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APRESENTAÇÃO

Caro(a) leitor(a)
Como definir a engenharia? Por uma ótica puramente etimológica, ela é derivada 

do latim ingenium, cujo significado é “inteligência” e ingeniare, que significa “inventar, 
conceber”. 

A inteligência de conceber define o engenheiro. Fácil perceber que aqueles cujo 
oficio está associado a inteligência de conceber, dependem umbilicalmente da tecnologia 
e a multidisciplinaridade. 

Nela reunimos várias contribuições de trabalhos em áreas variadas da engenharia 
e tecnologia. Ligados sobretudo a indústria petroquímica com potencial de impacto nas 
engenharias. Aos autores dos diversos trabalhos que compõe esta obra, expressamos o 
nosso agradecimento pela submissão de suas pesquisas junto a Atena Editora. Aos leitores, 
desejamos que esta obra possa colaborar no constante aprendizado que a profissão nos 
impõe.

Boa leitura! 

João Dallamuta
Henrique Ajuz Holzmann

Rennan Otavio Kanashiro
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ABSTRACT: Worldwide, concrete is the most 
produced and consumed material by civil 
construction industry. Due to the sustainable 
development and a lower cost of this material, 

the use of vegetable fibers as a possibility of 
mechanical reinforcement, has presented a great 
potential for technological application. The aim 
of this study was to investigate the mechanical 
properties of cementitious composite (concrete) 
reinforced by babassu coconut fibers. Alkaline 
treated fibers were characterized by X-ray 
diffraction and aspect ratio. Reinforced concrete 
with the addition of up to 1% fiber treated by 
cement mass, was characterized by Slump and 
Axial Compression Tests. The results for the 
treated fibers were compared to natural fibers, 
and showed an increase in crystallinity of 17%, 
as well as an increase of 10% in the aspect ratio. 
This is an indication of the effectiveness of the 
chemical treatment, which can contribute to a 
better interface between the treated fiber and 
the cementitious matrix. For the Slump Test, 
the conventional concrete (CC) showed 6.0 cm 
of workability, while reinforced concrete with 
0.5% (CRF0.5%) and 1% (CRF1%) of treated 
fibers showed workability of 5.5 cm e 4.5 cm, 
respectively. The addition of 0.5% of treated 
fibers to the concrete, resulted in a positive 
influence on the compressive strength (increase 
around 4 MPa), in relation to the other concretes. 
The use of low volume of treated fibers combined 
with a possible good dispersion in the concrete 
mixture, may have contributed to the increase in 
the resistance of CRF0.5%.
KEYWORDS: Concrete, Reinforcement, Babassu 
coconut fiber, Workability, Compressive strength.
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UTILIZAÇÃO DE FIBRAS DE COCO BABAÇU NA PRODUÇÃO DE CONCRETO
RESUMO: Mundialmente, o concreto é o material mais produzido e consumido pela indústria 
da construção civil. Visando o desenvolvimento sustentável e um custo menor deste 
material, o uso das fibras vegetais como possibilidade de reforço mecânico, tem apresentado 
um grande potencial de aplicação tecnológica. O objetivo deste estudo foi investigar as 
propriedades mecânicas dos compósitos cimentícios (concretos) reforçados por fibras de 
coco babaçu. Fibras tratadas alcalinamente, foram caracterizadas por difração de raios X e 
razão de aspecto. Concretos reforçados com adição de até 1% fibra tratada por massa de 
cimento, foram caracterizados pelos ensaios de Slump e Compressão Axial. Os resultados 
para as fibras tratadas foram comparados com os das fibras naturais, e demonstraram um 
aumento na cristalinidade de 17%, assim como um aumento de 10% na razão de aspecto. 
Isto é um indicativo da efetividade do tratamento químico, o qual pode contribuir para uma 
melhor interface entre fibra tratada e matriz cimentícia. Para o ensaio de Slump, o concreto 
convencional (CC) apresentou 6 cm de trabalhabilidade, enquanto que os concretos reforçados 
com 0.5% (CRF0.5%) e 1% (CRF1%) de fibras tratadas, apresentaram trabalhabilidade de 
5.5 cm e 4.5 cm, respectivamente. A adição de 0.5% de fibras tratadas ao concreto, resultou 
em uma influência positiva para a resistência à compressão (aumento em torno de 4 MPa), 
em relação aos demais concretos. O uso de pequeno volume de fibras tratadas aliado a 
uma possível boa dispersão na mistura de concreto, pode ter contribuído para o aumento da 
resistência do CRF0.5%.
PALAVRAS-CHAVE: Concreto, Reforço, Fibra de coco babaçu, Trabalhabilidade, Resistencia 
à compressão.

1 |  INTRODUCTION
In recent years, due to sustainable development, plant fibers have been used in the 

possibility of mechanical reinforcement (ISLAM e AHMED, 2018; FERREIRA, S. R., et al., 
2015). Natural fibers are renewable materials, non-toxic and inexpensive for attainment 
(ONUAGULUCHI e BANTHIA, 2016). Its addition tends to improve the compressive 
strength, tensile strength, durability, hardness and ductility of cementitious composites 
(ONUAGULUCHI e BANTHIA, 2016). Alkaline treatments in natural fibers are frequently 
carried out, with the aim of increasing the adhesion between matrix/fiber, reducing the 
water absorption of the fiber during the mixing and, consequently, improving the mechanical 
properties (ONUAGULUCHI e BANTHIA, 2016; KIM e NETRAVALI, 2010).

The babassu (Orbignya speciosa) palm is one of the trees with the greatest economic 
potential, being much explored in the state of Piauí (FONTELLES, 2013). Specifically, 
the epicarp (fibers of the babassu coconut shell), is still little used in civil construction 
applications. In this context, the aim of this study was to investigate the compression 
properties of concrete reinforced by babassu coconut fibers.
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2 |  EXPERIMENTAL PROCEDURE
In this study, Portland cement (CP II), sand, aggregate, water and babassu coconut 

fibers were used. The epicarp fibers of the fruit were supplied by Babcoall Inc. do Brasil LTDA 
associated to the Agribusiness Incubator of the Federal University of Piauí (INEAGRO).

Babassu coconut fibers retained in the # 30 mesh (opening diameter, 0.59 mm) of the 
Test Sieves, were first cleaned in water, then cleaned in NaOH solution and distilled water 
again, until reaching the pH equal to 7. Then, the fibers were dried at 60°C/24 h, cooled and 
stored in a desiccator, before being added to the concrete mixture. The crystallinity index 
(CI) of the fiber was estimated from the X-ray diffractograms. The length (l) and diameter (d) 
of the fibers were evaluated by respectively, a digital caliper and micrometer.

In this study, it was prepared concrete without fiber (conventional concrete - CC) 
and fiber reinforced concrete (CRF), in the percentages of treated fibers of 0.5 and 1.0% 
(m/m), relative to cement. The workability of the fresh concrete was performed by the Slump 
Test according to ASTM C143. The mechanical performance of the concrete was evaluated 
under compression conditions (ABNT NBR 5739), after 28 days of cure. 

3 |  RESULTS AND DISCUSSION
The crystallinity index (CI) and aspect ratio (l/d) of babassu coconut fibers are shown 

in Table 1. The CI for FT (treated fibers) was 58.71%, what is higher than for FN (natural 
fibers, 41.63%). This increase of 17%, is an indicative of an increase in the crystalline 
domain present in FT. This can be attributed to a partial removal of the constituents such as 
hemicellulose, lignin and wax from the surface of the fiber, and thus revealing the cellulose 
for NaOH-treated fibers (OUSHABI et al., 2017). Equally, a slight increase (10%) in the fiber 
aspect ratio, after chemical treatment, showed that this can lead to a greater interfacial 
contact between FT and cementitious matrix.

Sample CI (%) Aspect Ratio

FN 41.63 116.95

FT 58.71 129.67

Table 1 – Characteristics of babassu coconut fibers.

Source: Author himself (2019).

Throught the results of Slump Tests (Figure 1), it was possible to verify the 
workability of fresh concrete. Compared to the CC sample (6.0 cm of workability), the results 
demonstrated a decrease in the workability for CRF0.5% and CRF1%, respectively, of 5.5 
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cm and 4.5 cm. Therefore, the addition of FT slightly altered the mass consistency, possibly 
by the use of short and alkaline fibers, and addition of low volume (CLARAMUNT, J. et al., 
2016).

Figure 1 - Slump of fresh concrete mix.

Source: Author himself (2019).

Figure 2 shows the results of average compressive strength of concrete, after 28 days. 
As observed, the resistance of the CRF0.5% sample (28.18 MPa) was higher compared to 
CC (24.98 MPa) and CRF1% (24.61 MPa), respectively, of 12.81% and 14.51%. In addition 
to not significantly changing the consistency of the fresh mixture, this increase in mechanical 
strength may be related to a possible good dispersion and mixing of this content of 0.5% of 
fibers treated with babassu coconut in the hardened samples.
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Figure 2 - Compressive strength of concrete.

Source: Author himself (2019).

For the CRF1% sample, the mechanical performance was considered satisfactory. Its 
resistance is very close to the CC sample, and exceeds the minimum compressive strength 
(20 MPa) allowed for some structural applications (without compromising performance), 
according to ABNT NBR 6118.

4 |  CONCLUSIONS
The results obtained demonstrated that the babassu coconut treated fibers showed 

an increase of 17% in their crystallinity, as well as an increase (10%) in their aspect ratio. 
This is an indicative of the efficiency of the alkaline treatment, which can contribute to 
increase the treated fiber/cement matrix contact area, and consequently, improve the 
properties of interest of the reinforced concrete.

The results of the compressive strength showed an increase of up to 15% for 
concrete with the addition of 0.5% of babassu coconut treated fibers, in comparison to the 
other concrete samples. This is a consequence of a reasonable workability of the mass, 
as well as for the use of low volume and possible good dispersion of the fibers, which may 
have promoted lower porosity and greater mechanical resistance for the hardened sample 
of CRF0.5%.
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