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Abstract— Worldwide the production and consumption of 

building materials have increased materials have increased in 

the last decades. Waste of different types (such as fibres, 

powders, granuals etc.) are used for obtaining construction 

materials. The aim of this paper is to study the properties of 

fibers reinforced concrete produced from steel fibers and fly 

ash. As different dosages of cement were replaced by fly ash 

and steel fiber, additive material were added. For studying the 

influence of wastes on mechanical properties of cement 

concrete (green concrete), different dosages of cement were 

replaced by flyash and also glass fibre and steel fibre were 

added. Fibers have been used in concrete as reinforcement 

and strengthening component under tension. The various 

strength such as compressive strength, flexural strength and 

split tensile strength were experimentally noted for each 

sample, the fly ash was replaced 5, 10, 15 and 20% cement 

content respectively. The sample was cured for 7, 14 and 28 

days respectively. The aspect of soaking was also considered. 

The results obtained indicate noticeable improvement in 

strength with the inclusion of fibers and cement. 

Key words: Fly Ash, Fibre, Curing Period, Soaking, Split 

Tensile Strength 

I. INTRODUCTION 

Electricity is the key for development of any country. Coal is 

a major source of fuel for production of electricity in many 

countries in the world. In the process of electricity generation 

large quantity of fly ash get produced and becomes available 

as a byproduct of coal-based power stations. It is a fine 

powder resulting from the combustion of powdered coal - 

transported by the flue gases of the boiler and collected in the 

Electrostatic Precipitators (ESP). Conversion of waste into a 

resource material is an age-old practice of civilization. The 

fly ash became available in coal based thermal power station 

in the year 1930 in USA. For its gainful utilization, scientist 

started research activities and in the year 1937, R.E. Davis 

and his associates at university of California published 

research details on use of fly ash in cement concrete. This 

research had laid foundation for its specification, testing & 

usages. 

Any country's economic & industrial growth 

depends on the availability of power. In India also, coal is a 

major source of fuel for power generation. About 60% power 

is produced using coal as fuel. Indian coal is having low 

calorific value (3000-3500 K cal.) & very high ash content 

(30-45%) resulting in huge quantity of ash is generated in the 

coal based thermal power stations. During 2005-06 about 112 

million tonne of ash has been generated in 125 such power 

stations. 

Fly ash is a by-product of the combustion of 

pulverized coal in electric power generation power plants. 

When the pulverized coal is ignited in the combustion 

chamber, the carbon and volatile materials are burned off. 

However, some of the mineral impurities of clay, shale, 

feldspars etc. are fused in suspension materials solidify into 

spherical glassy particles called fly ash [1]. The fly ash is 

collected from the exhaust gases by electrostatic precipitators 

or bag filters. Chemical makeup of fly ash is primarily silicate 

glass containing silica alumina iron and calcium. Colour 

generally ranges from dark grey to yellowish tan for fly ash 

used for concrete. It addition it has a pozzolanic property [2]. 

Fly ash has been considered as a “Pollution Industrial Waste”. 

The majority of thermal power plants 84% are run by coal. 

 

 

 

A. Kinds of Ash 

1) Flyash 

This kind of ash is extracted from flue gases through 

Electrostatic Precipitator in dry form. This ash is fine material 

& possesses good pozzolanic property. 

2) Bottom Ash 

This kind of ash is collected in the bottom of boiler furnace. 

It is comparatively coarse material and contains higher 

unburnt carbon. It possesses zero or little pozzolanic 

property. 

3) Pond Ash 

When fly ash and bottom ash or both mixed together in any 

proportion with the large quantity of water to make it in slurry 

form and deposited in ponds wherein water gets drained 

away. The deposited ash is called as pond ash. 

4) Mound Ash 

Fly ash and bottom ash or both mixed in any proportion and 

deposited in dry form in the shape of a mound is termed as 

mound ash. 
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B. How Flyash Works With Concrete? 

Ordinary Portland Cement (OPC) is a product of four 

principal mineralogical phases. These phases are Tricalcium 

Silicate- C S (3CaO.SiO), Dicalcium Silicate - C S 

(2CaO.SiO), Tricalcium Aluminate- C A (3CaO.Al O) and 

Tetracalcium alumino-ferrite - C AF (4CaO. Al O Fe O). The 

setting and hardening of the OPC takes place as a result of 

reaction between these principal compounds and water. The 

reaction between these compounds and water are shown as 

under: 

2C3S + 6H    ---------->  C3S2H3 + 3CH 

2C2S +4H      ---------      C3S2H3 +CH 

If fly ash is available in the mix, this surplus lime 

becomes the source for pozzolanic reaction with fly ash and 

forms additional C-S-H gel having similar binding properties 

in the concrete as those produced by hydration of cement 

paste. The reaction of fly ash with surplus lime continues as 

long as lime is present in the pores of liquid cement paste. 

The process can also be understood as follows: 

 

C. Consequences of Fly Ash 

1) Environmental Aspect 

As we know that pollution is a resource which mankind has 

not utilized yet. The same way fly ash is an ingredient part for 

human which has to be given privilege. [3] 

Fly ash when remained exposed to environment will be a 

nutshell hard to break. But if utilized can be a milestone for 

success. 

At present 70% of power generation in country is 

accommodated by coal. There is need of new innovative ideas 

{i.e. utilization of fly ash} for reducing impacts on the 

environment. 

2) Cost Consideration 

The 70% of power generation by thermal power plants 

produces fly ash in abundant form, therefore the cost of dry 

fly ash available at the power plants are very cheap. There is 

a need to process out the dry available fly ash and create a 

way to the beginners to make them handle fly ash as a new 

resource for study and investigation. 

D. Fallaciousness in Previous Proposed Provisions 

In general, the studies till now have proven a way towards 

enhancing of performance, strength, durability and light 

weight characteristics in a broader fashion but have dwindled 

in approach towards mechanical properties of fly ash[5]. 

1) Geopolymers 

Fine and heat resisting coating and adhesives [4]. 

Our study will lay out a new light weight concrete 

which will not only possess the strength and high 

performance properties but will become a trendy material in 

terms of aesthetics and cost[6]. 

II. EXPERIMENTAL PROGRAMME 

The purpose of this research is to identify factors that 

contribute to strength gain in the composite specimen. This 

section summarizes the procedures and materials used in 

performing the investigation. The composition of the fly ash 

is as follows: 

A. Cement 

The cement used for this study is 53-grade Ordinary Portland 

cement. It is usually originates from limestone. 

S. No. Physical Properties Value 

1 Specific gravity 3.14 

2 standard consistency 30% 

3 Initial setting time 53 min 

4 final setting time 570 min 

Table 2.1: Shows Normal Range of Properties of Cement 

B. Aggregates 

Aggregates are those chemically inert materials which when 

bonded by cement paste from concrete. Aggregate constitute 

the bulk of total volume of concrete and hence they influence 

the strength of concrete to great extent. 

1) Fine Aggregate 

The material which passed through I.S sieve No. 480 

(4.75mm) is termed as fine aggregates. The source of fine 

aggregate used from natural river bed. 

The fine aggregate used which have fineness modulus of 3.1, 

specific gravity of 2.6 

2) Coarse Aggregate 

The material whose particles are of such size as are retained 

on I.S. sieve No. 480 (4.75mm) is used as coarse aggregates. 

The aggregate used which have specific gravity of 2.73 and 

fineness modulus of 7.5. 

C. Steel Fiber 

Steel fibers are short, discrete length of steel with an aspect 

ratio (ratio of length to diameter) from about 20 to 100, and 

with any of several cross sections. Some steel fibers have 

hooked ends to improve resistance to pullout from a cement 

based matrix. Steel fiber reinforced concrete is a composite 

material. 

S. No. Physical Properties Value 

1 Diameter 0.3mm 

2 Length 12mm 

3 Aspect ratio 100 

Table 2.3: Shows Normal Range of Properties of Steel Fiber 

 
Fig. 2: Steel Fiber 



An Experimental Investigation on Mechanical Properties of Fibre Reinforced Concrete Containing Waste Material Such as Glass Fibre 

 (IJSRD/Vol. 6/Issue 03/2018/384) 

 

 All rights reserved by www.ijsrd.com 1585 

Fibres are generally utilized in concrete to manage 

the plastic shrink cracking and drying shrink cracking. They 

also lessen the permeability of concrete and therefore reduce 

the flow of water. Some types of fibers create greater impact, 

abrasion and shatter resistance in the concrete [7]. Usually 

fibers do not raise the flexural concrete strength. The fibers 

are bonded to the material, and allow the fiber reinforced 

concrete to withstand considerable stresses during the post-

cracking stage. The actual effort of the fibers is to increase 

the concrete toughness. 

 Properties of Concrete Improved by Steel Fibers 

Below are some properties that the use of steel fibers can 

significantly improve [8]: 

1) Flexural Strength 

Flexural bending strength can be increased of up to 3 times 

more compared to conventional concrete. 

2) Fatigue Resistance 

Almost 1 1/2 times increase in fatigue strength. 

3) Impact Resistance 

Greater resistance to damage in case of a heavy impact. 

Permeability: The material is less porous. 

4) Abrasion Resistance 

More effective composition against abrasion and spalling. 

5) Shrinkage 

Shrinkage cracks can be eliminated. 

D. Glass Fiber 

Glass fibers, the most popular of the synthetics, are 

chemically inert, hydrophobic and lightweight. They are 

produced as continuous cylindrical monofilaments that can be 

chopped to specific lengths or cut as films and tapes and 

formed into fine fibrils of rectangular cross section used at a 

rate of at least 0.1% by volume of concrete, glass fibers 

reduced plastic shrinkage cracking and subsidence cracking 

over steel reinforcement. 

S. No. Physical Properties Value 

1 Type Alkali resistant glass fiber 

2 Length 12mm 

3 Color Brilliant White 

Table 2.4: Shows Normal Range of Properties of Glass 

Fiber 

E. Molasses 

Molasses, or black treacle is a viscous product resulting 

from refining sugarcane or sugar beets into sugar. Molasses 

varies by amount of sugar, method of extraction, and age of 

plant. 

1) Industrial Use 

 As a minor component of mortar for brickwork [18] 

 Mixed with gelatin glue and glycerine when casting 

composition ink rollers on early printing presses 

III. TESTS & METHODS 

A. Compressive Strength Test 

The compressive strength test was carried out in accordance 

with Australian Standard [9] using MTS machine with a 

loading capacity of 1000KN and a loading rate of 20+-

2MPa/min. Three cylindrical specimens were tested for 

compressive strength at the time period of 3 days, 7 days, 14 

days, 28 days and 56 days after casting. 

 
Fig. 4: Crack Pattern at Ultimate Failure Load of Cylindrical 

Specimen 

 
Fig. 5: Compressive Strength Testing Machine 

B. Tensile Strength Test 

The indirect tensile strength test was carried out in 

accordance with AUSTRALIAN STANDARD [10] using 

MTS machine with a loading capacity of 1000KN and a 

loading rate of 1+-0.1MPa/min provided with indirect tensile 

strength test strength at the time period of 28 days after 

casting. The indirect tensile strength of the specimen was 

calculated using- 

T=
𝟐𝟎𝟎𝟎𝑷

𝟑.𝟏𝟒𝑳𝑫
                                        (1) 

Where, 

T= indirect tensile strength (MPa) 

P= maximum applied force 

L= Length (mm) 

D= Diameter (mm) 

 
Fig. 6: Tensile Strength Test on the Cylindrical Specimen 

https://en.wikipedia.org/wiki/Viscosity
https://en.wikipedia.org/wiki/Sugar_refining
https://en.wikipedia.org/wiki/Sugarcane
https://en.wikipedia.org/wiki/Sugar_beet
https://en.wikipedia.org/wiki/Sugar
https://en.wikipedia.org/wiki/Mortar_(masonry)
https://en.wikipedia.org/wiki/Brickwork
https://en.wikipedia.org/wiki/Molasses#cite_note-18


An Experimental Investigation on Mechanical Properties of Fibre Reinforced Concrete Containing Waste Material Such as Glass Fibre 

 (IJSRD/Vol. 6/Issue 03/2018/384) 

 

 All rights reserved by www.ijsrd.com 1586 

 
Fig. 7: Change of Failure Mode from Spitting To Pull-Out 

Failure in Steel Fiber Reinforced Cold-Bonded Fly Ash 

Aggregate 

 
Fig. 8: Split Tensile Test 

C. Flexural Strength Test: Four Point Bending Test 

The modulus of rupture development of concrete test was 

carried out in accordance with the AUSTRALIAN 

STANDARD [11] using hydraulic MTS testing machine 

having a loading capacity of 1000KN. Three beam specimens 

were tested for flexural strength until the maximum load is 

reached after 28 days of casting [12]. 

The modulus of rupture of the specimen was 

calculated by using- 

              𝑓𝑟𝑝=
𝑃𝐿(1000)

𝐵𝐷2                                    (2) 

Where, 

Frp= modulus of rupture (MPa) 

P= maximum applied force (KN) 

L= span length (mm) 

B= average width of specimen at section of failure        (mm) 

D= average depth of specimen at section of failure (mm) 

 
Fig. 9: Flexural Strength Setup before Testing 

 
Fig. 10: Testing Apparatus of Flexural Toughness [13] 

 
Graph 1: Effect of Steel Fiber Content on Flexural Strength 

IV. CONCLUSION 

After all the efforts and learning of local technologies and 

practices and with the help of experimental investigation, the 

following observations are made by adding Glass fibre in fly 

ash bricks with different percentage and also minimize 

impacts on the environmental by utilization of Class Ffly ash 

in the manufacturing of bricks. 

a) Increase the percentage of the fibre in brick the 

compressive strength of the brick is increase and the 

water absorption of the brick is decrease. In this 

experimental work 1% fibre addition in the brick gives 

the maximum strength 5.86 N/mm2after 21 days. 

b) Increase the compressive strength of the brick the water 

absorption of the brick is decrease. In this experimental 
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work maximum compressive strength after 21 days 5.86 

N/mm2 in this time minimum water absorption 12.32% 

after 21 days. 

c) Increase the percentage of glass fibre strength of the 

brick is increase but the cost of the brick is also increase. 

The maximum higher strength brick cost is 11.4 Rs. per 

number of brick. 

d) Cost of this brick is high but if we use this brick mix for 

the replace as PCC (Plain Cement Concrete, BBCC 

(Brick Bat Cement Concrete), RCC (Reinforced Cement 

Concrete) at plinth level and also it can be used in 

compressive element so the cost of the PCC, BBCC and 

RCC is decreases. 

e) After this experimental study it proves that the Class F 

fly ash is used for the manufacturing of bricks. 

V. RESULT & DISCUSSION 

Based on limited experimental investigation concerning the 

compressive strength, tensile strength, flexural strength and 

the density of specimen, the following conclusion are drawn: 

 Compressive strength increases on addition of steel fibre 

in fly ash and split tensile strength increases but remains 

less as compared to compressive strength. 

 Use of fly ash in concrete can save the coal and thermal 

power plant disposal and produce a ‘greener’ concrete 

for construction. 

 The cost analysis also indicates that per cent cement 

reduction decreases cost of concrete with increasing 

strength of concrete. 

 Behaviour under creep and shrinkage. 

This investigation concludes that fly ash with steel 

fibre or any other fibrous material such as plastic fibre can be 

innovative substitution for cementitious construction. 

SAMPLE 7 DAYS 14 DAYS 21 DAYS 

GF (0.0%) 2.12 2.62 2.99 

GF (0.2%) 2.35 3.32 3.34 

GF (0.4%) 2.77 3.86 4.01 

GF (0.6%) 3.19 4.26 4.48 

GF (0.8%) 3.55 4.66 5.16 

GF (1.0%) 3.97 5.04 5.86 

Table 4.01: Shows Compressive Strength Test Results of 

GLASS FIBRE 

MIXTURE 

STEEL 

FIBRE 

(%) 

FLY 

ASH 

(%) 

7 

DAYS 

14 

DAYS 

21 

DAYS 

A1 0 0 16.1 28.4 28.7 

A2 0.5 30 10.95 19.5 19.7 

A3 1 30 11.75 21.3 22.7 

A4 1.0 - 16.77 32.53 36.87 

A5 1.5 30 12.15 19.8 22.25 

Table 4.01: shows compressive strength test results of 

STEEL FIBRE 
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