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Abstract 
 

The purpose of this study was to investigate the impact that mixing jute fiber into concrete has on both its fresh 

and hardened qualities. As a means of making concrete more robust, locally produced jute fibers were 

modified. Chopped fiber of 50 mm resulted in the addition of jute fiber at percentages of 0%, 0.5%, 1%, 1.5%, 

and 2.0% of the total volume of the concrete. The compressive strength of the cylinder specimens was 

evaluated at 7, 14 and 28 days. In the studies, the addition of 1.50% jute fiber to concrete resulted in an increase 

in the compressive strength of the concrete, around 30% for 10% foamed concrete and around 75% for 20% 

foamed concrete relative to the concrete that did not contain jute fiber. The cylinder specimen was subjected to 

a spit tensile strength (STS) test, which revealed that the addition of 1% jute fiber to concrete resulted in a rise 

in the concrete's STS to 1.27 MPa for 10% foamed concrete and 1.12 MPa for 20% foamed concrete. On the 

other hand, foam concrete samples that did not contain jute fiber showed STS values of 0.76 MPa and 

0.796 MPa, respectively. The drying shrinkage property of concrete was found to be 0.033% and 0.044% for 

10% and 20% foamed concrete without any jute fiber. However, the addition of jute fiber reduced drying 

shrinkage to 0.021% and 0.032% by adding 2% jute fiber to 10% and 20% foam concrete sample. This was the 

case when jute fiber was added. 
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1 Introduction 

 

Among the non-load-bearing products are foam concrete: used in roofs, walls, and lighter insulating blocks 

(average density 400‑1800 kg/m³) (Satyanarayana & Gayathri, 2021). It creates a lesser load on foundation, 

construction cost and material transportation. Ancient Romans used air‑entrained mix to reinforce the 

concrete (Beningfield et al., 2005; Jones & McCarthy, 2005), and it developed to the support of foam concrete 

using available foam (Mindess, 2014). The disadvantage of the foam concrete is its low compressive strength and 

shrinkage despite its advantages (Mugahed Amran et al., 2016; Mugahed Amran et al., 2018; Rudnai, 2022). 

There has been an increase in the use of natural fibers especially jute which is contributing to increased durability 

as well as decreased shrinkage (Ahmad et al., 2022a). Jute fiber (1‑2 %) can lend support and it is 

environmentally friendly. This paper analyses the influence of fiber reinforcement on compressive strength of 

foam concrete, shrinkage and chloride resistance. Foam concrete is used by structural engineers to minimize the 

dead load in cost and design effectiveness in civil applications such as subbase improvement, void fill, thermal 

insulation, and lightweight r Sparing densities that range between 400 and 1800 kg/m³ make it suitable in 

non‑loads bearing such as roofs, walls, and insulation blocks (Satyanarayana & Gayathri, 2021). Its poor density 

offers thermal, acoustic insulation and minimizes the foundation pressure as well as lowering the labor and 

transportation costs. Since Roman times air‑entrained concrete has gone from Portland cement foamed concrete 

to the contemporary foaming agents (Mindess, 2014). Lightweight foam concrete is formulated by applying 

cement mortar mixed with stable foam, to produce micro air bubbles (Mugahed Amran et al., 2018). It has a low 

compressive strength and shrinkage and thus makes construction cumbersome. Strength‑Rag mats and jute and 

old fish nets to make them strong, and reduce shrinkage (Ahmad et al., 2022a). Durability and crack resistance 

can be enhanced by the addition of jute fiber (11% or 2%) and reduced cracking by adding fiber in amounts of 

1% or 2%. Jute fiber is also biodegradable, so waterproofing is required to achieve long‑term results. This paper 

focuses on comparisons of the traditional foam concrete to fiber‑reinforced foam concrete to identify the best 

fiber jute doses in terms of compressive strength and shrinkage. The study of air void distribution, drying 

shrinkage and chloride resistance is done using either Kustia sand or Portland cement ratios of 1:40 in the 

foaming agent. To help determine the parameters that the project proposes to create a cost‑effective and 

sustainable composite that can be utilized in civil engineering projects such as subbase stabilization, void filling, 

thermal insulation, lightweight bricks and roofing systems, the following parameters are assessed. The objective 
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is to improve on the structural performance of the foam concrete without jeopardising its affordability and 

environmental friendliness. roofing systems. 

2 Methodology   

This paper presents the mechanical and durability properties of foamed concrete (FC) based on 

protein (Mugahed Amran et al., 2016) reinforced using various proportions of waterproof treated jute fiber 

(JF) (Ahmad et al., 2022a; Song et al., 2021). This procedure involved material processing, foam production, 

mixing and casting and testing. 

2.1 Materials 

• Binder: Ordinary Portland Cement (OPC) Type I, CEM I 52.5 N supplied by Seven Rings Cement, 

Bangladesh (can be used interchangeably with ASTM C150). 

 

• Fine Aggregate: Kushtia natural sand with finite modules of 1.54, bulk SSD specific gravity = 2.46 and 

absorption = 0.81% (Conformable to ASTM C33). 

 

• Foaming Agent: Protein-based, selected to provide stronger foam and a reduced tendency to shrink 

compared with synthetic alternatives (Hashim & Tantray, 2021; Mugahed Amran et al., 2018). 

 

• Jute Fiber: Locally obtained (Ahmad et al., 2022a; Song et al., 2021), applied with tough glass 

adhesive, dried in the air and sliced to 50 mm lengths; specific gravity = 0.5. Enzyme-treated jute raw 

jute was cut into 1–1.25 mm-diameter strands, coated, dried, and cut. Waterproofed the water uptake to 

about 2% (surface moisture) and maintained resistance against the biodegradation process after 7 days 

of soil burial (Ahmad et al., 2022a). 

2.2 Jute Fiber Modification 

To achieve homogeneous reinforcing, the raw jute was stretched into 1-1.25 mm in diameter strands (Ahmad et 

al., 2022a; Song et al., 2021). To improve the bonding between the cement and the strands, a tough cement glue 

was used to bond these strands. The fibres were then air-dried to ensure stability at the surface after coating and 

trimmed into 50mm lengths as is the case with previous studies on mechanical enhancement (Ahmad et al., 

2022a; Zhang et al., 2020). The fibres were also treated enzymatically to enhance the roughness of the surface 

and interaction between the fibre and the matrix (Ahmad et al., 2022a; Song et al., 2021). The waterproofing 

coating reduced the water uptake to a percentage of water by 2 surface moisture and retained biodegradability 

even after 7 days of burial in the soil (Ahmad et al., 2022a). 

 

2.3 Foam Generation 

Foaming agents are protein-based because they create more firm and durable foam with less shrinkage than their 

non-natural counterparts (Hashim & Tantray, 2021; Mughed Amran et al., 2018). To form foam, the foaming 

agent was diluted in water in the recommended proportion (1:40 by volume) and energized in a way that would 

form a homogenous foam with the identical micro-bubble size (Mugahed Amran et al., 2018; Satyanarayana & 

Gayathri, 2021). To prevent the collapse of a bubble, it was carefully blended with the cement-sand mortar. This 

ensured consistency of air-void distribution that was vital in meeting target densities (10-20% foam volume) and 

has enabled it to retain the mechanical properties and workability of foamed concrete (Rudnai, 2022; Jones and 

McCarthy, 2005) 

 
                                                      Figure 2-1: Working principle of foam generation 
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2.4 Mixing and Casting 

 

Mix Design: Sand and binder weight ratio= 1:1; water:binder ratio =0.45; foam quantities = 10% and 20% by 

volume (Satyanarayana & Gayathri, 2021).  

 

                                                           Table 2.1.  Doses for single cylinder 

 

 

Concrete Type 

Mix Proportion 

(KG) 

Foam  

(ml) 

Cement Water Sand 

10% Foamed 

Concrete 

2.263 1.01835. 2.263 164.35 

20% Foamed 

Concrete 

2.011 0.90495. 2.011 328.7 

  

Fiber dosages: 0.5 %, 1.0 %, 1.5 %, 2.0 % by volume (converted to mass using specific gravity and mold 

volume) (Ahmad et al., 2022a). Pre‑foaming technique was used; foam was added to mortar to preserve the 

bubbles (Jones & McCarthy, 2005). JF was blended manually to avoid obstruction on the mixer. Cylindrical test 

molds were fabricated as per the ASTM standards; mold release allowed after 24 hours and then cured under 

water at 20.2 °C. 

 

                                                           Table 2.2.  Doses for single cylinder 

 

Doses of JF Volume of 

Cylinder  

Specific 

gravity of JF 

Weight of JF 

0.5% 1643.5 ml     0.5    4.1 gm 

1% 

1.5% 

2% 

1643.5 ml 

1643.5 ml 

1643.5 ml 

    0.5 

    0.5 

    0.5 

   8.2 gm 

   12.3 gm 

   16.4 gm 

 

 

 2.5 The evaluation program was in accord with ASTM standards: 

 

• Compressive Strength (ASTM C39): It is measured by means of the application of an axial load until 

failure; strength is obtained because of dividing the maximum load by the cross-sectional area. 

• Drying Shrinkage (ASTM C157): Specimens cured in water and 23 oC ambient temperature over a 

period of 7 days and the dimension change measured against a comparator rod (Rudnai, 2022). 

• Split Tensile Strength (ASTM C496): Cylinders which are diametrically loaded; tensile strength = 

(2P1000)/(piDL) (Ahmad et al., 2022a). 

• Rapid Chloride Penetration (ASTM C1202): Discs of 2 inches subjected to NaOH and NaCl solutions at 

60 V and current readings recorded at set intervals of 6 hours. 

Figure 2-2: Foam generator machine 
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• The percentage change in files mass between the oven dry and surface dry masses (Nandi et al., 2016). 

• Water Permeability: Tested water moving capacity at controlled pressure (Khan et al., 2022). 

3 Results and Discussions 

 

Compressive Strength: Compressive strength increased with jute fibre up to a point, then 

dropped (Ahmad et al., 2022a; Zhang et al., 2020; Awang et al., 2015). Maximum strength increases of 32% for 

10% foam concrete and 75% for 20% foam concrete were achieved at 1.25–1.5% fibre content (Jones & 

McCarthy, 2005). The fibre's efficacy in lighter matrices may explain the 20% foam mixture's greater 

boost (Mugahed Amran et al., 2018). 

 

                               
 

                                        Figure 3.1: Comparison of compressing strength 

 

Drying Shrinkage: Drying shrinkage increased with foam 

concentration (Satyanarayana & Gayathri, 2021; Rudnai, 2022; Hashim & Tantray, 2021), but jute fibre reduced 

it in all mixes (Ahmad et al., 2022a; Song et al., 2021). Increased fibre content strengthened the matrix and 

limited particle movement, stabilising dimensions (Song et al., 2021). 

 

                                        
 

                                               Figure 3.2: Comparison of Drying Shrinkage 

 

Split Tensile Strength: The split tensile strength was highest at 1% fibre for 10% and 20% foam, 1.27 MPa and 

1.12 MPa, respectively (Ahmad et al., 2022a). Fibre contents of 1.3% for 10% foam and 1.1% for 20% foam were 

estimated ideal (Zhang et al., 2020; Song et al., 2021). 
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                                                     Figure 3.3: Comparison of Split Tensile 

 

Durability: Durability experiments showed 9–10% water absorption for all mixes (Nandi et al., 2016), with little 

effect from fibre content. Fibre waterproofing prevented absorption (Pires et al., 2022; Abdi et al., 2018; Awang, 

2014; Liu et al., 2021). RCPT measurements showed higher chloride permeability (5838 C for 10% foam, 

8337 C for 20% foam) (Kashani et al., 2017), but fibre addition did not affect porosity (Khan et al., 2023). 

 

4 Conclusion 

This paper revealed that adding jute fibres in foam concrete increases its mechanical and physical properties, 

until there is an optimum amount at which it deteriorates workability and dispersion.    Two percent and five 

percent foam concretes showed peak increase in compressive strengths at the same level of fibre (1.25-1.5 

percent), and this benefit was higher in lower matrices.    Drying shrinkage was reduced due to addition of jute 

fibre because it strengthened the matrix and suppressed the mobility of particles at all foam concentrations.    

There was no significant effect of the fibre content on water absorption (about 9-10%, height 5838 C in 10%; 

8337 C in 20 % foam) and chloride permeability (5838 C in 10 % foam, 8337 C in 20 % foam), though.    Jute 

reinforced Foam concrete is light weight, thermally efficient and versatile alternative to non-load bearing 

structural components and insulation. 

 The next steps should adjust the mix ratios to maximize strength, flowability, density and minimize fiber 

content.    Test longevity under a variety of environmental conditions which includes exposure to weather 

conditions and extended curing periods.    The use of fibre length and surface treatments as well as a hybrid 

combination of materials like woven jute fabric with glass mat in epoxy are some of the advantages.    

Workability and mechanical performance amendments are used to improve the low-foam mixtures especially 

need further research.    Its implementation requires consistency in foam stability and density control as well as 

appropriate proportion of materials by its producers.    Determining the freeze-thaw, chloride, and thermal 

storage effects could help establish sustainable construction. 
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