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This paper presents an experimental study of the influence of the addition of palm nut 

fiber on the mechanical strength of cement mortar. Cement mortar specimens reinforced 

with naturals palm nut fibers have been developed containing between 0 and 3.5% 

volume fraction fibers. Compression test and flexural test (3-point bending test) are 

performed on the different samples. It is found from the flexural test that the flexural 

strength of the mortar reinforced with palm nuts increases slightly regardless of the 

maturation time of the sample. Conversely, compression tests show a gradual decrease in 

mechanical strength with the addition of fibers.  
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1. INTRODUCTION

Fiber-reinforced cement mortar is used in the field of 

construction, in the context of renovation as well as in the 

construction of new buildings [1-4]. The specificity of its 

formulation makes it a mortar with interesting mechanical 

properties in terms of durability. Fiber mortar consists of 

siliceous sands, cements, synthetic fibers. 

The drop in oil reserves and increased awareness of the 

pollution caused by the use of synthetic fibers [5, 6] has 

sparked an interest in natural fibers, renewable and 

biodegradable resources. For economic reasons, the studies 

carried out on these fibers mainly concern industrially 

produced plants (for example, banana, cotton, palm kernel, 

flax, hemp, etc.) in the world [7-9]. 

Today, the development of natural fiber-reinforced 

composites is one of the most attractive research areas. Çomak 

et al. [10] studied the influence of hemp fibers on the 

properties of cement-based mortar. During the studies, they 

made hemp fiber incorporated with cement mortar of different 

quantities (0%, 1%, 2% and 3%) and different lengths (6 mm, 

12 mm and 18 mm). From the analysis, they concluded that 

cement mortars reinforced with 2–3% of fiber and 12 mm 

length of natural hemp fiber gave the best results. Danso et al. 

[11] investigated the effect of coconut fibers and lime on the

characteristics of soil-cement mortar, they concluded that

coconut fibers and lime positively influence soil-cement

mortar properties for construction application with the

optimum strength recorded at 0.2% fiber and 5% lime addition

of the specimen.

Kesikidou et al. [12] studied mortars reinforced with natural 

fibers. The study gives more clarity on the use of bio-fibers in 

construction materials to enhance the recycling of bio-fibers in 

the domain of construction. Three types of natural fiber (jute, 

coconut and kelp) were applied as additives in 1.5% by mortar 

volume.  

The importance of fibers in lime mortars and cement 

mortars were evaluated using mechanical, physical and 

microstructural characteristics of the specimens. The results 

showed that natural fibers increased the strength and life span 

of the composite.  

Ramakrishna et al. [13] conducted studies on the impact 

resistance of slabs constructed from natural fiber-reinforced 

cement mortar. These authors demonstrated that the addition 

of natural coconut fibers between 0.5% and 2.5% greatly 

improved the impact resistance of the slab. Vantadori et al. 

[14] worked instead on mortars reinforced with date palm

fibers. They showed that an increase in fiber content improved

the ductility/weight ratio of the cement mortar.

The natural fibers used in this study are palm nut fibers from 

the western region of Cameroon. They were extracted from oil 

palms of the E-Elaeis guineensis variety by a combination of 

processes comprising various steps: mechanical and washing, 

drying [15]. 

In Cameroon, oil palm accounts for a significant part of 

agricultural activity. It is cultivated for the oil contained in the 

nuts. Most often waste such as palm nut fibers and husks are 

discarded in the wild or disposed of by burning in situ. This 

study aims to valorize its waste from oil palm cultivation and 

to offer farmers new economic prospects. The construction 

sector must play an important role in solving the 

environmental problems linked to recycling and the 

exploitation of biomass. In the field of construction, in Africa, 

natural fiber-reinforced earth mortars are still widely used in 

the construction industry (cob, adobe, adobe, etc.). 

Nevertheless, cement matrix mortars remain the reference 

building material in cities. In this article we are interested in 

the potential use of palm nut fibers as reinforcing elements for 
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cement mortars (as a partial substitute for sand) to make cinder 

blocks. 

The objective of this research is to study the influence of the 

addition of palm nut fibers on the mechanical properties of 

cement mortar. First of all, we developed fiber-reinforced 

cement mortar specimens respecting the choice of constituent 

elements according to the required standards. More precisely, 

we are interested in the consequences that the incorporation of 

the fibers into the cement material generates. The flexural and 

compression tests will be performed. 

2. MATERIALS AND EXPERIMENTAL TECHNIQUES 

 

2.1 Biomaterial used in this study 

 

The natural fibers studied are extracted from oil palms from 

plantations in the city of Bazou (Bazou Subdivision, Nde 

Division, Western Region, Cameroon). These oil palms are of 

the variety E-Elaeis guineensis (see Figure 1). The fibers of 

the study are extracted from the pulp of the palm nut (see 

Figure 1). 

 

 
 

Figure 1. Presentation of an oil palm and its diet: (a) the oil palm, (b) the diet, (c) the whole palm nut (d) Cut of the palm nut 

 

 
 

Figure 2. Fiber states after extraction from the mechanical oil press: (a) Waste from the press (b) Raw fibers (c) Entangled fibers 

cleaned (by washing with water) 

 

The fibers are extracted from the palm nut pulp using a 

mechanical oil press. The raw fibers, thus obtained are washed 

with water at a temperature of 70°C. Figure 2 shows the state 

of the fibers during the different extraction steps. The 

mechanical extraction has the advantage of roughening the 

outer surface of the fibers and thus contributes to the 

improvement of matrix-stiffness adhesion [16, 17].  

The average dimensions of extracting fibers are presented 

in Table 1. 

 

Table 1. Average size of extracted fibers 

 
Designation Value 

Fiber lengths 24 mm  - 49 mm 

Radius of the large diameter 

section of the fiber 
0.46 mm – 0.87 mm 

Radius of the small diameter 

section of the fiber 
0.16 mm – 0.37 mm 

 

2.2 Manufacture of fiber-reinforced cement mortar 

sample 

 

Extracted palm nut fibers are used in the manufacture of 

cement mortar specimens. A cement mortar reinforced with 

short natural fibers is obtained. The fiber-reinforced cement 

mortar specimens consist of: 

• Sand: The sand used comes from the Yong River, 

Mbalmayo town (Central Region, Cameroon) because it lacks 

clay and impurities. We used 0/2 sand in accordance with the 

standard NF EN 196-1 (Sand 0-2 mm). 

• Cement: The cement used is of type CEMI BP 42.5R 

compliant with the standard NC 234: 2009-06 and 

manufactured in Cameroon by the DANGOTE CEMENT 

factory in Cameroon.  

• Fiber: fiber extracted from the palm nut pulp of the 

western region of Cameroon (Density of the fiber: 521 kg m-

3). 

• The mixing water used is free of impurities and complies 

with NF P 18-303 (Water/cement ratio=0.6) 

The fiber-reinforced cement mortar specimens are prismatic 

in size 40mm×40mm×160mm, for a volume of 256.10-6 m3 

(see Figure 3) for the flexural test. For the compression test, 

the dimensions used are 40mm×40mm×80mm. These 

dimensions are in accordance with the European standard NF 

EN 196-1 describing the procedure for determining the 

mechanical resistance of cement materials. Table 2 shows the 

compositions of the various cement mortar specimens 

(Indication of the fiber quantity of the different mortar 

specimens).  

For each test specimen designation, mechanical tests will be 

performed taking into account the drying time of the mortar 

(or maturation time of the mortar) between 7 and 28 days. 

 

Table 2. Fiber Composition of different cement mortar 

specimens 

 
Reference Percentage of fibers (volume 

fraction fibre) 

MF0 0% 

MF0.5 0.5% 

MF1 1% 

MF2 2% 

MF3 3% 

MF3.5 3.5% 
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Figure 3. Fibered cement mortar sample 

 

2.3 Tensile/compression test machine 

 

The tensile / compression machine used for our tests is a 

CONTROLAB brand with numerical control and a data 

acquisition system (see Figure 4). The movement of the cross 

is ensured by a hydraulic cylinder. From a suitable assembly, 

this tensile/compression machine was used to perform the 3-

point bending tests on our fiber-reinforced mortar specimens 

(Figure 3).  

 

 
 

Figure 4. Tensile/compression testing  machine 

 

 
 

Figure 5. Tensile/compression testing  machine 

 

Figure 5 illustrates the sample mooring system for the 3-

point bend test. 

 

 

3. RESULTS AND DISCUSSIONS 

 

In this section of the study, we present our test results of the 

mechanical properties of specimens of fiber-reinforced cement 

mortar (gotten from the Three-point flexural test and 

compression test). 

 

3.1 Density of fiber cement mortar specimens 

 

In this section, we have determined density of cement 

mortar samples (=M105C/V) at different fiber reinforcement 

levels.  

With M105°C: dry mass of the specimen obtained after 

passing through the oven at 105°C (Kg) and V: Sample 

volume (m3). 

In Figure 6 we find that the bulk density decreases 

progressively from a value of 2277.5 kg/m3 for the 0% fiber 

sample to a value of 942.1 for the 3.5% fiber sample. At equal 

volume, the mortar containing palm kernel fiber is lighter than 

a control mortar without fiber cement. 

 

 
 

Figure 6. Evolution of density according de volume fraction 

of fiber 

 

3.2 Analysis of flexural tests on fiber mortar specimens 

 

The results presented in the figures below are obtained from 

the Three-point flexural tests until fracture of fiber cement 

mortar specimens. For each test on the different samples 

(distinguished by their fiber quantity and their drying time or 

maturation time of the mortar in days), the ultimate flexural 

strength is measured (corresponding at the maximal tensile 

stress of the structure). 

Figure 7 below shows the evolution of the flexural strength 

as a function of the fiber content and for a drying time or 

maturation time of the mortar specimens between 7 to 28 days. 

The values obtained from the flexural test are plotted in Figure 

7. 

According to the graph in Figure 7a, whatever the drying 

time, a gradual increase in the flexural strength has observed 

at first, then followed by a decrease. The maximum values of 

the flexural strength are obtained for a quantity of fibers of 

approximately 2% in the mortar sample of fiber mortar. 

Beyond a content of 2%, there is a slight deterioration in the 

strengths of the reinforced mortar. 

On the other hand, in Figure 7b, it is clearly seen that the 

maturation time of our fiber mortar samples makes it possible 

to increase the flexural strength. The addition of small quantity 

of fiber and increase maturation time improves the flexural 

strength of the cement mortar. 
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(a)                                                                                                                   (b) 

 

Figure 7. (a) Evolution of the flexural strength as a function of the quantity of fibers, (b) Evolution of the flexural strength as a 

function of the maturation time of mortar specimens (or drying time) 

 

 
(a)                                                                                                                    (b) 

 

Figure 8. (a) Evolution of the compressive strength as a function of the quantity of fiber, (b) Evolution of the compressive 

strength as a function of the maturation time (or drying time) 

 
3.3 Analysis of compressive tests on fibered mortar 

 

The results presented in this section relate to the 

compression tests carried out on the different ranges of fiber-

reinforced cement mortar specimens. For each sample tested, 

the compressive strength and Young's modulus are recorded. 

 

 
 

Figure 9. Evolution of Young's modulus as a function of the 

quantity of fiber 

 

Figure 8 above shows the evolution of the compressive 

strength as a function of the quantity of fibers at different 

maturities times of 7 to 28 days. 

In contrast to the Three-point flexural test, Figure 8a shows 

a gradual and steady decrease in the compressive strength in 

relation to the increase in the volume fraction of fibers. Figure 

8b shows clearly that the unreinforced specimens made of 

fiber (at 0%) have a better compressive strength than fibered 

specimens, at 28 days it goes from a value of 42.4 MPa (for 0% 

of fiber) at 31.1 MPa (for 3.5% fiber). 

There is a similar effect of the quantity of fiber on the other, 

mechanical characteristics in compression such as Young's 

modulus. In Figure 9, it can be seen that an increase in the 

quantity of fiber causes a progressive decrease in Young's 

modulus. 

 

 

4. CONCLUSIONS 

 

This article has presented an experimental study of the 

influence of the quantity of vegetable fibers of palm nuts on 

the mechanical properties of cement mortar. Cement mortar 

specimens reinforced with palm nut fibers of volume fractions 

between 0 and 3.5% of fibers were developed. The flexural 

tests clearly show an improvement in the flexural strength of 
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the mortar with the addition of the fibers. This beneficial effect 

seems to decrease in quantity of fiber greater than 2%. A 

controlling effect of the addition of fiber on the compressive 

strength is observed. Indeed, an increase in the quantity of 

fiber causes a progressive loss of compressive strength. 
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