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Abstract  The increased traffic on road infrastructure 

has led to higher maintenance costs, particularly for 

flexible pavements, while rigid pavements, despite their 

greater durability, require significant initial investment. In 

Latin America, rigid pavements are preferred for their 

long-term cost-effectiveness, but they can deteriorate over 

time. To address these challenges, this study investigates 

the use of cocoa pod fibers as a natural admixture in 

concrete to improve its mechanical, thermal, and 

workability properties, and ultimately enhance the 

durability of pavements. High-strength concrete (280 

kg/cm²) was mixed with cocoa pod fibers at dosages of 0%, 

1%, 2%, 3%, and 4%. Key tests, including slump, unit 

weight, air content, compressive strength, and flexural 

strength, were conducted. The results revealed significant 

improvements in workability and mechanical performance, 

especially at dosages of 1% and 2%. These dosages 

provided an optimal balance between strength, flexibility, 

and cost-efficiency, making the concrete suitable for rigid 

pavement applications. Furthermore, the incorporation of 

4% cocoa pod fiber resulted in a 2.32%. Thermal properties 

were also enhanced, with the addition of 2% cocoa pod 

fiber lowering the temperature by 0.7°C. Compressive 

strength increased by 15% with 1% fiber, and flexural 

strength peaked at 36.5 kg/cm² with 2% fiber. The 

economic analysis revealed that the incorporation of 1% 

fiber in the concrete generated a 2.19% increase in the unit 

cost, which is equivalent to an increase of approximately 

11.68 soles per cubic meter compared to concrete without 

admixtures. This additional cost is justified by 

improvements in mechanical properties, such as higher 

compressive and flexural strength, as well as improved 

workability of the concrete. 

Keywords  High-Strength Concrete Performance, 

Rigid Pavements, Sustainability in Construction, Cocoa 

Shell Fiber 

1. Introduction

In the report number 6 issued by the National Institute 

of Statistics and Informatics (INEI) on vehicle flow in 

April 2024, they indicate that there was an increase of 

6.1% in light and heavy vehicles, of which 5.4% were 

light vehicles [1]. This represents at the same time an 

increase in the loads on land roads, i.e. on rigid pavement, 

consequently often leads to an increase in vehicular flow 

and results in a reduction in the durability, generating 

maintenance costs. Since these rigid pavements are 

designed on average for a durability of 20 to 30 years, but 

due to these increases and changes in expected flow, the 

durability decreases [2], [3]. In recent years, rigid 

pavements have gained popularity in road infrastructure 

due to their accessibility and ease of construction. 

Ensuring its proper performance and durability is essential 

for the economic growth of communities, which has 

motivated the constant search for materials that improve 
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its properties [4], [5]. 

Rigid pavements, commonly used in housing estates and 

streets, do not require high compressive and flexural 

strength. However, climatic conditions and increased 

vehicular traffic have led to cracking, slab spalling and a 

reduction in pavement’s service life, negatively affecting 

its durability [6]. To address these challenges, additives 

such as natural fibres have been incorporated into concrete 

to reduce the carbon footprint and promote sustainability in 

the construction sector. These fibres have improved the 

physical and mechanical properties of concrete, resulting 

in thinner and more durable pavements [7]. The 

incorporation of natural fibres in concrete has been 

recognised as an effective strategy to improve its properties. 

In particular, cocoa pods, an unexploited resource that 

generates approximately 120 tons of cocoa shells wasted 

annually in Peru, represent a significant environmental 

problem due to the lack of proper management [8]. The 

scarcity of research on cocoa fibre motivated the analysis 

of other natural fibres to evaluate their efficiency and 

justify this study. For example, coconut fibre was used in 

reinforced concrete to improve compressive strength and 

its behavior in high temperatures, such as fire [9]. In 

addition, sisal and kenaf fibre in reinforced concrete 

improved tensile strength [10], [11]. In materials such as 

adobe, agave fibre was used to improve tensile strength 

[12], while treated hemp fibre increased the fracture 

toughness and ductility of concrete [13], and cotton fibre 

improved water absorption capillarity in reinforced 

concrete, increasing water absorption [14]. Previous 

research has shown that natural fibres improve various 

concrete properties, including compressive strength, 

flexural strength, tensile strength, ductility and water 

absorption capacity. In this context, the present study 

focused on the evaluation of the physical and mechanical 

properties of natural cocoa pod fibre in order to determine 

its feasibility for use in rigid pavements. Critical 

parameters were analysed, providing a solid technical basis 

for the implementation of this fibre in the improvement of 

road infrastructure. This research aimed not only to 

improve the characteristics of the rigid pavement, but also 

to promote sustainability through the use of an 

underutilised agricultural resource. 

1.1. Literature Review 

In this section, all research related to cocoa husk 

derivatives in the construction sector was reviewed, given 

that there has been no previous research specifically on 

cocoa fibre. 

Researchers in the Upper East Region of Ghana 

conducted a comprehensive study on the use of cocoa husk 

ash (CPHA) as a partial replacement of cement in the 

production of concrete. The results indicated that the 

incorporation of CPHA in proportions of 12% to 18% 

significantly improved the mechanical properties of 

concrete in terms of compressive strength. Specifically, it 

was observed that a 6% addition of CPHA increased the 

tensile strength to 4.02 MPa, demonstrating its viability as 

a sustainable and efficient alternative in construction [15]. 

In parallel, in Nigeria, studies were conducted on the 

application of CPHA as an admixture in the manufacture of 

concrete blocks. These studies revealed that the inclusion 

of CPHA in proportions of 1% to 5% by weight of cement 

improved the compressive strength of the blocks by 400% 

compared to standard blocks. This finding underlined the 

effectiveness of CPHA as an additive to improve the 

quality and durability of local building materials [16]. In 

addition, the use of CPHA as an admixture in concrete was 

analysed at the Department of Civil Engineering in 

Adamawa, Nigeria. The results showed that the addition of 

0.6% CPHA at 28 days increased the compressive strength 

by 8.20% compared to a sample without admixture. It was 

also observed that CPHA significantly improved the 

setting times, with increases in the initial and final setting 

times. Additionally, the use of CPHA in proportions from 

0.2% to 1% improved the workability of fresh concrete, 

reduced drying shrinkage and decreased water absorption 

[17]. 

In Colombia, the use of cocoa shell filaments in 3D 

printing was investigated. The deformation, mechanical 

and morphological properties of the printed samples were 

evaluated, showing that the addition of this input 

significantly reduced the thermal analysis. Furthermore, an 

increase in tensile strength was observed when the 

filaments were printed at an angle of 0° compared to an 

angle of 90°. Finally, an improvement in the deformation 

effect was observed, reducing it by 67% [18], [19]. In 

Cameroon, researchers from the School of Science 

analysed polyethylene terephthalate (PET) reinforced with 

cocoa shell powder for use in tile coverings. First, its 

mechanical and physical properties were evaluated. The 

results indicated that the addition of 20-30% cocoa shell 

powder in PET significantly improved tensile capacities up 

to 60.3 MPa, flexural capacity up to 19.5 MPa, impact 

strength up to 10.3 MPa and water absorption was reduced 

to 1.34% [20]. 

Due to the lack of specific research on using of cocoa 

fibre in construction, a review of the effectiveness of 

various natural fibres in rigid pavements and their 

behaviour in concrete was carried out. Natural fibres offer 

significant advantages, such as being biodegradable and 

from renewable resources, which makes them 

environmentally beneficial. In addition, their low cost and 

light weight make them ideal options for incorporation in 

rigid pavements, in line with the search for sustainable 

practices in infrastructure construction [21]. 

In Peru, researchers evaluated the incorporation of agave 

fibre in rigid pavements to reduce the frequency of plastic 

shrinkage cracks. A dosage of between 0.75% and 1.0% 

agave fibre was found to be effective in controlling plastic 

shrinkage in concrete. In addition, for pavement crack 

control, a dosage of 0.5% agave fibre was recommended. 
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These results indicate that agave fibre may be a viable 

solution to improve the structural integrity of rigid 

pavements in environments prone to plastic shrinkage [22]. 

In Indonesia, the application of coconut fibre in the 

manufacture of pavement blocks was studied. The 

investigation revealed that the best dosage, 0.1% coconut 

fibre, increased the compressive strength of the blocks to 

25.39 MPa at 7 days, compared to 24.49 MPa for blocks 

without fibre. At 14 days, the blocks with fibre reached a 

flexural strength of 33 MPa, while the blocks without fibre 

only achieved 31.5 MPa. These results demonstrate that 

coconut fibre can significantly improve the mechanical 

properties of paving blocks [23]. 

In India, researchers analysed the incorporation of 

bamboo fibre in pavements. It was found that a 1% 

addition of bamboo fibre improved the compressive 

strength of concrete. However, as the dosage was increased 

to 1.5%, the compressive strength started to decrease. In 

contrast, the flexural strength showed a continuous 

improvement with increases in fibre dosage up to 1.5%. 

These results suggest that, while bamboo fibre can improve 

certain mechanical properties of concrete, its dosage must 

be carefully controlled to optimize the benefits [24]. 

Researchers at the University of Michigan investigated 

the incorporation of pineapple leaf fibre into pavements. 

The studies showed that this addition improved rutting 

resistance and pavement stability as assessed by Marshall 

and indirect tensile strength tests. These findings indicate 

that pineapple leaf fibre can be a beneficial addition to 

improve pavement performance and durability [25]. 

In Malaysia, the addition of kenaf fibre to porous asphalt 

was investigated. The results showed that a 0.3% dosage of 

fibre increased the permanent deformation resistance of 

asphalt. Furthermore, a dosage of 0.6% achieved the 

maximum value of resilient modulus, highlighting the 

effectiveness of kenaf fibre as an additive to improve the 

performance of porous pavements. These results suggest 

that kenaf fibre not only improves pavement durability, but 

also contributes to sustainability in construction [26]. 

The research reviewed demonstrates the potential of 

various natural fibres, such as agave, coconut, bamboo, 

pineapple leaves and kenaf, to improve the mechanical 

properties and durability of pavements. These fibres not 

only provide effective and sustainable solutions for 

construction, but also promote the use of natural resources 

and agricultural by-products, thus contributing to 

environmental sustainability. This context establishes a 

solid basis for exploring the potential of cocoa fibre in rigid 

pavements, which is why in this research we analyse the 

incorporation of 0, 1, 2, 3, and 4% in the addition of 

concrete for rigid pavements with a designed strength of 

280 kg/cm2, evaluating its performance through the tests of 

workability, unit weight, air content, temperature, 

compressive strength and flexural strength under the 

Manual of Materials Testing established by the Ministry of 

Transport and Communications (MTC) of Peru. 

2. Materials and Methods 

The methodology followed in this research was 

structured in a series of steps designed to ensure a 

comprehensive evaluation of cocoa pod fibre as an additive 

in concrete. The steps are described below: 

1. Application: Cocoa fibre concrete will be applied in 

rigid pavements, specifically in the construction of 

road infrastructure such as highways and streets. This 

type of pavement, due to its high durability and 

strength, is ideal for areas that require a robust 

concrete surface capable of withstanding heavy loads 

and adverse weather conditions. 

2. Selection of raw materials: The selection of materials 

was a critical step in ensuring the quality and 

consistency of the concrete mix. Cocoa pod fibre, 

obtained through sustainable agricultural practices, 

was chosen as the reinforcement material for the 

concrete. 

3. Fibre preparation: The cocoa pod fibre was subjected 

to a detailed process of cleaning, drying and cutting to 

size. This treatment ensured that the fibres could be 

evenly distributed within the concrete mix, 

maximising their effectiveness on the material's 

properties. A system was also designed to incorporate 

different doses of cocoa pod fibre (0 %, 1 %, 2 %, 3 % 

and 4 %) in order to evaluate how each concentration 

affects the properties of the concrete. 

4. Mix design: The concrete mix design incorporated 

fundamental materials such as cement, coarse 

aggregates, fine aggregates and water, adjusting their 

proportions according to the specific workability, 

strength and durability needs for the intended 

applications. The adjustments made to the standard 

mix allowed the impact of each component and fibre 

dosage on the final properties of the concrete to be 

evaluated. 

5. Preparation of test samples: Fresh concrete samples 

were prepared by mixing the ingredients in a concrete 

mixer to achieve a homogeneous mix. The mixture 

was then used to pour samples into moulds for various 

tests such as slump, unit weight, air content, 

temperature, compressive strength and flexural 

strength. Special attention was paid to proper 

compaction and curing of the samples to ensure 

accurate and reliable results. 

6. Evaluation of the mechanical and physical properties 

of the samples: The prepared samples were subjected 

to a series of tests to evaluate their mechanical 

properties (compressive strength and flexural 

strength), as well as their physical characteristics 

(workability, unit weight, air content and 

temperature). The tests followed standard procedures 

to ensure the consistency and reliability of the results. 

7. Analysis of results and conclusions: The results 

obtained in the various tests were analysed to 

determine the effects of cocoa pod fibre incorporation 
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on the properties of the concrete. Conclusions were 

drawn based on the performance of different fibre 

dosages and recommendations for practical 

applications of fibre-reinforced concrete were 

provided. 

2.1. Application 

Concrete, a fundamental material in civil construction, is 

composed of Portland cement, sand, gravel and water, with 

the addition of admixtures to modify specific properties 

such as water and fire resistance [27], [28], [29]. The 

incorporation of natural fibres in its formulation has been 

shown to improve both its physical and mechanical 

properties, making concrete more adaptable to various 

construction needs, including building structures and 

pavements [30]. In this context, pavement, as an essential 

component of road infrastructure, is designed to withstand 

both dynamic and static loads generated by vehicular and 

pedestrian traffic. Their composition varies according to 

local climatic conditions, with concrete being the material 

of choice for rigid pavements and asphalt for flexible 

pavements, both of which are widely used on roads, 

highways and pedestrian areas [31], [32]. In addition, 

pavements are noted for their durability against wear and 

ease of maintenance, which contributes to a significant 

reduction in long-term operating costs [33]. In particular, 

rigid pavements, made of concrete, are capable of resisting 

compressive and bending stresses, characteristics that 

make them particularly suitable for moderate traffic areas, 

due to their long service life, high strength and minimal 

deformation under heavy loads [34], [35], [36]. In this 

study, the use of cocoa pod fibre as an additive in concrete 

for rigid pavements was explored, with the aim of 

improving the workability, strength and durability of the 

material, which translates into a longer service life of road 

infrastructures. 

2.2. Raw Material Selection 

Cocoa pod fiber comes from the fruit of the cocoa tree 

(Theobroma cacao), known for its elongated shape and its 

variability in size and color [37]. 

2.3. Fibre Processing 

In this research, cocoa pod fibre from the rainforest was 

used to improve the physical and mechanical properties of 

concrete, specifically with a characteristic strength of f'c = 

280 Kg/cm², oriented for use in rigid pavements. The 

study focused on testing different proportions of cocoa 

pod fibre, in concentrations of 0%, 1%, 2%, 3% and 4%, 

to evaluate its impact on the strength, durability and 

general behaviour of the material. The process of 

obtaining the fibre begins with the collection of cocoa 

from the rainforest, an abundant natural resource in the 

region. Subsequently, the fibres were ground to extract the 

fibres, which had variable lengths between 1 and 5 mm 

and a maximum diameter of 0.5 mm, thus fulfilling the 

necessary characteristics to be considered as plant fibres 

suitable for incorporation into the concrete mix. The fibres 

obtained were subjected to a drying process under 

controlled conditions to reduce their moisture content, 

which was essential to maintain their mechanical 

properties and avoid alterations in the mix. Finally, the 

dried fibres were incorporated into the concrete mix 

according to the established design proportion, seeking to 

improve the cohesion and strength of the concrete, 

especially in its ability to resist cracking and improve 

long-term durability, which is fundamental in the 

construction. 

Table 1 details the amount of cocoa pod fibre used in 

concrete mixes, expressed in kilograms per cubic metre 

for different proportions, ranging from 0% to 4%. The 

addition starts at 3.49 kg/m³ at 1%, gradually increasing to 

6.98 kg/m³ at 2%, 10.47 kg/m³ at 3% and reaching 13.96 

kg/m³ at 4%. 

Table 1.  Amount of cocoa pod fibre 

Material Units M01 

(0%) 

M02 

(1%) 

M03 

(2%) 

M04 

(3%) 

M05 

(4%) 

Cocoa 

fibre 

Kg/m3 0.00 3.49 6.98 10.47 13.96 

These dosages allowed us to analyse how the 

incorporation of this material influenced the properties of 

the concrete, such as its strength, durability and thermal 

behaviour, helping to determine the optimum proportion 

to improve performance in different conditions. 

2.4. Mix Design 

Table 2 details the proportion of inputs used to 

reproduce the experimental procedure and ensure 

comparable results, specifying the amount of cement, 

coarse and fine aggregates, and water required to develop 

a concrete with a strength of 280 kg/cm². The formulation 

process followed the guidelines established by ACI 

211.1-91 [38], ensuring a suitable design for the concrete 

mix with the addition of cocoa pod fibre. The necessary 

components, such as cement, coarse aggregate, fine 

aggregate and water, were carefully selected to meet the 

strength and quality standards required for the project. 

Table 2.  Quantity of materials for concrete mix 

Material Units 
M01 

(0%) 

M02 

(1%) 

M03 

(2%) 

M04 

(3%) 

M05 

(4%) 

Cement Bags 11.82 11.82 11.82 11.82 11.82 

Coarse 

Aggregate 
m3 0.66 0.66 0.66 0.66 0.66 

Fine 

Aggregate 
m3 0.41 0.41 0.41 0.41 0.41 

Water m3 0.16 0.16 0.16 0.16 0.16 
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The granulometric analysis of the crushed stone on 

average, presented in Figure 1, shows the distribution of 

the material through different sieves, with their respective 

openings and masses retained on each sieve. In the table, 

it can be seen that the larger particles, such as those 

retained on the 3‘ to 1 1/2’ sieves, do not represent a 

significant percentage of the total mass, as the % retained 

is 0% on these sieves. However, as the sieve aperture 

decreases, the percentage retained increases, with the 1/2‘, 

3/8’ and N°4 sieves showing the highest retention 

percentages: 23.39%, 18.49% and 35.43%, respectively. 

The cumulative percentage of retained material reached 

100% at the bottom, with a total mass of 11,692 grams. 

This analysis is key to understanding the particle size 

distribution of the crushed stone, which directly 

influences the properties of the concrete, such as its 

strength and durability. 

2.5. Sample Preparation 

For the evaluation of the properties of concrete with 

cocoa pod fibre addition, standard procedures according 

to MTC E 705, MTC E 714, MTC E 706, MTC E 706, 

MTC E 724, MTC E 704, and MTC E 709 [39] were 

followed. First, fresh concrete mixtures were prepared by 

incorporating cocoa pod fibre in proportions of 0%, 1%, 

2%, 3% and 4%. The mix was prepared homogeneously, 

ensuring that the components were well distributed to 

obtain consistent results. For the slump test, the concrete 

was poured into an Abrams cone in three uniform layers, 

which were compacted with 25 blows using a 16 mm 

diameter, 60 cm long steel rod. Once compacted, the cone 

was removed vertically in less than 5 seconds, and the 

difference between the initial height and the maximum 

height reached by the concrete surface was measured. For 

the evaluation of unit weight, the Washington pot method 

was used, where a standard-sized pot was filled with the 

fresh concrete, leveling its surface before recording the 

total weight. For the evaluation of air content, the pressure 

method was used, where a vessel was filled with a 

representative sample of compacted concrete, and then the 

volume of air trapped under pressure was measured. As 

for the temperature test, a calibrated thermometer was 

used and inserted into the fresh concrete to record the 

temperature after the reading stabilised. Finally, for the 

compression and flexural tests, 150 mm diameter and 300 

mm high cylinders were prepared for compression, and 15 

cm x 15 cm x 60 cm beams for flexure, which were cured 

for 7, 14 and 28 days before being tested. In total, the 

study included 45 cylindrical probes and 15 concrete 

beams, which were evaluated both in their original state 

and with the addition of cocoa pod fibres in the mentioned 

proportions. 

2.6. Evaluation of Samples for Testing 

The prepared samples were evaluated using the specific 

tests to determine their properties. In the slump test, it was 

monitored that the addition of cocoa pod fibre affected the 

workability of the concrete, recording the slump values 

according to the proportions of fibre added. In the unit 

weight test, it was questioned how the different fibre 

dosages influenced the density of the concrete, observing 

a gradual decrease in unit weight with the incorporation of 

more cocoa fibre. For air content, the volume of air 

trapped in the concrete was calculated, ensuring that the 

values remained within the recommended range to ensure 

the durability and strength of the concrete. 

 

Figure 1.  Granulometric Curve 
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The temperature test evaluated how the addition of 

cocoa fibre influences the thermal regulation capacity of 

the concrete, recording temperatures within the optimum 

range for curing and avoiding potential problems such as 

thermal cracking. Compression and flexural tests were 

used to evaluate the mechanical properties of the concrete, 

where the samples were subjected to gradual loading until 

the breaking point was reached. Average compressive and 

flexural strengths were recorded for each fibre dosage and 

different curing ages (7, 14 and 28 days). These tests 

provided key information on the structural performance of 

cocoa fibre concrete, allowing evaluation of its suitability 

for applications in columns, beams, retaining walls and 

other civil engineering structures requiring specific 

mechanical properties. 

3. Results and Discussions 

In this section, the performance of specimens and 

beams subjected to external loads is analysed during tests 

carried out at 7, 14 and 28 days. Different proportions 

(0%, 1%, 2%, 3% and 4%) of cocoa pod fibre in the 

concrete were evaluated, totalling 45 cylindrical 

specimens and 15 beams. The results of the tests at 28 

days will be presented, highlighting the maximum 

compressive and flexural strengths achieved, which are 

fundamental criteria for its application in rigid pavements. 

3.1. Slump Test 

Figure 2 shows the results of the Abrams cone slump 

test used to determine the consistency of the concrete. The 

standard concrete had a slump of 4 inches. With the 

addition of 1.0% cocoa pod fibre, the slump was reduced 

to 3 ¾ inches. With 2.0% dosage, the slump is further 

reduced to 3 ½ inches. On the other hand, with 3.0% fibre, 

the settlement decreased to 3 ¼ inches, and with a dosage 

of 4%, the settlement was 3 inches. 

3.2. Unit Weight 

Figure 3 shows the values of the unit weight of the 

concrete for different proportions of cocoa pod fibres, 

varying from 0.00% to 4.00%. A decreasing trend in unit 

weight is noted as the fibre dosage increases, with values 

ranging from 2410 kg/m³ in sample M01 (no fibre addition) 

to 2354 kg/m³ in sample M05, which contains 4% cocoa 

pod fibre. This reduction suggests a greater incorporation 

of air into the mix, which facilitates placement and 

compaction of the concrete. In addition, the decrease in 

unit weight may lead to lighter structures, which is 

advantageous for reducing transportation costs and 

improving construction efficiency, especially in projects 

where large volumes of concrete need to be handled. 

For example, in the research of C. Hettiarachchi and G. 

Thamarajah [40], the addition of coconut fibre to 

unit-weight concrete was analysed as a method to improve 

its mechanical properties. They found that an optimum 

addition of 2% coconut fibre reduced the unit weight from 

2423.70 kg/m³ to 2370.37 kg/m³, resulting in a decrease 

of 2.20%. This finding is especially relevant for our 

research, where cocoa pod fibre was used instead of 

coconut fibre. With an addition of 4% cocoa pod fibre, a 

decrease in unit weight of 2.32% was obtained, suggesting 

similar benefits in terms of improved physical properties 

of the concrete. 

3.3. Air Content 

Figure 4 shows the air content in concrete samples with 

varying amounts of cocoa pod fibres. The standard 

concrete without fibres (M01) has an air content of 1.00%. 

As the fibre dosage is increased from 1.00% to 4.00%, the 

air content remains stable at 1.10% for samples M02 and 

M03 (with dosages of 1.00% and 2.00%, respectively), 

and then increases slightly to 1.20% for samples M04 and 

M05 (with dosages of 3.00% and 4.00%, respectively). 

 

Figure 2.  Workability of concrete with cocoa pod fibre addition 
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Figure 3.  Unit weight of concrete with cocoa pod fibre addition 

 

Figure 4.  Air content of concrete with cocoa pod fibre addition 

The study by A. R. G. de Azevedo et al. [41] showed 

that the addition of 5% natural acai fibre to the concrete 

significantly increased the air content, reaching 8.20%, 

compared to 7% in the standard sample. In our case, the 

addition of 4% cocoa pod fibre resulted in a more modest 

1.2% increase in air content. Although this effect was 

limited, it highlights how natural fibres can influence 

concrete properties, especially in terms of workability and 

durability. 

3.4. Temperature 

Figure 5 shows the temperature values in degrees 

Celsius of the fresh concrete samples with different doses 

of cocoa pod fibres. The standard concrete without fibres 

(M01) shows a temperature of 17.90°C. As the fibre 

dosage is increased, from 1.00% to 4.00%, the 

temperature varies slightly between 17.20°C and 18.00°C 

for samples M02 to M04, respectively. These results 

suggest that the addition of cocoa pod fibres has minimal 

impact on concrete temperature. 

Research by M. A. Mughal et al. [42], on the use of 

natural Kenaf fibre in asphalt concrete, showed that even 

small amounts of fibre affected the concrete temperature 

at 25°C and 40°C, with concentrations of 0.1% and 0.3%, 

respectively. In comparison, our research, which 

incorporated 2% cocoa pod fibre, resulted in a 

temperature of 17.2°C, slightly lower than the 17.9°C of 

the standard sample without fibre. This slight difference 

suggests that the addition of cocoa pod fibre could have a 

beneficial effect on the thermal regulation capacity of 

fresh concrete. 
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3.5. Compressive Strength 

Figure 6 shows the compressive strength of the 

concrete, revealing significant trends with or to the cocoa 

pod dosage. For example, sample M02, with a 1.00% 

cocoa pod dosage, shows the highest compressive strength 

values at all curing periods (7, 14 and 28 days), with 

values of 252.60, 283.20 and 330.00 kg/cm2 respectively. 

In contrast, sample M05, with a 4.00% cocoa pod dosage, 

consistently exhibits the lowest compressive strength 

values at the same periods, with values of 206.40, 231.10 

and 285.80 Kg/cm2 respectively. These results indicate an 

inverse relationship between cocoa pod dosage and the 

compressive strength of the concrete, where higher 

dosages result in a decrease in structural strength. This 

suggests that the addition of cocoa pods may be beneficial 

in improving other properties of concrete, but may 

compromise its compressive strength, and it is relevant to 

consider this effect in applications where structural 

strength is critical. 

3.6. Bending Strength 

Figure 7 shows that the flexural strength reveals 

significant patterns as a function of the cocoa pod additive 

dosage. For example, sample M03, with a 2.00% cocoa 

pod dosage, shows the highest flexural strength at 36.50 

kg/cm2 at 28 days of curing, while sample M01, without 

cocoa pod additive, shows the lowest strength at 25.01 

kg/cm2 in the same period. This indicates a general trend 

of increasing flexural strength as the cocoa pod dosage in 

the concrete increases. 

However, sample M05, with a 4.00% cocoa pod dosage, 

shows a lower flexural strength than sample M04, which 

has a dosage of 3.00%. Therefore, to achieve maximum 

flexural strength after 28 days, the ideal amount seems to 

be 2% of cocoa pod fibres with or to the weight of cement. 

These results suggest that the addition of cocoa pods can 

significantly improve the flexural strength of concrete, 

and it is relevant to consider this optimum dosage in 

applications where high resistance to transverse loads is 

required, such as in pavement structures and structural 

elements subjected to bending. 

 

Figure 5.  Temperature of the concrete with cocoa pod fibre addition 

 

Figure 6.  Compressive strength of concrete with cocoa pod fibre addition 
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Figure 7.  Flexural strength of concrete with cocoa pod fiber addition 

In the study conducted by N. Dayananda et al. [43], jute 

fibre reinforcement in a cement concrete composite was 

investigated, and it was observed that the compressive 

strength increased to a certain extent, reaching a 

maximum of 44.44 N/mm² with 0.4% jute fibre content. 

In our research, we found significant improvements in 

compressive strength with the addition of 1% cocoa 

vanilla fibre, achieving a value of 330 kg/cm². This result 

highlights how cocoa vanilla fibres can reinforce the 

mechanical properties of concrete, similar to the effect 

observed with jute fibres, but with a higher compressive 

strength capacity. Furthermore, in terms of flexural 

strength, it was observed that with a dosage of 2% cocoa 

pod fibre, the strength reached 36.50 kg/cm², which also 

highlights a significant improvement in the mechanical 

properties of the concrete. These results demonstrate that 

the incorporation of cocoa pod fibre can be an effective 

option to increase both the compressive and flexural 

strength of concrete, which is especially useful for rigid 

pavements requiring high load-bearing capacity. 

3.7. Unit Cost Analysis of Concrete without and with 

Addition and with Cocoa Pod Fiber at 1% and 2% 

According to the results obtained in the physical and 

mechanical properties of the concrete, the addition of 

cocoa pod fiber showed significant improvements 

compared to conventional concrete, highlighting a notable 

increase in flexural and compressive strength with fiber 

concentrations of 1% and 2%. This indicates that the 

concrete becomes stronger and more durable with the 

incorporation of this fiber. Therefore, we will proceed to 

analyze the unit prices per cubic meter to evaluate the 

economic feasibility of this addition, comparing the costs 

of conventional concrete with those of fiber-modified 

concrete at the mentioned concentrations. 

Table 3 shows the cost of the standard concrete, i.e., 

concrete without the addition of cocoa pod fiber, with a 

total cost of 531.63 soles per cubic meter. This amount 

includes labor costs, detailed as 84.70 soles for the worker 

and 59.80 soles for the laborer, as well as material costs, 

which include cement, coarse and fine aggregate, and 

water, all measured in cubic meters, the specific quantities 

of which are detailed in Table 2. In addition, an additional 

cost of 3% has been considered for hand tools and 

equipment. This calculation covers all the components 

necessary for the production of concrete, together with the 

associated labor and equipment costs. 

Table 4 presents the unit cost analysis of concrete with 

a 1% addition of cocoa pod fiber. This analysis used the 

same elements as the previous tables (Table 1 and Table 

2), but with some variations in labor costs due to the 

additional processing required for the cocoa fiber. An 

increase in labor cost was observed, as the fiber needed to 

be processed prior to use. In this regard, the quantity of 

the operator increased from 1.33 (according to Table 3) to 

1.4 (according to Table 4), while the quantity of the 

laborer increased from 0.44 (Table 3) to 0.5 (Table 4). In 

addition, an additional piece of equipment, the chopper, 

whose function was to process the cocoa cob fiber, was 

included at a cost of 2.79 soles for a quantity of 3.49 

kg/m³ of fiber. As a result, the total cost of the concrete 

with 1% cocoa pod fiber reached 543.31 soles per cubic 

meter, which includes labor, materials and equipment. 

On the other hand, Table 5 shows the analysis of the 

unit cost of concrete with an addition of 2% cocoa pod 

fiber. In this case, the same materials and equipment were 

used as in the previous analyses, but the amount of fiber 

used was increased to 6.98 kg/m³, which brought the unit 

cost of concrete with 2% cocoa pod fiber to 547.15 soles 

per cubic meter. 
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Table 3.  Unit Cost Analysis of standard concrete 

Conventional concrete m3 

Efficiency: 10 m3/dia Direct unit cost per : m3 531.63 

Description Unit Cuadrilla Quantity Price S/. Partial S/. 

Labor 

Operator hh 1.33 1.06 84.70 90.12 

Customer hh 0.44 0.35 59.80 21.05 

Materials 

Portland Cement BLS  11.82 30.00 354.60 

Coarse aggregate M3  0.66 45.00 29.70 

Fine aggregate M3  0.41 80.00 32.80 

Water L  0.16 0.16 0.03 

Equipment 

Hand tools %mo  3% 111.17 3.34 

Table 4.  Unit Cost Analysis of concrete with the addition of cocoa pod fiber 1% 

Efficiency: 10 m3/day Direct unit cost per: m3 543.31 

Description Unit Cuadrilla Quantity Price S/. Partial S/. 

Labor 

Operator hh 1.40 1.12 84.70 94.86 

Customer hh 0.50 0.40 59.80 23.92 

Materials 

Portland Cement BLS  11.82 30.00 354.60 

Coarse aggregate M3  0.66 45.00 29.70 

Fine aggregate M3  0.41 80.00 32.80 

Water L  0.16 0.16 0.03 

Cocoa pod KG  3.49 0.30 1.05 

Equipment 

Milling hm 1 0.8 3.49 2.79 

Hand tools %mo  3% 118.78 3.56 

Table 5.  Unit Cost Analysis of concrete with the addition of cocoa pod fiber 2% 

Efficiency: 10 m3/day Direct unit cost per : m3 547.15 

Description Unit Quadrille Quantity Price S/. Partial S/. 

Labor 

Operator hh 1.40 1.12 84.70 94.86 

Customer hh 0.50 0.40 59.80 23.92 

Materials 

Portland Cement bls  11.82 30.00 354.60 

Coarse aggregate m3  0.66 45.00 29.70 

Fine aggregate m3  0.41 80.00 32.80 

Water l  0.16 0.16 0.03 

Cocoa pod kg  6.98 0.3 2.09 

equipment 

Milling hm 1 0.8 6.98 5.58 

Hand tools %mo  3% 118.78 3.56 
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4. Conclusions 

In conclusion, the use of natural fibers in concrete has 

proven to be highly beneficial in improving both its 

mechanical and thermal properties, making it ideal for 

various structural applications, especially in regions with 

extreme climatic conditions. In the specific case of 

concrete reinforced with cocoa pod fiber, an improvement 

in workability was observed, evidenced by a reduction in 

concrete slump. Without fiber, the slump was 4 inches, 

while with a 1% fiber dosage it was reduced to 3 ¾ inches, 

to 3 ½ inches with 2%, to 3 ¼ inches with 3% and finally, 

to 3 inches with 4%. This improvement in workability is 

particularly relevant for the manufacture of rigid 

pavements, where adequate workability is essential to 

ensure uniform placement and compaction, which 

contributes to greater durability and performance of the 

structure. 

As for unit weight, a reduction was observed as the 

percentage of fiber increased. Concrete without fiber had 

a unit weight of 2410 kg/m³, while with 4% fiber, this 

value decreased to 2354 kg/m³. This suggests that fiber 

contributes to making concrete lighter, which could be 

useful in certain construction applications. 

The air content in the concrete samples remained 

relatively constant between 1.00% and 1.20% with 

increasing fiber content, reflecting a slight increase in air 

capacity, especially with higher fiber dosages. This 

behavior may influence the durability of concrete, since 

higher air content may improve freeze-thaw resistance, 

although it may affect mechanical strength. 

Regarding the temperature of the fresh concrete, 

variations between 17.20°C and 18.00°C were presented. 

These results suggest that the fiber does not significantly 

influence the thermal regulation of concrete during mixing 

and curing. However, its incorporation may be 

particularly beneficial in regions with high temperatures 

or hot environments, where rapid evaporation of water 

may increase the risk of thermal cracking. In such 

conditions, reducing the temperature of fresh concrete 

becomes crucial to mitigate this risk. In areas such as the 

jungle and the northern coast of Peru, for example, in 

cities like Iquitos (Loreto), Tarapoto (San Martin) and 

Piura, the use of cocoa pod fiber could play an essential 

role in improving the durability of concrete, helping to 

reduce thermal cracking associated with the high 

temperatures characteristic of these regions. 

In terms of compressive strength, the results showed an 

inverse relationship with increasing fiber content. 

Concrete with 1% fiber achieved the highest strength 

values (330.00 kg/cm² at 28 days), while concrete with   

4% fiber had the lowest values (285.80 kg/cm²). This 

suggests that, although fiber improves other properties, its 

addition in high doses can compromise the compressive 

strength of concrete. 

On the other hand, flexural strength showed a positive 

trend with the addition of cocoa pod fiber. The concrete 

with 2% fiber presented the highest flexural strength at 28 

days, reaching 36.50 kg/cm², while with doses higher than 

2%, the strength began to decrease. This behavior 

highlights the potential of the fiber to improve flexural 

strength, being particularly relevant for applications where 

resistance to transverse loads is required. 

Finally, the unit cost analysis revealed that the addition 

of cocoa pod fiber increased the cost of the concrete. The 

cost per cubic meter with 1% fiber was 543.31 soles, and 

with 2% fiber it reached 547.15 soles. These additional 

costs are related to the processing of the fiber and the 

incorporation of specific equipment for its handling. 
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