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ABSTRACT 

A study of mechanical strength of concrete made using Ordinary Portland Cement with a partial 

replacement of saw dust ash ranging from 5% to 20% and again by incorporating steel fibre. The 

present study focuses on the partial replacement of cement by waste material or by-product from 

manufacturing processes. The real contribution of the fibres is to increase the toughness of the 

concrete. In this experimental work the compressive strength, split tensile strength, flexural 

strength tests were conducted.  

 

1. INTRODUCTION 

The demand for  building materials like 

cement , sand and coarse aggregate are 

increasing  in the country due to increase in 

growth of population , economy and living 

standards of the people. Cement production in 

the country is assessed to be  347metric tones 

per annum . Cement production grew by 5% 

every year.Cement concrete is the most 

chosen material of the construction for its 

wide variety of skills, ease in production and 

use. There are three aspects in the use of 

concrete. The first one is the durability aspect. 

The second aspect is the economy in 

construction by improved design and cost 

reduction in cost of materials. The third 

aspect is energy preservation and 

environment protection. Can satisfy these 

three aspects by using the  fly ash in concrete. 

Fly ash, also known as flue-ash, is one of 

the remains generated in combustion , and  

 

contains the fine particles that rise with 

the flue gases. Ash which does not rise is 

named bottom ash. In an industrial context, 

fly ash generally refers to ash produced 

during combustion of coal. Fly ash is 

generally caught by electrostatic 

precipitators or other particle filtration 

equipment before the flue gases reach the 

chimneys of coal-fired power plants, and 

together with bottom ash removed from the 

bottom of the furnace is in this case jointly 

known as coal ash. Depending upon the 

source and makeup of the coal being burned, 

the components of fly ash vary considerably, 

but all fly ash comprises substantial amounts 

of silicon dioxide (SiO2) (both 

amorphous and crystalline) and calcium 

oxide (CaO), both being endemic 

ingredients in many coal-bearing rock 

strata.Currently about 250 million tons per 
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annum of fly ash is generated in India as a 

by-product of coal consumed in the thermal 

power plants. The thermal power plant is the 

only source to produce about 65% of the 

total electricity produced in our country. 

Investigation on utilization of flyash in 

cement mortar is carried out by many 

authors  reported in the literature. Several 

million tons of coal for generating the 

electricity is being spent in India out of 

which 40% of coal is accounted for 

generating of flyash as a by- product. By the 

year 2010 more than 180 million tons of 

flyash would be produced every year . The 

type of flyash collected at the bottom of 

boiler furnace having lesser fineness and 

high carbon content is called bottom flyash . 

The finest flyash is called dry flyash, 

collected from different electrostatic 

precipitators (ESP) in dry form. While the 

ash mixed with water, slurry and drained out 

in ponds is referred as pond flyash .The 

mineralogical studies of flyash discloses that 

silica is present in crystalline forms of 

quartz (sio3) and partially it is associated 

with alumina as mullite (2AL2O32Sio2), the 

rest being mostly in the glassy phase. The 

huge amount of flyash imposes challenges 

for its disposal and managing. At present 

flyash is disposed in slurry form in large 

ponds accomplished by Thermal power 

corporation plant units. A small percentage 

that is 3% to 5% of flyash is being used in 

India while in other countries the percentage 

of utilization is 30% to 80%, whatever be 

the type of flyash, it causes some of the 

types of pollution  and air born diseases such 

as silicoses, fibrosis of lungs, bronchitis etc. 

Due to the existence of toxic metals in 

flyash, it causes water pollution through 

percolation. Its disposition on agricultural 

land affects the horticulture and also made 

the soil uncultivable. It also adversely 

affects the civil and mechanical structures. It 

also causes silting and other problems for 

human and aquatic life, therefore, it cannot 

be disposed in sea or river . Flyash is being 

consumed (tones/day) by several 

establishments in production of 

cement,bricks, cellular blocks, asbestos 

sheets, filling low lying areas and 

construction of roads .The impacts of flyash 

usage in road works including embankments 

are wind erosion, surface water erosion and 

leaching of toxic heavy metals into water 

bodies including underground aquifers. The 

sub base/base layers of roadways 

constructed using flash need to be covered 

with black top to prevent percolation of rain 

water to avoid ground water interference and 

to keep sub grade dry as per standard road 

construction practices. It is to be ensured 

that leaching of heavy metals is minimized. 

Flyash may sometimes accidentally comes 

in contact with running water and ground 

water and the flyash water mixture is basic 

in nature (8<PH<10) which tends to limit 

the heavy metal leaching.  Pozzolanic 

concretes are used expansively throughout 

the world where oil, gas, nuclear and power 

industries are among the major users.The 

applications of such concretes are increasing 

day by day due to their superior structural 

performance, environmental friendliness, 

and energy conserving consequences. 

Research has been conducted on the use of 
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fly ash, volcanic ash, volcanic pumice, 

pulverized-fuel ash, blast slag and silica 

fume as cement replacement material. Fly 

ash and others are pozzolanic materials 

because of their reaction with lime liberated 

during the hydration of cement. These 

materials can also improve the strength of 

concrete and the rate of gain in strength and 

can also reduce the rate of release of heat, 

which is beneficial for mass concrete. 

Concretes containing mineral admixtures are 

used widely throughout the world for their 

good performance and for ecological and 

economic reason. In the past few years, 

many research and alteration has been done 

to produce concrete with higher strength and 

durability.Toxic ingredients depend upon 

the specific coal bed makeup, but may 

include one or more of the following 

elements or substances in quantities from 

trace amounts to several 

percent: arsenic, beryllium, boron, cadmium,

 chromium, chromiumVI ,  cobalt , lead 

, manganese, mercury, 

molybdenum, selenium, strontium, thallium, 

and vanadium, along with dioxins and PAH 

compounds.In the past, fly ash was usually 

released into the atmosphere, but pollution 

control equipment mandated in recent 

decades now require that it be caught prior 

to release. In the US, fly ash is generally 

stored at coal power plants or placed in 

landfills. About 43% is recycled,regularly 

used to supplement Portland cement in 

concrete production. Some have expressed 

health concerns about this. 

In some cases, such as the burning of solid 

waste to create electricity ("resource 

recovery" facilities a.k.a.waste-to-

energy facilities), the fly ash may contain 

higher levels of toxins than the bottom ash 

and mixing the fly and bottom ash together 

brings the proportional levels of toxins 

within the range to qualify as safe waste in a 

given state, whereas, unmixed, the fly ash 

would be within the range to qualify as 

harmful waste. 

 

1.1 Chemical composition and 

classification 

Compone

nt 

 

Bitumino

us 

Subbituminou

s 
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e 

  

 

  SiO2 (%) 

 

20-60 40-60 15-45 

Al2O3 (%

) 

 

5-35 20-30 20-25 

Fe2O3 (%

) 

 

10-40 4-10 4-15 

CaO (%) 

 

1-12 5-30 15-40 

LOI (%) 

 

0-15 0-3 0-5 

 

 Fly ash material hardens while suspended in 

the exhaust gases and is collected 

by electrostatic precipitators or filter bags. 

Since the particles harden rapidly while 

suspended in the exhaust gases, fly ash 

particles are generally spherical in shape and 

range in size from 0.5µm to 300 µm. The 

major consequence of the quick cooling is 

that only few minerals will have time to 

crystallize and that mainly amorphous, 

quenched glass remains. Nevertheless, 

some refractory phases in the pulverized 

coal will not melt (entirely) and remain 

crystalline. In concern, fly ash is a 

heterogeneous material. SiO2, Al2O3, 
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Fe2O3 and occasionally CaO are the main 

chemical constituents present in fly ash. The 

mineralogy of fly ashes is very different. 

The main phases encountered are a glass 

phase, together with quartz, mullite and the 

iron oxides hematite, magnetite. Other 

phases often identified 

are cristobalite, anhydrite, free 

lime, periclase, calcite, sylvite, halite, portla

ndite, rutile and anatase. The Ca-bearing 

minerals anorthite, gehlenite, akermanite an

d various calcium silicates and calcium 

aluminates identical to those found 

in Portland cement can be identified in Ca-

rich fly ashes.The above concentrations of 

trace elements vary according to the kind of 

coal combusted to form it. In fact, in the 

case of bituminous coal, with the notable 

exception of boron, trace element 

concentrations are generally similar to trace 

element concentrations in unpolluted soils. 

Two classes of fly ash are defined 

by ASTM C618: Class F fly ash and Class C 

fly ash. The chief difference between these 

classes is the amount of calcium, silica, 

alumina, and iron content in the ash. The 

chemical properties of the fly ash are largely 

influenced by the chemical content of the 

coal burned (i.e., anthracite,bituminous, 

and lignite).Not all fly ashes meet ASTM 

C618 requirements, although depending on 

the application, this may not be necessary. 

Ash used as a cement replacement must 

meet strict construction standards, but no 

standard environmental regulations have 

been established in the United States. 75% 

of the ash must have a fineness of 45 µm or 

less, and have a carbon content, measured 

by the loss on ignition (LOI), of less than 

4%. In the U.S., LOI needs to be under 6%. 

The particle size distribution of raw fly ash 

is very often fluctuating constantly, due to 

changing performance of the coal mills and 

the boiler performance. This makes it 

necessary that, if fly ash is used in an 

optimal way to replace cement in concrete 

production, it needs to be processed using 

beneficiation methods like mechanical air 

classification. But if fly ash is used also as a 

filler to replace sand in concrete production, 

unbeneficiated fly ash with higher LOI can 

be also used. Especially important is the 

ongoing quality verification. This is mainly 

expressed by quality control seals like 

the Bureau of Indian Standards mark or the 

DCL mark of the Dubai Municipality. 

2. LITERATURE REVIEW 

In this chapter, a brief review of the findings 

of earlier investigations on the important 

properties / parameters of fly ashes; the 

available literature on the mechanisms 

oflime-fly ash and cement-fly ash hydration 

processes; influence of fly ash addition 

onthe properties of concrete, namely, 

workability and compressive strength , have 

beenpresented. A comprehensive review of 

the work of earlier investigators on 

blendedcements; studies on the activation of 

low-calcium and high-calcium fly ashes 

andnatural pozzolans, have also been 

presented. An attempt has also been made 

tocritically evaluate the status of activation 

studies on fly ash. Apart from the 

above,literature relevant to the work carried 

out in this study, namely, on mix 

proportioning methods; effect of elevated 
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temperature; influence of various aggressive 

environmentson blendedfly ash concretes, 

have been briefly reviewed and presented. 

2.1 FLY ASH – SOURCE AND 

TERMINOLOGY 

2.1.1 Source 

Fly ash is a by-product of the combustion of 

pulverized coal in thermal power plants. 

Bree different processes, namely, high-

temperature combustion (1 500 - 1700"C) ; 

dry combustion (1 100 - 1400" C) and 

fluidized-bed combustion (<900° C) are 

employed for the combustion of pulverized 

coal. Ashes obtained from fluidized-bed 

combustion (FBC), are not genuine fly 

ashes, and are of little interest for building 

material applications (Wesche, 1991). The 

dust-collection system (mechanical 

/electrostatic precipitator - ESP) removes the 

fly ash , as a fine particulate systemfrom the 

combustion gases, before they are 

discharged into the atmosphere. The term'fly 

ash' is not applied to the residue extracted 

from the bottom of boilers. 

2.1.2Terminology 

The term 'fly ash' appears to be well 

accepted in English-speaking countries, 

except in Britain, where the term 'pulverized 

fuel ash' (PFA) is used. 'Cendres volantes' 

(inFrench); 'Flug ashe' ( in German) and 

'Cenizas volantes' ( in Spanish) are the 

othercommonly used terms. Suitably 

designed HVFAC can solve major problems 

of concrete construction, if sufficient early 

strength can be achieved as required by the 

Indian construction industry. In the present 

study a large number of relevant papers are 

discussed to understand the problems 

associated with low lime fly ash HVFAC 

concrete.The first recorded use of fly ash in 

a construction application in Australia dates 

back to 1949. Fly ash, imported from 

Chicago, Illinois, U.S.A. was used in grout 

for “Prepact” shaft linings at the Tumut 

Number 1 Power Station of the Snowy 

Mountains Hydro-Electric Scheme in New 

South Wales . The potential use of fly ash in 

concrete products in Australia was first 

investigated in 1950  and a major R&D 

report on fly ash about that time was 

published in the USA . Laboratory 

experiments were carried out in Western 

Australia to evaluate the use of East Perth 

Power Station fly ash as a pozzolan. A 

conclusion was that the compressive 

strengths of concrete made with this fly ash 

were, after 6 months, similar to strengths of 

equivalent OPC (GP equivalent) concretes. 

It was further concluded that this fly ash 

could be effectively used to replace 25% by 

weight of cement in concrete. This ash was 

later used in the grout for application in 

monolith sections of Mundaring Weir in 

Western Australia .A study of fly ash in 

concrete was carried out in Sydney in 1953  

where material from Bunnerong, White Bay, 

Ultimo and Pyrmont Power Stations were 

being assessed for their concrete making 

properties. Such studies formed the basis for 

fly ash to be used commercially in premixed 

concrete in Australia Importantly, it was 

concluded that concretesand describes its 

key benefits in commercial construction. 

Over the past several years, Montana State 

University (MSU) has been researching the 

role that Corette Class C fly ashes might 
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have in concrete construction materials. In 

working with concretes made with only 

Corette  ash as the binder, it was discovered 

that they offered exceptional performance 

with respect to short term strength gain (e.g., 

2,900 psi at one day), long term strength 

(e.g., in excess of 4,500 psi at 28 days), and 

workability. Mix design procedures 

subsequently were developed for this 

concrete in ongoing projects at MSU, and its 

behavior in reinforced concrete elements 

was also investigated. 

  M. Potha Raju [2] Investigated the changes 

in flexural strength of fly ash concrete under 

elevated temperature of 100°C, 200°C and 

250°C for 1 hour , 2 hour, and 3 hours 

duration. The results showed that the fly ash 

content upto 20% showed improved 

performance compared with the specimens 

without fly ash by retaining, a greater 

amount of its strength 

  Lankard et al., [3] investigated the changes 

in flexural strength of concrete containing 

gravel or limestone aggregate heated to 

temperatures upto 260°C. The results 

showed that the unsealed gravel and 

limestone concrete heat-treated at 79°C 

exhibited slight increase in flexural strength 

whereas concrete heat treated at 121°C and 

260°C exhibited loss of flexural strength. 

Ghafoori et al. [12] carried out 

investigations on a series of laboratory-made 

roller compacted concretes (RCC) 

containing high-calcium dry bottom ash as a 

fine aggregate. Concrete specimens of six 

different proportions (cement content of 

188–337 kg/m3 and coarse aggregate 

content of1042–1349 kg/m3) were prepared 

at their optimum moisture content and 

fabricated in accordance with ASTM C 1170 

Procedure A. Specimens were tested for 

compression, splitting tension, drying 

shrinkage, and resistance to abrasion and 

rapid freezing and thawing. Based on the 

test results, they concluded that good 

strength, stiffness, drying shrinkage and 

resistance to wear, and repeated freezing and 

thawing cycles can be obtained with 

compacted concretes containing bottom ash. 

Hwang examined the effects of fine 

aggregate replacement on the rheology, 

compressive strength, and carbonation 

properties of fly ash and mortar. Rheological 

properties, compressive strength, and rate of 

carbonation of mortars of water to Portland 

cement ratio of 0.3, 0.4, and 0.5, in which 

the fine aggregate was replaced with fly ash 

at 25% and 50% levels. Test results showed 

that rheological constants increased with 

higher replacement level of fly ash and that, 

when water to Portland cement ratio was 

maintained, the strength development and 

carbonation properties were improved. 

Bakoshi used bottom ash in amounts of 10–
40% as replacement for fine aggregate. Test 

results indicate that the compressive strength 

and tensile strength of bottom ash concrete 

generally increases with the increase in 

replacement ratio of fine aggregate and 

curing age. The freezing–thawing resistance 

of concrete using bottom ash is lower than 

that of ordinary concrete and abrasion 

resistance of bottom ash concrete is higher 

than that of ordinary concrete. 
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3. MATERIALS AND METHODS 

The concrete manufacturers and 

construction industry  have realized that they 

need to use available alternative instead of 

search for the perfect aggregate to make the 

concrete suitable for all purpose. At the 

same time, importance increases in concrete 

reusing result in hundreds of tones of Fly 

Ash to fine aggregate that can be used in the 

production of concrete for the particular 

purposes.It have been well established that 

flyash  can be used for all structural 

elements in civil engineering technology. 

Based on literature review it is clear that 

very small research so far has been carried 

out on the modulus of elasticity of fly ash. 

Accordingly, the present investigation point 

to study  on the Impact behavior Fly Ash 

Concrete . 

  Main objectives of the experimental work 

are mentioned here: 

3.1 Objectives of the Test Program 

1. To find the efficacy of the Fly ash 

for civil constructions.  

2. To know the fresh concrete 

properties of Fly ash concrete. 

3.  To know the behavior of 

compressive strength of Fl ash. 

4.  To know the split tensile behavior of 

Fly ash concrete. 

To obtain the above objectives of the 

experimental work, the test programmer is 

planned as presented below. 

Total 18 cubes specimens are prepared. 

Three cubes are with natural fine aggregate 

and other 15 cubes are prepared with fly ash 

as replacement of fine aggregate in 

proportion 25, 50, 75, and 100%. The details 

of each category are described below. 

3.1.1.Details of   specimens  

Size of cylinder specimen: 150X300mm 

Mix proportion is: 1:1.91:3.17(for details 

refer Apendix-1) 

Water Cement ratio:0.48 

Number of specimens: 18No. (3-0%, 3- 

25%, 3-50%, 3-75%and 3-100%)  

3.1.2 SCOPE OF PRESENT WORK: 

 Based on the availability of equipment in 

the laboratory experimental work was 

conducted on cubes and cylinders  so that it 

leads to evaluate compression and split 

tensile strengths. There is a need to study on  

microstructure of concrete by using the SEM 

analysis and X-ray diffraction. Due to 

limitation of the equipments, it was confined 

to some  strengths only.  

4. DISCUSSION OF TEST RESULTS 

4.1.1 Influence of fly ash on workability   

The workability of mixes have been 

measured by Compaction factor test. The 

values of compaction factors results are 

presented in Table 5.1 and figure 51.From 

this it is observed that the compaction factor 

increase with increase in the % of  fly ash in 

the concrete mix. Hankfi Binci et.al (2008) 

has been also reported same type of result 

for marble concrete. The decrease of 

workability may be due to higher water 

absorption .                             

 Table 5.1: Workability of concrete. 

S.

No 

Nomenc

lature 

Compa

ction 

Factor(

CF) 

Compa

ction 

Factor(

CF) 

Compa

ction 

Factor(

CF) 

1. NC 0.768 0.868 0.968 
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2. FC 25 0.792 0.891 0.982 

3. FC 50 0.832 0.932 0.992 

4. FC 75 0.874 0.924 0.974 

5. FC 100 0.921 0.941 0.991 
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4.2 Compressive strength: 

4.2.1 Influence of fly ash on compressive 

strength. 

 The compressive strengths for all 

mixes are presented in the following tables 

and Figures. From this, it can be observed 

that the 7 days,14 days and 28 days 

compressive strength increase with the 

increase in the percentage of fly ash up to 

40% and then decreases to 100%. For 20% 

replacement of fly ash there is increase in 

cube compressive strength by 11.96% over 

sand in concrete. For 40% replacement 

level, the compressive strength has increase 

by 12.58% when compared with reference 

concrete. At 100% replacement of fly ash, 

the compressive strength has decreased by 

14.49% over fly ash concrete.  

Table 4.2.1 Compressive Strength for fly 

ash concrete For 7 days with 0% fiber 

S.

N

o 

Nome

nclatu

re 

Ulti

mat

e 

Loa

d(k

N) 

Ultima

te 

Stress(

N/mm

2) 

% of 

incre

ase in 

comp

ressiv

e 

stren

gth 

% of 

Decre

ase in 

comp

ressiv

e 

stren

gth 

1. NC 
552.

2 
24.53   

2. FC 25 605 26.89 2.36  

3. FC 50 
651.

2 
28.94 4.41  

4. FC 75 
493.

9 
21.95  2.58 

5. FC 

100 

355.

3 
15.79 

 8.74 
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Figure 4.2.1compressive strength versus 

% replacement for 7 days 

Table 4.2.2 Compressive Strength for fly 

ash concrete For 7 days with 1% fiber 

S.

N

o 

Nome

nclatu

re 

Ulti

mat

e 

Loa

d(k

N) 

Ultima

te 

Stress(

N/mm

2) 

% of 

incre

ase in 

comp

ressiv

e 

stren

gth 

% of 

Decre

ase in 

comp

ressiv

e 

stren

gth 

1. NC 
562.

24 
24.98   

2. FC 25 616 27.18 2.2  

3. FC 50 
663.

04 
29.47 4.49  

4. FC 75 
502.

88 
22.36  2.62 

5. FC 

100 

361.

76 
16.08 

 8.9 
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Figure 4.2.2compressive strength versus 

% replacement for 7 days 

Table 4.2.3 Compressive Strength for fly 

ash concrete For 7 days with 2% fiber 

S.

N

o 

Nome

nclatu

re 

Ulti

mat

e 

Loa

d(k

N) 

Ultima

te 

Stress(

N/mm

2) 

% of 

incre

ase in 

comp

ressiv

e 

stren

gth 

% of 

Decre

ase in 

comp

ressiv

e 

stren

gth 

1. NC 
597.

38 
26.54   

2. FC 25 
654.

5 
29.1 2.56  

3. FC 50 
704.

48 
31.31 4.77  

4. FC 75 
534.

41 
23.75  2.79 

5. FC 

100 

384.

37 
17.09 

 9.45 
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Figure 4.2.3compressive strength versus 

% replacement for 7 days 

Table 4.2.4 Compressive Strength for fly 

ash concrete For 14 days with 0% fiber 

S.

N

o 

Nome

nclatu

re 

Ulti

mat

e 

Loa

d(k

N) 

Ultima

te 

Stress(

N/mm

2) 

% of  

incre

ase in 

comp

ressiv

e 

stren

gth 

% of 

Decre

ase in 

comp

ressiv

e 

stren

gth 

1. NC 792 35.2   

2. FC 25 
107

8 
47.91 12.71  

3. FC 50 
110

0 
48.89 13.69  

4. FC 75 
860.

2 
38.22 3.02  

5. FC 

100 

650.

1 
28.89 

 6.31 
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Figure 4.2.4compressive strength versus 

% replacement for 14 days 

CONCLUSIONS 

The following conclusions may be drawn 

from the present experimental work  

1. The workability of fly ash concrete  

decreases when compared to sand  concrete. 
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2. The compressive and split tensile 

strengths increases with increase in  fly 

ash concrete in the concrete mix up to 

50% then decreases 

3. It is economical , reduces cost and 

eco-friendly.   

4. The incorporation of fly ash upto 50% 

is beneficial for the concrete works. 

5. The use of fly ash for concrete works 

is demonstrated in compression and split 

strengths. 

6. This study could enlighten the local 

peoples to use of fly ash to sand for 

concrete works. 

7. we can save natural resources by 

using fly ash to sand as it is in scarce. 

RECOMMENDATIONS FOR FUTURE 

INVESTIGATIONS 

1. The studies can be conducted to know 

the performance under flexural loading 

and  shrinkage effect. 

2. Studies can be conducted by 

incorporation of steel fibres  

3. Mathematical / Empirical models can 

be developed for the fly ash  

    reinforced concrete. 

4. Durability studies such as resistance 

to Sulphate attack, Acid resistance etc., 

can be carried out on lime flyash 

reinforced concrete. 
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