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Abstract— Energy saving in building technology is among 

the most critical problems in the world. Thus it is a need to 

develop sustainable alternatives to conventional concrete 

utilizing more environmental friendly materials. One of the 

possibilities to work out is the usage of using alkaline solution 

of sodium hydroxide this paper presents effect of addition of 

NaOH on compressive strength of concrete with crusher sand, 

aggregate and Portland cement was the concentration of 

sodium hydroxide is varied from 8M to 12M. Concentration 

of 12M NaOH promotes the best properties of concrete by 

achieving the greatest compressive strength. Test was 

conducted for the period of 1 day, 3 day, 7 day and 28 days 

respectively. 
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I. INTRODUCTION 

Fly ash has been widely used as a substitute for Portland 

cement in many applications because of its advantageous on 

fresh, hardened and durability properties. Binod Kumar l 

(2007) carried out laboratory study on superplasticized high-

volume fly-ash (HVFA) concrete consisting of 20%, 30%, 

40%, 50%, and 60% of fly ash. It is found that 50% to 60% 

fly ash can be incorporated to fulfill the requirement of 

strength and workability of concrete for pavement 

construction. Naik (1995) proportioned fly ash concrete 

mixtures replacing 20% to 50% cement with a Class C and 

40% with a Class F fly ash. High volume Class F fly ash 

mixture performed better than 50% Class F fly ash mixtures. 

Class F fly ash in concrete was more effective than Class C 

fly ash in reducing chloride penetration. High volume fly ash 

mixtures showed better results in terms of mechanical and 

durability properties which could be an alternative to 

conventional paving material. Hemant Chauhan and his 

associate (2011) conclude that addition of pozzolanic 

materials likes fly ash, metakaolin as replacement of OPC 

gives higher strength at 56 days and also improves the 

workability of concrete with lower w/c ratio.Obada Kayali 

and and his associate (2012) showed that compressive 

strength and tensile strength have shown decrease with the 

increase in fly ash content. The fly ash used in these 

investigations exhibits good pozzolanic properties and can be 

used in the production of highstrength high volume fly ash 

concrete. High volumes of fly ash up to 50% can be used as 

additional material without sacrificing strength at lower w/b 

ratios. Further, addition of fly ash makes the concrete more 

impermeable due to micro filler action (Sravana (2013).One 

clear disadvantage in the use of most fly ashes for cement-

replacement purposes is that the replacement of cement, 

especially in high volumes (>40%), decreases rate of early 

strength development of the concrete. Fly ash exhibits 

pozzolanic activity. 

A pozzolana is defined as “a siliceous or siliceous 

and aluminous material which by itself possess little or no 

cementitious value, but in a finely divided form and in the 

presence of water, chemically react with calcium hydroxide 

at ordinary temperature to form compounds possessing 

cementitious properties” [ASTM C595]. Such pozzolanic fly 

ash requires an activator to initiate the formation of 

cementitious compounds. Lime, cement, gypsum, alkalis, etc 

are commonly used activators. 

Fan (1999) carried out studies on the activation of 

fly ash using Ca(OH) 2 and Na2 SiO3. It is found that 

addition of calcium hydroxide corrode the protective glassy 

layer on the surface of the fly ash particle and thereby expose 

the reactive portion of the particle. Also, corrosive action of 

the Ca(OH)2 is found to be more at the ratio of 1:3 of 

Ca(OH)2 and fly ash. The addition of Na2 SiO3 (3.91%) 

breaks the stubborn silica - alumina glassy chain. It increases 

pH value due to hydrolysis andalso produces NaOH. This 

method of activation considerably increased the reactivity of 

the fly ash and reduced the setting time when mixed with 

Ordinary Portland Cement. Shi Caijun (1998) examined the 

effect of CaCl2 and Na2 SO4 on the pozzolanic reaction in a 

blend of lime-pozzolana (80% of volcanic ash and 20% of 

hydrated lime). Manjit Singh and Mridul Garg (1999) carried 

out investigations on the preparation of cementitious binder 

using fly ash and other industrial wastes. It has been noticed 

that high volume fly ash concrete (FA:75, OPC: 25) with 

CaCl2 as an activator exhibited early strength gain but 

strength at 28 days was not affected appreciably contradicting 

the findings of Shi Caijun (1998). Sunilaa George (2011) 

suggested that activated fly ash concrete gave 50% more 

compressive strength compared to fly ash concrete at 28 days 

of curing. The reason for more material strength is due to the 

formation of C-S-H gel due to chemical activation of fly ash. 

Stable glass beads of fly ash particles are destroyed by 

alkaline chemicals resulting in closer link between particles 

resulting in confinement leading to more strength. Kejin 

Wang et al (2004) stated that compressive strength can be 

improved by addition of small amount of NaOH with 

cementitious material. 

The most commonly used river sand as fine 

aggregate in the production of concrete poses the problem of 

severe shortage in many areas. Usually, quarry rock dust is 

used in large scale in the highways as a surface finishing 

material and also used for manufacturing of hollow blocks 

and lightweight concrete prefabricated elements. Use of 

quarry rock dust as a fine aggregate in concrete draws serious 

attention of researchers and investigators. Ilangovan and his 

associate (2006) found that flexural strength and durability 

properties of concrete made of quarry dust are nearly 10% 

more than the conventional concrete. Quarry rock dust could 

be used as alternative replacement of natural sand in concrete. 

They observed that using quarry rock dust reduces the cost 
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without affecting the strength. The weight loss and strength 

of concrete with quarry rock dust was considerably less 

(Perumal and Sundarajan (2003)). 

Concrete incorporating fly ash and chemical 

activator have been studied for last 5 decades; their 

percentage of utilization is very less in Indian construction 

industry. Even though a large number of researches workers 

have studied on the mechanical and durability studies on high 

volume fly ash concrete using fly ash along with cement and 

river sand as fine aggregate. Especially on application part 

HVFC is used in pavement construction. When fly ash is 

blended with ordinary portland cement (OPC), its early 

strength is less compared to high grade OPC. Fly ash being a 

pozzolanic material, it is activated at its later age by cement. 

In order to get resemblance in properties with OPC, fly ash 

needs special treatments like mechanical, thermal and 

alkaline activation at early age. Subsequently, in the present 

study the compressive strength of NaOH activated HVFC 

with crusher sand as fine aggregate is attempted. 

II. EXPERIMENTAL PROGRAMME 

A. Materials Used: 

OPC 43 grade cement with specific gravity of 3.15 was used 

in this study. The physical properties of cement satisfied the 

requirements of IS 12269 1987. Fly ash used in this study was 

obtained from National Thermal Power Corporation, India. 

The physical and chemical properties of fly ash satisfied the 

requirements of BIS 3812 – 2003. Crusher sand was used as 

fine aggregate. The properties were tested as per IS 2386 (Part 

3):1963 and confirms to Zone II. Locally available coarse 

aggregate having maximum size 20 mm was used in our 

work. Its properties were studied in accordance with BIS 

2386-1963. According to IS 3025, water to be used for 

mixing and curing should be free from injurious or 

deleterious materials. Potable water available water within Ph 

limit was used for both mixing and curing purposes. To 

enhance the workability of concrete chemical admixture 

known as sulphonated naphthalene formaldehyde based 

polymer was used. The early age strength of the HVFAC can 

be increased in the OPC-Fly ash system by chemical 

activator. Henceforth in the present work, NaOH upto 12 M 

was used as a chemical activator. 

B. Methodology 

1) Different methodology had been adopted in the process 

of research work: 

Normal concrete mix for m-20 grade to be mixed with 

cement, sand and aggregate, submerged curing for 28 days 

should be tested for compressive strength. 

Concrete with flyash was tested for submerged curing for 28 

days, hot water curing, steam curing and boiling water curing. 

Concrete with Sodium hydroxide (NAOH) should be tested 

for submerged curing for 28 days, hot water curing, steam 

curing and boiling water curing. 

III. RESULT 

A. Analysis of Results  

Addition in 

percentage 

Average Ultimate Compressive 

Strength(N/mm2) 

 
1 

day 
3 day 7 day 

28 

day 

Standard 

value 

0 3.15 7.88 11.53 20.70 20 

20 3.92 9.81 15.94 24.53 20 

30 3.98 9.96 16.19 24.91 20 

40 4.81 12.06 19.55 30.09 20 

Table 1: Compressive strength of concrete when flyash is 

added as admixture at 1 day, 3 day, 7 day and 28 days. 

Molarity 
Average Ultimate Compressive 

Strength(N/mm2) 

 
1 

day 
3 day 7 day 

28 

day 

Standard 

value 

0 3.15 7.88 11.53 20.70 20 

8M 4.28 13.48 17.34 29.62 20 

10M 5.63 15.26 19.26 31.39 20 

12M 6.05 17.03 21.64 33.17 20 

Table 2: Compressive strength of concrete when NAOH is 

added as admixture at 1 day, 3 day, 7 day and 28 days. 

S.No. 
Accelerating 

Admixture 

1 day normal curing 

(N/mm2 ) 

3 day normal 

curing 

(N/mm2 ) 

7 day normal 

curing 

(N/mm2) 

28 day normal 

curing 

(N/mm2) 

1 Normal 4.00 9.39 18.15 22.48 

2 Flyash 4.81 12.06 18.95 28.09 

3 NaOH 6.05 17.03 20.69 32.17 

Table 3: Av. Compressive Strength Test after No. of days Curing –Cement OPC-43 Grade for M20 (Normal Curing) 

No. 
Accelerating 

Admixture 

23 hrs 

normal 

curing 

(N/mm2) 

23 hrs NC & 

3 ½ hour 

boiling water 

curing. 

(N/mm2) 

3 days 

normal curing 

(N/mm2) 

3 days normal curing 

& 3 ½ hrs boiling 

water curing. 

(N/mm2) 

7 day 

normal 

curing 

(N/mm2) 

28 day 

normal 

curing 

(N/mm2) 

1 Normal 4.00 9.38 9.39 16.43 19.55 23.08 

2 
Chemical 

Polymer 
3.50 9.03 8.76 15.32 12.67 22.90 

3 Flyash 4.81 13.41 12.06 21.75 19.95 30.09 

4 NaOH 6.05 15.29 17.03 24.23 21.64 33.12 

Table 4: Av. Strength Test after No. of days Curing –Cement OPC 43 Grade (Accelerated Boiling water Curing)
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No. 
Accelerating 

Admixture 

23 hrs 

normal 

curing 

20 hrs warm 

water curing 

(N/mm2) 

3 days normal 

curing 

(N/mm2) 

3 days normal curing 

& 3 ½ hrs warm 

water curing. (N/mm2 

7 day 

normal 

curing 

(N/mm2) 

28 day 

normal 

curing 

(N/mm2) 

1 Normal 4.00 10.83 9.39 17.15 19.55 23.48 

2 Flyash 4.81 17.44 12.06 23.76 19.55 30.09 

3 NaOH 6.05 20.52 17.03 26.84 21.64 33.17 

Table 5: Av. Strength Test after No. of days Curing –Cement OPC 43 Grade (Accelerated (Warm water) Curing), (C.A – 

FLS)

Sno. 

Accel 

earting 

Adm 

ixture 

23 hrs 

normal 

curing 

(N/mm2) 

23 hrs Steam 

curing. (N/mm2) 

3 days 

normal 

curing 

(N/mm2) 

3 days Steam 

curing. (N/mm2) 

7 day normal 

curing 

(N/mm2) 

28 day 

normal 

curing 

(N/mm2) 

1 Normal 4.00 10.56 9.39 18.78 19.85 23.98 

2 Flyash 4.81 13.54 12.06 24.072 20.55 31.11 

3 NaOH 6.05 14.92 17.03 26.54 22.64 33.87 

Table 6: Av. Strength Test after No. of days Curing –Cement OPC 43 Grade (Accelerated (Steam) Curing) , (C.A – FLS)

B. Mix Design  

The mix proportions of the concrete M20 grade was arrived 

as per IS 10262-2009 method. It is obvious that in HVFAC, 

the minimum percentage of fly ash is kept as 40 %. Therefore 

fly ash content was taken from 0% to 40% at an increment of 

10% in each grade of concrete. The mix without fly ash 

content is considered as reference mix for each grade. The 

details of mix proportions are given in Table 1. The mix label 

is identified in such a way to understand the percentage of fly 

ash in the mix, activation by NaOH upto 12 M was 

proportioned and the same is given in Table 2. 

C. Casting of Specimens: 

concrete mixtures were mixed for in a laboratory mixer and 

for each mix proportion 0%, 20%, 30%,40%, of fly ash were 

replaced with cement content. The specimens were prepared 

in accordance with Indian Standard Specifications IS: 516-

1959. The moulds were cleaned and oiled properly. These 

were securely tightened to correct dimensions before casting. 

Care was taken that there is no gaps left from where there is 

any possibility of leakage out of slurry. The specimens were 

consolidated using vibrating table. The specimens were 

allowed to remain in the steel mould for the first 24 hours at 

ambient condition. After that these were demoulded with care 

so that no edges were broken and were placed in the curing 

tank at the ambient temperature for curing until required for 

testing. The ambient temperature for curing was 27 ± 20° C. 

Cubes were casted to determine compressive strength of. The 

compressive strength was determined using 150 x 150 x 150 

mm cubes and was tested at 1,3,7 and 28 days. Three cubes 

were casted for each replacement percentage of fly ash and 

NaOH admixtures,the average compressive strength was 

taken. 

IV. RESULTS AND DISCUSSION 

A. Compressive Strength of Concrete(M20): 

The test results of compressive strength of HVFA concrete 

for M20grade of concrete is presented in the Table 2 to 6. The 

compressive strength of reference mix was higher than 

HVFAC at 7 and 28 days. The optimum fly ash content is 

obtained as 40% for M20 grade of HVFA concrete; whereas 

for 3.1.1 M20 grade: 

The compressive strength at the age of 7 days was 

19.55 MPa for the reference mix for M20 grade with 40% of 

fly ass mix. When cement is replaced from 50% to 65%, the 

compressive strength was obtained as 13 MPa to 11 MPa. At 

the age of 28 days, the compressive strength of reference mix 

was 28.1 MPa while compressive strength of A mix was 

2650MPa. Even though at optimum replacement 50% fly ash, 

compressive strength was lesser than reference mix, 

V. CONCLUSION 

An experimental study was carried out on compressive 

strength of HVFAC and AHVFAC the following conclusions 

are drawn. The optimum high volume fly ash content for M20 

grade were observed as 40% respectively. Addition of sodium 

hydroxide as activator in concrete exhibited significant 

compressive strength improvement from earlier age. The 

reason for more material strength is due to the formation of 

C-S-H gel due to chemical activation of fly ash. Stable glass 

beads of fly ash particles are corroded by alkaline chemicals 

resulting in closer link between particles and contribute more 

strength. 
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