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Abstract 

Concrete is used more than any other material in the world so 

the usage of concrete is unavoidable at the same time scarcity 

of availability of natural materials is also required more 

demand nowadays. The by-product of waste industrial 

material has been encouraged in structural concrete because it 

contributes to reduce the usage of natural resources. This 

research studies showed the better improvement in the 

flexural of sisal fibre concretes were notably improved with 

strength gain properties for various mixes due to inclusion of 

fibre up to 2% and also exhibited synergistic interaction 

effects due to SBCA combinations, when compared to 

conventional concrete (without SBCA and Sisal fibre). The 

presence of sisal fibres in concrete showed in ductile failure 

with multiple splitting and bridging the crack formation, when 

reached an ultimate failure load.  

Keywords: Sugarcane bagasse ash, sisal fibres, strength gain 

properties. 

 

INTRODUCTION 

SBCA incorporated concrete finds a wide range of 

applications in the production of high strength concrete with 

improved mechanical properties. The addition of polymer 

based rubber latex provides a thin film formed which increase 

the bonding with the cement matrix. The addition of 

polymeric fibres improves the reinforcing efficiency of the 

matrix and increases the tensile performance. In addition the 

presence of sisal fibre provides nominal workability on the 

fresh concrete properties even at higher water to binder ratio. 

Among various natural fibres, sisal fibres are widely available 

and cheap in context to the economic condition of India. It is 

clearly indicated the composites were manufactured by using 

different percentage level (5, 10, 15 and 20 wt %). Jute and 

coir fibres were utilized at a ratio of (1:1) during composite 

manufacturing. The mechanical tests were conducted for 

different mixes. Tensile test of composite showed a 

decreasing trend of tensile strength and increasing trend of the 

Young’s modulus with increasing fibre content. The flexural 

strength, flexural modulus, impact strength and hardness were 

found to be increased with increasing fibre loading up to 20% 

fibre reinforced composite results [1]. The failure mechanics 

of fibres was systematically analyzed in terms of 

microstructure and various defects in the fibres showed the 

results of Weibull modulus decreased from 4.6 to 3.0 as the 

gage length increased from 10 mm to 40 mm, respectively. 

SEM was used to investigate the failure mode of the fibres. 

[2]. Industrial waste impregnated concrete requires shorter 

curing days to initiate strength gain before matrix film 

formation. SBCA concrete with fibres provides increased 

tensile strength and resistance to cracking. Also, it is 

understood from several studies reviled that SBCA provides 

high resistance to corrosion; plastic shrinkage cracks and 

improves the aggregate matrix bonding [2]. On the other hand, 

the presence of discrete polypropylene fibres provides 

adequate reinforcing efficiency and improves the stress strain 

properties of concrete. The combined addition of polymeric 

fibres and polymer latex suspensions provided synergistic 

improvements on the concrete composites [3]. The toughness 

of the polymer composites is exhibited by means of plastic 

deformation upon reaching ultimate load without failure and 

showed improved post cracking mechanical properties [4]. 

Fibre addition in concrete provides higher energy absorption 

capacity by increasing the load at failure, impact strength and 

fatigue endurance of the fibre reinforced concrete. [5] The 

effects of different dosage of polypropylene fibres have 

shown marginal or negligible increase in fracture toughness 

compared to plain concrete. It is noted that the concrete failure 

is dominated by the matrix strengthening and after the peak 

load the residual strength is dependent on the fibres bridging 

the cracks [6]. The residual load increases with the increase in 

fibre dosage and provides adequate stress smoothening 

mechanism [7]. The polymeric fibre addition has a significant 

influence on the fracture toughness, bonding strength and 

impact toughness of the composite. It is also noted from many 

studies that, the addition of fibres provides high resistance 

towards impact and punching load. The impact failure is 

highly influenced by composite stiffness and subsequent delay 

in the crack origination. The impact load transmitted and 

energy absorbed in the concrete is realized from type of 

failure pattern [8, 9]. Energy absorption capacity of 

unreinforced polymer composites showed marginal increase 

in the flexural bending capacity and lower energy absorption 

when subjected to punching load. The flexural and impact 

toughness was found to be improved with the fibre addition in 

polymer modified concrete and the energy absorption capacity 
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increases with the increase in fibre volume fraction [10, 11]. 

The presence of discrete fibres provides significant resistance 

to localized damage compared to reinforced concrete slab due 

to the random distribution of fibres in concrete matrix. The 

punching capacity of fibre reinforced concrete is highly 

improved by the membrane action and the failure of slab 

exhibited the shear cone formation at ultimate load [12]. 

Literature review on the various experimental studies of 

SBCA along with sisal fibres incorporated concrete showed 

favorable strength development with careful concrete mix 

design. However, limited studies were conducted to exhibit 

the synergistic improvements of low modulus fibres additions 

in fibre reinforced cementitious system. Mechanical strength 

improvements in terms of compression and bending stress of 

fibre concrete mixes necessitates more detailed experimental 

investigations.  

 

RESEARCH OBJECTIVES AND SIGNIFICANCE 

The primary objective of this study is to evaluate the sisal 

fibre synergy in a carefully designed sugarcane bagasse ash 

based cementitious systems. Interaction effects of SCBA in 

combinations of sisal fibres for varying dosage were assessed 

in a high-strength concrete matrix. The fibre performance in 

flexural strength of concrete for various mixes was evaluated 

to demonstrate the fibre synergy in bridging the large crack 

widths.  

A comparative assessment of different percentage of fibre 

concretes was evaluated systematically and the relative 

performance compared to conventional concretes was 

investigated. 

 

MATERIALS USED 

The specification of the materials used in the present study is 

given below. 

Binder Materials and Composition 

Ordinary Portland cement of 53 grade of cement is used 

according to IS: 12269-1987 and conducting test on cement to 

find out the physical properties and results are given below in 

Table 1. 

 

Table 1: Physical properties of cement (53 grade) 

Sl. No  Material Properties  Obtained Values  

1.  Initial Setting Time  46 minutes  

2.  Final Setting Time  320 minutes  

3.  Specific Gravity  3.12  

 

SCBA obtained from a nearby source was used as a 

supplementary binder and the properties of the materials are 

given in Table 2. 

 

Table 2: Physical and chemical properties of SCBA 

Sl. No  Material Properties  Obtained Values  

1.  % passing through 45 microns  93%  

2.  Density of SCBA  1.72 gm/cm3 

3.  Specific Gravity  1.90  

 

Aggregate fillers River sand passing through a 4.75-mm IS 

sieve was obtained from a locally available source; it 

conforms to grading zone-III of IS 383 (1970) as given below 

in Table 3.  

 

Table 3:  Physical properties of fine aggregate 

Sl. No  Material Properties  Obtained values  

1.  Specific Gravity  2.40  

2.  Water Absorption  2.4%  

3.  Fineness Modulus  2.6  

4.  Zone  III  

 

Coarse aggregate passing through 20 mm and 12.5 mm was 

taken at the ratio of 60:40 for the entire study from the test 

results. 

Chemical admixture was used as Polycarboxylate ether based 

on superplasticizer condensate in high range water reducing 

admixture (HRWR) which had a specific gravity of 1.18. 

Fibres used in the present study, a low-modulus steel fibre 

were added to concrete in terms of total volume fraction of 

binder content. 

 

CONCRETE MIX PROPORTIONS 

Concrete ingredients were mixed homogeneously in a pan 

mixer of capacity 40 kg; wherein the dry mixing of 

ingredients was carried out for 3 minutes followed by the 

addition of fibre materials. Fibres were added directly to the 

concrete mixer, and the separation of the fibres was observed 

to be better with the addition of high range water reducing 

(HRWR) admixture. Workability of concrete was affected at 

increased fibre dosage and showed a slump value in the range 

of 65 to 78 mm. 
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EXPERIMENTAL PROGRAMMES 

Compressive Strength Test 

The mechanical properties of various fibre concretes were 

assessed by testing cube specimens (100 × 100 × 100 mm) in 

a compression testing machine of capacity 2000kN. The 

testing process of loading face rate was kept constant at 2.5 

kN/second. 

 

Split tensile strength Test 

Tensile strength- the size of cylinders 100 mm diameter and 

150 mm height were tested for tensile strength of concrete for 

various mixes by using compression testing machine. 

 

Flexural Strength Test 

The flexural performance of different fibre combinations was 

assessed by testing the flexural strength, absolute toughness, 

post-crack toughness, and the residual strength. A concrete 

prism of size 150 × 150 × 750 mm was casted with different 

fibre combination sand tested after required curing. A three 

point loading arrangement was used for conducting bending 

stress tests for various mixes of concrete with a specimen, and 

the central deflection was measured using a mechanical dial 

gauge of 0.01-mm accuracy.  

 

EXPERIMENTAL TEST RESULTS AND DISCUSSION 

Compressive Strength Properties 

Compressive strength of concrete test results of all the fibre 

concrete mixtures tested in this study are represented in Fig. 

1. The experimental test results indicated that the addition of 

fibres provided a subsequent increase in the compressive 

properties as compared to the plain concrete mixes. In the case 

of reference concrete, it can be noted that the maximum 

strength recorded was 29.60 MPa at 28 days; wherein the 

addition of SBCA has shown a marginal increase in the 

compressive strength. Further sisal fibre combinations with 

2% (SB5) exhibited a highest compressive strength of 32.30 

MPa. The value recorded for sisal fibre combination of sugar 

cane bagasse showed the good hardened surface of the 

concrete for various mixes. 

 

 

MIX SB1 SB2 SB3 SB4 SB5 SB6 

7days 22 22.8 23.1 23.8 24.2 19.5 

28 days 29.6 30.45 31.15 31.8 32.3 30.3 

56 days 31.1 32.75 32.65 37.8 35.95 32.8 

90 days 33.5 34.1 34.25 39.2 36.35 35.2 

 

Figure 1: Compressive strength of different fibre 

combinations 

Also it can be seen that the strength gain in the case of hybrid 

fibre-reinforced concrete is noticed when the reinforcement 

index and the fibre distribution accompanied by fibre spacing 

provided the maximum improvement in the strength 

properties. However, the real effects of fibre additions are not 

clearly seen in the case of compressive properties since failure 

is other than fracture wherein the stressing offibres is not 

experienced. This can be justified by the theoretical 

mechanics thatthe compressive direction has not provided 

adequate development of tensile stressin the concrete 

specimen and due to the platen effect. As a result, the extreme 

fibres stress in the concrete is converted into a shear stress and 

results in a diagonal tensile failure. In the case of fibre-

reinforced concrete specimens, since the matrixes highly 

strengthened on addition of fibres, the aggregate failure is 

going to be predominant. The overall results indicated that the 

modulus of fibre is greatly dependent on the matrix 

densification in the case of low-modulus fibre addition. This 

justifies that in the case of the sisal fibre combinations of low 

and high modulus, the reinforcing efficiency is greatly 

enhanced due to the fibre interaction and the corresponding 

number of fibres available in the crack bridging. 

 

Split tensile strength 

Tensile strength increment was observed up to 2.0 % addition 

of fibres. The increased tensile strength for M25 mix design 

with 20% of SC2.0% addition of fibre was 41.37% and 

44.378%. There was a decrease in percentage increase in 

tensile strength for M25 when compared with M20. The 

increase in tensile strength for M25 mix design with 1% and 

1.5% addition of fibre is 30.83% and 36.027%. 

 

Figure 2: Split tensile strength of different fibre combinations 
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Evaluation of Flexural Properties 

The flexural performance of various combinations is 

represented graphically in Fig. 4. It can be noted from the test 

results that the maximum flexural stress was noted in the case 

of reference concrete (SB1) with a value of 3.45MPa. In the 

case of sisalfibre combinations, a marginal increase in the 

strength was anticipated as compared to the reference concrete 

mixes. The flexural strength ofsisalfibre combinations with 

20% of SBCA had shown a significant improvement up to 

4.91 MPa which exhibited an increase the strength 00.00%, 

when compared to reference concrete. This denotes that the 

sisal combination of higher fraction of low-modulus exhibited 

synergy up to the ultimate capacity of concrete. The 

comparison of sisal fibre action among SBCA showed better 

flexural strength enhancement for various mixes. Similarly, it 

was observed that the higher cracking stress compared to 

reference concrete. It can be concluded that the fibre matrix 

interaction is better enhanced with the fibre combinations, It 

can also be stated that the fibrematrix is much enhanced by 

the longer fibres due to the corresponding crack bridging 

stress developed in the case of longer fibres. However, this is 

better observed in the case of addition of sisal fibres that 

causes the development of sufficient bridging stress during the 

crack propagation. 

 

 

Figure 3: Flexural strength of different fibre combinations 

 

CONCLUSIONS 

Within the limitation of experimental studies conducted the 

following significant conclusions are drawn. 

 SBCA substituted concretes showed favourable 

improvements on the concrete hardened properties. This 

necessarily showed improved compressive strength of 

sisal fibre concrete (MS5) up to 32.30 MPa and this 

increase was significant for higher dosage of 2% Vf of 

concrete. 

 Cement concrete for various mixes can be made 

economical by partially replacing the Cement by Sugar 

Cane Bagasse Ash. 

 It is clearly noted that the produce green, sustainable and 

eco-friendly cement concrete by partially replacing 

Cement by Sugar Cane Bagasse Ash.  

 With the above study, the mean target strength of M25 

grade cement concrete is achieved with partial 

replacement of Cement by Sugar Cane Bagasse Ash with 

addition of sisal fibres up to 2% by volume of fraction.  

 Also, SBCA addition in sisal fibre reinforced concrete 

mix (MS5) at 20% showed marginal increase in strength 

upto 10% in the case of reference concrete. 

 A maximum split tensile stress (3.72 N/mm2) of sisal 

fibre reinforced concretes was observed in the case of 2% 

fibre substituted concrete mixes (MS5). 

 Flexural strength of sisal fibre concretes showed 

significant increase in strength upto 5.34 MPa at 90 days, 

when compared to plain concrete 4.15 MPa.  However, 

increased fibre addition does provide anticipated increase 

in flexural strength and also improve the bending stress. 

 It is also clearly understood that fibre reinforcing 

efficiency dictates the overall improvement in bending 

stress leading to high resistance capacity even after 

failure. 

 In general, test results indicated that optimum addition of 

SBCA and fibre addition of sisal fibres had contributed to 

the overall performance for various mixes. Among the 

different concrete mixes tested, the 20% SCBA 

substituted in mix (MS5) containing sisal fibres at 2.0 % 

Vf had shown the overall improvement on the composite 

toughness. 

 The use of chemical admixture in concrete is beneficial 

for the better workability and strength it’s reduce the 

water content  up to 60%. 

 With higher level of replacement of SBCA with sisal 

showed 100%there was a slight bleeding and segregation 

tendency. Therefore, it is recommended that up to SBCA 

20% can be used as replacement of cement. It was also 

noted that enhanced concrete density by 5 to7% in all the 

concrete mixes.  
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