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ABSTRACT 
Concrete is the most widely utilized “man-

made” material globally for construction in many 
developing countries in all types of civil engineering 
works.  Also, concrete is an environmental - friendly 
material and in areas of growing environment – 
related awareness that is of prime importance. Many 
of investigations were attempted by the researchers 
to improve the quality, strength and durability 
against adverse exposures, since decades. Concrete 
is a material used in civil engineering constructions, 
consisting of a hard, chemically inert particulate 
substance, known as an aggregate (usually made 
from different types of sand and stone), that is 
bonded together by cement and water.  

Concrete deteriorates due to either original 
construction errors and/or environmental effects. 
Construction defects include structural design 
errors, incorrect mix ratios, poor workmanship, 
insufficient curing and inadequate reinforcement 
cover. Environmental Effects are also a major 
contributor to the Concrete deterioration of 
structures. Some of the most common are frost 
attack, chemical attack, carbonation, alkali-silica 
reaction and chloride attack. In view of the above 
errors and/or effects, cracks will develop in concrete 
and are sources for the further deterioration of the 
concrete structure.  

In this study, an attempt is made  to use  
mixed steel and glass fibers with varying 
percentages of fibers from 0.5, 0.75, 1.0 percentages 
of total fiber content for M 25 grade structural 
concrete with locally available aggregates ( i.e. fine 
& coarse aggregates ) and Portland pozzolanic 
Cement ( i.e. PPC ). The details of investigation 
along with the analysis and discussion of the test 
results are reported here in.  

 
I. INTRODUCTION 

 
Concrete is the most widely utilized “man-

made” material globally for construction in many 
developing countries in all types of civil engineering 
works.  Also, concrete is an environmental - friendly 
material and in areas of growing environment - 
related awareness that is of prime importance. It is 
construction material due to its many advantages 
such as high compressive strength, availability of 

ingredients at reasonable cost, mould-ability to any 
shape giving aesthetic appearance and resistance to 
fire and weathering.  Concrete is a material used in 
civil engineering constructions, consisting of a hard, 
chemically inert particulate substance, known as an 
aggregate (usually made from different types of sand 
and stone), that is bonded together by cement and 
water..  In this experimental investigation cement 
used is Portland Pozzolanic Cement (RAASI 
GOLD’ 53 grade) 

 Concrete is weak in tension and strong in 
compression. The low tensile strength is due to the 
propagation of internal micro cracks present even 
before loading. So, concrete exhibits little fracture. 
Hence steel fibers are used to overcomethe above 
disadvantage. The concept of fiber reinforcement is 
an old as the use of brittle materials as clay, bricks 
or concrete. The modern use of fiber reinforced 
concrete started in the 1960s  using after various 
sorts of fiber materials have been investigated ever 
since and are utilized for different applications. Steel 
fibers are the dominating material, but there are 
many others, such as polymeric fibers, mineral 
fibers and naturally occurring fibers. In this 
experimental investigation fibers of Perma-Fil E 
Glass Fibers and Cold Drawn Carbon Wire Steel 
Fibers are used. 

Fiber reinforced concrete is a composite 
material essentially consisting of conventional 
concrete or mortar reinforced by randomly oriented, 
short continuous and discrete fibers of specific 
geometry. The fiber is a piece of reinforcing material 
usually described by aspect ratio. Aspect ratio is the 
ratio of length to diameter of fiber. The quantity of 
fiber is specified by volume fraction. These fibers 
act as crack arrestors, thereby increasing first crack 
strength and also ultimate strength.  This chapter 
tries bringing some basic information on the subject 
and the objective of the study is reported. 

Need for Fiber Reinforced Concrete (FRC) 

Plain concrete is weak in tension and has 
limited ductility and little resistance to cracking. 
Micro cracks are present in concrete and because of 
its poor tensile strength; the cracks propagate with 
the application of load, leading to brittle fracture of 
concrete.   
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Micro cracks in concrete are formed during 
its hardening stage. A discontinuous system exists 
even before the application of any external load. 
When the load is applied, micro cracks start 
developing along the planes, which may experience 
relatively low tensile strains, at about 25 to 35% of 
the ultimate strength in compression. 

 
OBJECTIVE OF THE STUDY 

The present work is made to investigate 
experimentally and the  following  tests  were carried 
out  namely     : 
 Compressive Strength ,   
 Split Tensile Strength and  
 Flexural Strength Tests.  
 This experimental investigation comprises with 

the replacement of glass with steel fiber by 0%, 
25%, 50% 100% from total content of 0.50, 
0.75 and 1.00  percentages by weight have been 
attempted over the concrete specimens such as 
cubes, cylinders and beams respectively.  

 The program consists of casting and testing of 
specimens for various mixes. A detailed test 
program and results of testing are presented. 

 
II. LITERATURE REVIEW 

 
 MOSEL, conducted tests to study the internal 

conductivity of the fiber reinforced mortars and 
concluded that the thermal conductivity of the 
fiber reinforced mortar is increased and this 
resistance is less due to fiber DIXON and 
AMYFIELD,  have been studied the effect of 
fiber on the resistance of concrete to freeze, by 
subjecting specimen to successive temperature  
cycles.  The study indicated that the increased 
thermal conductivity of the specimen resulted in 
reaching a uniform temperature quicker than 
that the normal concrete. Significant studies 
have been carried out on structural components 
with fiber reinforced concrete regarding 
deflections and cracking which are the two 
important factors that decide the service ability 
of a structural element. 

 HANNAT, carried out tests to study the effect 
of fiber on deflection and considerable, reduces 
the deflection of the member and helps to 
reduce crack width due to order of 40% to 60% 
the load at which the cracks were seen 
approximately twice that for conventional one 
and even near ultimate load, the crack width 
remained less compared to that plain concrete. 
This fact enables the use of very slender or light 
weight components without the risk of 
excessive deflection or cracking. 

The strength of fiber reinforced concrete depends 
upon the content of fibers, effective in the matrix and 
the efficient transfer of stress between the matrix and 

the fiber.  These depend upon many factors.  The 
innumerable factors can effectively be reduced to 
three, the relative fiber – matrix stiffness, the fiber 
matrix interfacial bond and the strain compatibility 
between the fiber and matrix. 
Several theories have been formulated to predict the 
strength of fiber reinforced concrete on assumed 
stress strain relationship for fibers and matrix, fiber 
spacing and orientation, critical fiber volume, aspect 
ratio and interfacial bond between the fibers and the 
matrix.  Among these the most important factors 
which influence the ultimate load   are the volume 
percentage of fibers and their aspect ratios. 
 Using the concepts of fracture mechanics, 

ROMUALDI and BATSON,  observed that for 
same volume of continuous reinforcement, if 
the spacing between the reinforcing bars or 
wires is reduced to less than 0.12 cms then the 
tensile strength of concrete itself I significantly 
increased. 

 JACK SYNDER and DAVID LANKARD , 
have investigated composites in which the steel 
fiber content is as high as 4% by volume.  They 
have conclude that (1) the first crack and the 
ultimate flexural strength of steel fiber  
reinforced mortars are influenced by length, dia 
meter and quantity of steel fibers, (2) significant 
increase in the first crack flexural  strength of 
the material. 

 SWAMY.R.N, has also concluded from his 
investigations that significant improvement in 
first crack flexural strength can be obtained by 
the use of short (6.4 to 63.5mm) and small (0.15 
to 0.91mm) steel fibers.  He has derived 
equations to determine the first crack flexural 
strength and ultimate flexural strength of the 
composite based on experimental and previous 
investigations.  SWAMY in his subsequent 
paper suggested using partial safety factors for 
flexural strength equation which are sufficiently 
lower bound and can be extended to design.  
The effective spacing concept used by his 
shows a unique relationship between the fiber 
spacing and flexural strength at both cracking 
and ultimate stages. 

 RAJAGOPALAN and other,  have also derived 
equations to predict the first cracks and ultimate 
moment of resistance of steel fiber reinforced 
concrete beams, with uniformly dispersed and 
randomly oriented fiber reinforcement.  They 
also concluded the inclusion of fibers to 
concrete imparts enormous ductility and large 
rotation capacity which can be used effectively 
in redistribution of moments in beams and 
frames. 

 Fiber reinforcement in the form discrete fibers 
cannot be used as direct replacement of 
conventional steel in reinforced and re-stressed 
structural members.  The superior resistance of 
fiber reinforced concrete to cracking and crack 
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propagation may, however, be utilized to 
improve the resistance of structural members to 
cracking, deflect in and other service ability 
conditions. 

 When the fiber reinforcement is in the form of 
short discrete fibers, they act effectively as rigid 
inclusions in the concrete mix.  Physically, they 
have thus the same order of magnitude as 
aggregate inclusions.  Steel fiber reinforcement 
in reinforced and pre- stressed structural 
members. 

 
III. MATERIALS AND PROPERTIES 

 
In making any type of concrete, selection 

and type of materials is very important as all the 
properties depends on them. 

The following materials are being used and are listed 
below. 

 Cement 
 Fine aggregate (sand) 
 Coarse aggregate 
 Fibres 
 Water  

 
CEMENT 
The brand name of the Portland pozzolona cement 
used for the investigation is ‘RASI GOLD’ cement ( 
PPC 53 grade ) conforming to IS 12269-1987, 
 IS 1489 (Part 1 & 2)-1991, IS 3812-1981 
and IS 1344-1981. The cement is fresh and uniform 
in colour. The cement is free from lumps  and 
foreign matter. The fineness  of cement is 9 % ( as 
percentage residue on I.S sieve  No.9 ). The Specific 
gravity is 3.15 and normal consistency is 30%.The 
initial setting time is 150 minutes and final setting 
time is 480 minutes. The compressive strength of 
cement  mortor cubes  at 3days, 7days and 28 days 
are 31.0 N/mm2,  42.5 N/mm2 and  56.5 N/ mm2 
respectively. 
 
AGGREGATES  
Aggregates are inert granular materials such as sand, 
gravel or crushed stone that are an end product in 
their own right. They are also the raw materials that 
are an essential ingredient in concrete. 
Depending upon the size the aggregates are 
classified into two types  
1) Fine Aggregate  
2) Coarse Aggregate  
 
 
Fine Aggregate  

The fine aggregate i.e. sand used in the 
present experimental investigation is river sand 
conforming to zone-II as per IS : 383-1970 . The 
sand is clean inert and free from organic matter, silt 
and clay. Its specific gravity is 2.55. The sand is 

completely dried before use. The fineness modulus 
of fine aggregate is 3.55. 

Coarse Aggregates  
The coarse aggregate  i.e. metal used in the 

present experimental investigation is natural 
aggregate conforming to IS : 383-1970. Coarse 
aggregate consists of particles of maximum size 
20mm .The specific gravity is 2.68. The fineness 
modulus is 6.15. The aggregate is of uniform 
angularity. 
 
FIBRES:  
The fibers used in the present concrete mix are Glass 
and steel. The percent of fibers in the concrete mix 
are based on volume and is expressed as a percent of 
the mix. 
 
The main properties of fibers used in the present 
experimental investigation are 
 

 Type of fibers used.  
 Volume percent of fiber.  
 Orientation of the fibers in the matrix.  
 Aspect ratio (the length of a fiber divided 

by its diameter).  
 
Glass Fibers 
 
 The concrete mix contains the glass fibers 
are of alkali-resistant glass fibers. Glass fiber is 
especially resistant to ordinary deterioration caused 
by environmental conditions. It is also an 
ecologically friend kind of fiber reinforced concrete 
because the glass fibers are made from natural 
materials and take comparatively little energy to 
produce. The photo copy of the test pieces are shown 
in Fig. 
 
Steel Fibers  
 

The concrete mix also contains the steel 
fibers. Steel fiber is especially resistant to ordinary 
deterioration caused by environmental conditions. It 
is also an ecologically friend kind of fiber reinforced 
concrete because the steel fibers are made from 
natural materials and take comparatively little 
energy to produce. 
 The steel fibers in combination of glass 
short fibers with varying percentages of 0%, 25%, 
50% 100% from 0.5, 0.75, 1.0 percentages of total 
fiber content are used for testing concrete 
specimens.  
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Fig.: Fibres 

 
WATER: 

The water used in the present experimental 
investigation is clean and free from oils, acids, 
alkalies, sugar, organic materials and other 
substances as per IS 456-2000. The portable water 
was used for casting concrete specimens and for 
curing.  
Mix design 
 

Table: Mix Proportions for M35 Grade Concrete 

 

 
Batching and Mixing 
 Batching is process of measuring the 
quantities of concrete either by volume or by mass 
for preparation of concrete mix. In this weight 
batching method is adopted to measure the 
quantities of fine aggregate, cement, coarse 
aggregate, and substituent’s which were replaced as 
cement i.e., GGBS and Nano silica. For mix 
proportion for design were measured by using 
weighing balance. The ingredients of concrete in the 
required quantities were enhanced into the capacity 
laboratory concrete mixer. After through mixing i.e., 
having achieved uniform colour, workable 
consistency to concrete, the concrete was shipped 
into tray for casting specimens. 
 
Casting and Curing of Specimens 
 IS standard specimen were casted with the 
concrete has been placed in the standard metallic 
moulds in three layers and compacted with tamping 

rod by giving 25 blows. Before placing the concrete 
in moulds, a thin coat of oil was applied for the walls 
of the mould inside for easy removal.  
 

IV EXPERIMENTAL INVESTIGATION 
 

COMPRESSIVE STRENGTH TEST 
 Concrete cubes of sizes 
150mm×150mm×150mm were tested for crushing 
strength. Compressive strength depends on loads of 
factor such as w/c ratio, cement strength, excellence 
of concrete material and excellence control during 
manufacture of concrete. 
 These cubes are tested by compression 
testing machine after 7 days, 14 days or 28 days 
curing. The sample is placed centrally on the base 
plate of machine and the load have to be apply 
gradually at the rate of 140 kg/cm2 per minute till 
the specimen fails. Load at the failure separated by 
area of sample gives the compressive strength of 
concrete. The sample to increased load breaks down 
and no greater load greater load can be constant. The 
maximum load applied to specimen shall then be 
recorded and any unusual value noted at the time of 
failure brought out in the report.  
 The cube compressive strength, then 
fc=P/A N/mm2 
Where P is an ultimate load in N, A is a cross 
sectional area of cube in mm2  

 

 
Fig:  Compressive Strength Test 

 
SPLIT TENSILE STRENGTH OF CONCRETE 
The tensile strength of concrete is one of the basic 
and important properties. Splitting tensile strength 
test on concrete cylinder is a method to determine 
the tensile strength of concrete. The concrete is very 
weak in tension due to its brittle nature and is 
not expected to resist the direct tension. The 
concrete develops cracks when subjected to tensile 
forces. Thus, it is necessary to determine the tensile 
strength of concrete to determine the load at which 
the concrete members may crack.  
Splitting tensile strength test on concrete cylinder is 
a method to determine the tensile strength of 
concrete. Split tensile strength test was conducted by 
using the method prescribed by IS5816-1999. 
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Cylinders of 150mm×300mm were used for this test. 
The specimens were tested for 7, 14, 28 days the 
cylinder specimen was placed in horizontal direction 
on the testing machine.  
The splitting of cylinder is shown in figure. The 
following relation is used to find out the spilt tensile 
strength of cylinder  

Ft = 
��

���
 

Where Ft is split tensile strength, 
 P= Ultimate load in KN 
L = Length of the cylinder in mm, D = Diameter of 

the cylinder in mm 
 

 
Fig : Split Tensile Strength Testing Machine. 

 
V EXPERIMENTAL RESULTS 

 
OBSERVATIONS 

Glass fiber reinforced concrete can be 
advantageously used for practical applications. The 
GFRC mix is cohesive with sufficient workability. 
Glass fiber combines well with the other ingredients 
of the concrete to impart uniform color and texture. 
Shrinkage characteristics are very much improved. 
As glass fiber is not affected by corrosion as steel 
fiber. Hence GFRC can be preferred for corrosion 
resistant structural components. It can be used for 
chemical resistance and in the case of water tanks 
etc. Though not tested in the present work, it can be 
taken that glass fiber improves the shear strength of 
concrete. Because of its superior crack arresting and 
ductility characteristics, GFRC performs better 
against shock or impact loads and blasts. Its energy 
absorption quality is better.  

Workability Of Fiber Reinforced Concrete Using 
Dual Fibers (Steel Fibers And Glass Fibers) 

In the present experimental investigation 
total fiber content (steel fibers and glass fibers) of 
0%, 0.5 %, 0.75 %, 1.0%, by volume has been used 
in the preparations of fiber reinforced concrete.  

With a water cement ratio of 0.5, M25 plain 
cement concrete mixes are found to have a 

compaction factor of nearly 0.90. With 100% steel 
fibers in 1.0% total  fiber content, for the same 
cement ratio, the workability is found to be nearly 
0.88. With 100% glass fibers and with the same 
water cement ratio, the workability is found to be 
0.89 in terms of compaction factor.  

Hence it can be observed, that the above 
percentages of fibers used in the present 
investigation affect the workability marginally. The 
workability is almost same with steel or glass fibers.   

 
COMPRESSIVE STRENGTH 
 

Table: Shows the percentage variation of 
compressive strength for concrete mix 

 

 
Fig.: Percentage Replacement of Glass Fibres in 
Steel Fibres from total content of 0.50% by 
weight. 
 

Table: Shows the percentage variation of 
compressive strength for concrete mix 
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Fig.: Percentage Replacement of Glass Fibres in 

Steel Fibres from total content of 0.75% by 
weight. 

 
Table: Shows the percentage variation of 

compressive strength for concrete mix 

 

 
Fig.: Percentage Replacement of Glass Fibres in 

Steel Fibres from total content of 1.00% by 
weight. 

 
SPLIT TENSILE STRENGTH TEST 
 

Table: Shows the percentage variation of split 
tensile strength for concrete mix 

 

 
Fig.: Percentage Replacement of Glass Fibres in 

Steel Fibres from total content of 0.50% by 
weight. 

 
Table: Shows the percentage variation of split 

tensile strength for concrete mix 

 

 
Fig.: Percentage Replacement of Glass Fibres in 

Steel Fibres from total content of 0.75% by 
weight. 

 
Table: Shows the percentage variation of split 

tensile strength for concrete mix 
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Fig.: Percentage Replacement of Glass Fibres in 

Steel Fibres from total content of 1.00% by 
weight. 

 
VI. CONCLUSIONS 

 
CONCLUSION 

On the basis of experimental studies carried 
out and the analysis of test results, the following 
conclusions are drawn.  

1. In addition to the fibrous contents, some of the 
admixtures/plasticizer can be mixed to enhance 
some of the strength properties of concrete 
satisfactorily.  

2. It can be concluded that the concrete mixed with 
dual fiber would also have much more life in 
comparison with the conventional concrete. 

3. The fibrous concrete is found to have maximum 
ultimate load carrying capacity as conventional 
concrete. 

4. The fibrous concrete is stiffer than the 
conventional concrete in appreciable way. 

5. For the nominal M25 mix with a water cement 
ratio of 0.5 used in the present investigation, the 
workability of concrete is only marginally       
affected even with a total fiber content of 1.0 
percent by volume.  

6. The compressive strength of dual fiber concrete 
is found to be maximum at 1.0% total fiber 
content of steel at 28 days compared to plain 
concrete. Also, with a total of 1.0 % glass fiber 
by volume the increase of compressive strength 
at 28 days compared to plain concrete.  

7. There is substantial increase in the compressive 
strength for mixed fiber combination.  

8. As the percentage of steel fiber is reduced and 
glass fiber is increased, the compressive 
strength is getting reduced compared to that of 
100% steel fiber in the matrix.  

9. Steel fiber of 1 mm diameter and length of 50 
mm having an aspect ratio of 50 can be 
satisfactorily mixed along with glass fiber 
having an aspect ratio of nearly 800 to increase 
the strength and other characteristics.  

10. The split tensile strength of dual fiber concrete 
is found to be maximum at 1.0 % total steel fiber 

content at 28 days compared to plain cement 
concrete. Also, with a total of 1.0 % glass fiber 
by volume the increase of split tensile strength 
in 28 Days compared to plain cement concrete.  

11. As the percentage of steel fiber is reduced and 
glass fiber is increase, the split tensile strength 
is getting reduced compared to that of 100 % 
steel fiber in the matrix.  

 
SCOPE OF FUTURE WORK: 

Various research activities on properties of 
concrete in aggressive media are carried out; there is 
a wide scope for further research. The advert of 
various mineral admixtures and chemical 
admixtures necessities active exploration and 
experimental investigation. The following avenues 
may be investigated. 

1. Further study can be made for the same case of 
loading with different cements and different 
grades of concrete. 

2. The comparative study can be made on the 
strength properties of concrete with various 
dual fibers such as Carbon fibers and Steel 
fibers, Glass fibers and Carbon fibers and other 
combinations of fibers.  

3. Present work can be studied further by using 
mineral admixtures, Fly ash & glass fibers with 
partial replacement of cement. 

4. This study can also be extended by considering 
the effect of single and two points loading with 
effect of shear also.  

5. Creep, Impact and Fatigue tests for beams with 
different percentages of fibers under different 
loading conditions can be studied.  

6. Further investigations can be carried out on the 
permeability property of concrete with fibers.  

7. Behavior of fiber reinforced concrete with dual 
fibers under uni-axial and biaxial bending for 
columns can be studied.  

8. Further work may be carried out on the high 
strength concrete/self compaction concrete 
using dual fibers.  

9. Tests on slabs and beams (prototype) may be 
conducted to arrive at the design strength of 
fiber reinforced concrete with dual fibers.  

10. Further investigation can be done at the end of 
45 days, 90 days and 1 year to life time. 
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