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ABSTRACT 

In the present study, fly ash and glass fibre were 
added to the concrete to investigate the increase in 
the strength as compared to the conventional 
concrete. The strength parameters such as 
compressive strength and tensile strength were 
studied by varying the percentages of fibre from 0.5 
to 1.5 by volume of concrete with a fixed fly ash 
percentage of 25. Research in glass fibre reinforced 
concrete resulted in the development of alkali 
resistance fibres with high dispersion ratio that 
improved long term durability. This system was 
named alkali resistance glass fibre reinforced 
concrete. In the present experimental investigation 
the alkali resistance glass fibre along with fly ash 
were used in the preparation of concrete to evaluate 
the basic properties such as compressive, split tensile 
and flexural strength of M25grade of concrete. 
Along with these, fly ash and glass fibre concrete 
were also applied to structure in the form of 
reinforced concrete beams to have their better 
understanding. Glass fibres of 45 mm length were 
added in the concrete by volume fraction of 0%, 
0.5% and 1%, 1.5% to determine its flexural 
strength. A comparison was made between the 
flexural strengths of conventional concrete and glass 
fibre concrete. Beams of size 1800 mm × 150 mm × 
200 mm were cast with concrete containing glass 
fibre and fly ash and tested under static and cyclic 
loading. The load-deflection behaviour under static 
loading was studied experimentally and the same 
compared with numerical analysis performed using 
ANSYS software package. Rectangular concrete 
beams were also cast with concrete containing fly 
ash and varying percentage of glass fibre and tested 
under slow cyclic load applied at midspan of beam 
to understand, in general, its behaviour. The beams 
were  tested under three point bending. The tested 

beam exhibited hysteretic behaviour. Finally, it has 
been concluded that addition of fly ash and glass 
fibre yields a better concrete for construction of 
structures. 
 
KEYWORDS: Concrete, Fly ash, Glass fibre, 
Aspect ratio, Static loading, Flexural properties, 
Load-deflection behaviour, Cyclic loading, 
Hysteresis loop. 
 
 
1. INTRODUCTION 
The manufacturing cement a tonne of it releases a 
tonne of CO2 to the atmosphere thus causing 
pollution of the environment. In India, about 400 
million tonnes of cement is being produced 
annually. From this the severity of pollution is 
clear.  Therefore the  present world mantra is to 
reduce the consumption of cement in concrete 
production. It has now become a practice to 
substitute 10% – 30% of cement with fly ash. In 
view of the use of coal of relatively high ash 
content (about 40 percent or more) made available 
to thermal power plants, each 100 MW of 
electricity generation entails the use of 0.40 
Million Tonnes (MT) of coal on an average. 
 
Fly ash is generated by burning coal in thermal 
power plants and it is a pollutant. Two classes of 
fly ash are available, namely, Class C and Class F. 
Class C contains more than 20 per cent CaO and 
Class F less than 20 per cent. In the preparation of 
concrete normally Class F fly ash is used. Fly ash 
is a mineral admixture having no cementitious 
properties  on its own (Thomas 2007). Glass fibre 
has been used for well over 30 years in many 
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constructions. Mainly it is used  in non constructional 
ones, such as façade panels, piping for sanitation, 
decorative non recoverable form work and other 
products. Concrete is one of the most durable building 
materials. It is superior in fire resistance when 
compared to wooden construction and it also gains 
strength over time. Structures made of concrete can 
have a long service life Concrete is used more than any 
other manmade material in the world Concrete, has 
relatively high compressive strength, but much lower 
tensile strength. The coefficient of thermal expansion 
and shrinkage of concrete are very low. Because of 
shrinkage and tension all concrete structures crack. 
Glass Fiber Concrete (GFC) comprises mainly a matrix 
consisting of cement, sand, water, and admixtures, in 
which short length glass fibers are added. The effect of 
the fibers in this composite is an increase in the tension 
and impact strength of the material. Glass wool, which 
is commonly known as “fibre glass” today, however, 
was invented in 1938 by Russell Games Slayter of 
Owens-Corning as a material to be used as insulation. It 
is marketed under the trade name Fibre glass, which has 
become a generalized trademark. It is material made 
from extremely fine fibers of glass. Fibre glass is a 
lightweight, extremely strong, and robust material. 
Though its bulk strength and  weight properties are also 
very favorable when compared to metals, and it can be 
easily formed using moulding processes. No doubt 
glass is the oldest, and most familiar, performance fibre 
(Chaitanya Kumar et al. 2016). The effect of 
incorporation of fibres into a brittle concrete is to 
control the growth and propagation of micro cracks 
because of the increase in the tensile strain in the 
concrete. Care is needed in using fibre as an 
additive in concrete. As there are different types of 
fibres for different applications and not all the 
fibres can be used in concrete. The use of fibres in 
concrete has speeded up the fast-track 
construction. The fact remains that approximately 
65% of the fibres produced worldwide are 
currently used in concrete. 

 
1.2.Volume of  Fibres 
The strength of concrete depends on the quantity of 
fibres. It was observed that the increase in the volume 
of fibres enhances approximately the tensile strength 
and toughness of the composite linearly. However, 
higher percentage of fibre is likely to cause segregation 
and harshness of concrete and mortar. 
 

 1.3  Aspect Ratio of the Fibre 
The aspect ratio is the ratio of length of fibre to its 
diameter and it is an important factor which affects 
the properties and behaviour of the composite. It has 
been reported that up to an aspect ratio of 120, 
increase in the aspect ratio increases the ultimate 
strength of the concrete linearly. Beyond 120, 
relative strength and toughness is reduced. 
 
1.4 Characteristics of Glass Fibre 
Glass is a useful material due to its high ratio of 
surface area to weight. Because of this the 
augmented surface area makes them much more 
vulnerable to chemical attack. By entrapping air, 
blocks of glass fibre make good thermal insulation 
with a thermal conductivity of order of 0.05 w/(mk). 
The strength of the glass fibre is usually tested and 
reported for “virgin” or pristine fibres those which 
have just been manufactured. The freshest, thinnest 
fibres are more ductile. The more  the  surface  is  
scratched,  the  less  the resulting  tenacity.  As the 
glass possesses  an amorphous structure, its 
properties are the same in all directions. Humidity is 
an important factor in the tensile strength. Moisture 
is easily adsorbed. Therefore it can worsen 
microscopic cracks and surface defects, and lessen 
tenacity. Unlike carbon fiber, glass can suffer more 
elongation before it breaks. A correlation exists 
between bending diameter of the filament and the 
filament diameter. The viscosity of the molten glass 
is very important manufacturing success. While 
drawing i.e., pulling of the glass to reduce fiber 
circumference, the viscosity has to be relatively low. 
If it is too high, the fiber will break during drawing. 
If the viscosity is too low, the glass will end up in 
droplets rather than being drawn out into fibre. 
 
2.OBJECTIVE 
 To develope concrete containing fly ash and glass 

fibre. 
 To determine the mechanical property of this 

concrete.   
 To investigate the strength and behavior of beams 

as part of structure under monotonic loading and 
cyclic loading.  

 To model the beam numerically using ANSIS 
software package .  

 To validate the experimental results with that 
obtained numerical analysis. 
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      3.  SCOPE OF PROPOSAL WORK  
 To cast cubes, cylinders and prisms using fly 

ash and fibre concrete for testing 
 To test these control specimens for 

determination of mechanical strength 
 To cast reinforced concrete beams of size 1800 

mm × 150 mm × 200 mm 
 To test the beams under static monotonic 

loading till failure 
 To perform numerical analysis using ANSYS 

software 
 To test the beam under uniformly distributed 

slow cyclic loading 
 To determine the energy absorption capacity of 

beams 
 To compare experimental results with 

numerical results 
  
4. METHODOLOGY 

 Tested the material properties as per IS code 
procedures. 

 Mix design for concrete proportion was arrived at 
as per IS- 10262- 1982. 

 The properties of fresh concrete were determined 
as per IS- 1199- 1959. 

 The concrete specimens were casted and cured as 
per IS procedures. 

 Tests were conducted on hardened concrete to 
determine various strength parameters. 

 Various durability tests were conducted as per 
standard codes. 

 Finally results were compared with conventional 
concrete and partial replacement concrete mixed 
with coconut shell and other materials and 
conclusions were arrived at. 

 
5.  LITERATURE REVIEW 
In recent decades there is a trust in finding how the 
concrete can be improved not only strength wise but in 
every aspect. Many researchers have been done in this 
area and many have proved the positive effects of using 
fly ash and glass fiber in concrete. Given below is an 
over view of studies done in this area and how it has 
affected various parameters of concrete. 
 
Swamy and Lambert Reinforced concrete T beams 
prepared using fly ash coarse aggregates and sand under 
bending were investigated by Swamy and Lambert 
(1984).  They have  presented  details on deflection, 
rotation, cracking, concrete and steel strains, design 

service and ultimate loads. The results show that beams 
manufactured with concrete consisting of fly ash 
aggregate can satisfy the serviceability requirements of 
deflection and  cracking.  Moreover, their ductility and 
load factor against flexural failure were adequate. 
Further a better assessment of short term deflection can 
be obtained if the contribution of the concrete in tension 
is neglected. Some of the beams may not fulfill long 
term deflection requirements entirely and this aspect 
should be considered in design. 
 
Koyama  The objective of the investigation carried out 
by Koyama et al. (2008) was to understand the 
mechanical behaviour and deformability of the 
reinforced concrete beams containing a large quantity 
of fly ash while at the same time maintaining the 
cement content in the concrete a constant. Scaled 
models of about (1/2.5) consisting of eleven beams for 
testing were prepared and tested under monotonic 
bending and shear. The variables in the experimental 
testing were: i) the quantity of fly ash, ii) the amount of 
reinforcement in the transverse direction, and iii) the 
shear span ratio of the beams. The tested beams were 
prismatic with rectangular section of size 250 mm × 
400 mm. Test results have revealed that to an extent of 
up to 455 kg/m3 of fly ash content per unit volume of 
concrete, the shear strength and deformability of the 
beam increased with the increase in the quantity of fly 
ash. 
Mullick Fly ash, the fine particle waste material 
produced by pulverized coal-based thermal power 
stations, is an environmental pollutant (Mullick 2005). 
However, it is used as a resource material 
advantageously. The author presents the status of the 
employment of fly ash in cement concrete and other 
cement-based applications in India. The paper consists 
of two parts. The first part elaborates details about the 
quality, variability and beneficiation aspects of Indian 
fly ashes  and  also  discusses  a  number  of  
reservations  about  some  of the engineering properties 
of fly ash based concrete including its durability.  The  
second part of the paper includes the proportions of fly 
ash and its use in concrete. It has also focused on the 
application of fly ash based concrete for roads and 
dams. 
 
Krishna Rao Flexure and shear behaviour of 
Polypropylene Fibre Reinforced Fly Ash Concrete 
(PFRFAC) deep beams were investigated by Krishna 
Rao et al. (2011). In these experiments the shear span to 
depth ratio of the beams was maintained as 2.0. 
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Variables of the investigation included the 
characteristic strength of concrete, fck as 15.0 MPa, 
20.0 MPa, and 25.0 MPa and Recron 3s polypropylene 
fibre content of 0%, 0.5% and 1%. The polypropylene 
fibre and 20% of fly ash as cement replacement were 
incorporated in all the concrete mix proportions 
considered in this study. The test results demonstrated 
that the compressive strength of concrete was enhanced 
with the increase in the percentage of fibre. There had 
been a significant increase in flexural and  shear 
strengths of PFRFAC, in all  the mix proportions, as 
fibre content increased from 0% to 1.0%. Still, the 
ultimate failure was noticed to be gradual in all the 
beams. 

  

Joanna Results of laboratory investigation conducted 
by Joanna et al. (2013) on the structural behaviour of 
reinforced concrete beam with high volume of low 
calcium (Class F) fly ash were presented. Experimental 
investigation consisted of testing of nine reinforced 
concrete beams with and without fly ash. The 
replacement of Portland cement with fly ash was 50%. 
The super plastisizer used was Conplast SP430 in the 
preparation of concrete. Presented results comprised of 
the load-deflection characteristics, cracking behaviour, 
ductility indices, moment - curvature and end rotations 
of the reinforced concrete beams with and without fly 
ash when tested at 28 days, 56 days and 75 days. The 
investigation disclosed that there was a good 
improvement in the flexural strength of reinforced fly 
ash concrete beams beyond 28 days. 
 
Thenmozhi  Replacing cement in concrete by activated 
fly ash was the objective of the investigation carried out 
by George and Thenmozhi (2011). The paper brought 
to the fore the chemical activation of low calcium fly 
ash using CaO and Na2SiO3 mixed in the ratio of 1:8 
for improving the pozzolanic properties of fly ash. The 
investigation dealt with the flexural behaviour of beams 
consisting of concrete mixed with chemically activated 
fly ash at various replacement levels of 10%, 20%, 
30%, 40%, 50%, and 60% with water binder ratio 
0.45.The results were compared with OPC and 
Activated Fly ash at the same replacement levels. 
. 
Soman and Sobha  Soman and Sobha (2014) have 
observed that High Volume Fly Ash concrete beams 
containing a 50% cement have shown remarkable 
improvements in deflection and cracking behaviour as 
well as the load carrying capacity over that of Ordinary 
Portland Cement Concrete (OPCC) beams. 

Arezoumandi  Results of an experimental investigation 
of the shear strength of full-scale reinforced concrete 
beams constructed with both High-Volume Fly Ash 
Concrete (HVFAC), i.e., concrete with at least 50% of 
the cement replaced with fly ash and Conventional 
Concrete (CC) were presented by Arezoumandi et al. 
(2013). This investigation consisted of two HVFAC 
mixes and one CC mix. Other than the amount of Class 
C fly ash replacement of cement, i.e., one mix replacing 
50% of the cement with fly ash and the other 70%, the 
two HVFAC mixes were identical. The test matrix 
consisted of 18 beams. Six of the beams represented the 
concrete type with three different longitudinal 
reinforcement ratios. 
 
Swamy and Lambert established that discrete 
metallic (steel) fibres when added in certain percentage 
to the concrete improve its strength properties, crack 
resistance and ductility. However, glass fibres in 
cement mortar have been tried in applications like 
architectural features, panel walls, tunnel lining, etc. 
The authors outline the experimental investigation 
conducted on the use of glass fibre with structural 
concrete. CEMFIL Anti Crack High Dispersion Alkal 
resistant glass fibre of diameter 14 micron, having an 
aspect ratio of 855 was employed in percentages 
varying from 0.2 to 1.5 in concrete. The properties like 
compressive strength, tensile strength, and flexural 
strength were evaluated while conducting a study on 
this FRC (Fibre Reinforced Concrete) as well as the 
properties of Mixed Fibre Reinforced Concrete 
(MFRC) were also studied while combining steel and 
glass fibres in concrete,. Appropriate conclusions were 
drawn concerning the properties like strength, ductility 
and crack resistance of structural concrete 
 
Vamshi Krishna and Venkateswara Rao The effect 
of glass fibers on the mechanical properties of the M20 
grade concrete was studied by Vamshi Krishna and 
Venkateswara Rao (2014). The mix contained various 
quantities of glass fibers like 0.1%, 0.2%, and 0.3% 
by weight of cement. From the results the observation 
made was that the addition of alkaline resistant fibers 
improved the tensile and flexural strength 
significantly 
Compressive strength was improved to some extent 
when compared to the tensile and flexural strengths. 
The optimum dosage of fibers was found to be 0.2% 
by weight of cement. Using the flexural strength 
pertaining to 0.2% fiber content, pavement thickness 
was evaluated as per IRC: 58 and it was observed that 
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there was a reduction in the pavement thickness by 
25.8% . 
 
 6.MATERIALS USED AND THEIR PROPERTIES 
Various materials used for the experimental study are 
the following: 

Glass Fibre: 

The glass fibre is generally available in continuous or 
chopped lengths and fibre lengths of up to 35 mm are 
used in spray applications and lengths of 25 mm are 
used in premix applications. Glass fibre has high tensile 
strength (2 – 4 GPa) and elastic modulus (70 – 80 GPa) 
but has brittle stress-strain characteristics (2.5% – 4.8% 
elongation at break) and low creep at room temperature. 
To avoid balling, up to 5% glass fibre by volume was 
successfully used in sand-cement mortar. It is suitable 
for use in direct spray techniques and premix processes 
and has been used as a replacement for asbestos fibre in 
flat sheet, pipes and a variety of precast products. 
GFRC products are used extensively in agriculture; for 
architectural cladding and components and for small 
containers. 

 
    

 

Fig-1 GLASS FIBER 
 

PHYSICAL PROPERTIES OF MATERIALS: 
Ordinary port land cement (OPC) is the basic Portland 
cement and is best suited for use in general concrete 
construction. It is of three types, 33 grades, 43 grade, 53 
grade. One of the important benefits is the faster rate of 
development of strength. Cement is a fine, grey 
powder. It is mixed with water and materials such as 
sand, gravel, and crushed stone to make concrete. The 
cement and water form a paste that binds the other 
materials together as the concrete hardens. 

 
The ordinary cement contains two basic ingredients 
namely argillaceous and calcareous. In argillaceous 
materials clay predominates and in calcareous materials 
calcium carbonate predominates. The Basic 
composition of cement is provided in table. In the 
present work 53 grade cement was used for casting 
cubes and cylinders. The cement was uniform color i.e. 
grey with a light greenish shade and was free from any 
hard lumps. 
 
 
Table: 1 Composition limits of Portland cement 
 

Ingredient Percentage Content 
CaO (Lime) 60 – 67 
SiO2  (Silica) 17 – 25 
Al2O3(Alumina) 3- 8 
Fe2O3 (Iron Oxide) 0.5 – 6 
MgO (Magnesia) 0.1 – 4 
Alkalies 0.4 - 1.3 

Sulphur 1 – 3 

(Reference: Book concrete technology M.S Shetty ) 
 
AGGREGATES: 
Aggregate properties greatly influence the behavior of 
concrete, since they occupy about 80% of the total 
volume of concrete. The aggregate are classified as 
Fine aggregates 
Fine aggregate are material passing through an IS sieve 
that is less than 4.75mm gauge. Usually natural sand is 
used as a fine aggregate at places where natural sand is 
not available crushed stone is used as a fine aggregate. 
The sand used for the experimental works was locally 
procured and conformed to grading zone III. Sieve 
Analysis of the Fine Aggregate was carried out in the 
laboratory as per IS383-1970 and results are provided 
in Table .The sand was first sieved through 4.75mm 
sieve to remove any particle greater than 4.75 mm sieve 
and then was washed to remove the dust. According to 
IS 383:1970 the fine aggregate is being classified in to 
four different zone, that is Zone-I, Zone-II, Zone-III, 
Zone-IV. 
 
Coarse aggregates 
The materials which are retained on a 4.75mm sieve are 
called coarse aggregate. Coarse aggregate forms the 
main matrix of the concrete. The nature of work decides 
the maximum size of the coarse aggregate. Locally 
available coarse aggregate having the maximum size of 
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20 mm was used in the present work. 
Sieve analysis of coarse aggregates used was carried out 
and results are provided in table. 
 
WATER: 
Water is an important ingredient of concrete as it 
actively participates in the chemical reaction with 
cement. Since it helps to form the strength giving 
cement gel, the quantity and quality of water is required 
to be looked into very carefully. Potable water is 
generally considered satisfactory. In the present 
investigation, tap water was used for both mixing and 
curing purposes. 
 
MATERIAL PROPERTIES 
Cement : 
Ordinary Portland Cement of Ultra tech brand of 53 
grade confirming to IS: 12269-1987 was used in the 
present study. The properties of cement are shown 
below: 
           
            Table: 2 Physical properties of cement 

Properties Values 

Specific gravity 3.147 

Normal consistency 32% 

Initial setting 50 mins 

Fineness of cement 2.45% 

 
Fine Aggregate: 
M sand as per IS: 383-1987 was used. The properties 
are 
 
Table: 3 Physical properties of fine aggregates 
 

Characteristics Value 

Type M sand 

Specific gravity 2.72 

Fineness modulus 2.46 

Grading zone II 

 
Coarse Aggregate: 
Crushed aggregate confirming to IS: 383-1987 was 
used. 

        
     Table: 4 Properties of coarse aggregates 
 

Characteristics Value 

Type Crushed 

Specific gravity 2.87 

Maximum size 20mm 

 
Impact test : 

The aggregate impact value is 11.58%. 
 

7.   EXPERIMENTAL PROGRAMMES 
 
Mix design 
The mix design calculations are dependent on the 
properties of the constituent materials.The first 
objective is to achieve the stipulated minimum 
strength.The second objective is to make the 
concrete in the most economical Manner. Cost 
wise all concrete’s depends primarily on two 
factors, namely cost of material and cost of labor. 
Labor cost, by way of formwork, batching, mixing, 
transporting and curing is namely same for good 
concrete. It is defined as the process of selecting 
suitable ingredients of concrete and determining of 
concrete and determining their relative 
propositions with the object of producing concrete 
of certain minimum strength and durability as 
economically as possible. 
 
 
MIX PROPORTION FOR M25 GRADE 
CONCRETE 
There is no standard method of designing concrete 
mixes incorporating. Hence the method of mix 
design proposed by IS 10262 – 1982 was 
employed to design the conventional concrete and 
coconut shell concrete to obtain the mixes. The 
purpose of mix propositioning is to produce the 
required properties in both plastic and hardened 
concrete. 
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 Table 5 : Mix proportion for M25 

 
9.   TESTS ON FRESH CONCRETE : 
• Compaction Factor Test 
• Slump cone test 
 
Slump cone test: 
The slump cone test was carried out as per IS: 
1199 (1959) and the recommended values are 
shown in Table 9 
 
Slump in 

cm 
Workability Uses 

2 – 4 Very low Road construction 
4 – 5 Low Piers, slabs, walls, etc. 
4 – 5 Medium Normal RCC work 
10 – 17.2 High For congested 

reinforcement where 
vibration is not 
possible. 

 

Compaction Factor Test: 

The compaction factor test was carried out as per IS: 
1199 (1959). The workability of concrete mixes 
prepared with the addition of different percentages of 
glass fibre was determined by test and presented in the 
Table 9.1. 

Table 9.2 Results of workability tests on concrete 

Type of  
concrete 

Slump 
value 
mm 

Compaction 
Factor 

Remarks 

Conventional 
concrete 
without fibre 

 
81 

 
0.91 

 
Workable 

Glass fibre 
concrete with 
0.5% fibre 

 
85 

 
0.87 

 
Workable 

Glass fibre 
concrete with 
1% of fibre 

 
86 

 
0.86 

 
Workable 

Glass fibre 
concrete with 
1.5% of fibre 

 
88 

 
0.88 

 
Workable 

Glass fibre 
concrete with 
1.5% of fibre 
with fly ash 

 
90 

 
0.90 

 
Workable 

 
10.  TESTS ON HARDENED CONCRETE: 
 
The measured 28 day compressive strength of 
concrete is presented in Table 10 
Table 10 Measured Compressive strength at 28 

days 
 

S. 
No 

Fibre 
content 
(%) 

Compressiv
e Strength 
(MPa) 

Remarks 

1 0.0 44.50 without fly ash 
2 0.1 35.66 without fly ash 
3 1.5 42.87 without fly ash 
4 2.0 40.00 

37.50 
without fly ash 
with fly ash – 
25% 

 
Compressive strength results:  
The compressive strength of concrete is one of the 
most important and useful properties of concrete. 
At least three cubes of 150mm x 150mm x 150mm 
are casted for each age 7,14&28 days.  

Failure pattern of concrete cube 

 
 
 
 
 
 
 
 
 
 
 

Water Cement 
Fine 

aggregate 
Coarse 

aggregate 

193.44 
Kg/m3 

387 
Kg/m3 

831 
Kg/m3 

1089 
 Kg/m3 

0.50 1 2.21 2.67 
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Design of Reinforcement for Beam: 

 Fig. 4.1 Reinforcement details 

 

 

 

 

 

11.  TEST CONDUCTED ON CONCRETE 
BEAMS 

In this experimental programme the grade of concrete 
used was M25 with a nominal mix proportion of 1:1:2 
with 25% of the cement replaced by fly ash. Glass fibre 
(Fig. 3.1) in dosage of 0.5% 1%, and 1.5% was also 
added to the concrete. The maximum size of the coarse 
aggregate used was 20 mm. Type of cement used was 
OPC 53. Weigh batching  was adopted in the 
preparation of concrete. Size of beam was 2000 mm × 
150 mm × 200 mm. The beam was reinforced with 2 
numbers of 10 mm bars on the tension side. The shear 
reinforcement consisted of 8 mm diameter bars at 120 
mm centres. Along with the beam, control specimens 
were also cast (Fig. 5.1). The beams as well as the 
control cubes were cured for 28 days by wet sacks (Fig. 
11(a)). After 28 days of curing  cubes were tested in a 
Compression Testing Machine (CTM) (Fig. 11(b)) and 
the results are given in Table 5.1. 

Fig. 4 Curing of beams 

 

Table 11 Compressive strength of Concrete 
for different beams on 28 days 

 

 

Fig. 5  Test on cube 

 

12.  LOADING ON BEAMS / STAITC 
LOADING 

The testing on beams was done in a loading frame 
shown in the Fig. 5.4a, 5.4b. The beam specimens 
were tested for flexural strength at the end of 28 
days under monotonic loading. The centre of 
specimen was carefully aligned with the axis of the 
hydraulic jack. One end of the support was placed 
on a hinged support and the other end on a roller. 
Dial gauge was mounted beneath the beam at 

 
 
S. No. 

Compressive strength (N/mm2) 
Normal 
Concrete 

Concrete 
with 
Glass 
Fibre 

Concrete 
with Fly 
Ash and 
Glass Fibre 

Beam1 53 29.63 - 

Beam2 48 34.00 - 

Beam3 42 32.11 - 

Beam4 35 36.00 40 
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midspan. The load was applied gradually and 
increased continuously. The deflections of the 
beam were noted at regular intervals. The load was 
augmented till the specimen failed. The maximum 
load applied to the specimen was recorded. The 
crack patterns were marked. Typical crack pattern 
of a tested normal concrete beam under monotonic 

loading is shown in Fig. 12(a). Crack pattern of 
fibre reinforced concrete beam with 0.5% dosage is 
shown in Fig. 12(b) and with 1% dosage is shown 
in Fig. 12(c). 

Fig. 6   Schematic Diagram 

 

 

 

 

 

 

Fig. 7 Crack pattern of normal control beam 

 

Fig. 8 Crushing of 0.5% fibre beam 
 
 
 

 

 

 

 

 

Fig. 9   1% fibre tested beam - crack 
pattern 

13.  CYCLIC LOADING: 

Beams were also tested under slow cyclic load. The 
load set up was similar. Load was applied at midspan 
on the beam using a hydraulic jack in a slow cyclic 
manner. After reaching the maximum value in the first 
ascending portion, the load on the beam was slowly 
decreased. For each unloading dial gauge reading was 
recorded. The entire process constituted one cycle of 
loading and unloading. A total of six - ten cycles of 
loading and unloading were applied on the beam. All 
the three beams were also tested in a similar manner. 

 
14.   NUMERICAL ANALYSIS: 
ANSYS is a finite element program. We have used 
ANSYS 2012 in this research to obtain the 
behavior of the tested beams. A graphical user 
interface was used for creating models. The 
different tasks and entries are described here which 
are used to create the finite element model. 
 
 
Deflection of Various Beams from Numerical 
Analyses 
 Load – deflection of beam under static loading 
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Fig.10   Load-deflection graph for 0% fibre beam

 

Fig.11  Load-deflection relation for 0.5% fibre 
beam 

 

 

 

 

 

 

Fig. 12  Load vs Deflection relation for beam with 
1.0% fibre 

 

 

 

 

deflection graph for 0% fibre beam 
 

 
 
 
 
 
 
 
 
 

deflection relation for 0.5% fibre 

Load vs Deflection relation for beam with 

 

 

 

 

 

 

Fig. 13  Deflection curve for beam with 1.5% fibre 
without fly ash 

 

Fig.14   Deflection graph for beam with 1.5% fibre 
with fly ash 

 

Slow Cyclic Loading: 

Under slow cyclic loading, beams with normal 
concrete without fibre showed a hysteresis loop. 
Figure 5.31 displays the loop in the first to sixth 
cycles, as well as the superposition of all six cycles 
together for the first beam. The maximum load of 
5500 kN was reached in fourth cycle. The beam 
sustained a loading of 6 cycles. Under successive 
cycles of loading the stiffness of the beam degraded 
with maximum stiffness loss in the fourth cycle. The 
width of the loop keeps decreasing in every cycle. 
The maximum area is enclosed in first cycle.
 

10 

Deflection curve for beam with 1.5% fibre 

 

 

 

 

 

 

Deflection graph for beam with 1.5% fibre 

Under slow cyclic loading, beams with normal 
concrete without fibre showed a hysteresis loop. 
Figure 5.31 displays the loop in the first to sixth 

the superposition of all six cycles 
together for the first beam. The maximum load of 
5500 kN was reached in fourth cycle. The beam 
sustained a loading of 6 cycles. Under successive 
cycles of loading the stiffness of the beam degraded 

s loss in the fourth cycle. The 
width of the loop keeps decreasing in every cycle. 
The maximum area is enclosed in first cycle. 
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Fig.15  Cyclic behaviour of beam 1 with 0% fibre 

super position of all six cycles of loading

 

Fig. 16  All eight cycles superimposed for 2nd beam 
with 0.5% fibre 

 

 
Fig.17 Third beam with 1% fibre 
superimposed  
 
 
 

 

Cyclic behaviour of beam 1 with 0% fibre – 

super position of all six cycles of loading 

 
 

All eight cycles superimposed for 2nd beam 

 
 
 
 
 
 
 
 
 
 
 

Third beam with 1% fibre – all cycles 

 
 
 
 
 
 
 
 
 
 
 
Fig. 18 Beam with fly ash and fibre content of 
1.5% for beam 1 
 
 

 
 

Fig. 19 With fly ash and fibre content of 1.5% 
for beam 2 

 

 

 

 

 

Fig. 20  With fly ash and fibre content of 
for beam 3 
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Beam with fly ash and fibre content of 

With fly ash and fibre content of 1.5% 

 

 

With fly ash and fibre content of 1.5% 
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15.  Comparison with ANSYS Results

Numerically computed deflections along with  
experimentally  measured  values  of control 
concrete beam with 0% Fly ash and Glass Fibre are 
presented and Variation of deflection with 
superimposed values is shown in Fig. 21

Fig. 21  Control Concrete Beam (0% Fly ash and 
Glass Fibre) 

 
 
 
 
 
 
 
 

Fig. 22 Concrete beam with 0.5% Glass Fibre

 

Fig. 23  Concrete beam with 1% Glass Fibre
 

 

 

Comparison with ANSYS Results: 

deflections along with  
experimentally  measured  values  of control 
concrete beam with 0% Fly ash and Glass Fibre are 
presented and Variation of deflection with 

21 
 

 

 

 
 
 

Control Concrete Beam (0% Fly ash and 0% 

 

Fig. 22 Concrete beam with 0.5% Glass Fibre 

 
 
 
 
 
 
 
 
 
 

Concrete beam with 1% Glass Fibre 

Fig. 24   Concrete beam with 1.5% Glass Fibre
 

 

 

 

 

 

Fig. 25  Concrete beam with fly ash and 1.5% Glass 
Fibre 

 

16.  CONCLUSIONS 
 In this experimental investigation first 

physical properties of cement, fine 
aggregate, and coarse aggregate were 
determined by testing them as per relevant 
Indian Standards. The fineness of cement 
was found to be 2.45% and specific gravity 
3.147. The consistency of cement was 
observed to be 32%. The fineness modulus 
of river sand was 2.5% and its grading curve 
was a standard one as recommended by 
relevant IS code. The impact value of coarse 
aggregate was 11.58%.

 The compressive strength of conc
fibre at 28 days with 25% 
44.50 MPa. With the addition of 0.5% fibre to 
the same fly ash concrete the strength was
35.66 MPa. When 1%
concrete the strength 
When the fibre content was increased to 1.5% 
concrete without fly ash attained a strength of 
40 MPa and with 25% fly ash the strength was 

12 

Concrete beam with 1.5% Glass Fibre 

Concrete beam with fly ash and 1.5% Glass 

 

 

 

 

 

 

In this experimental investigation first 
physical properties of cement, fine 
aggregate, and coarse aggregate were 
determined by testing them as per relevant 
Indian Standards. The fineness of cement 
was found to be 2.45% and specific gravity 

47. The consistency of cement was 
observed to be 32%. The fineness modulus 
of river sand was 2.5% and its grading curve 
was a standard one as recommended by 

code. The impact value of coarse 
aggregate was 11.58%. 
The compressive strength of concrete without 
fibre at 28 days with 25% fly ash content was 
44.50 MPa. With the addition of 0.5% fibre to 
the same fly ash concrete the strength was 

1% fibre was added to the 
 increased to 42.87 MPa. 

When the fibre content was increased to 1.5% 
concrete without fly ash attained a strength of 
40 MPa and with 25% fly ash the strength was 
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37.50 MPa. 
 Rectangular concrete beams of size 150 mm × 200 

mm and 2000 mm were cast using 25% fly ash and 
with varied fibre content. They were tested under 
static loading. In general, the load-deflection 
behaviour exhibited an acceptable trend. With 
increase in load the deflection of beam increased. 
The ultimate load on the beam increased with 
increase in fibre content. 

 For 0.5% addition of fibre, the mean increase in the 
beam strength was of about 33 % on comparing 
with the conventional beam. In the case of beam 
containing 1.0% fibre the mean increase in the 
beam strength was of about 66% when compared to 
the conventional concrete beam. The failure of 
beams was crushing of concrete in compression 
zone. 

 For 0.5% addition of fibre, the mean increase in the 
beam strength was of about 33 % on comparing 
with the conventional beam. In the case of beam 
containing 1.0% fibre the mean increase in the 
beam strength was of about 66% when compared to 
the conventional concrete beam. The failure of 
beams was crushing of concrete in compression 
zone. 

 This is a useful parameter in earthquake resistant 
design of structures. The area of the loop increases 
in successive cycles. In subsequent series the load 
was increased. Likewise test was continued till the 
beam failed to resist loading. 

 Finite element analysis of beam was performed 
using Ansys software package. Beam was modelled 
using eight noded quadrilateral element. 
Reinforcement was modelled using linear element. 
Linear elastic analysis was carried out to analyse 
the beam. Load and deflection were measured in 
the analyses. 

 Computed load-deflection behaviour was studied 
by comparing the same with experimental values. It 
is the general understanding that the numerical 
model is always quite stiff. This is obvious in the 
superimposed plots.  There is  a fair agreement 
between the experimental and numerical results. 
 

 In conclusion it can be stated here that glass fibre 
concrete is a viable alternative for application in the 
construction of concrete structures. Addition of fly 
ash in combination enhances the performance of 
concrete. 
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