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CHAPTER 1   INTRODUCTION    

1.1. GENERAL    

Concrete is the most widely used man-made construction material in world. It is obtained by mixing 

cementing materials, water and aggregates, and sometimes admixtures is required proportions. 

Concrete has high compressive strength, low cost and abundant raw material, but its tensile strength 

is very low. Reinforced concrete, which is concrete with steel bars embedded in it. Concrete is an 

affordable material, which is extensively used throughout in the infrastructure of nation’s 

construction, industry, transportation, defense, utility, and residential sector. The flexibility and 

mould ability of this material, its high compressive strength, and the discovery of the reinforcing 

and prestressing techniques which helped to make up for its low tensile strength have contributed 

largely to its widespread use. Reinforced concrete structures often have to face modification and 

improvement of their performance during their service life. In such circumstances there are two 

possible solutions. The first is replacement and the other is retrofitting. Full structure replacement 

might have determinate disadvantages such as high costs for material and labour, a stronger 

environmental impact and inconvenience due to interruption of the function of the structure e.g. 

traffic problems.    

 Failure of modern engineered structures in different aspects like ground motions, deterioration of 

members due to ageing are strengthened and rehabilitated using recent advancements of FRP. The 

repair and strengthening of reinforced concrete beams, slabs, columns and beam column joints in 

structural engineering applications has increased over past 20 years. Concrete structural 

components exist in buildings and bridges in different forms. Different types of repairing 

techniques were carried out in previous researches. Whereas in market, ferrocement, steel plates 

and fibre reinforced polymer (FRP) laminate available. Retrofitting of reinforced concrete 
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structures using coir rope, a natural laminate for improving the structural responses like strength 

and maximum deflection. It is preferable for repairing or retrofitting rather than replacing 

completely, since it is both environmentally and economically available. With the development of 

structurally effective adhesive, epoxy resin, the strength improvement is remarkable.  

Coir composites will be advantageous in using in the sense like tough, economical very high 

strength to weight ratio. Earlier researches shown that the application of carbon and glass fibre 

reinforced polymer laminates to beam can increase the stiffness and maximum load carrying 

capacity. The retrofitting of beams using various FRPs were done by researchers in different part 

of the world.     

    

1.2. OBJECTIVES OF THE STUDY    

    

• To study the effect of natural coir rope wrapping on concrete beams    

• To improve the load bearing capacity of beam     

• To compare the strength with varying diameter, spacing and alignment of  natural coir  rope    

• To provide an eco-friendly and cost effective method of retrofitting    

    

1.3. NEED FOR THE STUDY     

This literature review clearly shows the focus of researchers regarding retrofitting for flexural 

strength of reinforced concrete beams. There have been some studies of retrofitting using 

composites of fibers found naturally for example sisal, jute  for flexural strengthening.. Over the 

past few decades artificial fibres have been applied in numerous extents to improve load carrying 

capacity, ductility, stiffness of structural members but they come at high prices and they some-

what harm the environment which is major issue nowadays considering the issues like climate 

changes and global warming.    

 This research is focused on effect of flexural strength of RC beams retrofitted  using coir rope 

confinement .     
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1.4. THE CONCEPT OF CONFINEMENT    

As concrete is uni-axially compressed, Poisson’s effect induces transverse strains that result in 

radial expansion of the concrete. This increase in transverse strain results in volumetric expansion. 

By confining the concrete using a coconut fibres  and seel fibres, the fibres resist the transverse 

expansion of the concrete. The effect of confining pressure provided by wrap is to induce a tri-axial 

state of stress in the concrete which thus exhibits superior behavior in both strength and ductility 

than concrete under uni-axial compression.    

      

CHAPTER 2    

LITERATURE REVIEW    

2.1. GENERAL    

This paper reports the various experimental program to investigate the effect of various materials 

using as a retrofitt over beams and shows properties of coir in construction. Use of FRP is greatly 

increasing these days for retrofitting as it is light weight and its formability makes it easy to use. It 

becomes an excellent option as they are noncorrosive, resistant to chemicals and non-magnetic. 

Currently FRP sheets which are bonded externally are used for strengthening many structures such 

as columns, beams, slabs, walls, chimneys, tunnels, silos (Chin et al. 2018). External bonding is 

only possible by suitable adhesive and proper consideration of the adhesive is given which is to be 

used for external fabric bonding.    

    

Karzad, A.S. et al. (2019) conducted a research program for behavioral study of  

RC beam strengthened using carbon fiber reinforced polymer (EB-CFRP) which was bonded 

externally. The study included 19 reinforced concrete beams 7 were tested without CFRP. The 

remaining 12 were sub divided into groups of 6 each. The first 6 beams were first stressed to failure 

then layered using epoxy and later CFRP sheets were bonded. The other six were wrapped with 

CRRP sheets and tested. The chief motive of research was to analyze the efficiency of 7 EB-CFRP 

strengthening of damaged reinforced concrete beams in shear. Conclusions were that the shear 

deficient beam’s capacity in shear was increased by one layer of CFRP up to 60% for no stirrups 

and for minimum no. of stirrups the increase was around 70% and there was further increase of 

90%. When another layer was added, for minimum and moderate no. of stirrups the increase was 

82% and 28% respectively.     
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Alam, M.A. et al. (2017) investigated and developed a large strength fiber based composite plate 

applied in reinforced concrete structure for shear strengthening. Fibers used for fabricating plates were 

jute, jute rope fibers and kenaf. Eight beam specimens were casted and were strengthened in shear using 

composites of natural fiber and CFRP coats. These eight beams included 2 control beam, 3 beams each 

strengthened using jute, kenaf, jute rope fiber (all untreated), 3 beams each strengthened using jute, 

kenaf, jute rope fiber (all treated in 6% NaOH). The beams strengthened with jute showed 36% higher 

failure loads than the control beam while beams strengthened with jute rope and kenaf showed 34% 

and 35% higher failure load than the control beam, where as for the treated version of these fibers the 

percent higher loads were 10%, 23% and 31% for Jute, Kenaf, Jute Rope fiber respectively. Figure 2.2 

to figure 2.5 show the different mode of failures of beams strengthened using different fibers. There 

were conclusions that the beams strengthened with natural fiber composite plate showed more ductility 

and higher failure loads than laminates of CFRP. Although the failure load in addition with ductility 

and crack patterns of beams with natural fibre were quite relatable with CFRP laminate beams. Alam, 

M.A. et al. (2017) investigated and developed a large strength fiber based composite plate applied in 

reinforced concrete structure for shear strengthening. Fibers used for fabricating plates were jute, jute 

rope fibers and kenaf. Eight beam specimens were casted and were strengthened in shear using 

composites of natural fiber and CFRP coats. These eight beams included 2 control beam, 3 beams each 

strengthened using jute, kenaf, jute rope fiber (all untreated), 3 beams each strengthened using jute, 

kenaf, jute rope fiber (all treated in 6% NaOH). The beams strengthened with jute showed 36% higher 

failure loads than the control beam while beams strengthened with jute rope and kenaf showed 34% 

and 35% higher failure load than the control beam, where as for the treated version of these fibers the 

percent higher loads were 10%, 23% and 31% for Jute, Kenaf, Jute Rope fiber respectively. Figure 2.2 

to figure 2.5 show the different mode of failures of beams strengthened using different fibers. There 

were conclusions that the beams strengthened with natural fiber composite plate showed more ductility 

and higher failure loads than laminates of CFRP. Although the failure load in addition with ductility 

and crack patterns of beams with natural fibre were quite relatable with CFRP laminate beams.    

    

Huang, L. et al. (2016) This research paper dealt with the usage of Flax Fiber reinforced 

polymer as a strengthening agent of RC beams. The reinforced concrete shafts of length 2000 mm 

having a clear span of 1.8 m which was tested under 4-point loading, the distance between two 

loading points were 0.6 m. 8 Beams of cross-section 150 x 300 mm were casted, 2 were control 

beams and the other six beams were strengthened with FFRP. The FFRP were arranged into 2 

different type of thickness that is 4 layer and 6 layer. The other variable was the reinforcement 

ration of steel which were 0.223% and 0.503%. The beams were applied to an eighty percent yield 

load before reinforcing them with FFRP. From the test results it was concluded that the ductility 
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and ultimate load of the RC beam both increased, on the other hand the deflection decreased. The 

RC beams with 0.223% steel ratio showed development in ductility and load even more. The 

reinforced beams demonstrate a comparative failure mode, for example steel yielding and afterward 

rupture of the FFRP plate. It was also observed that the same failure mode were seen in FFRP 

strengthened beam, however the beams strengthened using FFRP showed wider cracks than that of 

control beams. The beams retrofitted with 6 layers having 0.503% reinforcement ratio steel of FFRP 

show larger load carrying capacity and even larger deflections than the control beams. When these 

results were compared with beams of similar dimensions externally reinforced by artificial fibers 

glass and carbon it showed that the results are very much comparable with natural fiber reinforced 

although, the natural fibers have lesser tensile strength than those of artificial fibers. Here 

strengthening with more layers gives more ductility and higher capacity of load carrying to the 

beam, it was also detected that the added no. of layers increases the stiffness of the beam when 

related with control beam.    

    

Sen, T. et al. (2014) In this research of mechanical properties of natural kind of fibers such as 

jute fabric and jute fabric which were treated in heat, with epoxy gum used like a framework were 

arranged and tested. Tests for carbon and glass FRP composites arranged additionally were also 

completed. The heat treatment given to the jute fabric gave a boost to ductility and flexural 

properties. At that point heat treated jute FRP composites, artificial carbon and glass FRP 

composites were utilized for firming of beams, intended to experience failure in shear. The research 

gave the better knowledge of impact of different wrapping designs, for example U and strip 

wrapping technique, for strengthening in shear and furthermore intended to comprehend load vs 

deflection curve.     

Full wrapping technique showed more rise in ultimate shear strength than strip wrapping technique. 

Jute fabric strengthening with full wrapping technique showed 67% rise in ultimate shear strength 

meanwhile there was 25% increase in strip wrapping technique.   The target of this research was to 

explain the efficiency of normal jute FRP fabric for the application of strengthening in shear. Also 

incorporated into the research was capacity of load carrying, behavior of deflection of load, first 

cracking load etc. Following investigation reasoned jute FRP retrofitting plan had a few favorable 

returns over glass and carbon FRP retrofitting plan, and changed brittle failure to a failure that was 

ductile. CFRP and GFRP retrofitting showed abrupt debonding, rupture in FRP whereas none of 

these things were faced in case of natural fiber composites. Non-liner finite element investigation 

was done and the outcomes were in great similarity with the experimental results.     
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Sen, T. et/al. (2013) In present study composite of polymers strengthened by sisal fiber was 

tested for its tensile and flexural conduct which was compared with the polymer composite of 

artificial fibers such as glass and carbon. For the process to be done 8 beams were casted 17 

including 2 control beams and three each for U type wrapping and strip wrapping using sisal fiber, 

CFRP, GFRP. The testing was done using two point loading and the deflection, increment in load 

and failure type were carefully observed.The work did incorporate the investigation of failure 

modes, flexural reinforcing impact on extreme burden conveying limit and burden diversion 

conduct of RC beams which were fortified remotely with natural and artificial fibers, wrapped on 

three sides, along whole length using two distinct techniques, for example U wrapping and 

wrapping using strips. SFRC reinforcing of RC bars indicated great increment in its flexural quality 

and improvement in burden diversion conduct like carbon and glass strengthening. The reinforced 

concrete beams pillar reinforced by sisal indicated most astounding measure of flexibility, and 

furthermore deferred the arrangement of breaks, without crack disappointment of FRP as on 

account of CFRP fortified bars and furthermore without debonding disappointment of   

FRP as on account of GFRP reinforced shafts. Subsequently sisal texture fortified polymer composite 

framework, with its different ecological advantages, being a natural fiber with lower cost values can be 

used as a replacement of artificial fibers which come at a higher rates. Full wrapping technique gave 

better results than the strip wrapping technique and hence showed higher load carrying capacity in every 

fiber composite system. The natural fiber sisal (112.5% increase in load carrying capacity in full wrap) 

showed relatively comparable results as that of the artificial fibers glass (125% increase) and carbon 

(150% increase) hence giving advantages in terms of cost and environment friendly than those of 

artificial fibers.    

    

Dong, J. et al. (2013) This study showed that beams bonded with CFRP or GFRP sheets on 

both side faces and bottom face enhances both flexural and shear strength of beams. It showed 

enhancement in flexural capacity varying from 41% and 125% over the control beams and there 

was 31% to 74% enhancement in capacity of the beams in shear.    

Further deductions were made that it not only boosted the strength and beam’s stiffnness but also 

decreased the possibility of cracks and increased ductility. Hence it was concluded that the beam 

not only enhances the flexural strength of the system but similarly enhances shearing prowess of 

the structure.    

    

Esfahani, M.R. et al. (2013) This paper researches the flexural conduct of reinforced concrete 

beams strengthened utilizing Carbon Fiber Reinforced Polymers (CFRP) sheets. The impact of 

reinforcing bar proportion on the flexural quality of the reinforced shafts is analyzed. Twelve solid 

bar examples with measurements of 150 mm width, 200 mm height, and 2000 mm length were 

made and tested. Beam segments with three diverse reinforcing proportions, ρ, were utilized as 
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longitudinal tensile support in specimens. Nine beams were strengthened in flexure by CFRP 

sheets. The other three examples were considered as control beams. The width, length and number 

of layers of CFRP sheets changed in various examples. The flexural quality and stiffness of the 

retrofitted beams increase contrasted with the control examples. From the consequences of this 

investigation, it is inferred that the design guidelines of ACI 440.2R-02 and ISIS  

Canada overestimate the impact of CFRP sheets in expanding the flexural quality of bars with 

little ρ qualities contrasted with the greatest worth, ρmax, indicated in these two rules.    

With the expansion in the ρ esteem in bars, the proportions 19 of test burden to the heap determined 

utilizing ACI 440 and ISIS Canada expanded. Along these lines, the conditions proposed by the 

two plan rules are progressively suitable for shafts with huge ρ values. In the fortified examples 

with the large strengthening bar proportion, near the most extreme code estimation of ρmax, 

disappointment happened with adequate ductility.     

    

Li et al. (2005) conducted experimental studies to put light on capacity of load carrying of 

concrete beams (reinforced) strengthened by means of carbon fiber reinforced plastics (CFRP) 

composites. Under reinforced beams of cross-section 120 x 120 and length 2 m were tested using 

four-point bending test on a testing frame of capacity 2000 KN. It was concluded that CFRP 

enhance ultimate loads, stiffness in addition to the ductility and intial cracking loads of the concrete 

beams. It was observed that the debonding failure had a much larger influence on initial cracking 

load but had lesser influence on stiffness, ductility and ultimate load but it all these properties 

significantly.    

    

Duthinh et al. (2002) The study included casting of seven reinforced concrte beams with 

varying steel and CFRP plates which were bonded externally after cracking them under service 

load were tested for their strength and durability. The test results clearly portrayed that the carbon 

fiber plates were very effective for strengthening the beams flexurally on the provision of proper 

anchorage of FRP. It was noted that there was decrement in the strength imparted by CFRP as the 

amount of steel reinforcement was increased. Satisfactory deformation capacity was also observed 

with heavily steel reinforced beam and carbon fiber irrespective of their brittle failure mode.       

   

CHAPTER 3    
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MATERIALS    

3.1. GENERAL    

This chapter deals with the materials used and properties of materials were tested. The coconut 

fibres and seel fibres is used as a retrofitting agent and then tested. The material properties are 

studied and recorded.    

3.2. MATERIALS USED    

The materials used for this project are:    

• Cement    

• Fine aggregate    

• Coarse aggregate    

• Coconut fibres  

• Steel fibres  

• Water    

• Binder    

The objective of studying the different characteristics of every material is to verify the codal 

provisions and mix design the concrete that is to be casted. The following report is given on the 

different materials used in the study.     

3.2.1. Cement    

Ordinary Portland Cement (OPC) is far the most important type of cement. The OPC is classified 

in to three grades, namely 33 grade, 43 grade and 53 grade depending upon the strength of the 

cement at 28 days when tested as per IS 4031-1998. If the 28 days strength is not less than 

33N/mm2, 43N/mm2 and 53 N/mm2 then it is called 33 grade, 43 grade, and 53 grade cement 

respectively. OPC 53 grade of Malabar cement brand is used in this experimental work. The 

properties of the cement are shown in Table 3.1.    

    

  

  

  

Table.3.1. Properties of cement    

    

SL NO.    

    

PROPERTIES    

    

VALUE    

   1        

Specific gravity    

    

2.9    
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   2        

Initial setting time    

    

50 minutes    

   3        

Final setting time    

    

300 minutes    

   4        

Consistency    

    

36%    

3.2.1.1. Specific Gravity Test on Cement    

Apparatus required:    

• Kerosene    

• Ordinary Portland Cement    

• Le-Chatelier Flask of 250 ml or Specific Gravity Bottle / Pycnometer of 100 ml  Weighing 

balance with 0.1 gm accurate.    

Test procedure:    

1. The flask is allowed to dry completely and made free from liquid and moisture.    

The weight of the empty flask is taken as W1.    

2. The bottle is filled with cement to its half ( Around 50gm of cement) and closed with a stopper. 

The arrangement is weighed with stopper and taken as W2.    

3. To this kerosene is added to the top of the bottle. The mixture is mixed thoroughly and air 

bubbles are removed. The flask with kerosene, cement with stopper is weighed and taken as 

W3.    

4. Next, the flask is emptied and filled with kerosene to the top. The arrangement is weighed and 

taken as W4.   

   

   

Observations and Calculations:    

Specific Gravity of Cement Sg is given by the formula,    

    

    

3.2.1.2. Setting Time of Cement Apparatus Required:    
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• Vicat’s apparatus  Balance    

• Measuring cylinder    

• Stop watch    

• Glass plate    

• Enamel tray    

• Trowel    

    

Test Procedure:    

1. Consistency test to be done before starting the test procedure to find out the water required to 

give the paste normal consistency (P).    

2. Take 400 g of cement and prepare a neat cement paste with 0.85P of water by weight of cement.    

3. Gauge time is kept between 3 to 5 minutes. Start the stop watch at the instant when the water is 

added to the cement. Record this time (T1).    

4. Fill the Vicat mould, resting on a glass plate, with the cement paste gauged as above. Fill the 

mould completely and smooth off the surface of the paste making  it level with the top of the 

mould. The cement block thus prepared is called test block.    

    

Fig.3.1. Vicat’s Apparatus  Test   

for Initial Setting Time:    

1. Place the test block confined in the mould and resting on the non-porous plate, under the rod 

bearing the needle.    

2. Lower the needle gently until it comes in contact with the surface of test block and quick release, 

allowing it to penetrate into the test block.    
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3. In the beginning the needle completely pierces the test block. Repeat this procedure i.e. quickly 

releasing the needle after every 2 minutes till the needle fails to pierce the block for about 5 mm 

measured from the bottom of the mould.    

Note this time (T2).    

    

Test for Final Setting Time:        

1. For determining the final setting time, replace the needle of the Vicat’s apparatus by the 

needle with an annular attachment.    

2. The cement is considered finally set when upon applying the final setting needle gently to 

the surface of the test block; the needle makes an impression thereon, while the attachment 

fails to do so. Record this time (T3).    

  

   

Calculations:    

Initial setting time=T2-T1 Final setting time=T3-T1    

Where,    

T1=Time at which water is first added to cement    

T2 =Time when needle fails to penetrate 5 mm to 7 mm from bottom of the mould T3 =Time when the 

needle makes an impression but the attachment fails to do so.    

    

3.2.1.3. Standard Consistency of Cement    

    

Apparatus required:    

Weighing balance of 1000g with accuracy 1g and Measuring cylinder of 200ml, VICAT apparatus, 

VICAT Mould, Glass plate, the plunger of 10mm dia and Hand Trowel.    

Procedure:    

1. Take 400g of cement and place it in a bowl or tray.    

2. Now Assume standard consistency of water is 28% and add the same quantity of water in 

cement and mix it.    

3. Mix the paste thoroughly within 3-5 minutes. The time taken to obtain cement paste after adding 

water is called gauging time.    

4. Now fill the paste in Vicat mould correctly any excessive paste remained on Vicat mould is 

taken off by using a trowel.    
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5. Then, place the VICAT mould on Glass plate and see that the plunger should touch the surface 

of VICAT mould gently.    

6. Release the Plunger and allow it to sink into the test mould.    

7. Note down the penetration of the plunger from the bottom of mould indicated on the scale.    

8. Repeat the same experiment by adding different percentages of water until the reading is in 

between 5-7mm on the Vicat apparatus scale.    

    

  

3.2.2. Fine aggregates    

The aggregates that are generally made from natural sand and having size of the particle greater 

than 0.075mm and lesser than 4.75mm are called fine aggregates. Fine aggregates according to 

Indian Code IS 383-1970 divide it into 4 grades on the basis of particle size, the finer the sand the 

higher is the grading zone. Specific gravity for MSand was tested. Table.3.2. Property of fine 

aggregate    

  

    

PROPERTY    

    

VALUE    

    

Specific gravity    

    

2.56    

    

Apparatus required:    

• Pycnometer    

• Balance weight    

    

Test procedure:    

1. Clean the pycnometer, dry it, Find the weight of the pycnometer.    

2. Take about 200gm of coarse aggregate sample in the pycnometer.Weight the pycnometer, Note 

the weight W2    

3. Fill the remaining part of pycnometer with distilled water and weight W3    

4. Empty the pycnometer and clean it and fill it with distilled water.Note the weight  W4    

    

Calculations:    

Empty weight of pycnometer =   W1    

Weight of pcynometer+ sample=  W2    

Weight of pycnomete+ sample+water =  W3    

Weight of pycnometer+ water =   W4    

The specific gravity of fine aggregate = G =  W2-W1 / (W2-W1) – (W3-W4)    
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3.2.3. Coarse aggregates The aggregate size bigger than 4.75mm is considered as coarse aggregate. 

Coarse aggregate are available in different shape like rounded irregular or partly rounded, angular, 

flaky. It should be free from any organic impurities and dirt content was negligible. Aggregate 

confirming to 12mm and 20mm gauge is used for this project.    

Specific gravity, fineness modulus and void ratio of coarse aggregate were tested.    

                                    

Table.3.4. Properties of coarse aggregate    

    

SL NO.    

    

PROPERTIES    

    

VALUE    
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   1        

Specific 

gravity    

    

2.73    

   2        

Bulk Density    

    

1.44g/cm3    

   3        

Void ratio    

    

0.41    

   4        

Porosity    

    

20.36    

    

 The specific gravity of an aggregate is generally required for calculations in connection with 

cement concrete design work for determination of moisture content and for the calculations of 

volume yield of concrete. The specific gravity also gives information on the quality and 

properties of aggregate. The specific gravity of an aggregate is considered to be a measure of 

strength of quality of the material. Stones having low specific gravity are generally weaker than 

those with higher specific gravity values.    

The bulk density of an aggregate is used for judging its quality by comparison with normal 

density for that type of aggregate. It is required for converting proportions by weight into 

proportions by volume and is used in calculating the percentage of voices in the aggregate.    

   

   

1. Specific gravity is the weight of aggregate relative to the weight of equal volume of water.    

2. Void ratio is the ratio of volume of voids to the volume of solids in an aggregate.    

3. Percentage of voids or porosity is the ratio of volume of voids to the total volume of a sample 

of an aggregate.    

4. Bulk density or unit weight is the weight of material per unit volume.    

Test procedure:     

1. Find the weight of the empty container W1.    

2. Take coarse aggregate in the container up to approximately half of the container and find   out the 

weight W2.    

3. Fill the container with water upto the level of the coarse aggregates so that all void space       inside 

the aggregate is filled with water. Find its weight W3.    
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4. Fill the container with water after emptying it from mix of coarse aggregate and water.    

5. Water should be upto the mark, upto which coarse aggregate is filled. Find its weight  W4    

6. Repeat the same process for another trail by taking the aggregate upto the full of the container and 

by filling the water up to same point.    

Observations:    

1) Weight of empty container (W1)    

2) Weight of container with material (W2)    

3) Weight of container + material + water (W3)    

4) Weight of container + water (W4)    

    

i) Void ratio = Vol. of Voids / Vol of Solids                          = W3 - W1 / ((W4 - W1)-(W3-W2))    

    

ii) Porosity = Vol. of Voids / Total Vol. of aggregate *100    

                    = W3 - W2 / (W4 - W1) * 100    

    

iii) Specific gravity = W2 - W1 / ((W4 - W1) - (W3 - W2))    

    

iv) Bulk density = W2 - W1 / (W4 - W1)    

3.2.4. Water    

As per Indian Standards the water which was used as a binding agent in a concrete mix and for 

curing purposes does not have any organic things, silt, oil, sugar, chlorine and acidic materials. The 

water used for casting concrete was accessible in the testing laboratory.    

3.2.5. Coconut fibres    

Coconut fibre is the natural fibre extracted from the husk of the coconut. Among natural fibre, 

coconut fibre has some unique characteristic particularly its rigidity, durability and friction.   

Coir is an abundant, versatile, renewable, cheap, and biodegradable lignocellulosic fibre used for 

making a wide variety of products. Coir has also been tested as a filler or a reinforcement in 

different composite materials. Furthermore, it represents an additional agro-industrial non food 
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feedstock (agro industrial and food industry waste) that should be considered as feedstock for the 

formulation of ecocompatible composite materials.    

Coconut fibre is the most interesting products as it has the lowest thermal conductivity and bulk 

density. The addition of coconut fibre reduced the thermal conductivity of the composite specimens 

and yielded a lightweight product. Development of composite materials for buildings using natural 

fibre as coconut coir with low thermal conductivity is an interesting alternative which would solve 

environment and energy concern.     

    

    

Fig. 3.1. Coconut  fibres    

    

3.3. ADVANTAGES OF COCONUT FIBRE PRODUCTS    

There are several advantages to using coir. First and foremost is its excellent wettability and overall 

consistency. It acts as a natural wetting agent within the mix. It also gives improved physical 

properties, reduces shrinkage and compaction of the mix and allows better air space. Following are 

other advantages.    

  

• High tearing strength    

• Lightweight    

• Weather resistance    

• Eco-friendly    

• Rope strengthening can be done by hardening using wax    
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• Green house material    

• Rope colouring and beautification is possible    

• Moth-proof; resistant to fungi and rot    

• Provides excellent insulation against temperature and sound    

• Not easily combustible    

• Flame-retardant    

• Unaffected by moisture and dampness    

• Tough and durable    

• Resilient    

• Easy to clean    

• Agro-renewability    

• Resistance against sunlight    

• Resistance against saline water, microbes etc.  Good blend of strength, length, extensibility    

    

3.4. DISADVANTAGES OF  COCONUT FIBRE PRODUCTS    

• Biodegradable    

    

3.5. THE MANUFACTURING PROCESS    

Coconut palm trees flower monthly and take a year for the fruit to ripen, yielding around 50 to 100 

coconuts per year. Harvesting usually take place on a 45-60 day cycle with the tree always containing 

fruit during 12 stages of the tree’s maturity.    

  

3.5.1. Harvesting and husking    

Ripe and unripe coconuts are harvested as they can both be used in the production of coir. Ripe 

coconuts that have fallen from the tree can simply be picked up from the ground, while those still 

attached to the tree need to be picked by hand. There are various methods of harvesting these 

coconuts, including climbing the tree and hand picking them; using a bamboo pole with a knife 

attached; or training monkeys to climb the trees and pick the coconuts.    
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Fig.3.2. Coconut harvasting    

Ripe coconuts are husked immediately, while unripe coconuts are seasoned for a month by 

spreading them in a single layer on the ground and keeping them dry. The fruit is removed from 

the seed by impaling the coconut on a steel-tipped spike, splitting the husk, and peeling the pulp 

layer off. A skilled husker can manually split and peel about 2,000 coconuts per day, while 

modern husking machines can process 2,000 coconuts per hour.     

3.5.2. Retting    

Retting is a curing process whereby the husks of the coconut are kept in an environment that 

encourages the action of naturally occurring microbes. This action  

partially decomposes the husk’s pulp, allowing it to be separated into coir fibers and a residue 

called coir pith. Freshwater retting is used for fully ripe coconut husks to produce brown coir, and 

saltwater retting is used for green husks to produce white coir.    

For freshwater retting, ripe husks are buried in pits dug along riverbanks, immersed in water-

filled concrete tanks, or suspended by nets in a river and weighted to keep them submerged. The 

husks are left to soak for at least six months.    

    

Fig.3.3. Curing of husk    
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For saltwater retting, green husks are soaked in seawater or in artificially salinated fresh water. 

This can often be accomplished by placing them in pits along riverbanks near the ocean, where 

tidal action alternately covers them with sea water and rinses them with river water. Saltwater 

retting usually takes between eight and 10 months, although adding the proper bacteria to the 

water can shorten the retting period to a few days.    

Mechanical techniques have recently been developed to hasten or eliminate retting. Ripe husks can be 

processed in crushing machines after being retted for only seven to 10 days. Immature husks can be dry 

milled without any retting. After passing through the crushing machine, these green husks need only be 

dampened with water or soaked one to two days before proceeding to the de-fibering step. Dry milling 

produces only mattress fiber.     

3.5.3. De-fibering    

Traditionally, the retted pulp would be beaten by workers with wooden mallets to separate the 

fibers from the pith and the outer skin. This separation is then completed by washing the residue 

from the de-fibering process and combing through it by hand or tumbling it in a perforated drum 

or sieve. The clean fibers are then spread loosely on the ground to dry in the sun.    

    

Fig.3.4. De-fibering    

    

3.6.  APPLICATIONS OF COCONUT FIBRE  PRODUCT    

• Production of yarn    

• Manufacture of rope and fishing nets    

• Production of brushes and mattresses    

• Coir has also been tested as a filler or a reinforcement in different composite materials    
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3.7.  AVAILABLE COUNTRIES    

• India    

• Sri Lanka    

• Philippines    

• Malaysia   

  

  

  

  

3.8   Seel fibre  

                         Steel fibres are short, discrete lengths of steel with an aspect ratio from about 30 to 150, 

and with any of several cross sections. Some steel fibres have hooked ends to improve resistance to 

pullout from a cement-based matrix. These are Most commonly used fibre. Their shape will be Round 

of diameter 0.25 to 0.75mm. they Enhances flexural, impact and fatigue strength of concrete and Used 

for-overlays of roads, airfield pavements, bridge decks.  

3.9  Shapes  of  Steel  Fibres  

                        ASTM A 820 classifies four different types of fibres based on their manufacture :   

1- Cold-drawn wire fibres are the most commercially available, manufactured from drawn steel 

wire.   

2- Cut sheet fibres are manufactured as the name implies by laterally shearing off steel sheets.   

3- Melt-extracted fibres are manufactured with a relatively complicated technique where a 

rotating wheel is used to lift liquid metal from a molten metal surface by capillary action. 

The extracted molten metal is then rapidly frozen into fibres and thrown off the wheel by 

centrifugal force. The resulting fibers have a crescentshaped cross section.  

4- Other fibres are manufactured for tolerances in length, diameter, and aspect ratio, as well as 

minimum tensile strength, and bending requirement. The amount of fibres added to a 

concrete mix is measured as a percentage of the total volume of the composite (concrete and 

fibres) termed Vf . Vf typically ranges from 0.1 to 3%. Aspect ratio (l/d) is calculated by 

dividing fibre length (l) by its diameter (d). Fibres with a non-circular cross section use an 

equivalent diameter for the calculation of aspect ratio. The present study focuses on steel 

fibres.    

3.10   Advantages of Steel Fibre  

● The increased load-bearing capacity of concrete.  

● Reduction of concrete slab thickness.  

● Load capacity is not diminished by concrete cracks.  

● Increased durability.  

● Low maintenance costs.  
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● Improved flexural properties.  

● Reduced absorption of water, chemicals, etc.  

3.11   Disadvantage of  Steel  Fibres   

  

● A disadvantage of fiber-reinforced concrete is that it can adversely affect workability, especially 

in the case of steel fiber-reinforced concrete.   

● Even distribution of fibers throughout your concrete is a concern. There may also be a danger of 

fibers balling during mixing.  

● Another disadvantage to be aware of is that fiber-reinforced concrete is heavier than non-fiber 

concrete. If you’re using steel fibers, there’s also the danger of corrosion.   

● Finally, fiber-reinforced concrete tends to be more expensive than ordinary concrete, although 

the cost could be offset by other factors.  

  

  

 
    

                                                     Fig.3.5. Steel  Fibre   

  

  

   

CHAPTER 4    

METHODOLOGY    
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4.1. DESIGN OF CONCRETE MIX     

    

According to IS:10262-2009 guidelines consuming the properties of cement, fine aggregate and 

coarse aggregate, M20 concrete mix was designed. The water-cement ratio was considered as 0.45. 

Type of cement used is PPC. Maximum nominal size of aggregate is 20mm. exposure condition is 

severe. Required workability is 75mm. Specific gravity,    

• cement = 2.9    

• coarse aggregate = 2.73    

• fine aggregate = 2.56    

According to IS 456-2000, table 5, maximum water cement ratio is 0.45(severe)    

IS 10262-2009, table 2, maximum water content = 186 litres (for slump 25 to 50 mm)    

Add 3% for every additional 25mm slump,    

Therefore, for 75mm slump, water content = 186+(3×186/100) = 191.58litre    

Cement content = 191.58/0.45 = 425.73kg/m3    

Minimum cement content for severe condition is 320kg/m3 < 425.73kg/m3, OK From table 3, 

IS:10262:2009, for 20mm size coarse aggregate and fine aggregate of zone1,     

Proportion of volume of coarse aggregate per unit volume of total aggregate for w/c ratio  0.5=0.6    

Here w/c ratio = 0.45    

Volume of coarse aggregate is required to be increased to decrease the fine aggregate content; at the 

rate of +0.01 for every -0.05 change in w/c ratio.   Therefore, proportion of volume coarse aggregate  = 

0.6 + 0.01    

= 0.61    

    

  

Mix calculation per unit volume of concrete    

a) Volume of concrete      

b) Volume of cement   

   =   

0.147m3    

 
c) Volume of water         3  

d) Volume of all in aggregate    = a-(b+c) = 1-(0.147+0.192) = 0.661m3    

e) Mass of coarse aggregate    = 0.661*0.61*2.73*1000 = 110.76 kg    

f) Mass of fine aggregate    = 0.661*(1-0.61)*2.56*1000 = 659.94 kg    

425.73 : 659.94 : 1100.76 : 191.58 ie   

=   0.192 m         
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, 1: 1.55 : 2.59 : 0.45    

sum of all ingrediants per m3     = 425.73+659.94+1100.76+191.58    

= 2378.01 kg    

The mix proportions of the concrete mix are tabulated in Table 4.1.    

    

Table.4.1. Design mix    

    

Cement    

    

Fine aggregate    

    

Coarse aggregate    

    

Water    

    

425.73 kg    

    

659.94 kg    

    

1100.76 kg    

    

191.58 litre    

   1        

1.55    

    

2.59    

    

0.45    

    

    

    

    
Fig.4.1. Concrete mix    

    

    

4.2. CASTING OF BEAM    

    

Moulds of size 100 × 100mm and length 500 mm were used in casting of beams. Initially the 

moulds were oiled in order to easily remove the beam from the mould in a given period of time. 

After oiling the mould, the fresh concrete is poured in the mould in three layers and vibrations are 

induced with the help of tamping rods, so that the concrete gets compacted. The vibration is done 

until the mould is completely filled and no gap left.    

Beams were demoulded after one day and cured for 7 days in a water bath.    
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Fig.4.4. Demoulded beams    

      

Fig. 4.2. Casting of beam      

Fig. 4.3. Casted beams      

http://www.ijcrt.org/


www.ijcspub.org                                                 © 2022 IJCSPUB | Volume 12, Issue 2 June 2022 | ISSN: 2250-1770 

IJCSP22B1277 International Journal of Current Science (IJCSPUB) www.ijcspub.org 503 
 

    

     

4.4. TESTING    

After 28 days of curing, control beams and wrapped beams are tested under Flexural strength 

testing machine. Beams were tested using 2-point loading with the loads applied at L/3 distance 

from both ends. The moment was applied linearly varying between loads and supports. The 

procedure was same for every beam. The Universal Testing Machine (UTM) of 100 KN capacity 

was used to test beams. The cracks were monitored and the final load was recorded.     

Flexural strength,     

Where,  =Applied load,    

=length of specimen,    

=cross section dimensions of specimen    

    

    

    

Fig.4.4.1. Flexural strength testing machine    
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Fig.4.4.2. Testing of beam    

    

    

Fig.4.4.3. Tested beams    
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CHAPTER 5  

                                 TEST RESULTS AND ANALYSIS  

5.1. GENERAL    

This chapter includes Compressive strength , Split tensile strength , Flexural strength of control beams 

retrofitted beams.    

5.1.1  COMPRESSIVE STRENGTH  

5.1.1.1  COMPRESSIVE STRENGTH OF PLAIN  CONCRETE CUBES  

The compressive strength of ordinary concrete with different water cement ratio was tested. The results 

are as shown in Table 4.2  

  

                        Table 4.2 : Compressive Strength of Plain Concrete Cubes.  

INFERENCE  

 For the table the average of value from the 3 observations is 25 N/mm2 , is taken as compressive 

strength of plain concrete cube.  

http://www.ijcrt.org/


www.ijcspub.org                                                 © 2022 IJCSPUB | Volume 12, Issue 2 June 2022 | ISSN: 2250-1770 

IJCSP22B1277 International Journal of Current Science (IJCSPUB) www.ijcspub.org 506 
 

  

5.1.1.2   COMPRESSIVE STRENGTH OF CF&SFRC CUBES :  

Coconut fibre and steel fibre  reinforced concrete was cast at a water cement ratio of 0.5 at which desired  

compressive strength and slump value were obtained for conventional concrete. However, when fibre 

is added the mix showed very low workability.  

 Hence superplasticizer was added at different proportions of cement to get a concrete mix with suitable 

workability. The result of compressive strength of fibre reinforced concrete and slump test results are 

shown in Table 5.6 and is shown graphically in Fig 5.11 and Fig 5.12  
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                           Table 4.3 : Compressive Strength of CF&SFRC cubes  

 

  

                 Figure 4.4.4 : Finished fibre reinforced concrete cubes  

 

Figure 4.4.5 : graph showing variation of compressive strength at varying percentages of fibre  
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INFERENCE  

The value obtained for 5% addition of coconut fibre and steel fibre, water cement ratio 0.5 yielded 

highest results for compressive strength. However, the compressive strength decreased on the increase 

in fibre addition. This may be due to the fact when fibres are added initially the finer sized fine 

aggregates enter into the surface pores in the fibre creating a better bonding between the fibre and mix, 

however further addition of fibres causes formation of bulk fibre in the mix decreasing the bonding. 

Hence there is an optimum value of fibre to cement ratio, beyond which the compressive strength 

decreases. Hence 0.5 was taken as the optimum water cement ratio and optimum fibre content was 

taken as 5%  

  

5.1.2. SPLIT TENSILE STRENGTH TEST  

Split tensile strength tests were conducted on standard cylinders of dimension 15cm diameter and 30cm 

depth Fig 5.13 specimens each for plain concrete, coconut fibre and steel fibre reinforced concrete (both 

raw fibre) were cast at varying percentages of fibre (4%, 5%, 6%). For each case 28day strength values 

were obtained by loading under a compression testing machine. The result of Split tensile strength of 

plain and processed fibre reinforced concrete and slump test results are shown in Table 4.4 and Table 

4.5 respectively and is shown graphically in Fig 4.4.6 and Fig 4.4.7.  
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         Figure 4.4.6 : Specimen loaded onto the testing apparatus   

 
  

Table 4.4 : Split tensile strength for processed Plain Concrete cylinders   

 

  

  

  

5.1.1 . FLEXURAL STRENGTH RESULT     

Firstly the control beams were tested till they fail, then   retrofitted beam with coconut  

fibres and steel fibres   is loaded. And the failure loads were recorded respectively. The  

failure load for control beam is 10 KN and tha t for beam retrofitted using    coconut fibres  

and steel fibres    is 12 KN. Then flexural str ength were calculated as follows,     

Flexural strength,       

  5 .1.2.1 .   SPLIT TENSILE STRENGTH OF CF &SF RC :     
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             Table 4.5 : Split tensile strength for processed CF&SFRC cylinders   

  

 

Figure 4.4.7 : graph showing variation of split tensile strength at varying  percentages of fibre  

  

  

   

INFERENCE  

From the graph it is seen that when fibre content is increased there is an increase in split tensile 

strength with a maximum at 5% of fibre. However when the fibre content is increased beyond this 

value a downward slope of the graph is observed. This is due to the fact that tensile failure occurs due 

to the dislocation of atoms and molecules present in concrete. However when the fibre is added it acts 

as a binder holding them together  
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 5.1.3. FLEXURAL STRENGTH TEST  

Flexural strength tests were conducted on standard beams of dimension 15cm x 15cm x 70cm Fig 5.19. 

3 specimens each for plain concrete, coconut fibre and steel fibre reinforced concrete were cast at 

varying percentages of fibre (4%,5%, 6%). For each case the 28day strength values were obtained by 

loading under a apparatus for flexural strength. The result of Split tensile strength of plain and raw fibre 

reinforced concrete and slump test results are shown in Table 4.6 and Table 4.7 respectively and is 

shown graphically in Fig 4.4.8 and Fig  

4.4.9 and Fig 4.4.10 .   

 
  

                   Figure 4.4.8 : Specimen loaded onto the testing apparatus   

 
  

5.1.3.1 FLEXURAL STRENGTH OF CF&SFRC:   

http://www.ijcrt.org/


www.ijcspub.org                                                 © 2022 IJCSPUB | Volume 12, Issue 2 June 2022 | ISSN: 2250-1770 

IJCSP22B1277 International Journal of Current Science (IJCSPUB) www.ijcspub.org 512 
 

 
  

  

Table 4.7 : Flexural strength for processed Coconut Fibre Reinforced Concrete Beams  Figure 4.4.9 

: graph showing variation of Flexural strength at varying  percentages of fibre  
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Figure 4.4.10 : graph showing variation of Flexural strength at varying  percentages of fibre  

INFERENCE   

From the graph it is seen that when fibre content is increased there is an increase in flexural strength 

with a maximum at 5% of fibre. However when the fibre content is increased beyond this value a 

downward slope of the graph is observed. This must be due to balling of fibres which can hamper the 

binding and strength formation in concrete.   

  

  

 
  

  Figure 4.4.11 : Cracking pattern coconut fibre and steel fibre reinforced concrete  beam   
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CHAPTER 6  

DISCUSSION    

The flexural strength of retrofitted beam has increased 1.2 times than the conventional beam. 

Epoxy resin plays a vital role by enhancing the bond between the beam and the coconut fibres 

and steel fibres.   

As Covid-19 continues to spread, and as public health leaders have offered more defensive 

guidance, we have come to see that our community has a significant role to play in the concerted 

public health response to this regional, national and global threat. As part of preventing the spread 

of a coronavirus, our classes were cancelled and institutions were closed down. So, we were 

compelled to stop our project work retrofitting of concrete beam using natural coconut fibres and 

seel fibres.    

Works completed so now are casting of beams (3 control beams and 54 beams for retrofitting), 

testing of conventional beam after 28 days of curing and comparison of control beam and 

retrofitted beam after 7 days of curing.    

Testing of retrofitted beams after 28 days and finally the comparison of the results.    
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CHAPTER 7  

CONCLUSION    

• Retrofitting using natural coconut fibres and steel fibres increases the load carrying capacity of 

concrete beam    

• Retrofitting increases the stiffness of a structural member    

• It also minimizes the deflection in the beams     

• It can also be concluded that the natural coconut fibres and steel fibres does not cause any harm 

to the environment and helps in reducing the cost of repair    
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