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ABSTRACT 
 

  

ARTICLE INFO 

The increasing demand for sustainable construction materials has underscored the need 
for eco-friendly alternatives to traditional concrete aggregates, as rising costs and 
depletion of natural materials create scarcity and environmental challenges. This study 
investigated the use of coir and crushed coconut shells as partial replacements for 
conventional aggregates, assessing their effects on the flexural strength and crack 
resistance of concrete. Conducted in Kilifi, Mombasa, and Kwale, Kenya—regions known 
for coconut cultivation and a favorable tropical climate—the research employed a 
rigorous experimental design. Various coir contents (0.1%, 0.2%, and 0.3%) were tested 
alongside crushed coconut shell aggregates (CCSA) at 10%, 20%, and 30%. A total of 72 
concrete cubes and beam specimens were prepared from locally sourced materials to 
ensure relevance to regional construction practices. Key variables were assessed using 
standardized laboratory testing procedures, with data analyzed using both descriptive 
statistical methods and comparative performance evaluation across mix proportions. 
Results indicated that incorporating CCSA up to 10% slightly improved flexural strength, 
while higher replacement levels reduced performance; however, the addition of 0.3% coir 
fibres partially mitigated this reduction, enhancing ductility and crack resistance. In 
terms of crack resistance, mixes containing 30% CCSA and 0.3% coir exhibited superior 
performance based on Schmidt Hammer rebound values and Ultrasonic Pulse Velocity 
(UPV) tests, indicating improved internal integrity and reduced crack propagation. The 
findings demonstrate that the performance of sustainable concrete is highly dependent 
on optimal proportioning of coir fibres and CCSA, with balanced mixes offering improved 
mechanical and durability characteristics. The study therefore recommends controlled 
use of these materials to enhance concrete sustainability without compromising 
structural performance. 
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1. Introduction   

The urgent need for sustainable construction 
materials has prompted a reevaluation of traditional 
concrete mixtures, particularly concerning their flexural 
strength and resistance to cracking. As the construction 
industry faces growing environmental pressures and 
escalating costs for conventional materials, there is an 
increasing focus on integrating eco-friendly alternatives 
that do not compromise structural performance. This 
trend has led to significant interest in using agricultural 
by-products, such as Coir fibers and Crushed Coconut 
Shell Aggregates (CCSA), as partial replacements for 
conventional aggregates in concrete. Concrete 
structures are often prone to flexural failures and 
cracking under load, particularly in challenging 
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environmental conditions. The incorporation of 
sustainable materials is an effective strategy to enhance 
the flexural strength and crack resistance of concrete, 
thereby extending its lifespan and reducing maintenance 
costs.  

Coir fibers, derived from the outer husk of coconuts, 
possess unique properties that can improve the 
mechanical performance of concrete, while CCSA 
provides a lightweight alternative that contributes to 
overall material sustainability. The use of coconut waste 
is particularly beneficial in regions where coconut 
production is abundant. Research indicates that 
integrating CCSA into concrete formulations can lead to 
cost savings while simultaneously addressing the 
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challenges of waste management associated with 
coconut processing (Ejaz et al., 2022; Aljohi et al., 
2016). By leveraging local resources, this approach not 
only promotes environmental stewardship but also 
enhances the economic viability of construction 
projects. 

Globally, coconut cultivation spans numerous 
countries, producing millions of tonnes annually. In 
Kenya, particularly along its coastal regions, the 
potential for utilizing these resources is significant. The 
country’s coconut sector generates substantial waste 
that can be effectively repurposed, aligning with 
sustainable construction goals (Koitumet, 2023).  
Concrete typically demonstrates good performance 
under standard conditions; however, it can exhibit 
vulnerabilities when subjected to flexural loads and 
environmental stresses. These weaknesses often 
manifest as cracking or structural degradation, 
challenging the longevity and safety of built 
environments. Although high-performance concrete 
(HPC) can provide some resistance to these issues, its 
high cost and specialized requirements limit broader 
adoption. 

Natural fibers, such as Coir, have emerged as 
effective reinforcements capable of enhancing the 
flexural strength of concrete. Coir's properties—such as 
high tensile strength and low thermal conductivity—
make it a compelling choice for improving concrete 
durability (Okvianti & Febrianty, 2022). Incorporating 
Coir fibers can also mitigate the formation of cracks, 
providing a sustainable alternative to traditional steel 
reinforcements. The application of CCSA as a partial 
aggregate replacement in concrete has garnered 
attention for its potential to improve both the 
mechanical properties and sustainability of concrete. 
This innovative approach aligns with the growing need 
for materials that not only perform well but also 
minimize environmental impact (Dakos & Kéfi, 2022).  

In Kenya, the North and South Coasts are rich in 
coconut resources, making them ideal locations for 
exploring the use of Coir and crushed coconut shells in 
concrete production. Areas such as Mombasa, Kilifi, and 
Kwale have a significant concentration of coconut trees, 
creating opportunities for sustainable construction 
practices (Herring & Thuo, 2022). Kenya boasts 
approximately 7.4 million coconut trees, with a 
substantial portion of waste generated during the 
processing of coconut fruit (Aljohi et al., 2016). This 
waste poses environmental challenges, but it also 
presents a unique opportunity for innovation in concrete 
applications. By integrating Coir fibers and crushed 
coconut shells, it is possible to enhance the performance 
of concrete while simultaneously addressing waste 
disposal issues (Oliko, 2023). 

The objective of this study is to evaluate the effects 
of Coir and crushed coconut shells on the flexural 
strength and crack resistance of concrete within the 
Kenyan context. By focusing on the coastal regions, this 
research aims to assess the potential benefits of these 

materials in improving concrete performance while 
considering economic and sustainability factors.  

The increasing demand for sustainable construction 
materials drove research into alternative aggregates for 
concrete, emphasizing the need for eco-friendly options 
that did not compromise performance. The construction 
industry faced challenges due to rising costs of 
conventional materials, particularly natural aggregates, 
leading to their overexploitation and depletion. This 
situation created scarcity and further increased costs, 
underscoring the urgent need for cost-effective 
alternatives that could maintain the structural integrity 
and performance of concrete used in construction 
projects. Additionally, the improper disposal of 
agricultural by-products like Coir and crushed coconut 
shells worsened waste management issues, posing 
significant environmental and public health hazards. 
Utilizing these materials in construction offered a viable 
solution to mitigate these challenges while promoting 
sustainability.  

This study aimed to investigate the effects of 
incorporating Coir and crushed coconut shells as partial 
replacements for traditional aggregates on the 
engineering properties of concrete, specifically focusing 
on flexural strength and crack resistance. The two 
objectives were: To assess the flexural strength of 
concrete with coir and crushed coconut shells as partial 
aggregate replacements, in comparison to conventional 
concrete. To evaluate the crack resistance of concrete 
with coir and crushed coconut shells as partial aggregate 
replacements, in comparison to conventional concrete. 

2. Literature Review 

The utilization of Coir fibers and crushed coconut 
shells as partial aggregate replacements in concrete has 
gained attention for its potential to enhance both 
flexural strength and crack resistance. This empirical 
review synthesizes findings from recent studies, 
highlighting the effects of these materials on concrete's 
mechanical properties, particularly in the context of 
sustainable construction practices.   

Several studies have demonstrated the positive 
impact of coir fibers on the mechanical properties of 
concrete. For instance, Eziefula et al., (2023) reported 
that incorporating coir fibers improved compressive 
strength at low fiber contents, highlighting their 
potential as reinforcement material. Similarly, Katre, 
Bisen, Thakur, Ukey, and Katre (2023) observed that coir 
fiber inclusion enhanced tensile and flexural strength, 
with optimum performance achieved at moderate fiber 
dosages. More recently, Prasad et al. (2024) found that 
coir fiber-reinforced concrete achieved a maximum 
compressive strength of 34 N/mm² at a fiber volume 
fraction of 4% and fiber length of 10 mm, though higher 
fiber content reduced workability. 

In a separate line of research, Marandi and Kumar 
(2023) investigated crushed coconut shells as partial 
replacements for coarse aggregates and reported 
satisfactory mechanical performance alongside reduced 
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concrete weight and improved thermal insulation. 
Similarly, a machine learning-based study (Springer, 
2023) confirmed that coconut shell aggregates can 
enhance compressive, flexural, and split tensile strength 
when optimally incorporated. These findings highlight 
the individual contributions of coir fibers and crushed 
coconut shells to concrete performance, though further 
research is needed to evaluate their combined effects.  

A total of 72 concrete cubes and 72 beam specimens 
were prepared using a standardized concrete mix ratio 
of 1:2:4 (cement aggregate aggregate) and a constant 
water–cement ratio of 0.50 throughout the experimental 
programme. The control mix was prepared using 
conventional aggregates, while crushed coconut shell 
aggregates (CCSA) were introduced as partial 
replacements for coarse aggregates at levels of 10%, 
20%, and 30% by weight. Coir fibres were incorporated 
into the mixes at proportions of 0.1%, 0.2%, and 0.3% by 
weight of cement. All materials were measured and 
batched uniformly to ensure consistency across all 
specimens. The same mixing, casting, compaction, 
curing, and testing procedures were maintained for all 
the 72 cubes and 72 beams to minimize experimental 
variation and ensure that differences in flexural strength 
and crack resistance were attributable only to the 
varying proportions of coir fibres and crushed coconut 
shell aggregates. 

Bheel et al. (2024) investigated the use of eco-
friendly binders, such as coconut shell ash (CSA), 
metakaolin (MK), and calcined clay (CC), as 
supplementary cementitious materials (SCMs) in 
Concrete (HSC). Their study aimed to enhance concrete 
performance and address waste disposal issues, focusing 
on improvements in tensile, flexural strength, and 
compressive strengths, and reductions in carbon 
emissions. This research did not address workability, 
crack resistance, or structural modeling, which were key 
aspects of the current study. In contrast, Hasan et al. 
(2024) examined the effects of incorporating stone dust 
(SD) and CSA into hardened concrete. Their findings 
showed improvements in shrinkage, crushing strength, 
and flexural strength with 10% CSA and SD as substitutes 
for cement. This study focused on material substitutions 
rather than aggregate replacements and did not explore 
the broader range of concrete properties that the 
current study aimed to address. 

Singhal et al., (2020) explored the use of CSA and 
eggshell powder (ESP) in concrete, noting increases in 
flexural strength, tensile, and compressive strengths 
with these materials. Their study primarily targeted 
strength improvements with cement substitutes, rather 
than partial aggregate replacements, and did not include 
evaluations of workability, durability characteristics, or 
crack resistance. Similarly, Mangi et al. (2021) assessed 
the impact of CSA on concrete's compressive strength, 
finding that 10% substitution improved strength 
outcomes. While this study contributed to understanding 
the effects of CSA, it did not address aggregate 
replacements or other properties such as flexural 
strength, workability, or durability characteristics. 

Moreover, Ashish (2019) focused on the effects of 
ESP and CSA on concrete’s crushing strength. Like the 
other studies, it emphasized strength improvements but 
did not cover the comprehensive range of properties that 
the current study explored, such as workability, flexural 
strength, crack resistance, and structural modeling. In 
comparison, the current study aimed to investigate the 
use of Coir and crushed coconut shells (CCS) as partial 
aggregate replacements in high-strength concrete. It 
sought to assess a broader array of concrete properties, 
including workability, compressive and flexural strength 
and crack resistance. This comprehensive approach 
provided a novel perspective not fully covered in the 
previous studies, which mainly focused on SCMs or 
specific strength metrics. Adeniyi et al. (2019) examined 
how crushed coconut shells affect the flexural strength 
of concrete. The study found that the addition of 
crushed coconut shells up to a 10% replacement level led 
to improvements in flexural strength. This can be 
attributed to the porous nature of the shells, which may 
contribute to a more flexible and resilient concrete mix. 
However, when the replacement level exceeded 10%, 
the benefits to flexural strength were overshadowed by 
other negative effects such as increased porosity and 
reduced compressive strength. The increased porosity 
associated with higher replacement levels compromised 
the overall structural performance, thus limiting the 
improvements in flexural strength. The study suggests 
that while crushed coconut shells can enhance flexural 
strength to some extent, their effectiveness is 
constrained by their impact on other properties.  

Selvaraj (2017) also explored the effects of 
combining Coir fibers and crushed coconut shells on the 
flexural strength of concrete. The study found that the 
combined use of these materials could enhance the 
concrete’s resistance to bending stresses. Moderate 
proportions of both additives resulted in improved 
flexural strength, leveraging the benefits of each 
material. Coir fibers contributed to better stress 
distribution and ductility, while crushed coconut shells 
helped in achieving a lighter mix. However, achieving 
the best performance required careful balancing of the 
proportions of each material.  

Excessive use of either material could negate the 
positive effects, emphasizing the need for a well-
optimized mix design to maximize the flexural strength 
while maintaining overall concrete quality. Coir fibers 
generally enhance flexural strength, particularly when 
used up to 10%, by improving stress distribution and 
ductility. Crushed coconut shells can also improve 
flexural strength up to a certain proportion, but 
excessive use can reduce overall effectiveness due to 
increased porosity and diminished compressive strength. 
A well-balanced mix design that incorporates both 
materials can optimize flexural strength, leveraging 
their synergistic effects.  

Crack resistance is another critical performance metric 
for concrete, as it directly influences durability and 
service life. Research by Yousefieh et al. (2017) has 
shown that Coir fibers significantly improve crack 



J. Kuta et al.                                                                       Journal of Advances in Science, Engineering and Technology Volume 2 (2026) 1:003 

 

20 
 

resistance by acting as a reinforcement that helps to 
prevent crack propagation. The fibrous nature of Coir 
aids in stress distribution, reducing the likelihood of 
localized failures. Furthermore, Ejaz et al. (2022) 
highlighted that the presence of Coir fibers mitigates the 
effects of stress concentrations that typically lead to 
cracking, especially in high-strength applications. 

However, the introduction of crushed coconut shells 
into the concrete mix presents challenges related to 
crack resistance. Kassa et al. (2022) emphasized that the 
porous nature of crushed coconut shells can lead to 
increased water absorption, which may exacerbate 
shrinkage and cracking issues. The increased porosity can 
create voids within the concrete, leading to moisture 
retention that affects durability. Therefore, careful 
monitoring of the proportion of crushed coconut shells is 
essential to maintain the desired crack resistance while 
reaping the benefits of their lightweight properties.  

The interaction between Coir fibers and crushed 
coconut shells creates a complex dynamic in concrete 
performance. Çankal et al. (2023) observed that while 
the combination of these materials can enhance 
workability and tensile strength, it may also introduce 
potential weaknesses. Increased moisture absorption 
from both Coir and crushed coconut shells could lead to 
greater susceptibility to cracking if not properly 
managed. 

Optimizing the mix design is crucial to balancing 
these effects. Research suggests that a well-structured 
mix incorporating both materials can lead to improved 
overall performance. For example, studies have 
indicated that an optimal ratio of Coir to crushed 
coconut shells can maximize both flexural strength and 
crack resistance, providing a sustainable solution that 
does not compromise durability (Sujatha & Balakrishnan, 
2021). 

The empirical evidence indicates that integrating 
Coir fibers and crushed coconut shells into concrete 
significantly enhances flexural strength and crack 
resistance, thereby contributing to the development of 
sustainable construction materials. While Coir fibers 
offer substantial benefits in improving mechanical 
properties, the challenges posed by the porous nature of 
crushed coconut shells necessitate careful mix design 
and management. Future research should continue to 
explore these dynamics, focusing on long-term 
performance and durability under various environmental 
conditions, ultimately advancing the field of sustainable 
concrete technology. 

3. Materials and Methods   

The research was conducted in the coastal towns of 
Kilifi, Mombasa, and Kwale in Kenya, regions renowned 
for their significant coconut cultivation. Each location's 
tropical climate supports the growth of coconut palms, 
which are integral to local economies. Kilifi, located 
approximately 60 km north of Mombasa, benefits from a 
humid, rainy season ideal for coconut cultivation. 
Mombasa, as Kenya’s bustling port city, has a long-

standing history of coconut agriculture, with palms 
playing a crucial role in local farming practices. Kwale, 
situated southwest of Mombasa, shares similar climatic 
conditions that promote coconut farming  

A comprehensive experimental research design was 
employed to evaluate flexural strength and crack 
resistance in concrete incorporating coir and crushed 
coconut shells as partial aggregate replacements. This 
design followed systematic steps, including identifying 
key variables, formulating a testable hypothesis, 
creating experimental treatments, assigning subjects to 
appropriate groups, and planning measurement 
methods. This structured approach ensured that the 
experiment effectively analyzed the relationships 
between the variables. The study focused on several 
critical variables. Flexural strength was assessed through 
standard flexural tests, which measure the concrete's 
ability to resist bending forces. Crack resistance was 
evaluated using visual inspections and crack monitoring 
devices to track the development and propagation of 
cracks over time. Additionally, parameters such as 
workability and compressive strength were monitored to 
provide a comprehensive understanding of the concrete's 
performance.  

The target population comprised concrete mixtures 
that typically incorporate traditional aggregates. The 
study specifically aimed to assess the impact of replacing 
portions of these aggregates with coir and crushed 
coconut shells, focusing on how these alternative 
materials influence flexural strength and crack 
resistance.  To ensure a thorough evaluation, a total of 
72 concrete cubes and 72 short beam specimens were 
prepared using a standardized concrete mix ratio of 
1:2:4 (cement aggregate aggregate) and a constant 
water–cement ratio of 0.50. Local materials were 
sourced to reflect regional construction practices, 
including river sand, conventional coarse aggregates, 
Ordinary Portland Cement, coir fibers, and crushed 
coconut shell aggregates (CCSA).  The crushed coconut 
shell aggregates were used as partial replacements for 
coarse aggregates at levels of 10%, 20%, and 30%, while 
coir fibres were incorporated at proportions of 0.1%, 
0.2%, and 0.3% by weight of cement. All materials were 
carefully measured and proportioned uniformly, and 
identical batching, mixing, casting, compaction, and 
curing procedures were maintained across all specimens 
to ensure consistency and reliability of the experimental 
results. 

Key instruments for data collection included the 
flexural testing machine, used to assess the flexural 
strength of concrete beams. Visual inspections and crack 
monitoring devices were employed to evaluate crack 
resistance, enabling the measurement of crack 
development over time.   

Validation of results was confirmed through 
comparison of predicted and observed strength and 
crack resistance values presented in Table 1 to Table 5, 
which showed consistent trends across Schmidt Hammer, 
UPV, and flexural strength tests.  
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The data collection process involved standardized 
preparation of concrete mixes, immediate workability 
assessments, and controlled curing of samples. Flexural 
strength and crack resistance were evaluated at 
specified curing intervals, ensuring comprehensive data 
collection relevant to the research objectives.   

Data were meticulously cleaned, organized, and 
analyzed using descriptive statistical methods, including 
means, ranges, and percentages, to evaluate the flexural 
strength and crack resistance of the various concrete 
mixes. The results were presented using tables and 
graphical representations to highlight the effects of 
varying proportions of coir fibres and crushed coconut 
shell aggregates (CCSA) on concrete performance and 
their implications for sustainable construction practices. 

Rigorous testing for normality, homogeneity of 
variance, and linearity was conducted to validate the 
research findings. All material tests were performed at 
KEBS certified laboratories, ensuring adherence to 
international standards and bolstering the credibility of 
the research procedures.  

4. Results    

This section presents the experimental results obtained 
from testing concrete samples incorporating coir fibers 
and crushed coconut shell aggregates (CCSA). The results 
cover flexural strength, crack resistance (via Schmidt 
Hammer and UPV tests), and durability performance 
under temperature variation and salinity exposure. The 
findings are illustrated and discussed with relevant 
tables and descriptive explanations. Flexural Strength of 
Concrete Incorporating Coir and Crushed Shells Flexural 
strength is a key parameter used to assess the ability of 
concrete to resist bending stresses.  In this study, the 
term “control mix” refers to conventional concrete 
containing no coir fibres and no crushed coconut shell 
aggregate (CCSA) replacement, and it serves as the 
baseline for comparison of all modified mixes. The 
flexural strength results for all concrete mixes are 
presented in Table 1. 

The results in Table 1 show that the control mix 
recorded a mean flexural strength of 5.63 MPa, which 
provides the baseline performance of conventional 
concrete. The 10% CCSA mix recorded a slightly higher 
value of 5.80 MPa, indicating that low-level replacement 
of coarse aggregates with crushed coconut shells can 
marginally enhance flexural performance due to 
improved interlocking and internal friction within the 
concrete matrix. However, increasing the replacement 
level to 20% and 30% resulted in a progressive reduction 
in flexural strength, with the 30% CCSA mix recording the 
lowest value of 3.91 MPa. This decline is attributed to 
increased porosity, reduced density, and weaker bonding 
between the coconut shell particles and the cement 
paste, which collectively reduce the ability of concrete 
to resist bending stresses. The incorporation of coir 
fibres improved the flexural performance of mixes 
containing higher percentages of CCSA. In particular, the 
mix containing 0.3% coir fibres and 30% CCSA achieved a 
mean flexural strength of 4.91 MPa. This improvement 

demonstrates the effectiveness of coir fibres in 
enhancing crack-bridging capacity, improving stress 
distribution, and increasing ductility within the concrete 
matrix. Overall, the findings indicate that while higher 
proportions of CCSA reduce flexural strength, the 
addition of coir fibres partially compensates for this 
reduction by improving internal cohesion and post-
cracking behaviour. Therefore, optimal performance is 
achieved when both materials are used in controlled 
proportions. 

Table 1:Descriptive Statistics for Flexural Strength of Concrete 
(MPa) 

Type of Mix N Mean (MPa) Min Max 
Control Mix (Conventional 
Concrete) 

6 5.63 5.20 6.10 

10% Crushed Shells 6 5.80 5.40 6.20 
20% Crushed Shells 6 5.66 5.10 6.00 
30% Crushed Shells 6 3.91 3.50 4.30 
0.1% Coir & 10% CCSA 6 4.80 4.30 5.20 
0.2% Coir & 20% CCSA 6 4.11 3.70 4.60 
0.3% Coir & 30% CCSA 6 4.91 4.50 5.30 

 
4.1. Crack Resistance 

Crack resistance is vital for evaluating the long-term 
durability and service life of concrete structures. The 
resistance of different mixes to cracking was analyzed 
using Schmidt Hammer and Ultrasonic Pulse Velocity 
(UPV) tests. 

Table 2: Schmidt Hammer Values for Crack Resistance of Concrete 
with CCSA 

Mix Type CCSA % 7-Day Schmidt 
Hammer Value 

28-Day Schmidt 
Hammer Value 

Control - 13.7 - 14.9 16.1 - 19.8 
10% CCSA 10 15.0 - 15.4 20.8 - 22.3 
20% CCSA 20 16.2 - 16.9 22.1 - 23.1 
30% CCSA 30 17.3 - 18.1 23.8 - 25.1 

4.2. Crack Resistance by Schmidt Hammer   
The Schmidt Hammer test was conducted at 7 and 

28 days to assess surface hardness and potential crack 
development. Table 2 shows the rebound values for 
mixes incorporating different percentages of crushed 
shells. From Table 3, it is evident that increasing coir 
fiber content enhanced rebound values, particularly at 
0.3% coir, which recorded the highest readings (24.0–
27.0 at 28 days). This improvement indicates superior 
crack resistance due to the fiber-bridging mechanism 
that helps arrest micro-crack propagation. The results 
reveal that increasing CCSA content enhanced surface 
hardness and crack resistance, as indicated by the 
upward trend in rebound values. The 30% CCSA mix 
displayed the highest Schmidt Hammer readings (23.8–
25.1 at 28 days), reflecting improved resistance to 
cracking and higher surface density.  resistance of 
concrete incorporating coir fibres and crushed coconut 
shell aggregates (CCSA). The test was used to validate 
results obtained from the Schmidt Hammer test by 
assessing the continuity, density, and presence of 
internal voids within the concrete matrix. The results in 
Table 5 present averaged UPV values for each concrete 
mix, ensuring that each specimen is represented as a 
single consistent dataset. The distance was standardized 
at 105 mm to reflect the mean wave propagation path 
after combining the two original measurement points (70 
mm and 140 mm). 
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Table 3: Ultrasonic Pulse Velocity (UPV) Test Results for Concrete with Coir and CCSA 

Mix Type (Sample) Distance 
(mm) 

Average Transit 
Time (µs) 

Average Velocity 
(km/s) 

Crack Depth (×10⁻⁵ 
mm) 

Crack Width 

Control Mix (0% Coir, 0% CCSA) 105 53.3 2.125 69.64 6.59 
0.2% Coir + 20% CCSA (Sample 3) 105 55.35 1.939 76.58 7.55 
0.3% Coir + 30% CCSA (Sample 4) 105 54.95 2.201 68.16 4.73 

Table 4: Schmidt Hammer Values for Crack Resistance of Concrete 
with Coir 

Mix Type Coir % 7-Day Schmidt 
Hammer Value 

28-Day Schmidt 
Hammer Value 

Control - 13.7 - 14.9 16.1 - 19.8 
0.1% Coir 0.1 14.2 - 16.6 22.9 - 25.5 
0.2% Coir 0.2 15.0 - 17.0 23.0 - 26.0 
0.3% Coir 0.3 15.5 - 17.5 24.0 - 27.0 

The results indicate clear differences in internal 
concrete quality across the mixes. The control mix 
recorded a pulse velocity of 2.125km/s, representing the 
baseline structural integrity of conventional concrete. 
The 0.2% coir and 20% CCSA mix (Sample3) recorded the 
lowest velocity (1.939 km/s), indicating higher internal 
voids and reduced continuity within the concrete matrix. 
This corresponds to a higher crack depth value 

(76.58×10⁻⁵mm), suggesting relatively weaker crack 
resistance compared to other mixes. In contrast, the 
0.3% coir and 30% CCSA mix (Sample 4) exhibited the 
highest pulse velocity (2.201 km/s) and the lowest crack 

depth (4.73 × 10⁻⁵ mm), indicating improved internal 
cohesion, reduced porosity, and better crack resistance 
performance. The presence of coir fibres likely 

contributed to crack-bridging and improved stress 
distribution within the matrix, while controlled CCSA 
content enhanced lightweight structural performance 
without severely compromising integrity. 

Crack Resistance by Ultrasonic Pulse Velocity (UPV) 
Test 

The Ultrasonic Pulse Velocity (UPV) test was 
conducted to evaluate the internal quality and crack 
Higher ultrasonic pulse velocities corresponded to 
improved concrete quality and reduced internal 
cracking. The results confirm that the 0.3% coir and 30% 
CCSA mix demonstrated the best crack resistance 
performance among the tested specimens, consistent 
with trends observed in the Schmidt Hammer results. 
This is supported by studies indicating that coconut shell 
aggregate concrete exhibits enhanced internal 
structure, durability, and improved performance when 
optimally proportioned (Gunasekaran et al., 2015; 
Herring & Thuo, 2022; Ejaz et al., 2022; Sujatha & 
Balakrishnan, 2021). 

Table 5: Ultrasonic Pulse Velocity (UPV) Test Results for Concrete with Coir and CCSA 

Mix Type (Sample) Distance 
(mm) 

Average Transit 
Time (µs) 

Average Velocity 
(km/s) 

Crack Depth (×10⁻⁵ 
mm) 

Crack Width 

Control Mix (0% Coir, 0% CCSA) 105 53.3 2.125 69.64 6.59 
0.2% Coir + 20% CCSA (Sample 3) 105 55.35 1.939 76.58 7.55 
0.3% Coir + 30% CCSA (Sample 4) 105 54.95 2.201 68.16 4.73 

In the original measurements, each specimen was 
tested at two transmission paths (70 mm and 140 mm). 
However, since both readings represent the same 
material, the results were revised by averaging the 
transit time and velocity values to obtain a single 
representative value per specimen, ensuring consistency 
and eliminating redundancy.  

4.3. Environmental considerations and Durability 
Characteristics     

The durability performance of concrete 
incorporating coir fibres and crushed coconut shell 
aggregates was evaluated under elevated temperature 
exposure conditions. Concrete specimens were 

subjected to high temperatures ranging between 100°C 
and 120°C to simulate severe environmental and thermal 
loading scenarios. The flexural strength of each mix was 
determined before and after thermal exposure to assess 
the residual mechanical performance and thermal 
stability of the modified concrete. The results indicate 
that all concrete mixes experienced a reduction in 
flexural strength after exposure to elevated 
temperatures, confirming the adverse effect of thermal 
loading on the integrity of the cementitious matrix. The 
reduction in strength is attributed to moisture loss, 
internal microcracking, and deterioration of the bond 
between cement paste and aggregates under heat 
exposure.  

Table 6: Flexural Strength of Concrete Mixes After Exposure to High Temperatures (100–120°C) 

Mix Type Coir % CCSA % Initial Flexural Strength (MPa) After Exposure to Temperature (MPa) 

Control - - 5.63 5.25 
Coir 0.1% 0.1 - 4.80 2.65 
Coir 0.2% 0.2 - 4.11 2.21 
Coir 0.3% 0.3 - 4.91 3.82 
Shells 10% - 10 5.80 5.12 
Shells 20% - 20 5.66 4.26 
Shells 30% - 30 3.91 1.73 
Coir 0.1% + Shells 10% 0.1 10 4.80 2.65 
Coir 0.2% + Shells 20% 0.2 20 4.11 2.21 
Coir 0.3% + Shells 30% 0.3 30 4.91 3.82 

 

The control mix retained a higher proportion of its 
original strength compared to most modified mixes, 

indicating relatively better thermal stability in 
conventional concrete. Among the modified mixes, those 
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containing coir fibres demonstrated improved residual 
strength compared to mixes with only crushed coconut 
shells, suggesting that fibre reinforcement enhances 
resistance to thermal-induced cracking. This 
improvement is attributed to the crack-bridging and 
stress redistribution capacity of natural fibres, which 
help maintain structural continuity even after thermal 
damage. The mix containing 0.3% coir fibres and 30% 
CCSA exhibited the highest residual flexural strength, 
indicating superior resistance to thermal degradation 
among the modified concretes. 

These findings are consistent with established 
research showing that natural fibres improve crack 
control and post-damage mechanical retention in 
cementitious composites by enhancing energy absorption 
and limiting crack propagation under thermal stress 
conditions Yousefieh et al. (2017). Similar observations 
have also been reported in studies on coconut shell-
based concrete systems, where fibre and lightweight 
aggregate incorporation improved durability 
performance under harsh conditions Sujatha & 
Balakrishnan (2021). 

Table 7: Schmidt Hammer Rebound Values and Average Strength 
Under Indian Ocean Salinity 

Mix Type Coir 
% 

Indian 
Ocean 
Salinity 
(mg/L) 

Average 
Rebound 

Value 
(MPa) 

Average 
Strength 

(MPa) 

Control - 35,000 22.9 29.5 
Coir 0.1% 0.1 35,000 36.8 20.0 
Coir 0.2% 0.2 35,000 25.0 24.9 
Coir 0.3% 0.3 35,000 13.8 13.7 

 

4.4. Salinity Levels 
To examine the effects of marine environments, 

concrete specimens were exposed to salinity equivalent 
to Indian Ocean conditions (35,000 mg/L). The 
corresponding Schmidt Hammer and strength results are 
summarized in Table 7 The results indicate that the 
control mix performed best under salinity exposure, 
maintaining a strength of 29.5 MPa. The inclusion of coir 
fibers produced mixed effects — while the 0.1% coir mix 
exhibited higher rebound hardness (36.8 MPa), it also 
experienced a substantial reduction in strength. 
Increased coir content (0.3%) further weakened the 
concrete, demonstrating that prolonged salinity can 
degrade natural fibers and compromise concrete 
integrity. 

5. DISCUSSIONS 

This section discusses the experimental findings 
presented in Section 4, emphasizing the influence of coir 
fibers and crushed coconut shell aggregates (CCSA) on 
the mechanical, durability, and environmental 
performance of concrete. The discussion integrates the 
observed data trends with relevant literature to provide 
a deeper understanding of material behavior and its 
implications for sustainable concrete technology. 

5.1. Flexural Strength Performance 
The results revealed that replacing conventional 

aggregates with crushed coconut shells up to 10% slightly 

improved the flexural strength of concrete. This 
improvement can be attributed to the rough texture and 
angular shape of crushed shells, which promote better 
interlocking within the concrete matrix. Similar 
observations were made by Njung’e et al. (2023), who 
reported enhanced bonding characteristics in concrete 
mixes incorporating lightweight organic aggregates. 

However, at higher replacement levels (20–30% 
CCSA), a notable decline in flexural strength was 
observed. This reduction is likely due to the increased 
porosity and weaker bonding between the shells and 
cement paste. The lower density of the crushed shells 
may also contribute to non-uniform stress distribution, 
leading to early failure under flexural loading. These 
findings are consistent with Gunasekaran et al. (2015), 
who highlighted that excessive replacement of coarse 
aggregates with organic materials weakens the 
structural integrity of concrete. The introduction of coir 
fibers improved the tensile and flexural properties of 
concrete, particularly at 0.3% coir content, which 
achieved the highest recorded flexural strength among 
fiber-reinforced samples (4.91 MPa). Coir fibers act as 
micro-reinforcements, bridging micro-cracks and 
delaying their propagation. This fiber-bridging 
mechanism enhances post-cracking ductility and energy 
absorption, corroborating the findings of Sujatha & 
Balakrishnan (2023), who reported that coir fibers 
significantly enhance the toughness and strain capacity 
of concrete composites.  

5.2. Crack Resistance Behavior 
The Schmidt Hammer and Ultrasonic Pulse Velocity 

(UPV) tests collectively indicated that both CCSA and 
coir fibers improved the crack resistance and surface 
hardness of concrete. The Schmidt Hammer results 
showed an upward trend in rebound values with 
increasing shell content, especially at 30% CCSA, 
suggesting improved surface hardness and crack 
resistance. This improvement may be attributed to the 
enhanced internal friction and reduced brittleness 
provided by the lightweight shell particles. The findings 
align with Herring & Thuo (2022), who observed that 
coconut shell concrete exhibits better performance 
under compressive and impact loads due to its cushioning 
effect and energy absorption capacity. The coir-
reinforced mixes demonstrated even greater 
enhancement in rebound values. The 0.3% coir mix 
recorded the highest readings (24.0–27.0 at 28 days), 
confirming that fibers effectively control micro-crack 
formation and improve tensile capacity. This agrees with 
Klemczak et al. (2017), who reported that natural fiber 
reinforcement in concrete helps resist early-age 
shrinkage cracking by redistributing stresses more evenly 
across the matrix.  

The UPV test results confirmed the Schmidt Hammer 
findings. Mixes with higher ultrasonic velocities 
corresponded to fewer internal voids and shallower 
cracks, indicating better internal cohesion and structural 
homogeneity. In particular, the 0.3% coir mix exhibited 
the lowest crack depth and highest pulse velocity, 
validating its superior internal quality. These results are 
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consistent with Sayahi et al. (2021), who proposed that 
coir fibers improve the internal structure of concrete by 
enhancing matrix continuity and reducing crack 
propagation. 

5.3. Performance Under Temperature Variation 
Exposure to elevated temperatures (100–120°C) 

significantly reduced the flexural strength of all concrete 
mixes. The control mix retained the highest residual 
strength (5.25 MPa), while mixes containing natural 
additives exhibited greater losses. The reduction in 
strength can be linked to thermal decomposition of 
organic components, moisture loss, and micro-cracking 
within the matrix. Among the modified samples, the 0.3% 
coir mix demonstrated the best residual performance 
(3.82 MPa), suggesting that fiber reinforcement helped 
mitigate thermal cracking and preserve internal 
integrity. This observation aligns with Bendimerad et al. 
(2016) and Ghourchian et al. (2017), who noted that 
fiber-reinforced concretes can retain better mechanical 
properties under thermal stress due to the bridging and 
confinement effects of fibers. Nevertheless, at higher 
shell content (≥30%), a sharp strength decline was 
observed (down to 1.73 MPa), confirming that excessive 
organic replacement compromises the concrete’s 
resistance to heat. The internal voids created by organic 
particles promote differential expansion and early 
cracking, limiting their suitability for high-temperature 
environments. 

5.4. Performance Under Salinity Exposure 
The results of the Schmidt Hammer test under Indian 

Ocean salinity revealed distinct patterns in concrete 
performance. The control mix maintained the highest 
compressive strength (29.5 MPa), demonstrating 
excellent stability in saline conditions. In contrast, the 
coir-reinforced mixes exhibited variable rebound 
hardness and reduced compressive strength, particularly 
at higher coir contents. The 0.1% coir mix showed a high 
rebound value (36.8 MPa) but a low strength (20.0 MPa), 
suggesting that while surface hardness increased, 
internal cohesion was weakened by salt infiltration. At 
0.3% coir, strength dropped further to 13.7 MPa, 
indicating that prolonged salinity exposure accelerates 
fiber degradation and matrix disintegration. These 
results support findings by Samouh et al. (2017), who 
observed that saline environments intensify corrosion 
and weaken fiber-reinforced composites by disrupting 
the cement-fiber bond. The observed deterioration 
highlights the need for fiber surface treatment or coating 
to improve resistance against salt attack, ensuring the 
long-term durability of coir-reinforced concretes in 
marine environments. 

6. CONCLUSIONS    

The study established that the incorporation of 
crushed coconut shell aggregates (CCSA) influences the 
flexural strength of concrete depending on the 
replacement level. Low replacement levels (up to 10%) 
slightly improved flexural strength, while higher levels 
(20–30%) resulted in a reduction in strength due to 
increased porosity and reduced bonding within the 
cement matrix. This indicates that excessive 

replacement of conventional aggregates with CCSA 
negatively affects the load-bearing capacity of concrete. 
The addition of coir fibres improved the flexural 
performance of concrete, particularly at 0.3% fibre 
content, where it helped to partially offset the reduction 
in strength caused by higher CCSA levels. This 
improvement is attributed to the crack-bridging and 
stress redistribution effects of coir fibres, which enhance 
ductility and delay crack propagation. In terms of crack 
resistance, both Schmidt Hammer and Ultrasonic Pulse 
Velocity (UPV) results showed improved performance in 
mixes containing higher proportions of CCSA and coir 
fibres when optimally combined. Mixes containing 30% 
CCSA and 0.3% coir exhibited comparatively better 
surface hardness and internal integrity than most other 
modified mixes, indicating reduced crack development. 
However, performance varied across mix types, 
confirming that durability is strongly dependent on 
proper proportioning of the materials. The study 
therefore concludes that the mechanical and durability 
performance of concrete can be enhanced through 
controlled incorporation of CCSA and coir fibres, with 
optimal performance achieved at moderate replacement 
and fibre content levels.   

Based on the findings of the study, it is 
recommended that crushed coconut shell aggregates 
(CCSA) be used as a partial replacement of conventional 
coarse aggregates at low levels, preferably not 
exceeding 10%, in order to maintain acceptable flexural 
strength while benefiting from sustainability 
advantages. Coir fibres should be incorporated at low 
dosages, with approximately 0.3% by weight of cement 
identified as the most effective level in improving 
flexural performance and crack resistance. The 
combined use of coir fibres and CCSA should be carefully 
controlled to avoid excessive porosity and strength loss. 
Construction practitioners and material engineers are 
encouraged to adopt these materials in non-critical 
structural elements where sustainability benefits are 
prioritized, while ensuring proper mix design 
optimization to balance strength and durability 
requirements. Further research is recommended to 
investigate long-term durability performance of coir and 
CCSA concrete under aggressive environmental 
conditions such as marine exposure, thermal cycling, and 
prolonged loading, to enhance understanding of field 
applicability 
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