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Abstract. Due to the great worldwide increase in pineapple production, countries like Brazil and 

India have problems regarding the correct disposal of residues from the production of this fruit. 

One of the possibilities is the reuse of these residues in the form of fibers in cementitious 

materials, as is the case with mortars. As a result, the objective of this work is to evaluate the 

application of pineapple fibers in mortars in the proportion of 1: 4 (cement: sand) with addition 

of fiber treated in NaOH in the proportion of 3 and 6%. The properties of mechanical resistance, 

water absorption, mass density and adhesion were evaluated, aiming to apply the mortar in 

coatings of rural environments. The results indicate that the fibers reduced the mortar density and 

increased the mechanical strength. However, there was a reduction in adherence, especially with 
the use of 6% fiber, in addition to an increase in water absorption. Based on the results, it is 

concluded that it is feasible to use 3% of pineapple fiber for the production of coating mortars in 

rural environments because the results obtained in the investigation are compatible with this 

application and with the established normative limits. 

 

Key words: rural constructions, agro-industrial wastes, sustainability, reuse. 

 

INTRODUCTION 
 

Pineapple (Ananas comosus) is one of the main fruits produced in Brazil, being 

consumed internally and also being one of the main agricultural products exported in the 
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country (Braga et al., 2020). The average annual production between the years 2012 and 

2018 was 1.7 billion, making Brazil the second largest producer of this fruit in the world 

(Scherer et al., 2015; Braga et al., 2020). 
The major problem in this fruit production, in Brazil and worldwide, is the waste 

generated by its, mainly due to the peel and crown of the fruit (Wasserbauer et al., 2019). 

These wastes are disposed of without any prior care, even with great potential for reuse. 
Among the known ways to reuse this residue, we can mention: fuel (Chen et al., 2020), 

cellulose (Faria et al., 2020), spray drying (Braga et al., 2020) and as natural fiber for 

composites (Ramesh et al., 2016; Ramesh et al., 2017). 

About this last application, some research carried out with fibers similar to 
pineapple, proved the feasibility of applying the material as reinforcement in 

cementitious matrices (Ramesh Kumar & Kesavan, 2020; Ramesh et al., 2020; Singh & 

Gupta, 2020). It is known that composite materials have two phases mainly: the matrix 
phase, which is responsible for the volume of the material, and the dispersed phase, or 

reinforcement, in general with application of fibers (Castoldi et al., 2019; Ryabchikov et 

al., 2020). This phase improves or reinforces the mechanical behavior of the matrix. In 

the case of cementitious materials, fibers are used for two purposes, to increase ductility 
and improve the tensile strength of the material (Du et al., 2021; Men et al., 2021). 

The following works are mentioned as an example of the application of natural 

fibers: (Akinyemi & Dai, 2020) studied the application of banana fibers in cementitious 
mortars in the proportion 1: 3 (cement: sand) witch 1.5% of banana fibers in relation to 

the cement mass. They observed that the fiber increases the mechanical performance of 

the mortar and ductilizes the material. Similar conclusions are obtained by (Elbehiry et 
al., 2020) in concrete. 

(Sabarish et al., 2020) studied the incorporation of sisal fibers in concrete using a 

percentage of 1.5% in cement. The authors observed that the use of fibers improved the 

properties of compressive and flexural strength, in addition to discussing considerably 
the breaking behavior of the studied concrete elements. The results are confirmed by  

(de Klerk et al., 2020). Marvila et al. (2020) and de Azevedo et al. (2021) studied the 

application of açai fiber in cementitious matrices, applying in mortars. The results 
obtained by the authors prove the possibility of applying natural fibers. The results 

highlighted in these researches indicate a potential for the application of pineapple fibers, 

whose composition is cellulose such as banana, sisal and açai fibers, in cementitious 
matrices. (Bambi et al., 2019) studied the application of bamboo fiber in sustainable 

mortars for sound insulation, obtaining important results that prove the feasibility of 

applying the material. 

In this context, the objective of this work is to evaluate the application of pineapple 
fiber, in contents of 3 and 6%, in the properties of the hardened state of a sustainable 

cement-based mortar. For this, mass density tests were performed in the hardened state, 

water absorption, flexural tensile strength, compressive strength and adhesion. 
 

MATERIALS AND METHODS 

 

Materials 
The pineapple fibers were extracted from an agricultural industry located in São 

João da Barra - RJ - Brazil. The fibers used come from the crown of the fruit, being dried 

in an oven at 60 °C after extraction for a period of 24 h. The fibers were treated in a 
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NaOH solution with 10% mass concentration, being immersed in the treatment solution 

for 30 minutes. After immersion in sodium hydroxide, the fibers were washed with 

running water and HCl, to neutralize the pH. They were again dried in greenhouses at 
60 °C for 24 h, being thus ready for application. 

In addition to the fibers, ordinary Portland cement (OPC) and river washed sand 

collected in Campos dos Goytacazes - RJ- Brazil were used. The sand used has 
granulometry with a maximum diameter of 2.4 mm, standardized through the analysis 

of other studies (de Azevedo et al., 2018; Marvila et al., 2019). Fig. 1 presents the 

schematic flowchart on the methodology used in this article. 
 

 
 

Figure 1. Schematic flowchart of the methodology. 

 

Methods 

To evaluate the effects of incorporating pineapple fibers treated in mortars, 

specimens were produced in the proportion 1:4:1.5 (cement: sand: water), using 

percentages of 0, 3 and 6% of fiber in relation to cement mass. The specimens produced 
were in prismatic geometry 40×40×160 mm, according to the Brazilian norms 

(NBR 13276, 2016). In the mortar mixing stage, the pineapple fiber is added together 

with water, aiming at greater homogenization of the material, according to some 
published works (Marvila et al., 2020; A.R.G. de Azevedo et al., 2021). 

After being produced, the specimens were stored at room temperature, of 

approximately 25 °C, for a period of 28 days. Afterwards, the samples were submitted 

to mass density tests in the hardened state (NBR 13280, 2005), water absorption (NBR 
9778, 2011), tensile strength in flexion and compressive strength (NBR 13279, 2005), 

and adhesion test (NBR 15258, 2005). The tests performed are extremely important to 

verify the feasibility of applying sustainable mortars. In all studies, 3 samples were used 
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RESULTS AND DISCUSSION 

 

Fig. 2 shows the density of mortars in the hardened state. It is observed that there 
was a reduction in density as the pineapple fiber content increased. The density dropped 

from 2.01 g cm-3 (composition 0%) to 1.79 g cm-3 (composition with 6%). The reduction 

in density is due to the characteristic of fibers to increase the volume of mortars, even  

for each mortar composition studied, 

enabling the calculation of average 

and standard deviations, indicated in 

the figures that present the results of 
each property. Table 1 shows the 

amounts of mass applied in the study. 

Table 1. Mortar compositions used 

Composition 
Cement 

(g) 

Sand  

(g) 

Water 

(g) 

Pineapple 

Fiber (g) 

0% 250 1,000 375 0 

3% 250 1,000 375 7.5 

6% 250 1,000 375 15 

 

with little variation in the mass of 

the material. This information was 
reported by other researchers, who 

conducted research with natural 

fibers in cementitious matrices. 
(Quiñones-Bolaños et al., 2021) 

reported a drop in density from 

2.06 g cm-3 in the reference 
composition to 1.56 g cm-3 in the 

composition containing 15% coconut 

fiber. (Sathiparan et al., 2017) 

obtained a reduction in density from 
2.02 g cm-3 (0% of coconut fiber) to 

approximately 1.91 g cm-3 with 

0.75% of fiber. 
In other words, the results 

obtained are coherent when 

compared to other studies with 
natural cellulose fibers. In addition, 

the reduction of density with the use 

of fibers is beneficial for coating 

mortars, as they help to reduce the 
structure's own weight and relieve 

the structural loads on the building. 

Fig. 3 shows the water 
absorption of the evaluated mortars. 

There is an almost linear increase in 

water absorption as the fibers are 

incorporated. Absorption increased 
from 13.25% (reference composition) 

to 15.23% (with 6% fiber). This is 

due to the hygroscapillary nature of 
the fiber, which absorbs water more  
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Figure 2. Results of mass density in the hardened 

state of mortars with pineapple fibers. 
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Figure 3. Results of water absorption of mortars 

with pineapple fibers. 
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easily than the cementitious matrix. The chemical composition of the fiber, which is 

predominantly cellulosic, is responsible for this behavior. Some authors who studied 

cementitious composites with natural fiber obtained the same pattern. This is the case of 
(Azevedo et al., 2020), who observed an increase in water absorption from 15% 

(reference composition) to 16.2% in mortars containing curauá fiber. The same pattern 

was observed by (Sathiparan et al., 2017), whose water absorption increased from 10% 
to 15% using 0.75% of coconut fiber. The results obtained, therefore, are consistent. 

The increase in water absorption caused by the fibers is bad because it can cause 

pathologies and cracks in the coating to occur. On the other hand, increasing the water 

absorption can help increase the mechanical resistance due to the greater amount of water 
available for hydrating the cement, as will be seen in Figs 4 and 5. Thus, the analysis of 

the water absorption result contributes to the conclusions on the behavior of pineapple 

fibers, especially when correlated to the other parameters discussed in this study. 

cementitious materials be a maximum of 3%, so as not to compromise the wettability 

of the composite. 

In addition to the increase in tensile strength in flexion, the use of 3 and 6% fibers 
improved the ductility of the material, increasing the propagation of cracks before 

rupture. This information had already been highlighted by other authors who studied 

natural fibers, as is the case of the works by Azevedo et al. (2020), de Azevedo et al. 

(2021). It is known that the rupture of cementitious materials is catastrophic and fragile. 
The use of pineapple fibers is a cheap and ecological alternative to increase the ductility 

of the cementitious matrix, making the material safer from a structural point of view and 

proving the importance of using the pineapple fibers studied in this research. 
Fig. 5 shows the results of compressive strength. There is a pattern very similar to 

the results obtained for tensile strength in compression, where the use of 3% fiber 

improved the strength, when compared to the compositions of 0% and 6%. The same 
pattern was observed, for example, in the work of (de Azevedo et al., 2021), in which 

the compressive strength of compositions with 0% was 3.52 MPa, with an increase in  

 

Fig. 4 shows the results of 
tensile strength in flexion. It is 

observed that there was an increase 

in the resistance of the composition 
from 0% to 3%, going from 3.05 to 

4.12 MPa containing 3% of fibers. 

The composition with 6% pineapple 

fiber has a flexural tensile strength 
of 3.57 MPa, higher than the 

reference composition, but lower 

than the composition with 3% fiber. 
This is because the use of excess 

fibers compromises the wettability 

of the matrix, causing a saturation of 
the reinforcement phase and creating 

points of weakness in the material. 

As a result, it is recommended that 

the pineapple fiber content used in 
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Figure 4. Results of tensile strength flexion of 

mortars with pineapple fibers. 
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strength for compositions with 1.5 and 3% acai fiber to 3.84 and 4.23 MPa, respectively. 

The composition with 5% açaí fiber, however, dropped to 3.83 MPa. Therefore, the 

results obtained are consistent. 

natural fibers in coating mortars. The work of Azevedo et al. (2020), de Azevedo et al. 
(2021) stands out, where the authors observed that the use of vegetable fibers provided 

mortars with adhesion greater than 0.30 MPa. 

 

CONCLUSIONS 

 

The main conclusions obtained in the research are: 
The density results demonstrate a reduction of this property with the incorporation 

of fibers, attributed to the greater volume provided by the pineapple fibers. This is 

beneficial because it reduces the weight of the hardened material. 

Fig. 5 shows that the 
compressive strength was 4.05 MPa 

in the 0% composition to 

approximately 4.8 MPa in the 3% 
composition. This increase of 18.5% 

is attributed to the better crack 

propagation provided by the 
application of pineapple fibers in the 

cementitious composite and prove 

the feasibility of applying these 

vegetable fibers, proposed in this 
article. 

Fig. 6 shows the results of 

adherence. A drop in adherence is 
observed for the 3% and 6% 

pineapple fiber compositions, 

justified by the lack of penetration of 

the mortar in the standard substrate. 
The pineapple fiber, although 

individually increases the strength 

of the mortar, acts as a barrier to the 
penetration of the mortar cement 

into the substrate, impairing 

adherence. The Brazilian standard 
(NBR 15258, 2005) recommends  

a minimum value of 0.3 MPa for 

mortar adherence. It is observed that 

the composition of 3% of pineapple 
fiber meets this requirement and can 

be applied for the production of 

sustainable mortar. 
The results obtained are similar 

to those highlighted by other authors 

who evaluated the application of 
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Figure 5. Results of compressive strength of 

mortars with pineapple fibers. 
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Figure 6. Results of adherence of mortars with 

pineapple fibers. 
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Water absorption increased with the incorporation of fibers, due to the hygroscopic 

nature and the cellulose content in the material. Although this is negative, the increase 

in water absorption was not high. 
The compressive strength and flexural strength of compositions containing 3% 

fiber are superior to compositions 0% and 6% fiber. This is because the wettability point 

of the fiber has been reached. As a result, the incorporation of 3% fibers is indicated, 
which in addition to better resistance, improves the ductility of the material. 

Adhesion decreased with the use of 3 and 6% of pineapple fibers, however that the 

use of 3% met the minimum of the Brazilian norm, of 0.3 MPa. Therefore, it is concluded 

by the feasibility of applying pineapple fibers in cementitious matrices for the production 
of sustainable mortars, in a maximum of 3%. 

 

ACKNOWLEDGEMENTS. The authors thank the Brazilian agencies: CNPq, an FAPERJ,  

proc. No. E-26/210.150/2019 and E-26/010.001953/2019, for supporting this investigation. 

 

REFERENCES 

 
ABNT, 2011. NBR 9778 – Hardened mortar and concrete - Determination of water absorption, 

voids index and specific mass. Assoc. Bras. Normas Técnicas. (in Portuguese). 

ABNT, 2005a. ABNT NBR 13280 - Mortar for laying and cladding walls and ceilings - 

Determination of bulk density in the hardened state. Assoc. Bras. Normas Técnicas. 
(in Portuguese). 

ABNT, 2005b. NBR 13279 - Mortar for laying and covering walls and ceilings - Determination 

of tensile strength in flexion and compression.Assoc. Bras. Normas Técnicas. 

(in Portuguese). 

ABNT NBR 15258:2005, 2005. Mortar for lining walls and ceilings - Determination of potential 

tensile bond strength. Bras. Normas Técnicas. (in Portuguese). 

Akinyemi, B.A. & Dai, C. 2020. Development of banana fibers and wood bottom ash  

modified cement mortars. Constr. Build. Mater. 241, 118041. 

https://doi.org/10.1016/j.conbuildmat.2020.118041 

Azevedo, A.R.G. de, Klyuev, S., Marvila, M.T., Vatin, N., Alfimova, N., Lima, T.E.S. de, 

Fediuk, R. & Olisov, A. 2020. Investigation of the Potential Use of Curauá Fiber for 

Reinforcing Mortars. Fibers 8, 69. https://doi.org/10.3390/fib8110069 
Bambi, G., Ferraz, P.F.P., Ferraz, G.A.S., Pellegrini, P. & Giovanntonio, H.D. 2019. Measure of 

thermal transmittance of two different infill wall built with bamboo cultivated in Tuscany. 

Agronomy Research 17(S1), 923–934. https://doi.org/10.15159/AR.19.130 

Braga, V., Guidi, L.R., de Santana, R.C. & Zotarelli, M.F. 2020. Production and characterization 

of pineapple-mint juice by spray drying. Powder Technol. 375, 409–419. 

https://doi.org/10.1016/j.powtec.2020.08.012 

Castoldi, R. de S., Souza, L.M.S. de, & de Andrade Silva, F. 2019. Comparative study on the 

mechanical behavior and durability of polypropylene and sisal fiber reinforced concretes. 

Constr. Build. Mater. 211, 617–628. https://doi.org/10.1016/j.conbuildmat.2019.03.282 

Chen, A., Guan, Y.J., Bustamante, M., Uribe, L., Uribe-Lorío, L., Roos, M.M. & Liu, Y. 2020. 

Production of renewable fuel and value-added bioproducts using pineapple leaves in Costa 
Rica. Biomass and Bioenergy 141, 105675. https://doi.org/10.1016/j.biombioe.2020.105675 

de Azevedo, A.R.G., Alexandre, J., Xavier, G. de C. & Pedroti, L.G. 2018. Recycling paper 

industry effluent sludge for use in mortars: A sustainability perspective. J. Clean. Prod. 

https://doi.org/10.1016/j.jclepro.2018.05.011 



1394 

de Azevedo, Afonso R.G., Marvila, M.T., Tayeh, B.A., Cecchin, D., Pereira, A.C. & 

Monteiro, S.N. 2021. Technological performance of açaí natural fibre reinforced cement-

based mortars. J. Build. Eng. 33, 101675. https://doi.org/10.1016/j.jobe.2020.101675 

de Klerk, M.D., Kayondo, M., Moelich, G.M., de Villiers, W.I., Combrinck, R. & Boshoff, W.P. 

2020. Durability of chemically modified sisal fibre in cement-based composites. Constr. 

Build. Mater. 241, 117835. https://doi.org/10.1016/j.conbuildmat.2019.117835 

Du, H., Hu, X., Han, G. & Shi, D. 2021. Experimental and analytical investigation on flexural 

behaviour of glulam-concrete composite beams with interlayer. J. Build. Eng. 102193. 

https://doi.org/10.1016/j.jobe.2021.102193 
Elbehiry, A., Elnawawy, O., Kassem, M., Zaher, A., Uddin, N. & Mostafa, M. 2020. 

Performance of concrete beams reinforced using banana fiber bars. Case Stud. Constr. 

Mater. 13, e00361. https://doi.org/10.1016/j.cscm.2020.e00361 

Faria, L.U.S., Pacheco, B.J.S., Oliveira, G.C. & Silva, J.L. 2020. Production of cellulose 

nanocrystals from pineapple crown fibers through alkaline pretreatment and  

acid hydrolysis under different conditions. J. Mater. Res. Technol. 9, 12346–12353. 

https://doi.org/10.1016/j.jmrt.2020.08.093 

Marvila, M.T., Alexandre, J., de Azevedo, A.R.G. & Zanelato, E.B. 2019. Evaluation of the use 

of marble waste in hydrated lime cement mortar based. J. Mater. Cycles Waste Manag. 21. 

https://doi.org/10.1007/s10163-019-00878-6 

Marvila, M.T., Azevedo, A.R.G., Cecchin, D., Costa, J.M., Xavier, G.C., de Fátima do 

Carmo, D. & Monteiro, S.N. 2020. Durability of coating mortars containing açaí fibers. 
Case Stud. Constr. Mater. 13, e00406. https://doi.org/10.1016/j.cscm.2020.e00406 

Men, P., Zhou, X., Zhang, Z., Di, J. & Qin, F. 2021. Behaviour of steel–concrete composite 

girders under combined negative moment and shear. J. Constr. Steel Res. 179, 106508. 

https://doi.org/10.1016/j.jcsr.2020.106508 

NBR 13276, 2016. Argamassa para assentamento e revestimento de paredes e tetos - 

Determinação do índice de consistência. Assoc. Bras. Normas Técnicas. 

https://doi.org/01.080.10; 13.220.99 

Quiñones-Bolaños, E., Gómez-Oviedo, M., Mouthon-Bello, J., Sierra-Vitola, L., Berardi, U. & 

Bustillo-Lecompte, C. 2021. Potential use of coconut fibre modified mortars to enhance 

thermal comfort in low-income housing. J. Environ. Manage. 277, 111503. 

https://doi.org/10.1016/j.jenvman.2020.111503 
Ramesh Kumar, G.B. & Kesavan, V. 2020. Study of structural properties evaluation  

on coconut fiber ash mixed concrete. Mater. Today Proc. 22, 811–816. 

https://doi.org/10.1016/j.matpr.2019.10.158 

Ramesh, M., Deepa, C., Rajesh Kumar, L., Sanjay, M.R. & Siengchin, S. 2020. Life-cycle  

and environmental impact assessments on processing of plant fibres and its  

bio-composites: A critical review. Journal of Industrial Textiles (2021). 

https://doi.org/10.1177/1528083720924730 

Ramesh, M., Gopinath, A. & Deepa, C. 2016. Machining Characteristics of Fiber Reinforced 

Polymer Composites: A Review. Indian Journal of Science and Technology 9(42), 1–7. 

https://doi.org/10.17485/ijst/2016/v9i42/101978 

Ramesh, M., Palanikumar, K. & Reddy, K.H. 2017. Plant fibre based bio-composites: 
Sustainable and renewable green materials. Renewable and Sustainable Energy Reviews 79, 

558–584. https://doi.org/10.1016/j.rser.2017.05.094 

Ryabchikov, A., Kiviste, M., Udras, S.M., Lindpere, M., Vassiljev, A. & Korb, N. 2020. The 

experimental investigation of the mechanical properties of steel fibre-reinforced concrete 

according to different testing standards. Agronomy Research 18(S1), 969–979. 

https://doi.org/10.15159/AR.20.070 



1395 

Sabarish, K.V., Paul, P., Bhuvaneshwari, Jones, J. 2020. An experimental investigation on 

properties of sisal fiber used in the concrete. Mater. Today Proc. 22, 439–443. 

https://doi.org/10.1016/j.matpr.2019.07.686 

Sathiparan, N., Rupasinghe, M.N. & Pavithra, B. 2017. Performance of coconut coir reinforced 

hydraulic cement mortar for surface plastering application. Constr. Build. Mater. 142,  

23–30. https://doi.org/10.1016/j.conbuildmat.2017.03.058 

Scherer, R.F., Olkoski, D., Souza, F.V.D., Nodari, R.O. & Guerra, M.P. 2015. Gigante de 

Tarauacá: A triploid pineapple from Brazilian Amazonia. Sci. Hortic. (Amsterdam). 181, 

1–3. https://doi.org/10.1016/j.scienta.2014.10.052 
Singh, H. & Gupta, R. 2020. Influence of cellulose fiber addition on self-healing and water 

permeability of concrete. Case Stud. Constr. Mater. 12, e00324. 

https://doi.org/10.1016/j.cscm.2019.e00324 

Wasserbauer, M., Herak, D., Mizera, C. & Hrabe, P. 2019. Utilization of image analysis for 

description of drying characteristics of selected tropical fruits. Agronomy Research 17(S2), 

1495–1500. https://doi.org/10.15159/AR.19.072 

 

 


