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Abstract  

 

This experiment evaluates the joint effects of Sugarcane Bagasse Ash (SCBA) as a substitute for cement and bagasse 

fiber as volumetric reinforcement on the mechanical efficiency of M20 grade concrete. Seventeen concrete mixes 

were prepared by varying SCBA content (0–20%) and fiber volume fractions (0–0.3%) with a fixed fiber length of 10 

mm.. Compressive and split tensile strengths were measured at 28 days after curing. The achieved compressive and 

tensile strength in the control mix was 21.0 MPa and 2.5 MPa, respectively. Incorporating SCBA up to 10% improved 

both properties, achieving 24.0 MPa compressive and 3.2 MPa tensile strength at 10% SCBA and 0.2% fiber, an 

increase of about 14% and 28% over the control. Increased SCBA or fiber concentrations minimally impaired the 

performance because of poor workability and fiber agglomeration. There was a 60 mm slump of the optimum mix that 

realized that there was feasible workability with respect to practical use. Moderate use of SCBA and bagasse fiber 

reinforcement of concrete improves the strength and sustainability of concrete, as well as contributes to creating the 

fiber-reinforced green concrete that will be environmentally efficient. 

 

Keywords: Sugarcane bagasse ash, Bagasse fiber, Cement replacement, Fiber-reinforced concrete, Green concrete  

 

1 Introduction 

 

Being the largest consumer of conventional materials like Ordinary Portland Cement (OPC), the construction sector 

is among the biggest culprits of worldwide environmental issues (Shah et al., 2022). Around 8% of worldwide total 

CO₂ emissions are caused by the energy-intensive and environmentally disruptive process of cement production 

(Ahamed et al., 2024). This heightened concern has seen the creation of environmentally friendly building materials 

that have the ability to improve the mechanical and durability characteristics of concrete while lowering its carbon 

footprint (Weli, 2023). The use of agro-industrial wastes like bagasse fiber and Sugarcane Bagasse Ash (SCBA), two 

of the by-products derived from the sugar milling industry, is a promising option (Agwa et al., 2022). 

 

After extraction of juice, bagasse fiber, the fibrous by-product, can be used as a natural fiber reinforcement in concrete 

(Suryawanshi, 2022). Its fibrous nature and interfacial bonding increase its tensile strength, ductility, and resistance 

to fracture (Freitas et al., 2023). Excessive fiber content, however, results in fiber agglomeration and decreases 

workability (Berenguer et al., 2020). The amorphous silica in SCBA, being a residue of bagasse combustion, is a 

pozzolan that will react with calcium hydroxide to produce more calcium silicate hydrate (C–S–H), and it becomes 

stronger and more robust (El-Said et al., 2022; Memon et al., 2022). 

 

While extensive studies have been performed on the effects of SCBA and bagasse fiber separately, limited studies 

have been carried out on how they synergistically affect the mechanical and workability characteristics of M20-grade 
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concrete. In order to discover the best mix for maximizing sustainability, strength, and durability with sufficient 

workability, this study intends to assess the synergetic effect of employing a mixture of both SCBA and bagasse fiber. 

 

2 Materials and Methodology 

 

2.1 Materials 

Cement 

Ordinary Portland Cement (OPC), conforming to ASTM C150 Type I specifications, was used as the main binding 

material. The cement had a specific gravity of 3.15 and a 28-day compressive strength of 43 MPa, satisfying the 

standard strength requirement for structural concrete. 

 

Sugarcane Bagasse Ash (SCBA) 

After processing bagasse carefully by incinerating it at an intensity of approximately 600 to 700°C, sugarcane bagasse 

ash (SCBA) was yielded from a local sugar mill. For uniformity in fineness, the so-collected ash was oven-dried and 

further sieved through a 75 µm sieve. Due to its higher amorphous silica content, which interacts with calcium 

hydroxide to form more calcium silicate hydrate (C–S–H) gel, SCBA has been seen to exhibit high pozzolanic activity 

in previous studies (Memon et al., 2022; Agwa et al., 2022; El-Said et al., 2022). SCBA was employed in this study 

as a cement weight replacement. 

 

Bagasse Fiber 

As a natural reinforcing material, bagasse fiber—a by-product of processing sugarcane—was employed. In accordance 

with the suggested lengths for natural fiber-reinforced concrete, the fibers were cut to a consistent 10 mm length. 

According to ASTM D3822, the fibers' tensile strength was measured experimentally. An average strength of 140 

MPa, density of 1.45 g/cm³, and moisture content of 8% were noted. These figures fall within the range that has been 

documented in earlier research (Freitas et al., 2023; Suryawanshi, 2022). 

 

Fine Aggregate 

Natural river sand was used as the fine aggregate, conforming to ASTM C33 specifications. The sand had a fineness 

modulus of 2.61, specific gravity of 2.60, and water absorption of 1.2%. 

 

Coarse Aggregate 

Crushed granite aggregate with a maximum nominal size of 20 mm was used, conforming to ASTM C33 requirements. 

The aggregate had a specific gravity of 2.70 and water absorption of 1.5%. The aggregates were in a saturated surface-

dry (SSD) condition during mixing. 

 

2.2 Mix Design 

The mix proportioning for all concrete batches was carried out according to the ACI 211.1 (2019) method for normal-

weight concrete, targeting an M20-grade equivalent compressive strength (20 MPa at 28 days). A control mix was first 

designed with a water-to-cement (w/c) ratio of 0.45 and a base proportion of 1:2.5:4 (cement : fine aggregate : coarse 

aggregate by weight). 

 

For experimental mixes, SCBA replaced cement by 5%, 10%, 15%, and 20%, while bagasse fiber was added as 0.1%, 

0.2%, and 0.3% by volume of concrete. The total cementitious content was kept constant at 350 kg/m³. 

 

Table 1. Mix design of concrete. 
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Mix 

No. 

SCBA 

(%) 

Bagasse 

Fiber 

(%) 

Cement 

(kg/m³) 

SCBA 

(kg/m³) 

Fiber 

(kg/m³) 

Fine 

Aggregate 

(kg/m³) 

Coarse 

Aggregate 

(kg/m³) 

Water 

(kg/m³) 

Water-

Cement 

Ratio 

1 0 0 350 0 0 775 1200 157.5 0.45 

2 5 0 332.5 17.5 0 775 1200 157.5 0.45 

3 5 0.1 332.5 17.5 3.5 775 1200 157.5 0.45 

4 5 0.2 332.5 17.5 7 775 1200 157.5 0.45 

5 5 0.3 332.5 17.5 10.5 775 1200 157.5 0.45 

6 10 0 315 35 0 775 1200 157.5 0.45 

7 10 0.1 315 35 3.5 775 1200 157.5 0.45 

8 10 0.2 315 35 7 775 1200 157.5 0.45 

9 10 0.3 315 35 10.5 775 1200 157.5 0.45 

10 15 0 297.5 52.5 0 775 1200 157.5 0.45 

11 15 0.1 297.5 52.5 3.5 775 1200 157.5 0.45 

12 15 0.2 297.5 52.5 7 775 1200 157.5 0.45 

13 15 0.3 297.5 52.5 10.5 775 1200 157.5 0.45 

14 20 0 280 70 0 775 1200 157.5 0.45 

15 20 0.1 280 70 3.5 775 1200 157.5 0.45 

16 20 0.2 280 70 7 775 1200 157.5 0.45 

17 20 0.3 280 70 10.5 775 1200 157.5 0.45 

 

2.3 Testing Methods 

All testing procedures were conducted in accordance with ASTM standards, using three specimens per test to 

determine average values and standard deviations. 

• Workability Test 

The slump test was conducted following ASTM C143, assessing the ease of mixing, placement, and 

compaction of fresh concrete. 

• Compressive Strength Test 

Compressive strength was measured on cube specimens of 150 mm × 150 mm × 150 mm, tested under axial 

compression according to ASTM C39. 

• Split Tensile Strength Test 

Cylindrical specimens of 150 mm × 300 mm were tested as per ASTM C496 to evaluate the tensile 

performance of the concrete mixes. 

All specimens were cured in water at 27 ± 2 °C for 28 days prior to testing. 

 

 

3 Results and Discussion 

 

3.1 Workability 

Figure 1 illustrates the evaluation of fresh concrete workability through the slump test (ASTM C143) utilizing different 

ratios of bagasse fiber to sugarcane bagasse ash (SCBA). The control mix (0% SCBA, 0% fiber) had a slump of 80 

mm, which is normal for normal-weight reinforced concrete. This showed that it had medium workability. The decline 

slowed down when SCBA levels went up. The drop was 74 ± 2 mm for 5% SCBA and 67 ± 3 mm for 15% and 20% 

SCBA blends. SCBA's large surface area and fine texture make it harder to work with because they increase internal 

friction and water use.  

 

Bagasse fiber stops droop by soaking up water and making interlocking networks that stop flow. A gradual decrease 

was seen as the fiber content went from 0.1% to 0.3%. The 20% SCBA + 0.3% fiber mix drooped the least (49 ± 2 
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mm). The best mix (10% SCBA + 0.2% fiber) still had a slump of 60 ± 3 mm, which is in the range of 25-75 mm for 

vibrated concrete (ACI 211.1, 2019). For reinforced structural applications, moderate levels of SCBA and fiber make 

concrete that is workable, sticks together, and lasts. 

 

 
Figure 1. Slump Values for Concrete at Different Replacement Levels 

 

3.2 Compressive Strength 

 

 

Figure 2. Compressive strength for concrete with SCBA and Bagasse Fiber at Different Replacement Levels 

Figure 2 reveals the change in compressive strength as proportions of Sugarcane Bagasse Ash (SCBA) and bagasse 

fiber change. The control mixture (0% SCBA, 0% fiber) reached 21.0 +/- 1.1 MPa at 28 days. The inclusion of SCBA 

enhanced the strength at lower replacement levels since it is pozzolanic. The maximum strength of 23.5 ± 0.9 MPa 

was at 10% SCBA, with a 5 percent SCBA giving a 22.0 ± 1.0 MPa. This has been improved due to the presence of 

amorphous silica in SCBA, which reacts with calcium hydroxide to produce more calcium silicate hydrate (C–S–H), 

which tightens the matrix and increases bonding. Compressive strength also dropped slightly beyond 10% SCBA to 
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22.5 + 1.2 and 21.5 + 1.3 MPa at 15 percent and 20 percent, respectively. The decrease can be attributed to a surplus 

of unreacted ash particles and decreased workability, which become the barriers to complete compaction. 

 

Strength was also affected when bagasse fiber was added. The 24.0 +1.0 MPa, which was optimum performance, was 

achieved with 10% SCBA + 0.2% fiber, which was 14% higher than the control, which is beyond the standard 

deviation margin, indicating a statistical significance. The enhancement is due to fiber bridging, which limits micro-

crack propagation. Nevertheless, in the increased fiber content (0.3%), the strength diminished because of the 

clustering of the fibers and lack of dispersion. In this way, SCBA content of 10 percent and fiber content of 0.2 percent 

provide a good compromise between the pozzolanic reactivity, fiber reinforcement, and mix workability, which 

encourage a more dense and sustainable concrete matrix. 

 

3.3 Split tensile strength 

 

 
Figure 3. Split tensile strength for concrete with SCBA and Bagasse Fiber at Different Replacement Levels 

Figure 3 shows the effect of Sugarcane Bagasse Ash (SCBA) and bagasse fiber on the split tensile strength of concrete. 

The control mix attained 2.5 ± 0.07 MPa tensile performance, with the incorporation of SCBA increasing tensile 

performance at reduced replacement levels. A combination of 5 percent SCBA showed a 2.7 ± 0.06 MPa and a 

maximum of 3.2 ± 0.08 MPa at 10 percent SCBA with 0.2 percent bagasse fiber, which is a 28 percent enhancement 

over the control. The improvement is attributed to the pozzolanic reaction of SCBA, in which amorphous silica is 

combined with calcium hydroxide and forms more calcium silicate hydrate (C–S–H), enhancing the interfacial bond 

and cohesion of the matrix. Tensile strength also decreased gradually to 2.7 + 0.07 MPa and 2.5 + 0.08 MPa at 15 and 

20 SCBA, respectively. The reduction is associated with slow SCBA particles, which lower effective bonding and 

heighten internal voids, and a lower workability of higher ash contents. 

 

In a similar fashion, adding more fiber than 0.2 percent resulted in a slight reduction in strength as a result of clustering 

and poor dispersion of the fiber, thus reducing the efficiency of the stress transfer. However, the resistance to cracking 

and stress distribution was greatly enhanced by the addition of bagasse fiber. The findings verify the fact that 10% 

SCBA + 0.2% fiber blend has the most appropriate balance of tensile strength, workability, and material homogeneity. 
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4 Conclusion 

In this research, the effect of Sugarcane Bagasse Ash (SCBA) and bagasse fiber on the mechanical properties and 

workability of M20 grade concrete was assessed. The results indicate that the compressive and tensile strength with 

lesser replacement levels should be enhanced very much because of the pozzolanic reactivity of the SCBA that 

encourages the development of more calcium silicate hydrate (C–S–H) and refines the microstructure. Optimal 

concentration was recorded at 10 percent SCBA, and the concentration beyond this point gave excessive unreacted 

ash and lower workability, which resulted in minimal strength. 

 

The mechanical properties were also enhanced by the addition of bagasse fiber, where 0.2% fiber was the most 

competitive in compressive (24.0 MPa) and tensile (3.2 MPa) strength. This is ascribed to efficient micro-crack 

bridging, redistribution of the stress, and increased fracture resistance. Nevertheless, fiber contents higher than 0.2 

percent lowered strength because dispersion was subpar and there was more interior force. 

 

A combination of 10 percent of SCBA and 0.2 percent fiber was optimal because of the attainment of the required 

workability (60 mm slump) that would be used in reinforced concrete mixing compacted through vibration. In general, 

the study confirms that SCBA and bagasse fiber could be successfully used to create sustainable, high-performance, 

and eco-friendly concrete that will promote the efficient reuse of agricultural wastes in the construction sector. 
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