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APRESENTACAO

A obra “Engenharia de Construcdo Civil e Urbana” contempla dezoito
capituloscom abordagens sobre as mais recentes pesquisas relacionadas a construgcao
civil e modificagdo do ambiente urbano.A utilizagdo de novas tecnologias,
desenvolvimento de novos materiais promovem um avango na construgao
civil, permitindo a execucdo de novas construgdes, promovendo a reutilizagao
de diversos materiais que antes eram descartados. O uso de ferramentas
computacionaispermite um maior controle e gerenciamento de obras, proporcionando
uma melhor compatibilizacdo de projetos, e evitando diversos problemas na sua
execucgao. Existem aplicativos que permitem realizar o dimensionamento de diversos
elementos, contribuindo para a agilidade na execucéo de projetos.O estudo sobre o
comportamento de materiais utilizados na construgao civil permite o desenvolvimento
de novas solugdes, bem como o aprimoramento de sistemas construtivosexistentes,
proporcionando maior qualidade, eficiéncia e seguranca as obras.A utilizacdo de
residuos de construgcdo nodesenvolvimento de materiais, tém sido amplamente
utilizados e além de gerar novas solucdes, resulta embeneficios ao meio ambiente.
Da mesma forma, o uso da eficiéncia energética também tem sido utilizado em busca
de solugdes sustentaveis.Ante aoexposto, esperamos que esta obra proporcioneao
leitor uma leitura agradavel e traga conhecimento técnico, contribuindo para uma
reflexao sobre os impactos que as pesquisasgeramnaengenharia deconstrucao civil e
urbana, eque seu uso possa trazer beneficios a sociedade.

Franciele Braga Machado Tullio
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CAPITULO 9

STUDY OF THE DURABILITY OF COMPOSITES OF
EUCALYPTUS CELLULOSE FIBER STERIFIED FOR
CEMENT MATRIX REINFORCEMENT

Lais Fernanda dos Santos Marques
Universidade Federal de Uberlandia, Faculdade
de Engenharia Civil

Uberlandia — MG
Leila Aparecida de Castro Motta

Universidade Federal de Uberlandia, Faculdade
de Engenharia Civil

Uberlandia — MG
Rondinele Alberto dos Reis Ferreira

Universidade Federal de Uberlandia, Faculdade
de Engenharia Civil Uberlandia — MG

ABSTRACT: The use of plant fibers as
reinforcement of cement-based matrices has
become an increasingly employed alternative
around the world due to its economic, social
and environmental advantages. The objective
of this research was to investigate possible
treatments or modifications of cellulosic fibers in
order to improve their stability and compatibility
with the cement matrix and the incorporation
of a natural pozzolan. The best condition, with
less aggressiveness to the fiber, was with 0 g
of toluene, 0.57 g of modifier (octadecanoyl
chloride) and 50 mL of pyridine, which resulted
in values for modulus of rupture and modulus of
elasticity of 9.3 MPa and 11.3 GPa, respectively,
after 90 days of aging.

KEYWORDS: Flexural strength, Chemical
modification, Degree polymerization.

Engenharia de Construcao Civil e Urbana

ESTUDO DA DURABILIDADE DE
COMPOSITOS DE FIBRAS CELULOSICAS
DE EUCALIPTO ESTERIFICADAS PARA
REFORCO DE MATRIZ CIMENTICIA

RESUMO: O uso de fibras vegetais como
reforco de matrizes a base de cimento tornou-
se uma alternativa cada vez mais empregada
em todo o mundo devido as suas vantagens
econdmicas, sociais e ambientais. O objetivo
desta pesquisa foi investigar possiveis
tratamentos ou modificagbes de fibras
celulésicas, a fim de melhorar sua estabilidade
e compatibilidade com a matriz de cimento e
incorporagao de pozolana natural. A melhor
condicdo, com menor agressividade a fibra,
foi com 0 g de tolueno, 0,57 g de modificador
(cloreto de octadecanoila) e 50 mL de piridina,
0 que resultou em valores para o mddulo de
ruptura e modulo de elasticidade de 9,3 MPa
e 11,3 GPa, respectivamente, ap6s 90 dias de
envelhecimento.

PALAVRAS-CHAVE: Resisténcia a flexao,
Modificagao quimica, Grau de polimerizacao.

INTRODUCTION

One of the reasons for using fibers as
reinforcement is the empirically known fact that

Capitulo 9




the strength and stiffness of a material, when presented in fiber form have values of
great relevance when compared to the same block material (Mendoncga, 2005).

The use of cellulosic fibers as reinforcement of cement-based matrices has been
favorable when the objective is to reach a material of relatively low cost. This material
is found in abundance in the nature, with low energy consumption during the extraction
and production when compared with the fibers synthetic and, mainly, a material able of
preserving the environment due to its biodegradable and renewable character (Mejia,
2014).

However, there are problems that must be faced in order to obtain the best
possible use of this material. It is known that one of the greatest challenges is to ensure
the maintenance of the performance of these composites since the cellulosic fibers
tend to suffer great dimensional variations when subjected to environmental variations,
which generates a progressive loss of fiber-matrix adhesion.

Therefore, the chemical modifications by esterification reactions of the vegetal
fibers, to use them as reinforcement of cementitious matrices, as well as the addition of
pozzolans to modify the matrix, making it less alkaline and, therefore, less aggressive
to the fibers and have yielded good results (Pasquini et al., 2008; Oliveira et al., 2015;
Ponciano et al., 2015).

The impregnation of the fibers is aim to reduce their hydrophilicity. The replacement
of part of the cement by diatomaceous earth has the purpose of reducing the alkalinity
of the matrix. Thus, it is possible to improve the durability of the fibers and their
performance as reinforcement, both in the early ages and over time. In this context,
the objective of this research was to investigate possible treatments or modifications
of cellulosic fibers in order to improve their stability and compatibility with the cement
matrix and to investigate the best modification content of the cement matrix by the
incorporation of a natural pozzolan.

11 MATERIALS AND METHODS

Portland cement (CPV-ARI) was used for the cementitious matrix as the binder.
The cellulosic fibers, donated by the company Suzano/SP, were obtained in sheet form
and disintegrated by manual tearing in small pieces and ground in an industrial crusher.
The natural pozzolan used in this work to decrease the alkalinity of the pulp was the
diatomaceous earth, derived from the discharge made in the form saturated by a food
industry located in the city of Uberlandia.

For the esterification of the fibers, octadecanoyl chloride (Sigma-Aldrich - 97%)
was used as the modifier, toluene as the solvent and pyridine (Hexis Cientifica) as
the catalyst. Fiber esterification and viscosity analysis (degree of polymerization) were
performed according to Pasquini et al. (2008). The modifications were: M1 (2 g of
fiber; 50 mL of toluene; 0.57 g of modifier; 0.6 mL of pyridine); M2 (2 g of fiber;25 mL of
toluene; 0.57 g of modifier; 25 mL of pyridine); M3 (2 g of fiber; 0 mL oftoluene; 0.57 g of
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modifier; 50 mL pyridine). The FTIR analysis was performed on Equinoxx55 equipment
(Bruker). Spectrum determination conditions were: KBr pellets (1:100 m/m), 64 scans
and resolution of 4 cm™.

The preparation of the composites and the fibers followed the simulation of the
Hatschek method for fiber cement molding, according to Oliveira et al. (2015) and
Savastano Junior (2000). Plates were cured in a humid chamber with controlled
humidity above 95% and temperature at 23 + 2 °C during the first 90 days of age. After
the curing process, the plates were cut to approximate dimensions of 200 mm in length
by 40 mm in width, using a disc saw. Based on the recommendations of Rilem (1989),
the parameters adopted to carry out the flexural tests were obtained using a universal
machine of the brand Instron, model 5982, with load cell with a capacity of 5.0 kN (4
points method and automatic and displacement velocity of 2.0 mm/min).

2| RESULTS AND DISCUSSION

2.1 Viscosity analysis (degree polymerization) and Fourier-transform infrared

spectroscopy (FTIR)

Figures 1a and 1b show the results obtained for the viscosity analysis and FTIR
of fiber, respectively.
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Figure 1 — a) Results obtained from the viscosity analysis (degree polymerization); b) FTIR of
fibers.

According to Figure 1a, modification 3 (M3: 2 g of fiber, 50 mL of pyridine and 0.57
g of modifier) compared to the natural sample (without chemical treatment) showed a
drop of about 13% in the molecular weight, while for the others conditions the decrease
was higher. Thus, there was a greater preservation of the fiber structure, justifying the
use of cellulose with this modification in the production of the composites.




The chemical modifications occurredin the fibers were not perceptible in the infrared
spectra (Figure 1b). It is possible that the conditions used for the hydrophobization of
the fibers have been sensitive for observation in the spectra. This fact can possibly be
verified by the non-observation of the band refers to the formation of esters (1752 cm™).

2.2 Flexural strength of composites: modulus of rupture, modulus of elasticity

and tenacity

Figure 2a shows the modulus of rupture of composites with 0, 10 and 40% of the
diatomaceous earth.
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Figure 2 — Flexural strength of composites: a) Modulus of rupture; b) Modulus of elasticity;
c) Tenacity.

It was observed that for all the contents studied, there was an increase in the
modulus of rupture at 90 days. The strength of the composite possibly improved with
the pozzolanic reactions over time, improving the mechanical properties of the matrix.
The composites with a content of 10% and 40% of pozzolanic addition had a higher
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modulus of rupture in relation to the composites with 0% diatomaceous earth. However,
it should be noted that the composite with 40% of pozzolan had its rupture modulus
very high, from 28 to 90 days, standing out among the others.

Figure 2b shows the modulus of elasticity of composites with 0, 10 and 40% of
the diatomaceous earth. It was observed that the composite with 40% content had the
best modulus of elasticity, having this property folded after reaching the age of 90 days.
This is due to the fact that, as the composite reaches the age of 90 days, pozzolanic
reactions have already occurred. It should be noted that at 90 days the composite with
40% content maintained a modulus of elasticity very similar to the reference composite.

Figure 2c shows the tenacity of composites with 0, 10 and 40% of the diatomaceous
earth. Observed that in the composite without pozzolan occurred a reduction of 57% in
the tenacity value from 28 to 90 days of age. The composite with 40% diatomaceous
earth that presented an increase of tenacity at 90 days, while for the other contents
there was a decrease of this property. This maintenance or growth of the tenacity of
composite over time is a result of the pozzolanic action in the matrix, possibly reducing
its alkalinity over time and maintaining its durability (Lima e Toledo Filho, 2008).

CONCLUSIONS

The results showed that it is possible to replace up to 40% of the cement for
the production of the composites, the percentage that presented the best results with
the addition of residual diatomaceous earth. In relation to the chemical modifications,
the best condition, with less aggressive to the fiber, was with 0 g of toluene, 0.57 g of
modifier (octadecanoyl! chloride) and 50 mL of pyridine, which resulted in values for
modulus of rupture and modulus of elasticity of 9.3 MPa and 11.3 GPa, respectively,
after 90 days of aging.
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