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Abstract - This research work involves the topic of adding 
natural fibers to the concrete to study the strength properties 
and observe whether the propagation of shrinkage problems is 
reduced. Basically, there are two types of natural fibre. 
Natural inorganic fibres like asbestos, basalt, etc. as well as 
natural organic fibres like banana, bamboo, coconut, palm, 
pine, kenaf, jute, sisal, sugar cane, and so on. Natural fibres are 
studied as construction materials by different researchers and 
can be used in cement, mortar or concrete in building 
materials. This research work may include the characteristics 
of sisal fibre, its properties and also compatibility of 
fibre(sisal) and compares its nature of fibre- free concrete and 
concrete with natural fibre(sisal). But it also to compare and 
draw the conclusion of the proportion of different fibres 
cement. This study summarizes the comparison and difference 
between fiber-free concrete and concrete with natural 
fiber(sisal). 
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1. INTRODUCTION TO SISAL FIBER 

Sisal fiber is the most commonly used plant fibers and is very 
easy to grow. Sisal is a strong fiber obtained from the sisal 
plants leaves. The plant of sisal fiber is officially called agave-
sisalana. The plants having leaves like a sword-shaped rose 
that begins to have teeth and gradually wears mature teeth 
over time. All leaves have many straight and long fibers that 
can be eliminated by means of a method called peeling or 
decortication. During the peeling process, the leaves are 
broken to remove the pulp and plant material, left behind 
the strong fibers. For the production of twine and textile, 
fibers will be warped into thread, or pulped to make paper 
make paper products. 

 1.1 PROPERTIES OF SISAL FIBER  

The actual content of the fiber elements is about 4% of the 
weight of the plant and can be extracted by a method as 
“decortication”. In their natural life, typical plants generate 
200 to 250 fruitfully available leaves. Also, each leaf of sisal 
plants will produce approximately 1000 fibers. 

In order to obtain a superior quality structure and good 
sustainability, it is preferable to use sisal fibers to develop 
several strength characteristics of the structure. Different 
plant fibers of sisal fibers of sisal were tested for its adequacy 
for the addition in cement concrete. The physical properties 

of the fibers do not show deterioration of the concrete 
structure. The leaves are dried out, brushed and bailed to 
produce fibers from sisal plant. 

1.2 CHARACTERISTICS OF SISAL FIBER 

Sisal fiber is the hardest cellulose fibers like coconut fiber. It 
contains cellulose about 70% in the fiber. With cellulose, this 
fiber also consists of hemicellulose, lignin, pectin and wax 
etc. the properties of this fiber are greatly affected by its 
chemical composition. In   fibers like sisal and coconut fibers, 
cellulose is the strongest organic constituent that imparts 
fiber stability, stiffness and strength, where sisal fibers 
contain 70% of cellulose only. Hence, we can say that sisal 
fiber is a one of the strongest fibres. Hemicellulose is a 
polysaccharide that binds together in a relatively short 
branch. Lignin is an aromatic hydrocarbon polymer-
composite that gives stiffness to the sisal plant.  

 1.3 NEED OF STUDY 

The application of concrete as a strengthening material in 
structural is somewhat limited by the disadvantage such as 
poor ductility and durability, fatigue, lower impact 
resistance, low tensile strength, brittleness. It is also very 
much restricted to absorb dynamic stresses caused due to 
shock loading. The brittleness is compensated in the 
structural member by adding a reinforcing bar or pre- stress 
in the tensile area. The development of steel bars solves the 
problem of lower tensile property of concrete. Lower tensile 
strength and higher strength requirements of the concrete is 
the main problems of steel and these problems are still 
existed, and will be improved through different types of 
reinforcement material. Further concrete also has lower 
ductility. In concrete, increasing the fiber- content will 
increase will increase the strength and decrease drying and 
plastic shrinkage by limiting the crack-expansion.  

1.4 SCOPE 

The scope pf this study work is to find out the gap in 
research of the FRC using sisal fiber band improvement in 
the physical and mechanical properties of SFRC (sisal fiber 
reinforced concrete). A limited number of additional tests 
are also performed to determine the tensile and flexure 
properties, compressive -and durability properties and also 
to check its suitability by comparing the concrete with sisal 
fiber and without sisal fiber.   
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2. MATERILS 

 The various to be used in this research works to 
make sisal fiber reinforced are: 

1. Sisal fiber  

2. Cement 

3. Aggregates 

 Fine aggregate 

 Coarse aggregate 

      4. Water  

      5. Magnesium Sulphate (To check durability) 

2.1 Sisal Fiber:   

 Sisal fibres are used as reinforcement in the sisal 
fibre reinforced concrete. Sisal fibre is a natural fibre, one of 
the strongest fibres. The length of sisal is to be used around 2 
to 8 cm; various sizes of sisal fibres are available in market. 
Short discrete vegetable fibre (sisal) was examined for its 
suitability before incorporation in a cement concrete. 

2.2 Cement: 

 The Ordinary Portland Cement of 53 grades which is    
readily available in the market is used in the project. The 
most commonly used cement in concrete is Ordinary 
Portland cement of 53 Grade conforming BIS: 12600-
1989(2009). 

 It is an important constituent of concrete, mortar – 
mix and many plasters. Typical physical requirement for 
cements is: air content, fineness, expansion, strength, heat of 
hydration and setting (earlier & final) time. Most of these 
physical tests are carried out using mortar or paste created 
from cement. 

2.3 Sand: 

 The sand particles should also pack to give 
minimum void ratio, higher voids content leads to 
requirements of more mixing water. In the present study the 
sand confirms to Zone III as per Indian standards (BIS: 
10262, BIS: 383). Sand should not contain any foreign 
material that affects the strength of concrete. 

2.4 Aggregates: 

 Generally, a concrete-mix includes both fine and 
coarse aggregate (combined) content about 60 to 70%. 
Aggregate (coarse and fine) used by the concrete industry 
are suitable to manufacture fibre reinforced concrete. The 
many aggregate properties that are very important with 
respect to concrete strength are particle size distribution, 
shape of the particles, mechanical properties of the 

aggregate properties, and different types of chemical 
reaction between the aggregate and the cement-paste which 
may have an effect on the bond.  

2.5 Water: 

 Water is requirements can be used for concrete and 
curing. Water exercised for concrete should be free from all 
type of impurities. The dirty water exercised for concreting 
work, then it will create difficulties in initial as well as final 
setting and also a reason behind early failure of the 
structure. In order to cover the large surface area of the 
fibres with a cement- paste, the experience shows that the 
cement ratio is 0.4-0.6 and the minimum cement content is 
320 kg/ m. 

2.6 Magnesium Sulphate: 

 Magnesium sulphate solution was used to find out 
the resistance to sulphate attack of sisal fiber reinforced 
concrete. The sulphate resistance was determine based on 
the change in weight and change in compressive strength of 
the samples after exposing t magnesium sulphate. The 
magnesium sulphate procured in the powdered from local 
supplier was used. The magnesium sulphate used was in 
99.97% pure form. 

 The magnesium sulphate (MgSO4) powder was 
dissolved in water to prepare on acidic solution. Depending 
upon the concentration required, the quality of the 
magnesium sulphate (MgSO4) varies in the solution 
expressed in terms of percentage by weight. 

 For instances, a solution of magnesium Sulphate 
(MgSO4) at a concentration of 5% consists of 5 kg of 
magnesium sulphate (Mg SO4) powder consisting of 100 
liters of water. Note that water is the main ingredient and 
the of magnesium sulphate (MgSO4) powder is only a part of 
the mass of the magnesium sulphate (MgSO4) solution. 

3 RESULTS AND DISCUSSIONS 

3.1 Fresh Concrete Properties 

 As part of investigation, determine of fresh concrete 
properties was necessary to determine the effects of adding 
sisal fiber concrete on workability of the concrete is the 
slump test and compaction factor test. 

3.2.1 Workability of concrete 

 To determine the workability of concrete without 
fiber as well as sisal fiber reinforced concrete, various tests 
on fresh were performed according to code IS: 1199-1959. 
The table 1.1 shows the properties of the workability tests.  
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Table 1.1: Workability values 

Specimen Slump value Compaction Factor 

Without Fiber 84 91.82% 

With fiber 59 85.33% 

 

From the varies of slump test it is concluded that the water-
content required to obtain required workability is higher for 
fiber concrete. The workability of fiber reinforced concrete 
is lesser than normal concrete for equal amount of water. 
This may because of the water-absorption ability of dry sisal 
fiber. It indirectly gives that compaction of concrete is 
difficult as increase fiber content. 

 

Graph 1-1: Comparison of Workability for concrete 
with fiber and without fiber 

3.2 Durability test 

 Durability test was performed at the curing period 
28, 56, and 90 days. Total 24 cubes (12 with fiber + 12 
without fibre) of size 150 mm x 150 mm x 150 mm were 
casted. Then cubes were exposed to solution of 5% MgSO4 

and then durability of cubes measured in term of (1) 
percentage loss in weight and (2) percentage loss in 
compressive strength. For a single test, three samples were 
tested with an average of 3 as the final result. Durability test 
was conducted as per IS-516:1959.   

3.2.1 Percentage loss in Weight 

Table 1.1: Initial and final weight of concrete 
specimen (Without fiber) 

Table 1.2: Initial and final weight of each concrete 
specimen (With fiber) 

 

Above table 1.2 and 1.3 shows the weight of each concrete 
cube specimen of SFRC before immersion to magnesium 
Sulphate and after removing from it after 28, 56 and 90 days.  

Table 1.4: Average weight % weight loss of specimens 
(without fibre) 

 
Table 1.5: Average weight and % loss in weight (With 

fibre) 

 

Above table 1.4 and 1.5 shows the results for initial and final 
weight of each concrete specimen with and without sisal 
fibre after 28 and 56 days.  

 Tables show that percentage loss in weight at 28 
days for concrete specimen without fiber is 1.67% 
as compared to concrete specimen with sisal fiber 
having 1.50% weight loss. 

Average weight and % Loss in Weight (Without fibre) 

Age Average Initial 
weight 

Average final 
weight 

% Loss 

(days) kg kg  

28 8.97 8.82 1.67% 

56 8.91 8.63 3.07% 

56 8.96 8.60 4.09 % 

Initial and final weight of each specimen (With fibre) 

Age Initial weight Final weight 

 Specimen 

1 

Specimen 

2 

Specimen 

3 

Specimen 

1 

Specimen 

2 

Specimen 

3 

(days) kg kg kg kg kg kg 

28 7.738 8.10 8.66 7.66 7.92 8.55 

56 8.45 7.95 8.14 8.20 7.85 7.95 

90 8.13 8.33 8.82 7.92 8.03 7.61 

Average weight and % Loss in Weight (With fibre) 

Age Average initial 
weight 

Average final 
weight 

% Loss 

(days) kg kg  

28 8.17 8.04 1.50% 

56 8.18 8.00 2.20% 

90 8.09 7.85 2.97% 

Initial and final weight of each specimen (Without fibre) 

Age Initial weight Final weight 

 Specimen 
1 

Specimen 
2 

Specimen 
3 

Specimen 
1 

Specimen 
2 

Specimen 
3 

(days) kg kg kg kg Kg kg 

28 9.02 8.88 9.00 8.82 8.78 8.85 

56 8.92 8.90 8.90 8.61 8.64 8.65 

90 8.97 8.92 9.00 8.57 8.62 8.60 
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 Also, for 56 days curing period, percentage loss in 
weight for concrete specimen without fiber is 
3.07% as compared to concrete specimen with sisal 
fiber having 2.20% weight loss. 

 For 90days curing period, percentage loss in weight 
for concrete specimen without fiber is 4.09% as 
compared to concrete specimen with sisal fiber 
having 2.97% weight loss. 
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Graph 1-2: Average weight loss for controlled concrete 
specimens 

Graph1-3: Average weight loss for concrete 
specimens with fibre 

Graph 1-2 and 1-3 compares average weight loss for 
concrete specimens both controlled and concrete with 
Sisal fibre subjected to normal curing with water and 
exposed to MgSO4 solution. 
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Graph1-4: percentage weight loss for concrete 
specimens 

Graph 1-4 compares percentage weight loss for 
concrete specimens both controlled and concrete with Sisal 
fibre subjected to normal curing with water and exposed to 
MgSO4 solution. Here, it shows that percentage loss in 
weight for concrete without fibre is more compared to 
concrete with sisal fibre.  Hence, concrete with sisal fibre 
(SFRC) is more durable than plain concrete with respect to 
percentage loss in weight.   

3.2.2 Loss in compressive strength  

Table 1.6: Compressive strength for controlled cube 

 
Table 1.7: Compressive strength for cubes with fibre 

 

compressive strength for controlled cube 

 Normal MgS04 solution 

Age Specimen 
1 

Specimen 
2 

Specimen 
3 

Specimen 
1 

Specimen 
2 

Specimen 
3 

Units (N/mm2) (N/mm2) (N/mm2) (N/mm2) (N/mm2) (N/mm2) 

28 23.91 24.22 24.00 22.22 22.44 22.84 

56 27.20 27.60 28.49 25.87 26.22 25.78 

90 30.67 30.22 31.73 27.20 28.67 28.89 

compressive strength for cubes with fibre 

Age Normal MgS04 solution 

 Specimen 
1 

Specimen 
2 

Specimen 
3 

Specimen 
1 

Specimen 
2 

Specimen 
3 

Units (N/mm2) (N/mm2) (N/mm2) (N/mm2) (N/mm2) (N/mm2) 

28 23.2 23.46 23.91 22.75 22.00 23.33 

56 27.46 27.06 27.64 26.44 25.42 26.04 

90 30.53 30.36 30.84 28.27 28.98 25.58 
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Table 1.6 and table 1.7 shows the results for compressive 
strength for concrete specimens both controlled and 
concrete with Sisal fibre subjected to normal curing with 
water and exposed to MgSO4 solution. 

Table 1.8: Percentage loss of compressive strength for 
controlled cube 

 

Table 1.9: Percentage loss of compressive strength for 
cube with fibre 

 

Table 1.8 and table 1.9 shows the results for average 
compressive strength and percentage compressive strength 
loss for concrete specimens both controlled and concrete 
with Sisal fibre subjected to normal curing with water and 
exposed to MgSO4 solution. 

 

Graph 1-5: Comparison of compressive strength of 
cubes for normal curing and MgSO4 exposure 

(controlled) 

5.00
 

Graph 1-6: Comparison of compressive strength of 
cubes for normal curing and MgSO4 exposure (SFRC) 

Graph 1-5 and 1-6 compares the average weight loss in 
compressive strength for concrete specimens both 
controlled and concrete with Sisal fibre subjected to normal 
curing with water and exposed to Magnesium Sulphate 
solution. 

 

Graph 1-7: Comparison of percentage loss in 
compressive strength for concrete with fibre and 

without fibre 

Graph 1-7 compares percentage compressive strength loss 
for concrete specimens both controlled and concrete with 
Sisal fibre subjected to normal curing with water and 
exposed to MgSO4 solution. Here, it shows that percentage 
compressive strength loss for concrete without fibre is more 
compared to concrete with sisal fibre.  Hence, concrete with 
sisal fibre (SFRC) is more durable than plain concrete with 
respect to percentage loss in compressive strength too. 

 

 

% Average compressive strength and % loss for controlled cube 

 Normal MgS04 solution % Loss 

Age (N/mm2) (N/mm2)  

28 24.04 22.50 6.41% 

56 27.76 25.96 6.51% 

90 30.87 28.25 8.49% 

Average compressive strength for cube with fibre 

 Normal MgS04 solution % Loss 

Age (N/mm2) (N/mm2)  

28 23.53 22.70 5.53% 

56 27.39 25.97 5.19% 

90 30.58 28.61 6.44% 
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4 CONLUSION  

From the experimental work, result and discussion, various 
concluding points are summarized: 

 From the Slump values it is concluded that the 
amount of water required to obtain workability is 
higher for fiber concrete. The workability of fiber 
reinforced concrete is lesser than normal concrete 
for same water content. 

 Compare to normal concrete Sisal fiber reinforced 
concrete (SFRC) is more durable. Here, after 
exposed to Magnesium Sulphate, compressive 
strength loss for SFRC is average 4% compared 
normal concrete having 6.5% compressive strength 
loss. Also, the weight loss is around 1.75% 
compared to 2.75% weight loss for PCC. 

REFERENCES 

1. Baluch H., Zibra Y.N., Azad A.K.: “fracture 
characteristics of sisal fibre reinforced concrete”, 
the international journal of cement composites and 
light weight concrete, volume 9, number 3, 
1987:157-168 

2. Barros J. A.O., silva F.A., Toledo Filho R.D.: 
“Experimental and numerical research on the 
potentialities of layered reinforcement 
configuration of continuous sisal fibers for thin 
mortar panels”, Construction and building materials 
102(2016):792-801 

3. Bergstrom Swen G. &Gramt H.: “Durability of alkali- 
sensitive fibres in concrete”, The international 
journal of cement composites and lightweight 
concrete, volume 6, number 2, 1984:75-80 

4. Ferreira S.R., Silva F.A., Lopes Lima P.R., Toledo 
Filho R.D.: “Effect of fiber treatment on the sisal 
fibre properties and fibre-matrix bond in cement- 
based system.”, Construction and building materials 
101(2015):730-740 

5. Mwamila B.L.M.:” Natural twines as main 
reinforcement in concrete beam”, The international 
journal of cement composites and lightweight 
concrete, volume 7, number 1, 1985:11-20 

6. Rahuman a., Yeshika S.: “Study on properties of sisal 
fibre reinforced concrete with different mix 
proportions and different percentages of fibre 
addition”, international journal of research in 
engineering and technology, vol-4, 2015:474-477 

 

7. Raijiwala D.B., Patel J.A.,: “Use of sugarcane bagasse 
ash as partial replacement of cement in concrete – 
An experimental study”, Global journal of research 
in engineering, vol-15(2015) 

8. Ramakrishna G., Sundararajan T.: “Studies on the 
durability of natural fibres and the effect of corroded 
fibres on the strength of mortars”, cement and 
concrete composites -585 

9. Sanjuan M.A., Toledo Filho R.D.: “Effectiveness of 
crack control at early age on the corrosion of steel 
bars in low modulus sisal and coconut fibre- 
reinforced mortars”, cement and concrete research, 
Pergamon, vol-28,1998:555-565 

10. Santos S.F., Schmidt R., Almeida A.E.S.F., Tonoli 
G.H.D., SAVASTANO Jr. H.: “supercritical carbonation 
treatment on extruded fibre-cement reinforced with 
vegetable fibres”, cement and concrete composites 
56(2015) 84-94 

11. Santosh F.M.R., de Souza T.F., Barquete D.M., Amado 
F.D.R.: “Comparative analysis of the sisal and 
piassava fibres as reinforcement in lightweight 
cementitious composites with EVA waste’, 
construction          and building materials 
128(2016):315-323 

12. Sathish P., Murugesh V.: “Experimental Study on 
Sisal Fibre Reinforced Concrete with Partial 
Replacement of Cement by Ground Granulated Blast 
Furnace Slag”, International journal of science and 
research, 2015:79-82 

13. Shetty M.S. “Textbook of Concrete Technology”, 
2012:312-327 

14. Silva F.A., Mobasher B., Toledo Filho R.D.: “Cracking 
mechanism in durable sisal fibre reinforced cement 
composites”, cement and concrete composites, 
31(2009):721-730 

15. Silva F.A., Mobasher B., Toledo Filho R.D.: “Fatigue 
behavior of sisal fibre reinforced cement 
composites”, Material science and engineering, 
A527(2010):5507-5513 

16. Silva F.A., Mobasher B., Soranakom C., Toledo Filho 
R.D.: “Effect of fibre shape and Morphology on 
interfacial bond and cracking behaviors of sisal fibre 
cement based composites”, Cement and concrete 
composites 33(2010): 814-823 

17. Silva F.A., Toledo Filho R.D., Melo Filho J.D.A., De 
Moraes R.F.: “Physical and mechanical properties of 
durable sisal fibre-cement composites”, 



           International Research Journal of Engineering and Technology (IRJET)                        e-ISSN: 2395-0056 

                Volume: 10 Issue: 02 | Feb 2023                       www.irjet.net                                                          p-ISSN: 2395-0072 

  

© 2023, IRJET       |       Impact Factor value: 8.226       |       ISO 9001:2008 Certified Journal       |     Page 547 
 
 

Construction and Building materials 24(2010):777- 
785 

18. Sen T., Paul A.: “Confining concrete with sisal and 
jute FRP as alternatives for CFRP and GFRP”, 
International journal of sustainable built 
environment (2005)4:248-264 

19. Sen T., Reddy H.N.J.: “Flexural strengthening of RC 
beams using natural sisal and artificial carbon and 
glass fabric reinforced composite system” 
Sustainable Cities and Society 10 (2014):195–206 

20. Wei j., Meyer c.: “Improving degradation resistance of 
sisal fiber in concrete through fiber surface 
treatment", Applied Surface Science 289 (2014) 
511– 523 

 

 

 

 

 


