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Abstract— This project work describes a study on the 

various fresh and hardened state properties of M40 concrete 

by Hybridization of fibers with steel and polypropylene in a 

suitable combination and by partial substitution of cement 

by fly ash and GGBS. This hybridization of fibers 

potentially improves the overall properties of concrete and 

its performance by driving the benefits from each individual 

fiber. The experimental work has been carried out for m40 

grade concrete designed according to IS 10262:2009 with 

four different proportions of hybrid fibers added with 

different hybridization ratio viz. 0.5%, 1%, 1.5% and 2%. 

For various parameters such as compressive, tensile and 

flexural strength specimens are casted and cured for 3, 7, 

and 28 days and are tested in fresh and hardened state and 

results were tabulated. In the present work mix containing 

1% hybrid fiber showed maximum performance. 

Key words: Hybrid Fiber Reinforced Concrete (HFRC), 

Fibrous Concrete, Polypropylene Fibers, Steel Fibers 

I. INTRODUCTION 

A. General  

Concrete is generally utilized versatile, durable, sustainable 

construction material, nearly about more than four tons of 

concrete is being produced per person per year worldwide 

due rapid development and urbanization, the term concrete 

can be defined as a amalgamation of aggregates, i.e. Fine 

and coarse aggregates, which are bound together by a 

cementitious paste binder. This paste is typically made up of 

Portland cement and water and this cementitious material 

can be partially replaced by materials having same chemical 

composition and such materials are called as supplementary 

cementitious materials (scms), few of them are fly ash or 

slag cement, GGBS and chemical admixtures etc. The 

infrastructure is a source of civilization and its physical 

development Two fold of concrete has been used worldwide 

which is more than other building materials. Concrete Basic 

building materials for municipal infrastructure, 

transportation infrastructure, office buildings and homes. It 

is important to understand the basic aspects of concrete to 

produce quality concrete. and different type of Concrete has 

to be used under different circumstances and different 

exposure conditions such as hot and cold weather as this 

need aids the various experimental investigations and 

studies to be made on the concrete. In order to withstand 

under various weathering conditions and prevent the 

structure from cracking due to plastic shrinkage, and to 

improve the structural strength and durability, concrete can 

be reinforced with different type of fibers, the concept of 

utilizing fibers as the reinforcement is not new, since ancient 

time different types of fibers such as horse hair, jute, coir 

and straws etc. were used as reinforcing of concrete.  

Fibers are discontinuous discrete materials which 

are uniformly distributed and randomly oriented in order to 

increase the structural integrity, and these fibers may be 

natural or the synthetic Different types of fibers have 

different strength characteristic which imparts strength to 

concrete. Distinctive sorts of filaments have diverse quality 

trademark which gives quality to concrete. Whenever at 

least two sorts of fiber filaments are objectively 

consolidated together to deliver a composite concrete which 

upgrades the quality and various properties of concrete such 

verity of concrete is named Hybrid Fiber Reinforced 

Concrete. HFRC imparts good strength and gives good 

results when compared to FRC 

B. Objectives 

Objective of present experimental project work is to 

evaluate the various strength parameters and performance of 

HFRC with varying fiber content. Some of the objectives 

are listed as below.  

1) To determine workability of HFRC due to addition of 

fibers in concrete mix by performing  Slump cone test 

and compaction factor test  

2) To study the strength in compression, split tensile 

strength, flexural strength for M40 grade of concrete 

with various percentage of fibers in concrete mixture 

and comparing it to conventional concrete to know the 

percentage increase in strength. 

3) To know the optimum percentage fiber addition into the 

concrete matrix and finding hybrid ratio to give the 

maximum strength to concrete. 

II. LITERATURE REVIEW 

Selina ruby g., geetthanjali c, et.al published in January 

2014. In this experimental study they have used hybrid 

fibers i.e. crimped steel fibers of length of 40mm having 

diameter of 0.5mm whose Aspect Ratio was 80, the other 

fiber used was polypropylene with length of 38mm and the 

diameter was 0.1mm having Aspect Ratio 380. In their 

studies the experimental investigation was carried for three 

different mix proportions i.e. for (S0.25+P0.75, S0.5+P0.5, 

S0.75+P0.25), where (p-polypropylene, and S-steel fibers) 

for M40 grade of concrete & W/C Ratio is 0.40. For 

accomplishing the great workability super plasticizer was 

utilized. No. of specimens were casted ,cured and tested at 

28days. The outcome of this paper is that the compressive 

strength is maximum for the S0.75+P0.25 mix proportion 

that is because of high m.o.e of steel fiber & low m.o.e of 

polypropylene fiber, from this paper it can also be observed 

that for the same mix proportion i.e. for ( S0.75+P0.25) the 

increment in tensile strength, flexural strength also 

observed. [1] 

S.c. Patodi, c.v. Kulkarani et.al published in 

October 2012.  In their study they have used crimped steel 
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fiber of 25mm long having diameter of 0.45mm with Aspect 

Ratio of fibers being 55.5 and another fiber used was 

polyester fiber of length 12.5mm with diameter of 

30Micron. Six diverse blends of mix were arranged like 

(P0+S0, P1+S0, P0+S1, P0.5+S0.5, P0.3+S0.7, P0.7+S0.3) 

(where P= polypropylene and S= steel strands) for the M20 

review of cement, for workability concoction admixture is 

utilized by measurements of 0.8% by weight of bonding 

agent. Various testes were carried out study the Strength 

parameters of concrete in compression, tension, Flexural, 

and impact strength, shear strength tests were investigated 

for these six mix proportions. From this paper it can be 

concluded that the various strength parameters such as 

compressive, tensile, Flexure, Shear strengths and Impact 

strength have also increased for the same mix proportion of 

concrete. [2] 

Amir m. Alani, et.al published in 2013 In their 

review they utilized two sorts of fibers which were steel 

fiber (creased) with length of 50mm and distance across was 

1mm and L/d ratio being 50. Other fiber utilized was 

manufactured strands with length 45mm and measurement 

1mm and Length to Diameter Ratio being 45. The mix 

design was prepared as per British Standards. And concrete 

class was expected with strength (C32/40) and fiber dosage 

being 7Kg/m3 for both steel and synthetic fibers, After 

casting and curing, specimens were tested to analyze the 

mechanical properties such as compressive, flexural, tensile 

strength. From this paper it’s noted that’s compressive 

strength of specimen had increased for 28 days curing when 

compared to 7 days curing. Tensile strength and flexural 

strength gives better results when both the fibers added in 

same proportion [3] 

III. MATERIALS & THEIR PROPERTIES 

A. Materials 

1) Cement: 

The Cement used to carry out the project work was OPC-53 

Grade i.e. ordinary Portland cement as per IS 12269-1970, 

various preliminary tests were carried out to know the 

different properties of cement & their result are tabulated 

below 

Sl. No Physical!Propertis #Result 

1 Fineness 5%i 

2 Specific gravity 3.14 $ 

3 Normal consistency 31.25 % 

4 Soundness 6mmm 

5 Initial setting time 40 min. 

6 Final setting time 480 min. 

Table 1: Physical Properties of #OPC-53 Grade 

2) Fly=Ash (Class-F):  

Fly ash is also one of the supplementary cementetious 

material (SCM) which can be used as a binding agent by 

partially replacing the quantity of cement, for any 

replacement to cementitious material, it is very essential to 

know the chemical composition of the material which is 

being replaced and also of the material which is replacing it. 

Sl. No. Properties Result 

1 Specific gravity 2.08 

2 Fineness of flyash 349 m2/kg 

4 Soundness 0.031 

Table 2: Properties of fly ash 

3) GGBS: 

GGBS is also one of the supplementary cementitious 

material which is off-white in color and is considerably 

lighter than OPC, for the present project work 10% of 

GGBS is used in replacement of cement and GGBS used 

was from JSW Ballari, and the chemical composition of 

JSW’s GGBS contributes for the production of superior 

quality of cement. 

4) FINE AGGREGATE:  

fine aggregate used in this experimental work was passed 

through 4.75mm sieve. Basic tests are fineness modules, 

water absorption, specific gravity tests were conducted and 

those tests outcome are tabulated below. 

Sl. No. Properties Result 

1 Specific Gravity 2.632 

2 Fineness Modulus 2.00 

3 Water absorption 2% 

4 Type of sand River bed 

5 Zone is II 

Table 3: Properties of Fine Aggregate 

5) Coarse Aggregate 

Coarse aggregates are important constituent of concrete and 

these coarse aggregates used should be chemically inert and 

also reduces the plastic shrinkage as these occupy the 70 to 

80% of total volume of concrete, In this experimental work 

two types of Coarse aggregates were used which are locally 

available of size 20mm downsize and 10mm downsize 

which were retained on 4.75mm sieve, various tests 

conducted on coarse aggregate were listed below with their 

result. 

Sl. No. Property Result 

1 Specific gravity 2.7 

2 Water absorption 16 % 

3 Shape of aggregate Angular 

4 Fineness modulus 6.43 

Table 4: Coarse Aggregate Properties 

6) Steel Fiber 

Steel fiber is a filaments of wire deformed and cut into 

required length and these are one of the most commonly 

used fibers which enhances the tensile strength of concrete, 

For the present work steel fibers were used in the ratio of  

0.25%, 0.5%, 0.75% and 1%, Below are the characteristics 

of steel fibers from the volume of concrete. 

Sl. No. Property Values 

1 Length 50mm 

2 Diameter 1mm 

3 Aspect ratio 50 

4 Tensile strength 500 to 750 MPA 

Table 5: Properties of Steel Fibers 

7) Polypropylene Fiber:  

Polypropylene fibers are the new generation chemical fibers 

which have hydrophobic surface, due to its hydrophobic 

surface, the fibers surface will not get drenched by binder 

and this prevent filaments from forming of ball shape lumps 

during mix, polypropylene fibers are available in lengths 

such as 12mm, 24mm, 40mm etc. intrusion of 

Polypropylene filaments in concrete enhances the rigidity, 

flexural quality, affects quality and further more modes of 
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failure. In the present investigation polypropylene of cut 

length 12mm was used and various properties are mentioned 

below. 

Sl. No. Particulars Property 

1 Geometry of fiber Fibrillated 

2 Length of fiber 12mm 

3 Diameter 34µmm 

4 (L/d) 352.94 

5 Specific gravity 0.91 

6 Tensile strength 500-750 Mpa 

Table 6: Properties of Polypropylene fiber 

WATER Portable water is used for casting and 

curing of specimen as per IS 456-2000. 

B. Variation of Fiber Percentage  

In Hybrid fiber reinforced concrete the hybridization ratio 

for polypropylene fiber and steel fiber are varied in order to 

know the optimum percentage of fiber which gives the 

maximum strength, it has been observed that random 

percentage of addition of fiber will not increase the strength, 

strength will increase only at an optimum level of addition 

of fibers in the concrete matrix. In the present investigation 

variation of both fibers i.e. polypropylene and steel fibers 

are tabulated as below.  

Sl. 

No. 

Fibers added 

in overall 

concrete mix 

in (%) 

Steel fibers 

by volume of 

concrete (%) 

Polypropylene 

Fibers added by 

weight of cement 

(%) 

1 0 0 0 

2 0.5 0.25 0.25 

3 10 0.5 0.5 

4 1.5 0.75 0.75 

5 2 1 1 

Table 7: Percentage Variation of Fibers 

C. Concrete Mix Design:  

In this study, m40 grade of concrete was used and is 

designed as per I.S 10262:2009. The water cement ratio 

adopted was 0.364. cubes,  prisms and cylinders were casted 

with addition of fibers in different percentage variation and 

these specimens were cured for 3days, 7days and 28days.   

Cem

ent 

(kg/ 

m3) 

Flya

sh 

(kg/ 

m3) 

GG

BS 

(kg/ 

m3) 

Wat

er 

(kg/ 

m3) 

Fine 

aggreg

ate 

(kg/ 

m3) 

Coarse 

aggreg

ate 

(kg/ 

m3) 

Super 

plasticizer

(kg/ m3) 

270 77 38.5 140 862 1092 7.7 

1 
0.36

4 
2.239 2.836 

 

IV. EXPERIMENTAL METHODOLOGY 

It is necessary to carry out the certain tests on concrete for 

both on fresh state as well as on hardened concrete in order 

to determine the various strength parameters for different 

mix proportion of fiber content. 

A. Tests on Fresh State of Concrete 

Concrete should be tested in its fresh state in order to 

determine the various parameters such as workability, 

consistency of the mix and degree of compaction etc. the 

fresh state properties will have long term influence on the 

concrete so it is very essential to know the fresh state 

properties of concrete. The tests conducted in this study are, 

1) slump cone test 

2) compaction factor test 

1) SLUMPs Coned Test  

This is an in-situ test performed both in laboratory as well as 

on site in order to determine the ease with which concrete 

can be worked and to measures the fluidity of concrete, The 

slump of concrete is determined by using the mould known 

as slump cone whose length was 300mm and the top 

diameter of the mold was 100mm and bottom diameter was 

200mm, the freshly mixed concrete was filled in cone in 

layers, each layer is compacted by a tamping rod, the 

surplus from the cone is striked off by the rod after this the 

cone was vertically lifted and the slump of concrete is 

measured, in this project slump test is carried on various 

percentage variation of fibers in order to determine the 

workability for different mix proportion. 

2) Compaction Factor Test     

Compaction factor test is one of workability tests performed 

on fresh concrete; it is performed in a compaction factor 

apparatus which has upper hopper and the middle hopper the 

bottom of the apparatus is kept with an empty cylinder to 

collect the concrete, first concrete is poured in the upper 

hopper up to its full capacity without compacting, after 

filling the concrete the trap door of the upper hopper is 

opened and concrete is allowed to fall in the cylinder, same 

procedure is repeated for partially compacted concrete and 

fully compacted concrete. And the compaction factor is 

determined by using following formula.  

B. Tests on Hardened Concrete 

It is very important to perform the various tests on hardened 

concrete in order to determine the various strength 

parameters such as compression, tension and flexural etc. 

and also to know the various durability characters etc. Tests 

conducted on hardened concrete are as below.  

1) Strength Test in Compression.  

2) Strength Test in Tension. 

3) Strength Test in Flexure. 

1) Compression Test 

Compression test is one of the most common and important 

test performed on hardend  concrete and it is considered as 

the backbone of all tests performed on concrete and it is 

performed in almost every project as it gives the brief idea 

about the grade, type and quality of the concrete, In the 

present project work for testing compression strength, cubes 

were casted of size 150mmx150mmx150mm for the various 

percentage variations of fibers in the M40 – grade of 

concrete, then these cubes were kept for curing in portable 

water for 3,7, & 28 days, after curing, these cubes were 

tested for compressive strength attainment, compression 

strength of the HFRC is obtained by using following 

formula.  

Compressive strength = 
𝐿𝑜𝑎𝑑

𝐶/𝑆 𝑎𝑟𝑒𝑎
 N/mm2 

2) Split Tensile Test  

it is essential to perform the tensile strength test on concrete 

samples by casting them as a cylinders of size 150mm 

diameter to 300mm height, after casting for various 
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percentage variation of fibers in the concrete matrix for M40-

grade concrete, these cylinders were kept for curing for 

3days, 7days and 28days, after curing these samples are 

tested to obtain the tensile strength of concrete, split tensile 

strength of the HFRC is obtained by using following 

formula. 

Split tensile strength =
𝟐𝑷

𝛑𝐃𝐋
 N/mm2 

3) Flexural Test         

Flexural strength is also known as the modulus of rupture or 

bend strength, for M40-grade of concrete, various samples 

were casted for different mix proportion, the samples were 

casted as a prisms of size 600mm x 150mm x 150mm, and 

these samples were cured for 3days, 7days and 28days in 

order to determine flexural strength and the formula used is 

Flexural strength = 𝑃𝐿
𝐵𝐷⁄ 2 N/mm2 

V. RESULTS & DISCUSSION 

After carrying out the various experimental tests on HFRC 

to determine the various strength parameters achieved by the 

hybridization of the fibers and their influence on the strength 

and the mechanical properties are known and their test result 

are tabulated with the bar chart as below. 

A. Compression Strength Test Result 

Compression strength test result are tabulated for both 

normal concrete and hybrid fiber reinforced concrete for 

different percentage addition of fiber i.e. 

(0.25SF+0.25PPF,0.5SF+0.5PPF,0.75SF +0.75PPF, 

1.0SF+1.0PPF) after curing for 3,7,28days the specimens 

are tested in compression testing machine to know the 

strength attainment. 

Sl. 

No 

% 

Hybrid 

Fibers 

Compressive 

Strength (N/Mm 2) 

At 

Percentage 

Increase In 

Strength 

3days 7days 28days  

1 0 20.22 32.71 48.79 0% 

2 0.5 23.18 33.93 50.64 3.79% 

3 1.0 25.73 35.26 53.73 6.98% 

4 1.5 24.15 34.12 52.45 5.75% 

5 2.0 23.07 33.12 50.23 2.88% 

Table 8: Compression Strength Test Result after 3,7,28 days 

curing 

 
Graph 1: Showing Compressive Strength of HFRC 

From the above figure i.e. 6.1, it is clear that at 1% 

of addition of hybrid fiber the compressive strength is 53.73 

N/mm2 @ 28days of curing, and the percentage increase in 

strength  @ 1% addition of fiber is observed to be 6.98% 

compared to conventional concrete. 

B. Tensile Strength Test Result 

Tensile strength test results are tabulated with graph for both 

normal concrete and hybrid fiber reinforced concrete for 

various mix proportions with their percentage increase in 

strength. The optimum percentage addition of fiber is known 

by the graph 

Sl. 

No 

% 

Hybrid 

fibers 

Split Tensile Strength 

(N/mm 2) 

At 

Percentage 

increase in 

strength 

 
3days 7days 28days  

1 0 2.49 3.53 5.21 0% 

2 0.5 2.91 3.74 5.68 8.27% 

3 1.0 3.06 4.28 6.78 23.12% 

4 1.5 2.78 4.02 5.97 12.73% 

5 2.0 2.59 3.96 5.43 4.05% 

Table 9: Split Tensile Strength of HFRC after 3, 7, 28 days 

curing 

 
Graph 2: Showing Split Tensile Strength of HFRC 

From the above graph it shows that the strength 

gain is maximum at 1% addition of hybrid fibers, and the % 

increase in strength is 23.12% at 28days of curing, it also 

shows that the strength decrease.  

C. Flexural Strength Test Result 

The flexural strength test is performed on prisms of various 

mix proportion are tabulated with graph from this graph we 

can know the percentage increase in strength and optimum 

addition of fiber to which strength is maximum. 

Sl. 

No 
% Hybrid fibers 

Flexural Strength 

(N/mm 2) At 

3days 7days 28days 

1 0 3.96 5.02 6.23 

2 0.5 4.43 5.68 6.98 

3 1.0 4.78 6.83 7.54 

4 1.5 4.55 6.47 7.12 

5 2.0 4.20 6.10 6.85 

Table 10: Flexural Strength Test Result for HFRC 
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Graph 3: Showing Flexural Strength of HFRC 

From the above gJraph, @ 1% addition of fiber the 

strength attainment is 7.54N/mm2 which is maximum and 

this strength goes on decreasing for further addition of fibers 

to mix. 

VI. CONCLUSIONS 

From this experimental investigation I can conclude the 

following listed points  

1) Slump value of conventional concrete is higher than the 

Hybrid fiber reinforced concrete, slump value of HFRC 

decreases with addition of fibers, hence from this we 

can conclude that workability of concrete mixture 

decrease with increase in fiber content. 

2) Compressive Stress Resisting Capacity of HFRC is 

higher when Comparison is made with Conventional 

Concrete, in HFRC with Polypropylene and Steel 

Filament whose expansion of fibers makes the concrete 

strong, the compressive quality is most extreme for the 

concrete having addition of 1% fiber filaments in its 

matrix in which 0.5% is of Polypropylene fiber and 

0.5% is of Steel fiber. Increment in strength observed 

for 1 percent addition of fiber is 6.98% which more than 

Conventional Concrete. 

3) Tension resisting Capacity of HFRC is Higher, For 1% 

Addition of Hybrid fiber i.e. 0.5% off steel fiber and 

polypropylenes fiber, these fibers makes the concrete to 

resist under tensile stresses encountered upon them, 

addition of fiber more than 1% i.e. for 1.5% and 2% 

expansion of fiber there is a diminishing in tensile 

strength  is seen, henceforth we can reason that at 1% 

addition of fiber makes the concrete strong in tension 

which more than conventional concrete. 

4) Flexural stresses encountered can be overcome by 

addition of 1% of fiber in the concrete, further addition 

of fibers seems to be reducing the strength hence 1% 

addition is considered to be optimum fiber content to 

overcome stresses of flexure 

5) Various strength test results showed that, as the fiber 

content increases the strength also increases up to 

certain extent of addition of fibers, after that the 

strength decreases, from this experiment strength is 

maximum at 1% addition of fibers after that the strength 

is decreased hence the optimum percentage addition of 

hybrid fiber is 1% which gives the maximum strength. 
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