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Abstract— Cement concrete is the most widely used 

construction material in many infrastructure projects. The 

development and use of mineral admixture for cement 

replacement is growing in construction industry mainly due 

to the consideration of cost saving, energy saving, 

environmental production and conservation of resources. 

Present study is aimed at replacing cement in concrete with 

activated fly ash. The paper highlights the chemical 

activation of low calcium fly ash. Today activation of fly 

ash is playing an important role for enhancing the 

effectiveness of fly ash and accelerating the pozzolanic 

properties of fly ash. Activated fly ash certainly improves 

the early age strength and durability of concrete and 

corrosion tolerance. Many methods such as mechanical 

(physical), thermal and chemical activation are in use to 

activate the fly ash. The chemical activation is one of the 

easiest methods where fly ash can be activated by alkaline 

activators (i.e. alkaline solutions of high alkaline 

concentration chemicals like gypsum, sodium silicate and 

calcium oxide, KOH, etc.), which enhances the effectiveness 

of fly ash by disintegrating the glassy layer of fly ash 

molecules in cement concrete, thereby increasing its 

corrosion resistance. In the present dissertation, quality of 

fly ash is improved by chemical treatment by using chemical 

activators. The mechanical properties like compressive 

strength, split tensile strength, flexural strength of activated 

fly ash concrete and flexural strength of activated fly ash 

reinforced concrete beams are studied. For this project work, 

the chemicals like sodium silicate, calcium oxide are used to 

activate the fly ash in the ratio 1:8. 

Key words: Cement concrete, activated fly ash, calcium fly 

ash. 

I. INTRODUCTION 

Concrete is most widely used construction material in many 

infrastructure projects. Concrete has attained the status of a 

major building material in all the branches of modern 

construction. Concrete is the best material of choice where 

strength, durability, impermeability, fire resistance and 

absorption resistance are required.  

Compressive strength is considered as an index to 

assess the overall quality of concrete and it is generally 

assumed that an improvement in the compressive strength 

results in improvement of all other properties. Hence 

strength investigations are generally centered on 

compressive strengths. Even though concrete mixes are 

proportioned on the basis of achieving the desired 

compressive strength at the specified age, flexural strengths 

often play a vital role in concrete making. 

The use of supplementary cementitious materials 

(SCM) for cement replacement has dramatically increased 

along with the development of concrete industry, due to the 

consideration of cost saving, energy saving, environmental 

protection & conservation of resources. The large scale 

production of cement is adding environmental problems in 

one hand & depleting the natural resources on the other. 

Fly ash is among the commonly used mineral 

admixture as it is available in large quantities in many 

developing countries. As per the estimation of Government 

of India, power plants are going to use 1800 million tons of 

coal that may result in 600 million tons of fly ash by 2031-

2032. 

The use of fly ash as concrete admixture not only 

extends technical advantages to the properties of concrete 

but also contributes to the environmental pollution control. 

There are two ways that the fly ash can be used; 

one way is to intergrind certain percentage of fly ash with 

cement clinker at the factory to produce Portland pozzolana 

cement (PPC) & the second way is to use the fly ash as an 

admixture at the time of making concrete at the site of work. 

The latter method gives freedom & flexibility to the user 

regarding concrete percentage addition of fly ash. 

II. LITERATURE REVIEW 

A. Shi anti others (1994): 

Studied the effect of some sodium based activators (Na2SO4, 

NaOH, Na: COI and Na2SiO3, . 5F120 - all chemical reagent 

grade) on the strength development of two types of blended 

cements made with a natural pozzolan. 

B. Fan and others (1999): 

Proposed a method of Fly ash activation with addition of Ca 

(OH)2 and Na2SiO3.  In their studies, a low-calcium fly ash 

was obtained from a power plant in China, was mixed with 

Ca(OH)2( in certain proportion by weight), Na2SiO3 and WIS 

= 3:l and the mixture held at  Constant temperature of 55 " 

C, until Ca(OH)2 disappeared. The above sample was wet 

ground for 40 min. and dried at a temperature of 120" C, to 

yield the activated fly ash (AFA). They have concluded that 

the activity of the activated fly ash by the above method has 

increased which can accelerate cement early hydration and 
promote setting and hardening. They have recommended a 

composite utilization of AFA and FA as cement admixtures, 

based on comparable mortar strength (i.e. with that of 

reference mortar) obtained with 5- 10% AFA addition. With 

a small addition of Na2Si03 to the mixture of FA and 

Ca(OH)2, the reaction between the above mixture has been 

accelerated, due to the higher pH value (13.1) realized (by 

the formation of NaOH), thus, greatly facilitating silica - 

alumina glassy chain corrosion. Therefore, Na2SiO3 has 

played the role of a 'stimulant' in the above activation of 

(low-calcium) fly ash with Ca(OH)2 

III. EXPERIMENTAL INVESTIGATION 

A. Chemical Activation: 

Fly ash in dry powder form obtained from Raichur Thermal 

power plant in India was used for the entire study. 

Activation of fly ash was carried out using Calcium Oxide 
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and Sodium Silicate in the ratio 1:8(this was arrived by trial 

study using various ratios of chemicals i.e. 1:2, 1:4, 1:6, 1:8, 

1:10). The required quantity of sodium silicate in gel form 

and calcium oxide in paste form are mixed in a vessel and 

heated at a temperature of 103°C to ensure proper mixing. 

The mixed chemicals then added to fly ash (5% by weight of 

fly ash) and used for the studies. The reason for lower 

activity of FA arises mainly due to the dense glass layer 

which makes fly ash chemically stable. 

IV. EXPERIMENTAL PROGRAMME 

Aim: The aim of this experiment investigation is to study 

the flexural behavior of Activated fly ash concrete. 

 To activate fly ash using CaO and Na2SiO3 in the 

ratio of 1:8 

 By using Indian Standard the Mix Design 

procedure is adopted (IS 10262 – 1982) 

 Estimating of quantities for control specimen and 

test specimen 

 Casting and testing of Cubes, cylinder, and prisms 

at different curing periods 

 Casting and testing of CVC RCC beam, FA RCC 

beams and AFA RCC beams under flexure 

 Measuring cracking load, ultimate load, mid span 

and one third span and deflections during testing of 

the specimen 

 To obtain the actual load deflection curve up to 

failure load of CVC RCC beams, FA RCC beams 

and AFA RCC beams 

The experimental program consisted of casting and 

testing of six Beams out of which two are Conventional 

concrete and two beams are FA beams and two AFA beams 

(Replacement of fly ash by weight of cement beams. In 

these beams fly ash and activated fly ash is replaced by 

30%). The total experimental investigations involved in this 

dissertation work have been done in details. The details of 

the work are given below. 

A. Materials 

The materials used in the entire investigations is as follows 

1) Cement: 

Cement used is 53 grade Ordinary Portland Cement (OPC) 

and the results of various preliminary tests conducted on this 

cement are as given in table below. 

Sl. 

No. Particulars Results 

1. Normal consistency 35% 

2. Initial setting time 130 min 

3. Final setting time 195min 

4. Specific gravity 3.15 

5. Soundness by Le chatrlie mould 0.5 mm 

6. 
Compressive strength of cement for 28 

days of curing 
71.3Mpa 

Table.1: Preliminary Tests Results of Cement 

B. Fly ash 

Fly ash in dry powder form obtained from Raichur Thermal 

power plant in India was used for the entire study. The 

Physical requirements of Fly ash (IS: 3812-Part-1:2003) is 

given in the table below 

Sl.No. Characteristics 
Requirement of grade 

of Fly ash 

  I II 

a 

Fineness-specific 

surface in m
2
/kg by 

Blaine’s permeability 

method, min 

320 250 

b 

Lime reactivity-Average 

compressive strength in 

N/mm
2
 

4.5 3.0 

c 
Compressive strength at 

28 days in N/mm
2
 

Not less than 80% of 

the strength of 

corresponding plain 

cement mortar cubes 

d 

Soundness by autoclave 

test expansion of 

specimens, percent, max 

0.8 0.8 

C. Fine Aggregate 

Sand plays an important role in concrete. It manages to fill 

the voids between the powder and the coarse aggregate. 

That is why the sand must be well graded form a particle 

size point of view, in order to graduate the filling between 

the various aggregate as much as possible. Table below 

gives the sieve analysis of fine aggregate. 

Total weight taken = 1000gm 

Sl

. 

N

o 

Sieve 

size 

Mass 

retai

ned 

(gm) 

Percen

tage 

retaine

d 

Cumula

tive 

percent

age 

retaine

d 

% 

passi

ng 

Permiss

ible 

limits 

in % 

1 
4.75

mm 
0 0 0 

100.

00 
90-100 

2 
2.63

mm 
0 0 0 

100.

00 
75-100 

3 
1.18

mm 
214 21.4 21.4 

78.6

0 
55-90 

4 
600µ

m 
327 32.7 54.1 

45.9

0 
35-59 

5 
300 

µm 
293 29.3 83.4 

16.6

0 
8-30 

6 
150 

µm 
97 9.7 93.1 6.90 0-10 

    
Total=2

52 
  

D. Coarse Aggregate 

Coarse Aggregate differs in nature and shape depending on 

their extraction and production. Coarse aggregate used in 

this experiment was locally available crushed aggregate 

passing through 20mm IS sieve. The aggregate used were 

conforming to IS: 383-1970. Table below gives the sieve 

analysis of coarse aggregate. 

Weight taken = 3kg 

Sl Sieve Mass Percenta Cumulati Percenta
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. 

N

o 

size retain

ed 

(gm) 

ge 

retained 

ve 

percenta

ge 

retained 

ge 

passing 

1 40mm 0 0 0 0 

2 20mm 138 4.60 4.60 95.40 

3 10mm 2480 82.67 87.27 12.73 

4 
4.75m

m 
272 9.07 96.33 3.67 

5 Pan 110 3.67 
Total=188

.2 
 

V. CASTING AND CURING OF CONTROL SPECIMEN 

The moulds of size 150mmx150mmx150mm, 

100mmx100mmx500mm, 100mmdia x 200mm height are 

used for casting of cubes, prism, and cylinders respectively. 

The moulds are cleaned and the corners are pasted with oil. 

One coat of cutting oil is applied on all internal surfaces. 

The moulds are filled in three layers and the height of each 

layer is about 1/ 3
rd

 height of mould, each layer is 

compacted by giving blows with a tamping rod over the 

entire cross section uniformly for CVC member and less 

compaction is done for Fly ash members. After filling and 

compacting the moulds, the top surface are made smooth 

and kept for a period for 24 hours. Then the mould is 

removed and the cubes, prism, and cylinder are kept under 

water for desired period of curing. The water should be 

clean and free from impurities. The water should be changed 

for every three days to obtained good results. Then after 

completing the curing period all the specimen should be 

removed and kept for drying for one day, because it should 

be completely dried to obtained good results. The surface of 

the specimens should be cleaned and the test is carried out 

under compressive testing machine and universal testing 

machine 

A. Tests for Compressive Strength:  

The compressive strength of concrete is one of the most 

important properties of concrete in most structural 

application concrete is implied primarily to resist 

compressive stress. 

In this investigation, conventional concrete and fly 

ash concrete cube were used for testing the compressive 

strength. The cubes are tested in a compressive testing 

machine of capacity 200KN. The load has been applied at 

the rate of 315KN/min. The load applied in such a way that 

the two opposite sides of the cube are compressed. The load 

at which the control specimens ultimately fail is noted. The 

average of 3 cubes is taken as compressive strength. 

Compressive strength is calculated by dividing load by area 

of specimen. 

fc = P/A 

Where fc = cube compressive strength in N/mm2  

 P = cube compressive causing failure in N 

 A = cross section area of cube. 

Table below gives the Compressive Strength of 

M20 Grade Concrete Specimen at 7days With Percentage of 

Fly Ash & Activated Fly Ash 

Grade 

M20 

% of Replacement of fly ash & activated fly 

ash 

  

 0% 10% 20% 30% 40% 50% 

FA 

 

19.10 

 

13.64 

 

14.71 

 

15.09 

 

14.20 

 

12.32 

 

AFA 

 

19.10 

 

20.15 

 

22.30 

 

23.66 

 

22.55 

 

21.11 

 

Comparison and Effect of curing on compressive strength of 

M20 grade after 7days  

 
Table below gives the Compressive Strength of M20 Grade 

Concrete Specimen at 14days With Percentage Of Fly Ash 

& Activated Fly Ash 

Grade 

M20 
 

% of Replacement of fly ash & activated fly 

ash 
 

 0% 10% 20% 30% 40% 50% 

FA 

 

22.50 

 

16.36 

 

17.52 

 

18.51 

 

18.51 

 

15.15 

 

AFA 

 

22.50 

 

24.70 

 
27.33 28.87 

27.40 

 

25.30 

 

Comparison and Effect of curing on compressive strength of  

M20 grade after 14days 

 
Table below gives the Compressive Strength of M20 Grade 

Concrete Specimen at 28days With Percentage of Fly Ash & 

Activated Fly Ash 

Grade 

M20 
 

% of Replacement of fly ash & activated fly 

ash 
 

 0% 10% 20% 30% 40% 50% 

FA 

 

28.30 

 

20.85 

 

21.80 

 
23.05 21.52 

20.13 

 

AFA 

 

28.30 

 

30.90 

 

32.92 

 

34.52 

 
33.15 

31.09 

 

Comparison and Effect of curing on compressive strength of  

M20 grade after 28days  

 

B. Tests for Flexural Strength:  

This test is performed according to IS 516 – 1959. The 

flexural strength of the specimen shall be expressed as the 
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modulus of rupture fb, which, if ‘a’ equals the distance 

between the line of fracture and the nearer support, 

measured on the centre line of the tensile side of the 

specimen, in cm, shall be calculated to the nearest 0.5 kg/sq 

cm as follows: 

fb = p*l/ bd2 

b = measured width in cm of the specimen, 

d = measured depth in cm of the specimen at the point of 

failure, 

l = length in mm of the span on which the specimen was 

supported, 

p = maximum load in kg applied to the specimen 

Flexural strength of m20 grade concrete specimen at 28days 

with percentage of fly ash & activated fly ash 

Grade 

M20 
 

% of Replacement of fly ash & activated fly 

ash 
 

 0% 10% 20% 30% 40% 50% 

FA 

 

1.05 

 

0.985 

 
0.942 

0.885 

 

0.711 

 

0.638 

 

AFA 

 

1.05 

 

1.305 

 
1.531 1.616 

1.590 

 

 

1.464 

 

Comparison and Effect of Curing On Flexural Strength of 

M20 Grade after 28 Days 

 

VI. DETAILS OF TEST SPECIMEN 

Test specimens are as follows: 

 Two Beams of grade M20, of span 2300mm width 

150mm, and depth 230mm are tested for 

conventional beams. 

 Two Beams of Fly ash of grade M20 of span 

2300mm width 150mm and depth 230mm is tested 

it act as test specimen. 

 Two Beams of Activated fly ash of grade M20 of 

span 2300mm width 150mm and depth 230mm is 

tested it act as test specimen. 

 4. For all the beams the reinforcement used is 

12mmΦ bars and 10mmΦ bars are  used as the 

longitudinal bars and 6mmΦ bars is used as the 

lateral ties. 

A. Casting and Curing of Test Specimen: 

Wooden mould of internal dimensions 2300mm x 150mm x 

230mm are used for casting the beams. The internal surface 

is cleaned and mould oil paste is applied at all corners, then 

a coat of cutting oil is applied on all internal surfaces. Steel 

reinforcement cage prepared earlier is kept in the mould. To 

obtain the required effective depth mortar blocks of 25mm 

thickness are kept one at each end as covering. The mould is 

filled with the concrete in three layers, height of each layer 

being 1/3
rd

 height of mould and compacted uniformly over 

the entire cross section area with tamping rod for 

conventional concrete member and also for RS member. 

After compacting the CVC beams and FA & AFA beams 

the top surface is smoothened and the mould is kept for 

drying about 24 hours.  

After drying, the mould is removed and the surface 

of beams is cleaned and hand curing method is adopted in 

this investigation. All the specimens were fully wrapped 

with gunny bags and cured daily for three times. All the 

beams were treated in this manner. It should be noted that 

the water which is used for curing should be pure and should 

be free from impurities. 

B. Testing And Result Of CVC Beams, FA Beams And AFA 

Beams 

1) Testing Procedure: 

After the curing 28 days the beams are kept for 24 

hours in a dry state. After drying they are cleaned to remove 

all grit and dirt with sand paper and white washing was done 

on all side of beams. White washing was done to facilitate 

easy detection of crack propagation. Mid span as marked to 

measure the surface strain in concrete. 

 The loading reaction frame of 500kN capacity 

consisted of two movable steel I-sections. These I – sections 

were adjusted to have on effective span of 2150mm. the 

beam to be tested is placed over these two supported. The 

simply supported condition at each end of the beam was 

achieved. By using a plumbob the center lines of the beam 

and the hydraulic jack were made to coincide with each in 

order to prevent eccentric loading on beam.  

 The load was applied through steel I – section, 

supported on two steel rollers covering the entire beam 

width of the beam and placed symmetrically with respect to 

mid span section as shown in figure. Dial gauge was placed 

exactly beneath the mid-span of the beam to record the 

deflections. First a small increment of load was applied to 

bring the surface of the beam in contact with all the 

attachment. Then the proving ring and the dial gauge are set 

to zero, and the initial gauge readings were recorded. Then 

load was applied at an increment of 5kN and the beam 

surface was observed carefully for the occurrence of initial 

crack by using magnifying glass. Once the initial crack 

appeared it was cracked with a permanent pencil marked on 

the beam and the corresponding deflection was recorded. 

After initial crack appeared the load was increased in 

successive increment. Deflections were taken at intermittent 

loads. For each increment of load corresponding crack 

propagation is marked until collapse load. At collapse, dial 

gauge of proving ring was unable to show further increase 

of load, thus indicating the ultimate failure stage of the 

beam has reached. The maximum crack width at 

ultimate load was measured. 
2) Test result of CVC RCC Beams 

(Conventional concrete of grade M20) 

Beam-1 Beam-2 

Load(KN) Deflection(mm) Load(KN) Deflection(mm) 

0 0 0 0 

5 0.10 5 0.13 

10 0.15 10 0.20 

15 1.25 15 1.05 

20 2.18 20 2.10 

25 2.58 25 2.40 
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30 3.19 30 2.95 

35 4.31 35 4.10 

40 4.89 40 4.80 

45 6.15 45 6.35 

50 6.40 50 6.85 

55 7.14 55 7.30 

60 8.45 60 8.25 

65 9.05 65 8.85 

70 10.32 70* 10.15 

75* 11.45 75 10.75 

80 12.60 80 11.90 

85 13.10 85 12.70 

90 13.80 90 13.55 

95** 14.55 95 14.10 

  100** 15.20 

*First crack load, **Ultimate load 

3) Test result of RCC Beams 

(M20 grade with cement replaced with 30% Fly ash) 

Beam 1 Beam 2 

Load(KN) Deflection(mm) Load(KN) Deflection(mm) 

0 0 0 0 

5 0.30 5 0.35 

10 0.55 10 0.52 

15 1.70 15 1.68 

20 2.95 20 2.75 

25 3.45 25 3.55 

30 3.95 30 4.10 

35 4.90 35 4.80 

40 5.55 40 5.63 

45 7.20 45 6.85 

50 8.35 50 8.10 

55 9.15 55 9.25 

60 9.95 60* 10.34 

65* 11.20 65 11.10 

70 12.50 70 12.35 

75 13.90 75 13.45 

80 14.15 80 13.93 

83** 15.75 85 15.68 

  88** 16.82 

*First crack load, **Ultimate load 

4) Test result of RCC Beams 

(M20 grade with cement replaced with 30% Activated fly 

ash) 

Beam 1 Beam 2 

Load(KN) Deflection(mm) Load(KN) Deflection(mm) 

0 0 0 0 

5 0.05 5 0.05 

10 0.10 10 0.15 

15 0.80 15 0.65 

20 1.35 20 1.15 

25 1.85 25 1.60 

30 2.15 30 2.30 

35 2.85 35 2.85 

40 3.50 40 3.45 

45 4.25 45 4.45 

50 5.10 50 5.25 

55 5.75 55 5.90 

60 6.30 60 6.55 

65 6.95 65 7.15 

70 7.80 70 7.95 

75 8.55 75 8.40 

80 9.35 80 9.25 

85 10.20 83* 10.35 

90* 10.95 90 11.0 

95 11.60 95 11.75 

100 12.35 100 12.15 

105 13.10 105 12.90 

110 13.95 110 13.85 

115 14.45 115** 15.10 

117** 15.30   

*First crack load, **Ultimate load 

 

 

VII. OBSERVATION: 

During the experimental work, close observations have been 

done to study the  following. 

 It is noted that the slump value decreases as the 

percentage of replacement of Fly ash increases 

 When the activated fly ash is added the workability 

increases. 

 It is noted that the load carrying capacity of AFA 

members is more compared to FA and CVC 

member. 
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 The compressive strength of AFA is more 

compared to that of CVC and FA.s 

 The split tensile strength of AFA is more compared 

to that of CVC and FA. 

 The crack width have also decreased for AFA 

members compared to FA and CVC members 

 The first crack appeared for FA and CVC members 

at early stage, whereas for AFA members the 

first crack has appeared lately. 

 There is a slight increase in flexural strength of 

AFA members compared to that FA and CVC 

member. 

 The ductility ratio is less for AFA compare to FA 

and CVC members. 

VIII. CONCLUSION 

 Activation of fly ash employed in this study is 

simple.  

 The activated fly ash can be made available in dry 

form which is beneficial for transportation and 

storage. 

 The crack width under service load was within the 

permissible limit as per IS 456:2000 

 Load deflection study gave similar post crack 

behaviour in comparison to Control beams. 

 The 30 % replacement of cement by AFA increases 

compressive strength by 6.7% when compared with 

the control specimens.  

 AFA at 30 % replacement RC beam specimens 

showed a better resistance against flexure than 

other 30% FA beams and % replacements. 

 The 30 % replacement of cement by activated fly 

ash shows increase in split tensile strength when 

compared with FA and control specimens.  

 Effect of curing time can be further studied by 

curing for 56 days and 90 days. 

 Present study shows that an optimum replacement 

of 30% can be used in structures. 

IX. SCOPE FOR FUTURE STUDY 

Some of the works which can still be worked out for future 

investigations are listed below. 

 Effect of super plasticizer on Compressive strength 

can be studied by keeping other test parameters 

such as mix composition, curing period etc 

constant. 

 Admixture could be used to give better workability, 

higher strength and provide ease while lying 

concrete. 

 Effect of curing time can be further studied by 

curing for 56 days and 90 days. 

 The study should include also on the various other 

strength like modulus of elasticity, various acid 

attacks, durability etc. 

REFERENCES 

[1] M.Alex (2008), “Experimental study on shear behavior 

of activated fly ash concrete beams,” ME Thesis 

report, July, Anna University, Chennai, Tamilnadu, 

India. 

[2] Mindess, Sidney, Young, Francis J., (1981) 

"Concrete", Prentice-Hall Inc., New Jersey. 

[3] V.Saraswathy, S.Muralidharan, K.Thangavel and 

S.Srinivasan, “Activated fly ash cements: Tolerable 

limit of replacement for durablesteel reinforced 

concrete”, Advances in Cement Research, , Vol.14, 

issue: 1. January 2002 

[4] Mix design manual, Durocrete Engineering Services 

Pvt.Ltd. 

[5] Neville, A.M., (1996) "Properties of Concrete," Fourth 

Edition ELBS with Addison Wesley Longman 

Limited, England, pp. 747. 

[6] “Concrete Technology” Theory and practice By MS. 

SHETTY 

[7] Concrete technology third edition by M.L Gambir. 

[8] M.K.Gopalan, M.N. Haque,"Design of Fly ash 

Concrete", Cement and Concrete research, Vol 15,pp 

694-702,1985. 

[9] IS: 456 – 2000 “Plain and reinforced concrete code of 

practice. 

[10] IS: 383 –1970 “specification for coarse and fine 

aggregates from natural sources for concrete. 

[11] “Plain and reinforced concrete-code of practice”, 

Indian Standards Institution, New Delhi. 

[12] IS: 10262-1982 Concrete Mix Design. 

[13] IS: 10262 – 2000 Concrete Mix Design. 


