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Abstract— The present experimental work explains the 

combined effect of a accelerator method of curing and 

chemical in the strength development of concrete. Ordinary 

Portland cement (OPC) was used to produce concrete 

mixtures. Concrete mixtures were designed as per the 

guidelines of IS 10262:2009. Compressive strength of 

standard cube specimens (150 mm) at early and later- age, 

cured with water were studied. Performance of accelerator at 

a given age of concrete was assessed based on the maximum 

percentage increase in the compressive strength. The strength 

of control mix cured with water is taken as reference. Among 

various types of chemical admixtures, Non Chloride 

Accelerator Admixture (NCA) is chosen. The non-chloride 

accelerator admixture is added with normal mix of the 

concrete in the nominal dosage and the effects are studied. 

0.5%, 1.0%, 1.2% of non-chloride accelerators were mixed 

with M20 grade of concrete. The optimum level of high early 

development strength was analyzed. Average efficiency of 

the curing compound for the given age was calculated as the 

ratio of average compressive strength of concrete cured with 

NCA to that cured with water. The test results revealed that, 

the type of curing affected the optimum performance of 

accelerator in concrete mixtures. Average efficiency of the 

curing compound was found to be more at early- age of the 

concrete mixtures. Sodium hydroxide (NaOH) generally 

known as caustic soda are used as water proofing compound. 

NaOH and cement is used to seal the leakage in RCC water 

tank, within one hour of application it forms a solid watertight 

compound and its strengths are also more than the normal 

cement. The additive chemical in concrete mixture will 

increase the hydroxyl ions, which increases its performance. 

Fibre reinforce polymers (Recron-3S)reinforcing the 

microstructure of the concrete which increase the strength of 

concrete .another technique to get the early strength is 

accelerated curing condition .if we add both the techniques 

definitely the higher strength would be achieved at short 

period. Use of calcium chloride (CaCl2) accelerates the 

hydration process in concrete due to the calcium react with 

silica. 

Keywords: Admixtures, Ordinary Portland Cement, Sodium 

Hydroxide, Recron-3S 

I. INTRODUCTION 

In present scenario fast construction technology is required to 

meet the demand of low cost housing projects. For this 

purpose precast technology has been developed. In this 

method walls and slabs are casted at casting beds in factory 

and de-mould it after 24 hours of curing. For this purpose 

heavy equipments casting beds, curing equipment and factory 

sheds are required, the approximate cost of this setups are 

20% of the project cost, which are huge amount. Efficiency 

of de-molding /lifting from beds are the main factor to 

increase the efficiency of production. Generally OPC cement 

and steam curing is used to get the early age strength, but the 

object gets 60% strength after 24 hr curing. Some researchers 

have also been worked in this field to get the early strength 

by modifying the composition of concrete by adding 

admixtures, different chemicals, and different types of 

cement, polymers and different types of accelerated curing 

condition.  

II. METHODOLOGY 

IS:9013-1978(method of making, curing and determing 

compressive strength of accelerated- cured concrete test 

specimens) gives the regression equation for: 

1) Compressive strength between 28 days normal curing 

(R28) and boiled water curing (Ra)isR28=8.09+1.67 

RaAfterde-molding time 23 hrs and boiling 3.5 hrs in 100 

degree temperature of water 

2) Compressive strength between 28 days normal curing 

(R28) and warm water curing (Ra)isR28=12.65+ Ra 

After initial setting time of 1.5-3.5 hrs, immersion in 

20hrs in 55 degree temperature of water the equation shows 

that the compressive strength increases by increasing the 

temperature but it should have the limit to gain the strength 

by increasing the temperature. 

1) Concrete with Potassium hydroxide(KOH) was tested for 

submerged curing for 28 days, hot water curing, steam 

curing and boiling water curing. 

2) Concrete with FRP(Recron-3S) had been tested for 

submerged curing for 28 days, hot water curing, steam 

curing and Boling water curing. 

3) Concrete with non-chloride admixture was tested for 

submerged curing for 28 days, hot water curing, steam 

curing and boiling water curing. 

4) Concrete with calcium chloride should be tested for 

submerged curing for 28 days, hot water curing, steam 

curing and boiling water curing. 

5) Normal concrete mix for M-20 grade to be mixed with 

cement sand and aggregate, Carbondioxide curing would 

be tested for compressive strength. Compressive strength 

obtained from the various experiment should be 

correlated with different composition and curing 

condition to be tabulated and obtain the regression 

equation. This equation would be compare with the 

regression equation given in IS:9013-1978. 

III. RESULTS AND DISCUSSION 

A. Analysis of Results  

No. 
Mix 

Grade 

1 day normal curing 

(N/mm2 ) 

3 day normal 

curing 

7 day normal 

curing 

28 day normal 

curing 

Standard 

Value 

Targeted 

Strength 
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(N/mm2 ) (N/mm2) (N/mm2) (N/mm2) (N/mm2) 

1 M20 4.00 9.39 19.55 23.48 20 28.25 

Table 1: Av. Compressive Strength Test after No. of days Curing–Cement OPC-43 Grade (Normal Curing), (C.A – FLS) 

1st week Oct. 2018 – Normal Curing for 1,3,7,28 days 

immersed in water at room temperature 

No. 
Mix 

Grade 

23 hrs normal curing & 

3 ½ hrs boiling water 

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) 

Standard 

Value 

(N/mm2) 

Targeted 

Strength 

(N/mm2) 

1 M20 17.25 18.17 19.75 24.48 20 28.25 

Table 2: Av. Strength Test after No. of days Curing–Cement OPC 43 Grade (Accelerated Curing) , (C.A – FLS) 

3rd week Oct.2018– Accelerated Curing for 3½ hrs.in boiling 

water 

Mix Grade 
Day Days Days Days 

1 3 7 28 

Mn20-OPC 4.00 9.39 19.55 23.48 

Ma20-OPC 17.25 18.17 19.55 23.48 

Table 3: Compressive strength comparison of Mix M20, 

(C.A – FLS) 

n- normal curing a- accelerated curing 

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 

0.5 3.21 8.04 12.37 21.10 20 

1.0 3.33 8.33 12.51 21.84 20 

1.5 3.50 8.76 12.67 22.90 20 

Table 4: Compressive strength of concrete when chemical 

polymer is added as admixture at 1 day, 3 day, 7 day and 28 

days. 

For compressive strength test, cube specimens of 

dimensions 150 x 150 x 150 mm were cast for M20 grade of 

concrete. NCA (0.5%,1% &1.2% by weight of cement) was 

added . Vibration was given to the moulds using table 

vibrator. The top surface of the specimen was levelled and 

finished. After 24 hours the specimens were demoulded and 

were transferred to curing tank wherein they are allowed to 

cure for 28 days. 54 cube specimens were casted. 3 

Specimens were tested at each different age of curing for 

compressive strength test in accordance to evaluate the 

interaction of accelerator with type of cement and method of 

curing in the compressive strength development of concrete, 

as often compressive strength of concrete is deemed as the 

sole criterion to approve any concrete mixture and moreover 

it is possible to relate compressive strength to other strength 

and durability parameters using customary empirical 

equations. The maximum load at the breakage of concrete 

block was noted. In each category three cubes were tested and 

their average value is reported. From the noted values, the 

compressive strength was calculated by Hardened concrete 

properties were assessed by compression test. It is not only 

the compressive strength at full maturity, but the compressive 

strength at early age is equally important in construction and 

rehabilitation. Hence, compressive strength was recorded at, 

seven, fourteen and twenty-eight day of curing with water 

.The values are shown in tables 5 and 6. Percentage gain in 

strength of mixtures with varied dosage of accelerator, in 

comparison to the strength of control mixture was calculated. 

Efficiency of curing compound at a given age of concrete and 

for a given dosage of accelerator, defined as the ratio of 

compressive strength of mixture cured with it to the 

compressive strength of mixture cured with water, expressed 

as percentage was also assessed for all the mixtures using 

expression. The compressive strength was calculated as 

follows. Compressive strength (MPa) = Failure 

load / cross sectional area. 

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 

0.5 3.55 8.88 14.43 22.2 20 

1.0 4.70 11.76 19.11 29.4 20 

1.2 4.89 12.24 19.89 30.6 20 

Table 5: Compressive strength of concrete when Non 

chloride is added as admixture at 1 day, 3 day, 7 day and 28 

days. 

Fly Ash: High Lime fly ash obtained from a local 

power plant was used in this project. The specific gravity of 

the fly ash usedwas 2.71 g/cc. This fly ash had a significant 

amount of lime at 21.35% and a sulphur trioxide content of 

5.19 %, which exceeds the ASTM C618 limits for Class C fly 

ashes for use in concrete. This project has focused more on 

the positive utility of the highlime fly ash to reduce the clinker 

factor in cement concrete and somehow used to replace the 

river sand by fly ash, assumed to act as filler material. The 

concrete trial mixes was prepared using the recommended 

guidelines as per IS 10262. To recommend the optimized fly 

ash for a particular grade, 28 days compressive strength will 

final criteria. The different trials for the particular grade of 

concrete, which achieves the target strength at maximum 

amount of fly ash will an optimized trial. Target strength for 

particular grade of concrete will consider the standard 

deviation mentioned in table 8 of IS 456:2000. 

Water/cementitious ratio for each trials of particular Gradeis 

being maintained, following the criteria of IS 456:2000.The 

concrete mixes would be made using PSC Cement and 

maximum size of aggregate is 20mm.They were prepared and 

batched by weight with varying percentages of fly ash added 

to replace varying percentages of the cement. The Concrete 

cubes casted for 7days and for 28 days will be tested to know 

the Compressive strength of each trial, following the criteria 

of IS 516. 

Compressive strength of concrete increased for all 

percentages of replacement of cement with GGBFS. It was 

applicable for normal water, hot water and hot air oven 

curing. The compressive strength of GGBFS admixed 

concrete was found to be 29.53, 29.91 and 30.09 MPa for 20, 
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30 and 40% addition of GGBFS under normal curing 

conditions. Though the rate of strength gain was found to be 

small (in the range of 2 to 3%), replacement of cement with 

GGBFS to an extent of 40% not only minimize the use of 

cement and disposal problem of waste product from steel 

industry but also saves cost that too without compromising 

strength. This rate of strength gain was also on ascending 

trend when GGBFS admixed concrete was subjected to either 

hot water or hot air oven curing. Comparing the results of 

admixed concrete subjected to thermal curing with control 

concrete and admixed concrete cured in normal water curing 

it was ranging from 4 to 15%. Lower strength gain was 

observed for specimens subjected to thermal curing with 

lower temperatures and higher strength gain was observed in 

specimens with higher temperatures. 

Similar trend also was applicable when results were 

compared with control and admixed concrete. Results 

revealed that more strength gain between control concrete in 

normal water curing and admixed concrete in hot water /hot 

air oven was observed which gives an idea about the effect of 

admixture, effect of thermal curing and effect of admixed 

concrete on thermal curing. 

IV. TESTS AND TESTING METHODS OF CONCRETE 

In this experimental work, in addition to the workability 

flexural strength of different grades of concrete (plain 

&reinforced with FRP grids) is studied. Test was carried out 

on cube specimen of size 150mmx150mmx150mm. The 

compressive strength test was performed by keeping the 

cubes on the location marked in cube compression testing 

machine and load is applied centrally in a continuous uniform 

manner without shock in a uniform rate of loading of 

25ton/minutes. The applied rate of loading should be 

continuous until the cube specimen fails in compression. For 

testing compressive strength 12 cubes of size 150 mmx150 

mmx150mm were casted for each grade and overall 24 cubes 

were casted. The compressive strength of cubes casted for 

M20 for 1 day 3 day 7 days and 28 days is calculated and 

flexural strength of beams reinforced with FRP sheet in single 

layer, FRP sheets in double layer and FRP grid is calculated 

by Compressive Testing Machine. The crushing strength of 

concrete is determined by breaking various concrete cubes 

under CTM at uniform rate of loading. For each set of 

concrete 3 cubes were tested at end of 1 day 3 days 7 days 

and at the end of 28 days curing. 

Addition of 

FRP Layer 

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 

Single layer 3.76 9.408 15.28 23.52 20 

Double 

layer 
4.24 10.62 18.03 26.56 20 

Table 6: Compressive strength of concrete when 

FRP(Recron-3S) 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 4.34 12.46 16.9 26.76 20 

10M 5.29 14.06 18.9 29.93 20 

12M 5.74 16.27 20.3 37.14 20 

Table 7: Compressive strength of concrete when KOH is 

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

Calcium chloride substantially increases early 

compressive strength sand sometimes causes modest 

increases as late as several years after placement. 

Occasionally, however, concrete with calcium chloride 

begins to exhibit a lessening in rate of compressive strength 

gain when compared with ordinary concrete attain age as 

early as 7 days. This can result in a lower compressive 

strength than with ordinary concrete at 28 days to 3 months. 

Concrete containing calcium chloride, if subjected to freezing 

1 to 3 days after hardening, ultimately develops higher 

strength than plain concrete undergoing the same treatment. 

This is because the greater early strength buildup has 

provided greater resistance to cracking during freezing. 

Calcium chloride is more effective in increasing compressive 

strength at 1 to 3 days in rich mixes than in lean ones. At later 

ages the increases, in psi, are about the same for various 

cement contents. 

Addition in 

percentage 

Average Ultimate Compressive 

Strength(N/mm2) 

0 
1 

day 
3 day 7 day 

28 

day 

Standard 

value 

0 3.29 8.24 13.40 20.6 20 

0.5 3.56 8.92 14.49 22.3 20 

1.0 3.74 9.36 15.21 23.4 20 

1.5 4.09 10.24 16.64 25.6 20 

Table 8: Compressive strength of concrete when Calcium 

chloride is added as admixture at 1 day, 3 day, 7 day and 28 

days. 

First batch of 30 cubes of M20 grade concrete made 

from each admixtures Chemical Polymer, Flyash, NaOH, 

KOH, Fibre Reinforced Polymer, Non Chloride and Calcium 

Chloride. 

The cement used was OPC-43 grade and coarse 

aggregate was lime stone ranging from 4.75mm to 20mm in 

size. All 30 cubes have been subjected to normal curing. It 

comprises-:cover the concrete cubes with wet gunny bags for 

a day, and after that they were immersed in water tank before 

testing their compressive strength.  

3 cubes of each mix were tested for compressive 

strength after 1 and 3 days in turn and average result of 3 

cubes test is accepted as true compressive strength. 

Second batch of 36 cubes for each of the M20 grades 

have been casted in 3rd week of Oct. 2018. The cement used 

was OPC-43 grade and coarse aggregate as lime stone. 18 

cubes have been subject to accelerated curing method and 

remaining 18 cubes were cured in water tub at normal room 

temperature. The accelerated curing comprises: all 18 cubes 

are cured with wet gunny bags for 23 hours, and 3 cubes were 

then placed in a container having boiling water of 1000C 

temperature for 3½hours±5min before they were tested. The 

other cubes were immersed in water bath at room 

temperature. After 3 days, three cubes are taken out and 

placed in boiling water tub at 1000C for 3½hours±5min 

before testing. The remaining cubes immersed in water at 
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room temperature were tested after 7 and 28 days for their 

compressive strength. This mode of curing helps in achieving 

higher compressive strength even on 1st day after the casting. 

No. 

Acce 

learting Adm 

ixture 

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 19.55 23.48 

2 Chemical Polymer 3.50 8.76 12.67 22.90 

3 KOH 5.74 16.27 20.3 37.14 

4 FRP 4.24 10.62 18.03 26.56 

5 
Non Chloride 

Admixture 
4.89 12.24 19.89 30.6 

6 Calcium Chloride 4.09 10.24 16.64 25.6 

Table 9: Av. Compressive Strength Test after No. of days Curing –Cement OPC-43 Grade for M20 (Normal Curing), (C.A – 

FLS) 

No. 

Accel 

earting 

Adm 

ixture 

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 23.48 

2 
Chemical 

Polymer 
3.50 9.03 8.76 15.32 12.67 22.90 

3 KOH 5.74 17.71 16.27 27.425 20.3 37.14 

4 FRP 4.24 11.26 10.62 15.4 18.03 26.56 

5 
Non 

Chloride 
4.89 13.72 12.24 22.16 19.89 30.6 

6 
Calcium 

Chloride 
4.09 10.68 10.24 18.14 16.64 25.6 

Table 10: Av. Strength Test after No. of days Curing–Cement OPC 43 Grade (Accelerated (Boiling water) Curing ) , (C.A – 

FLS)

No. 

Accel 

earting Adm 

ixture 

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 
Chemical 

Polymer 
3.50 10.25 8.76 16.57 12.67 22.90 

3 KOH 5.74 24.49 16.27 30.81 20.3 37.14 

4 FRP 4.24 13.91 10.62 20.23 18.03 26.56 

5 Non Chloride 4.89 17.95 12.24 24.27 19.89 30.6 

6 CalciumChloride 4.09 12.95 10.24 19.27 16.64 25.6 

Table 11: Av. Strength Test after No. of days Curing–Cement OPC 43 Grade (Accelerated (Warm water) Curing, (C.A – 

FLS)

No. 

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 19.55 23.48 

2 
Chemical 

Polymer 
4.50 11.30 9.76 19.32 19.67 23.90 

3 KOH 5.74 16.71 16.27 29.71 20.3 37.14 

4 FRP 4.24 11.95 10.62 21.24 18.03 26.56 

5 
Non 

Chloride 
4.89 13.77 12.24 24.48 19.89 30.6 

6 
Calcium 

Chloride 
4.09 11.52 10.24 20.48 16.64 25.6 

Table 12: Av. Strength Test after No. of days Curing–Cement OPC 43 Grade (Accelerated (Steam) Curing), (C.A – FLS) 
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