOI: https://doi.org/10.1016/j.conbuildmat.2017.03.133

Jamil AHA, Fathi M.S. 2016. The Integration of Lean Construction and Sustainable Construction: A Stakeholder
Perspective in Analyzing Sustainable Lean Construction Strategies in Malaysia, Procedia Computer Science, 100:634-
643. DOL: https://doi.org/10.1016/j.procs.2016.09.205

Jesus LCC, Luz SM, Ledo RM, Zattera AJ, Amico SC. 2019. Thermal properties of recycled polystyrene composite
reinforced with cellulose from sugarcane bagasse. Revista Matéria, 24(3):e-12421. DOI: https://doi.org/10.1590/s1517-
707620190003.0736

Koksal E, Mutluay E, Gencel O. 2020. Characteristics of isolation mortars produced with expanded vermiculite and
waste expanded polystyrene. Construction and Building Materials, 236:117789. DOI: https://doi.org/10.1016/].
conbuildmat.2019.117789

Lima AS, Lima A, Varum H, Salesa A, Neto VF. 2012. Analysis of the Mechanical Properties of Compressed Earth
Block Masonry Using the Sugarcane Bagasse Ash. Construction and Building Materials, 35:829-837. DOI: https://doi.
org/10.1016/j.conbuildmat.2012.04.127

Lima SA, Sales A, Almeida FCR, Moretti JP, Portella KE. 2011. Concretos com cinza do bagaco da cana-de-agucar:
avaliacdo da durabilidade por meio de ensaios de carbonatagio e abrasio. Ambiente Construido, 11(2):201-212. DOLI:

https://doi.org/10.1590/51678-86212011000200014

Longarini N, Crespi PG, Zucca M, Giordano N, Silvestro G. 2014. The Advantages of Fly Ash Use in Concrete Structures.
Inzynieria Mineralna - Journal of the Polish Mineral Engineering Society, 15(2):141-145.

Marhani MA, Jaapar A, Bari NAA. 2012. Lean Construction: Towards Enhancing Sustainable Construction in
Malaysia. Procedia - Social and Behavioral Sciences, 68:87-98. DOLI: https://doi.org/10.1016/j.sbspro.2012.12.209

Matias G, Torres I, Rei F, Gomes F. 2020. Analysis of the functional performance of different mortars with incorporated
residues. Journal of Building Engineering, 29:101150. DOI: https://doi.org/10.1016/j.jobe.2019.101150

Gaia Scientia | ISSN 1981-1268 | Volume 15(1): 93-106 105



https://doi.org/10.1590/S0366-69132014000100010
https://doi.org/10.1590/S0366-69132014000100010
https://doi.org/10.1016/j.jenvman.2017.03.097
https://doi.org/10.1016/j.jenvman.2017.03.097
https://doi.org/10.1016/j.cemconcomp.2011.02.003
https://doi.org/10.1016/j.cemconcomp.2011.02.003
https://doi.org/10.48075/igepec.v21i2.17559
https://doi.org/10.1016/j.fuproc.2014.12.041
https://doi.org/10.1016/j.conbuildmat.2017.03.133
https://doi.org/10.1016/j.procs.2016.09.205
https://doi.org/10.1590/s1517-707620190003.0736
https://doi.org/10.1590/s1517-707620190003.0736
https://doi.org/10.1016/j.conbuildmat.2019.117789
https://doi.org/10.1016/j.conbuildmat.2019.117789
https://doi.org/10.1016/j.conbuildmat.2012.04.127
https://doi.org/10.1016/j.conbuildmat.2012.04.127
https://doi.org/10.1590/S1678-86212011000200014
https://doi.org/10.1016/j.sbspro.2012.12.209
https://doi.org/10.1016/j.jobe.2019.101150

Production of cement slabs using sugarcane bagasse ash associated with expanded polystyrene

Martins JA, Gomes CM, Fontanini P, Dornelles K. 2019. Comparative analysis on thermal performance of MgO and fiber
cement boards applied to light steel frame building systems. Journal of Building Engineering, 21:312-316. DOL: https://
doi.org/10.1016/j.jobe.2018.10.017

Moisés MP, Silva CTP, Meneguin JG, Girotto EM, Radovanovic E. 2013. Synthesis of zeolite NaA from sugarcane bagasse
ash. Materials Letters, 108(1):243-246. DOL: https://doi.org/10.1016/j.matlet.2013.06.086

Molin Filho RGD, Longhi DA, Souza RCT, Ferrer MM, Vanderlei RD, Paraiso PR, Jorge LMM. 2019. Self-compacting
mortar with sugarcane bagasse ash: development of a sustainable alternative for Brazilian civil construction. Environment,
Development and Sustainability, 21:2125-2143. DOI: https://doi.org/10.1007/s10668-018-0127-x

Moretti JP, Sales A, Almeida FCR, Rezende MAM, Gromboni PP. 2016. Joint use of construction waste (CW) and
sugarcane bagasse ash sand (SBAS) in concrete. Construction and Building Materials, 113:317-323. DOL: https://doi.
org/10.1016/j.conbuildmat.2016.03.062

Namrou AR, Kim Y]J. 2016. Residual performance of concrete-adhesive interface at elevated temperatures. Construction
and Building Materials, 105:113-122. DOL https://doi.org/10.1016/j.conbuildmat.2015.12.014

Oliveira PS, Antunes MLP, Cruz NC, Rangel EC, Azevedo ARG, Durrant SE. 2020. Use of waste collected from wind
turbine blade production as an ecofriendly ingredient in mortars for civil construction. Journal of Cleaner Production,
274:122948. DOL: https://doi.org/10.1016/j.jclepro.2020.122948

Raheem AA, Ikotun BD. 2020. Incorporation of agricultural residues as partial substitution for cement in concrete and
mortar — A review. Journal of Building Engineering, 31:101428. DOI: https://doi.org/10.1016/j.jobe.2020.101428

Sales A, Lima SA. 2010. Use of Brazilian sugarcane bagasse ash in concrete as sand replacement. Waste Management,
30:1114-1122. DOL: https://doi.org/10.1016/j.wasman.2010.01.026

Sarhan S, Fox A. 2013. Barriers to Implementing Lean Construction in the UK Construction Industry. The Built &
Human Environment Review, 6:1-17. http://eprints.lincoln.ac.uk/id/eprint/28877/1/81-233-1-PB.pdf

Strecker K, Silva CA, Panzera TH. 2014. Fabrication and characterization of cement based composite materials with
styrofoam inclusions. Ceramica, 60(354):310-315. DOL: https://doi.org/10.1590/S0366-69132014000200022

Ugarte JFO, Sampaio JAE, Franga SCA. 2008. Vermiculita. In: Rochas e Minerais Industriais, 2a edi¢do, Luz AB, Lins
FAF Rio de Janeiro-Brasil, CETEM/MCT, p. 677-698.

Zareei SA, Ameri F, Bahrami N. 2018. Microstructure, strength, and durability of eco-friendly concretes containing
sugarcane bagasse ash. Construction and Building Materials, 184:258-268. DOI: https://doi.org/10.1016/j.
conbuildmat.2018.06.153

Zhang Z, Thiery M, Baroghel-Bouny V. 2016. Investigation of moisture transport properties of cementitious materials.
Cement and Concrete Research, 89:257-268. DOL: https://doi.org/10.1016/j.cemconres.2016.08.013

Zhou B, Yoshioka H, Noguchita T, Ando T. 2018. Experimental study of expanded polystyrene (EPS) External

Thermal Insulation Composite Systems (ETICS) masonery fagade reaction-to-fire performance. Thermal Science and
Engineering Progress, 8:83-92. DOIL:https://doi.org/10.1016/j.tsep.2018.08.002

Esta obra esta licenciada com uma Licenga Creative
Commons Atribuicdo Ndao-Comercial 4.0 Internacional.

106 Gaia Scientia | ISSN 1981-1268 | Volume 15(1): 93-106



https://doi.org/10.1016/j.jobe.2018.10.017
https://doi.org/10.1016/j.jobe.2018.10.017
https://doi.org/10.1016/j.matlet.2013.06.086
https://doi.org/10.1007/s10668-018-0127-x
https://doi.org/10.1016/j.conbuildmat.2016.03.062
https://doi.org/10.1016/j.conbuildmat.2016.03.062
https://doi.org/10.1016/j.conbuildmat.2015.12.014
https://doi.org/10.1016/j.jclepro.2020.122948
https://doi.org/10.1016/j.jobe.2020.101428
https://doi.org/10.1016/j.wasman.2010.01.026
http://eprints.lincoln.ac.uk/id/eprint/28877/1/81-233-1-PB.pdf
https://doi.org/10.1590/S0366-69132014000200022
https://doi.org/10.1016/j.conbuildmat.2018.06.153
https://doi.org/10.1016/j.conbuildmat.2018.06.153
https://doi.org/10.1016/j.cemconres.2016.08.013
https://doi.org/10.1016/j.tsep.2018.08.002

	OLE_LINK1
	OLE_LINK2
	_Hlk61625196
	_Hlk63088660
	_Hlk63088750
	_Hlk63092333
	_Hlk63088993
	_Hlk63092410
	_Hlk50021753
	_Hlk50021641
	_Hlk63089206
	_Hlk63092470
	_Hlk61617784
	_Hlk61617379
	_Hlk63089523
	_Hlk63091159
	_Hlk63089673
	_Hlk63097567
	_Hlk48311905
	_Hlk61624737
	_Hlk56599717
	_Hlk63098268
	_Hlk61622527
	_Hlk61623180
	_Hlk63091230
	_Hlk63145915
	_Hlk63090547
	_Hlk63092832
	_Hlk63092939
	_Hlk63092992
	_Hlk56265278
	_Hlk62915961
	_Hlk48114063
	_Hlk47986366
	_Hlk50748779
	_Hlk50040493
	_Hlk40354587
	_Hlk50029431
	_Hlk30763109
	_Hlk55395713
	_Hlk54296351
	_Hlk517374349
	_Hlk55284516
	_Hlk37427576
	_bookmark9
	_bookmark10
	_bookmark11
	_bookmark13
	_GoBack
	_Hlk67392355
	_GoBack

