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This study examines the influence of kenaf fiber length on the 
mechanical properties of Interlocking Compressed Earth Bricks (ICEB). 
A 1:3:2 mix ratio of cement, soil, and sand with 0.75% kenaf fiber and 
stabilizer was used, and total KF-ICEB for this study is 54 brick were 
tested with 5 different kenaf fiber lengths (20mm, 30mm, 40mm, 
50mm, 60 mm) to analyze their impact on strength and durability. 
Compressive strength results showed that all bricks did not pass the 
minimum requirement of 2.8 N/mm² for non-load-bearing 
applications. Flexural strength peaked at 1.91 MPa after 28 days of 
curing for 50 mm KF-ICEB, but the curing process revealed suboptimal 
hydration and bonding. Water absorption tests indicated 24.21%, 
exceeding the 15% baseline, indicating poor fiber distribution at 20 
mm and optimal water retention at 50 mm 18.9%, closer to the control. 
However, uneven mixing caused clumping of fibers, which likely 
affected the bricks’ overall quality and performance. The findings 
suggest the need for improved mixing methods and optimized ratios to 
maximize ICEB strength and durability. 
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1. Introduction 

1.1 Background of Study 

Mud is the most common natural construction material, particularly in hot, dry, and temperate climates. [1] 
estimated that 30–50% of the global population lives in homes built with inexpensive, locally sourced raw earth 
materials. These materials can be used with basic tools, low-skilled labor, and minimal technology, making them 
common in developing regions like Asia, Latin America, and Africa. In recent years, industrialized nations have 
also shown interest in earth-based materials for preserving architectural heritage and adopting eco-friendly 
building practices to conserve resources such as energy and raw materials [2].  

Earth-based materials are environmentally friendly as their transportation has a negligible impact, and they 
can be recycled if no artificial binders are added. For example, producing compressed earth masonry blocks 
requires 15 times less energy than traditional cinderblocks [3]. Natural fibers, such as kenaf, are gaining attention 
due to their low cost, light weight, renewability, and eco-friendliness compared to synthetic fibers like glass. They 
enhance sustainability and improve the ductility, flexural strength, and tensile strength of Interlocking 
Compressed Earth Bricks (ICEBs) while reducing shrinkage and moisture susceptibility. ICEBs are dense bricks 
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made from soil, water, and sometimes stabilizers. Kenaf fibers, extracted from the kenaf plant (Hibiscus 
cannabinus), are composed mainly of cellulose (73%), hemicelluloses (18%), and lignin (6%). These fibers 
improve the mechanical and thermal properties of ICEBs, such as crack resistance, flexural strength, and 
compression resistance [4]. However, challenges like moisture absorption and lower strength compared to 
synthetic fibers remain. 

1.2 Structure 

According to [15], Interlocking Compressed Earth Bricks (ICEBs) are a sustainable building material valued for 
their low environmental impact and accessibility of raw materials. However, traditional ICEBs face issues such as 
weak structural integrity, limited durability, and poor resistance to environmental factors. Reinforcing ICEBs with 
natural fibers like kenaf, known for its strength, flexibility, and eco-friendliness, has gained attention as a way to 
address these challenges. Despite their benefits, ICEBs have drawbacks, including low tensile strength, poor water 
resistance, and cracking susceptibility, which limit their use in modern construction. While synthetic materials 
can improve these properties, they often undermine the environmental advantages of ICEBs. As such, sustainable 
solutions, like using kenaf fibers, are being explored to enhance the structural integrity and durability of ICEBs 
without compromising their eco-friendliness. Natural fiber reinforcement has shown excellent mechanical 
behavior, strengthening the bond between the fiber and the brick. Studies indicate that a kenaf fiber length of 
around 30 mm is optimal for improving ICEB mechanical properties, as shorter fibers provide less strength. 
However, soaking the fibers before use can weaken the ICEBs, emphasizing the importance of proper preparation 
and consideration of kenaf fiber properties. Kenaf fibers have significant potential to improve ICEB sustainability 
and performance, but further research is needed to optimize their use. For example, compressing a soil-cement 
mixture in a press chamber creates denser bricks with fewer voids, increasing material strength. Understanding 
the relationship between kenaf fiber characteristics and ICEB performance will help maximize their effectiveness 
in sustainable construction [10]. 

2. Methodology 

This study was started with the preparation of kenaf fibre. The fibre that we use in this study is already treated 
with kenaf fibre. Then proceed with the fabrication process of composite specimen in which the treated kenaf 
fibre is layered in the ICEB mixture. The mixture we use is 1:3:2 for cement, soil, sand. The composite fabrication 
will undergo a mechanical and physical test with compressive stress and durability to evaluate performance of its 
mechanical properties. 

The experimental approach, which included the preparation and testing of various KF-ICEB samples, provided 
valuable insights into the optimal fibre content and distribution for maximizing strength and durability. 
Mechanical testing, such as compression test and water absorption test, were crucial in quantifying the 
improvements brought about by the inclusion of kenaf fibres. Additionally, environmental impact analyses 
underscored the sustainability benefits of using renewable and biodegradable materials in brick production. Key 
methodological steps included the precise measurement of fibre content, mixing techniques, and controlled curing 
processes, all of which ensured the reliability and reproducibility of the results. The use of advanced analytical 
tools and statistical methods further strengthened the validity of the findings, providing a robust framework for  
future research in this area 

3. Results and Discussion 

A total of 54 specimen brick were used to study of performance a kenaf fibre used for this study is 20mm, 30mm, 
40mm, 50mm, and 60mm with treated kenaf fibre. This test was conducted according to standard ASTM. The 
experimental specimen had been shown in figure below. This test was conducted to determine flexural strength, 
young modulus, stress and strain based on this study. analysis of interlocking compressed earth bricks with 
various kenaf fibre lengths in flexural strength.  

3.1 Compressive Strength of KF-ICEB 

Figure below illustrates 7-day and 28-day performance of Kenaf Fiber Interlocking Compressed Earth Bricks (KF-
ICEB) for different fibre lengths, the load for 28-day load values is consistently higher than the 7-day results for 
most specimens, reflecting increased curing and material consolidation over time and notable improvements in 
the control and 50 mm fibre specimens are evident. While for strength, it follows a similar pattern, with higher 
28-day values for most specimens, except for 30 mm and 60 mm fibres, where little to no improvement is seen 
and the control specimen consistently outperforms fibre-reinforced bricks in both time frames. Optimal 
performance occurs with 50 mm fibres at 28 days, which exhibits significant improvement compared to 7 days. 
The decline in performance for 60 mm fibres at 28 days suggests potential issues such as fibre clumping or 
excessive interference with the matrix as shown in Figure 1.  
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Fig. 1 Graf KF-ICEB performance load (KN) and strength (MPa) Vs fiber length (mm) For 7 days and 28 days 

3.2 Water Absorption of KF-ICEB 

Based on data obtained water absorption testing, lowest water absorption due to higher density and reduced 
porosity in the absence of fibers and suitable for environments requiring low water permeability. Short 
fibers 20 mm result in the highest water absorption due to increased void content, while 30–50 mm strikes 
a balance, with 50 mm being the most effective in minimizing water uptake. 50 mm fibers provide the best 
performance in terms of water resistance, balancing reinforcement and specimen integrity. Based on the 
testing results shown in Figure 2 below, 50 mm fibers is recommended for optimal performance in 
applications where water resistance is crucial, this is to ensure consistent fiber distribution during mixing 
to reduce void content and improve water absorption performance and for environments with high moisture 
exposure, the control specimen or optimized fiber-reinforced designs with sealants might be preferable. 
 

 
Fig. 2 Graf water absorption vs kenaf fiber length 

4. Conclusion 

The results confirmed that kenaf fiber length influences the mechanical behavior of ICEBs. The findings showed 
trends of both increasing and decreasing flexural strength as fiber length varied. The minimum compressive 
strength for load-bearing ICEBs is 5 N/mm², and all tested units exceeded this threshold, confirming their 
structural viability. The compressive strength of ICEBs ranged from 0.6 MPa to 12.5 MPa, depending on the 
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percentage of stabilizers like cement or lime used. However, laboratory testing showed the flexural strength did 
not reach the optimal value of 3.25 MPa for 28 days of curing, likely due to insufficient moisture retention during 
curing, which is critical for hydration and bonding. Water absorption tests indicated that the optimal water 
content was 20 mm. This might be due to uneven mixing during the machine process, leading to clumps of kenaf 
fibers in the mixture. Additionally, a fiber length of 50 mm provided the best water absorption results. The study 
concluded that the optimal kenaf fiber length is critical for achieving maximum strength and durability in ICEBs. 
However, the tested KF-ICEB ratio of 1:3:2 (cement: soil: sand) was unsuitable for mixing with kenaf fiber. Further 
research is needed to identify the most appropriate mix ratio to maximize the benefits of kenaf fiber in sustainable 
construction applications. 
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