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Abstract 

Concrete is a brittle material with high strength in compression but weak in tension for which reinforcement is provided. Fibers 

have been used in concrete as reinforcement and strengthening component as they are effective in strengthening the concrete under 

tension as well as withstanding the propagation of cracks. The influence of sisal fibers on the strength of concrete is taken as the 

main objective of this experimental study. The sisal fibers were added in varying percentages of 0%, 0.5%, 1%, 1.5% and 2% in 

three grades of concrete namely M20, M30 and M40 and the mechanical properties such as compression, split tensile and flexure 

were tested. The optimum fibre volume fraction for compressive strength was found to be at 1%, while the split tensile and flexure 

strength improved with the increase in volume fraction of fibres. The test results indicated that the sisal fibers were effective in 

improving the strength of concrete.   
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________________________________________________________________________________________________________ 

I. INTRODUCTION 

Concrete is a versatile material which has the possibility of moulding into any geometric shapes which can be manufactured easily. 

Utilizing the resilient nature of this material, expeditious progress has been made in the field of construction in the recent years. 

When the matrix of the concrete is modified like lowering water content, use of super-plasticizers, use of natural and synthetic 

fibers, optimization of grain size distribution has emanated striking improvements in its many properties such as strength, ductility, 

compactness and durability. The main aim of using fibers as reinforcement in concrete is that they are capable of enhancing the 

mechanical properties such as fracture toughness, impact, tension, fatigue, thermal shock, spalling and much more. 

Many experimental investigations have been carried out in the recent years on the mechanical, physical and durable properties 

of concrete reinforced with various natural fibers. G. H. D. Tonoli et al studied the influence of hybrid reinforcement using sisal 

and propylene fibers in cement based composites. The main objective of their study was to assess the composites which were 

produced by slurry dewatering technique with varying fibers. Physical properties, mechanical performance and microstructures 

were evaluated with different curing regimes. Their test results concluded that these fibers showed great refinement in enhancing 

thestrength of the composites. Jitendra D. Dalvi et al studied the strength properties of sisal fiber reinforced concrete with varying 

fiber volume fraction for different aspect ratios of sisal fibers. They concluded that for 1% volume fraction of fibers 69.27% 

increase in compressive strength. Md. Naimathullah et al studied the mechanical properties of concrete reinforced with sisal fibers 

in varying volume fractions with an aspect ratio of 40. The test results concluded that these fibers, when mixed at optimum volume 

fraction, improved the overall strength of concrete significantly. 

The main objective of this experimental program is to study the influence of strength of concrete when reinforced with sisal 

fibers in varying volume fractions such as 0%, 0.5%, 1%, 1.5% and 2% in three grades of concrete namely M20, M30 and M40 

respectively. The mechanical properties of concrete such as compression split tensile and flexural characteristics were tested. From 

the test results, it can be seen that the fibers were effective in improving the overall strength of concrete with 1% being the optimum 

fiber volume fraction for compression while the split tensile strength improved with increase in fiber volume fraction. 

II. GUIDELINES FOR MANUSCRIPT PREPARATION 

The mix design of concrete for the grades M20, M30 and M40 were carried out as per IS standards. Ordinary Portland cement of 

grade 43 conforming to IS 8112: 1989 was used as the binding material. Natural fine sand was utilised for fine aggregates and 

coarse aggregates of 12 mm were used as per IS 383: 1970. Water-cement ratio of 0.55 was adopted. The sisal fibres were added 

in varying percentage, such as 0%, 0.5%, 1%, 1.5% and 2%. Figure 1 shows the image of sisal fiber used in concrete. 
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Fig. 1: Sisal Fiber 

III. EXPERIMENTAL PROGRAM 

 Compression Test 

Compression test is the most important tests, used to access the basic property of concrete. The compression strength of concrete 

depends on various properties such as water-cement ratio, the strength of cement used and quality control during production.  Cube 

specimens having dimensions of 150 x 150 x 150 mm were used for the compression test which is in accordance with IS: 516-

1959. The compressive strength was measured using the standard compressive testing machine with a capacity of 2000 kN. 45 

cube specimens were tested with varying volume fraction of fiber 0%, 0.5%, 1%, 1.5% and 2% for three grades of concrete. Figure 

2 shows the testing of cube specimen. The results of the compression test are tabulated as shown in Table 1. 

 
Fig. 2: Testing of cube specimen 

Table – 1 

Compressive Strength test 

S.No % of fiber volume fraction 
Average compressive strength N/mm2 

M20 M30 M40 

1 0 29.62 36.45 42.65 

2 0.5 37.26 41.22 45.77 

3 1 40.38 47.56 53.82 

4 1.5 35.44 45.12 50.94 

5 2 32.26 38.67 43.32 

 Split Tensile Test 

Concrete is weak in withstanding the tensile loads for which reinforcement is provided. This test indicates the resistance to cracks 

by the fibers in concrete when subjected to tensile loads. The splitting tensile strength test was carried out with the standard 

Universal Testing Machine with a capacity of 600 kN. 45 cylindrical specimens each of size 150 mm diameter, 300 mm long were 

tested with varying fiber volume fraction from 0% to 2% for three grades of concrete. The split tensile test was carried out as per 

IS: 5816-1999. Figure 3 shows the image of cylindrical specimens after testing. The test results of the split tensile test are tabulated 

as shown in Table 2. 
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Fig. 3: Tested Cylindrical Specimens 

Table – 2 

Split Tensile Strength test 

S.No % of fiber volume fraction 
Average split tensile strength N/mm2 

M20 M30 M40 

1 0 2.05 3.12 4.33 

2 0.5 2.72 3.57 4.67 

3 1 3.57 4.88 5.53 

4 1.5 3.78 5.23 5.92 

5 2 4.32 5.98 6.79 

 Flexural Strength Test 

The flexural strength test is a measure of the intensity of a beam or slab resisting against tensile forces due to bending. This 

experiment inferences the capacity of the bonding strength of the sisal fibers in concrete. The flexure strength test was carried out 

on 45 beam specimens each of size 500 x 100x 100 mm with varying fiber volume fraction such as 0%, 0.5%. 1%, 1.5% and 2% 

for three grades of concrete. The test was conducted using standard Universal Testing Machine with single point loading. The test 

procedure was used as per IS: 5816-1959.  Figure 4 shows a beam specimen tested for flexural strength. The test results of the 

flexural strength test are tabulated as shown in the Table 3. 

 
Fig. 4: Testing of beam specimen 

Table – 3 

Flexural Strength test 

S.No % of fiber volume fraction 
Average flexural strength N/mm2 

M20 M30 M40 

1 0 3.06 3.80 4.38 

2 0.5 4.22 5.48 6.43 

3 1 5.87 6.43 7.27 

4 1.5 6.41 6.95 7.62 

5 2 7.13 7.44 7.97 

IV. RESULTS & DISCUSSION 

 Compressive Strength Test 

The graph of the compressive strength test is shown below. 
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Fig. 5: Compressive Strength graph 

Figure 5 shows the compressive strength graph. It can be inferred from the graph that the for all the three grades of concrete the 

compressive strength peaks at 1% fiber volume fraction. A rise and fall graph can be observed with a declination beyond 1% fiber 

volume fraction. On examining the tested specimens only a few cracks were visible indicating that the fibers have enhanced the 

compressive strength of concrete significantly. 

 Split Tensile Strength Test 

The graph of the split tensile strength is shown below. 

 
Fig. 6: Split Tensile Strength graph 

Figure 6 shows the graph of the split tensile strength test. It can be observed from the graph that with the increase of fiber volume 

fraction, the split tensile strength increases for all the three grades of concrete. Upon analysing the tested specimens only minimal 

cracks were observed and the concrete was not split into the half when subjected to tensile load. Therefore this proves that the 

fibers were effective in resisting the crack making the concrete ductile. 

 Flexure Strength Test 

The graph of the flexural strength test is shown below. 
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Fig. 7: Flexural Strength graph 

Figure 7 shows the flexural strength graph. It can be observed from the graph that the flexural strength of the concrete increased 

with increase in fiber volume fraction for all the three grades of concrete. Upon examining the tested specimens it was inferred 

that these fibers were effective in bonding with the concrete matrix preventing the development of cracks. 

V. CONCLUSION 

The test results were analysed and the following conclusions were made: 

1) It was observed that the addition of fibres increased the compressive strength of concrete, considerably and the maximum 

compressive strength of concrete was found to be for a fiber volume fraction of 1% in all the three grades of concrete tested. 

2) As the grade of concrete increases, the compressive strength also increases which indicates that the grade of concrete has a 

significant influence over the compressive strength of sisal fiber reinforced concrete. 

3) For all the three grades of concrete the tensile strength increased as the percentage of fibers increased indicating an increase 

in ductility of concrete. 

4) The flexural strength increased with the increase in fiber volume fraction. This concludes that the increased amount of fibers 

in concrete makes the concrete effective in withstanding the greater flexural loads. 

5) Minimal cracks in the tested specimens indicate that the fibers were effective in improving the cracking resistance of concrete. 
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