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 
Abstract: The influence of different curing conditions on the 

compressive strength of  Self compacting concrete in combination 
of Slag and Manufactured sand (MSand) is only little known, 
especially when subjected to steam accelerated curing 
process.Water immersion curing, Sealed curing, Curing 
compounds, Air Curing, Curing at site conditions and  curing 
with steam were considered for the present study on the 
compressive strength of Self compacting concrete (SCC).The 
specimens were tested for 3,7,28&90 days. Out of the various 
curing methods, the highest compressive strength achieved is for 
Water immersion curing followed by Sealed curing (95%), curing 
compounds (93%), curing at site conditions (89%) and air curing 
(75%).Curing using steam was introduced to optimize the steam 
curing cycle for SCC. 36 different steam curing cycles were 
considered with varying temperatures of 50, 60 and 700C.The 
treatment period considered for the study were 8, 10, 12 &14 
hours. From the experimental investigation, it is observed that 
increase in temperature and total cycle time led to higher 
immediate compressive strength. Out of the 36 curing cycles, the 
optimum cycle is having a temperature of 600c, delay period of 5 
hours and a treatment period of 12 hrs.  

 
Keywords : Compressive strength Slag, Manufactured sand 

(Msand), Self compacting Concrete (SCC); Steam curing 

I. INTRODUCTION 

Self Compacting Concrete (SCC) is defined as the  concrete 
which is capable of flowing in its own weight, completely 
filling the formwork even in the presence of congested 
reinforcement without any mechanical 
vibration[15].Introducing randomly oriented Short discrete 
fibres  can enhance the ductile property of SCC[2].The 
selection of ingredients for making SCC plays a vital role in 
attaining the required fresh and hardened properties. The 
Shape and texture of fine aggregates will have more influence 
on the resulting SCC , than coarse aggregate.An effective 
alternative to river sand is Manufactured sand (M-sand), 
obtained by crushing rocks to the required grain size 
distribution. The quantity of fines content in M-sand are more  
and consists of very less silt and clay, which makes it more 
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user friendly[3].The duration  and type of curing provided 
will affect the hardened properties of SCC.Proper curing will 
enhance Strength, durability, Abrasion resistance, resistance 
to freezing and thawing and Volume stability [15].The 
augmented usage of High performance concrete has led to the 
investigation of different curing methods. The category of 
curing method selected will depends on the size, shape, age of 
concrete, production materials and curing materials [8]. The 
different curing methods available are ponding, 
Foggingandsprinkling,wetcoverings,polythenecuring, Curing 
at site conditions, curing compounds, Infrared curing, Steam 
curing. Curing at site conditions achieved a compressive 
strength of 89% and curing with chemical compounds 
achieved 93% as compared to ponding [16]. Immersion 
curing gave the best outcomes, and the weakest curing is Air 
curing.In order to speed up the production efficiency, steam 
curing is increasingly adopted in precast concrete elements. 
Steam curing allows increased production by a faster removal 
of formworks and shorter curing periods before delivery or 
pre-stressing, and less damage during handling The major 
parameters deciding the efficiency of steam curing are curing 
temperature, delay period and duration at maximum 
temperature [10].The range of temperature in steam curing is 
restricted between 60 – 90oc[1].Based on the facts pointed 
above,this paper reports the results of experimental 
investigation undertaken to evaluate the effect of different 
curing regimes on the compressive strength of SCC, with 
special emphasis on steam curing. Results were compared 
with normal mode of curing and finally proposed the optimum 
steam curing cycle for SCC.  

II.  EXPERIMENTAL METHODS 

Compressive Strength tests were conducted on two different 
mixtures, one with fibres and one without fibres. The mix 
design methodology, mix  proportions, mixing sequene, fresh 
properties of SCC mixtures used for this investigation is 
explained in the work carried out by the author [3].The 
concrete mix composition is given in Table I. 
A. Materials 
 Cement 
53 grade of OPC confirming to IS specifications were used for 
all the mix. The fineness of the cement was 320 m2/kg with a 
specific gravity of 3.15. 
 Ground granulated blast furnace slag (GGBS) 
GGBS used for the present study is having specific gravity of 
2.9 and a fineness of 450 m2/kg. 
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 Coarse aggregates 
The sizes of coarse aggregate used were 12.5 and 20mm, 
confirming to IS specifications. The specific gravities of 12.5 
and 20mm aggregates are 2.8 and 2.78 respectively.  
Manufactured sand (M-sand) 
Locally available well graded M-sand falling under Zone-II 
category as per Indian specifications was used for the study. 
The specific gravity and bulk density were found to be 2.6 and 
14.95 kN/m3. 
 Chemical Admixture 
A polycarboxylic ether based high range water reducer with a 
solid content of 40% was used. The specific gravity is 
between 1.09 - 1.11.  
 Steel Fibre 
Glued steel fibres conforming to ASTM – 820 & EN-14889 
standards were used. The strength of the fibre in tension is 
1100 MPa and aspect ratio is 65. 
 Water  
Potable water free from chlorides and sulphates were used for 
the study. 
Curing compounds 

The curing compound used for the study is Paraffin dispersion 
based liquid. 
B. Curing Methods 
 Water Immersion Curing 
Potable water was used in water curing .Immediately after de 
molding, specimens are placed in a shallow pond until tested.. 
Temperature of 27° ± 2°C was maintained and the water in 
which the specimens were submerged was changed every 7 
days.  
Sealed Curing 
Specimens used for sealed curing were removed after 24hrs 
from the mould. Specimens were wrapped in 3 layers with 
poly-film of thickness 0.01mm and were kept undisturbed 
until the age of testing.  
 Curing Compounds 
The curing compound used is Paraffin dispersion based 
liquid, and is  applied after the complete evaporation of 
surface water from the specimen. The specimens were kept 
undisturbed until the age of testing. 

         
  

Table I Composition of Concrete mixtures 
Mix ID (vf) Vol:  Vol: Vol: Vol: w/p Vol: Vol: Vol: 

of   of  of   of of CA  of CA  of  

cement  GGBS water paste (12.5mm) (20mm) M-sand 

              

M2+0% 0.75% 120 80 180 380 0.9 120 180 300 

M2+0.75% 0.75% 120 80 180 380 0.9 120 180 300 

 
Curing at Site Conditions 
Specimens were removed from the mould after 24hrs and kept 
outside the laboratory. Cured with water for 7days and 
covered with gunny bags to keep the moist condition. The 
specimens were cured by sprinkling water from 7-28 days and 
no curing was done from 28-90 days. 
 Air Curing. 
Specimens were removed from the mould after 24hrs and kept 
outside the laboratory. No water  
was supplied to the specimen. The specimens were kept 
undisturbed until the age of testing.  
 Steam Curing 
Steam curing is advantageous where early strength gain in 
concrete is important or where additional heat is required to 
accomplish hydration, as in cold weather. In order to assess 
the effect of different steam curing cycles on compressive 
strength, the variables selected are; 

a) Curing temperature 
b) Delay Period 
c) Treatment Period 

In order to achieve maximum early strength, a delay period of 
3-5 hrs prior to steaming was introduced. In order to achieve 
lower production cost and higher productivity,the maximum 
allowable treatment period is limited to 14hrs.Steam curing at 
atmospheric pressure is considered for the study.36 different 
steam curing cycles(Table II) were considered with varying 

temperatures of 50, 60 and 700C.The treatment period 
considered for the study are  8, 10, 12 &14 hours.  
C. Test Procedures 
For determining the compressive strength, uniaxial 
compression test were carried on concrete cubes of 
size100*100*100mm using a 2000kN capacity compression 
testing machine. 

III. RESULTS & DISCUSSION 

A. Water Immersion curing 
Table III gives the results of water cured specimens. The 
compressive strength was marginally improved with the 
addition of fibres..The average increase in cube compressive 
strength with the addition of steel fibres is less than 10%. 

Table III Compressive strength results of water cured   
specimens 

Mix ID 3day 

(MPa) 

7day 

(MPa) 

28day 

(MPa) 

90day 

(MPa) 

M2+0% 40.20 49.80 55.00 62.30 

M2+0.75% 43.40 54.50 58.60 66.00 
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Table 2 Steam curing cycle 

         Curing 
Temp 

Delay Controlled heating Period Treatment Controlled cooling Period Total 

(oc)  Period period cycle time 
(h:min) 

  Temp Time Temp Time Temp Time Temp Time   

  (oc) (h) (oc) (h:min) (oc) (h) (oc) (h:min)   

1 50      25               3         25-50         1:00     50               8     50-25         1:00 13:00 
2 50      25               3         25-50         1:00     50               10     50-25         1:00 15:00 

3 50      25               3         25-50         1:00     50               12     50-25         1:00 17:00 

4 50      25               3         25-50         1:00     50               14     50-25         1:00 19:00 

5 50      25               4        25-50         1:00     50               8     50-25         1:00 14:00 

6 50      25               4         25-50         1:00     50               10     50-25         1:00 16:00 

7 50      25               4         25-50         1:00     50               12     50-25         1:00 18:00 

8 50      25               4         25-50         1:00     50               14     50-25         1:00 20:00 

9 50      25               5         25-50         1:00     50               8     50-25         1:00 15:00 

10 50      25               5         25-50         1:00     50               10     50-25         1:00 17:00 

11 50      25               5         25-50         1:00     50               12     50-25         1:00 19:00 

12 50      25               5         25-50         1:00     50               14     50-25         1:00 21:00 

13 60      25               3         25-60         1:25     50               8     60-25         1:25 13:50 

14 60      25               3         25-60         1:25     50               10     60-25         1:25 15:50 

15 60      25               3         25-60         1:25     50               12     60-25         1:25 17:50 

16 60      25               3         25-60         1:25     50               14     60-25         1:25 19:50 

17 60      25               4        25-60         1:25     50               8     60-25         1:25 14:50 

18 60      25               4         25-60         1:25     50               10     60-25         1:25 16:50 

19 60      25               4         25-60         1:25     50               12     60-25         1:25 18:50 

20 60      25               4         25-60         1:25     50               14     60-25         1:25 20:50 

21 60      25               5         25-60         1:25     50               8     60-25         1:25 15:50 

22 60      25               5         25-60         1:25     50               10     60-25         1:25 17:50 

23 60      25               5         25-60         1:25     50               12     60-25         1:25 19:50 

24 60      25               5        25-60         1:25     50               14     60-25         1:25 21:50 

25 70      25               3         25-70         1:50     50               8     70-25         1:50 14:40 

26 70      25               3         25-70         1:50     50               10     70-25         1:50 16:40 

27 70      25               3         25-70         1:50     50               12     70-25         1:50 18:40 

28 70      25               3         25-70         1:50     50               14     70-25         1:50 20:40 

29 70      25               4        25-70         1:50     50               8     70-25         1:50 15:40 

30 70      25               4         25-70         1:50     50               10     70-25         1:50 17:40 

31 70      25               4         25-70         1:50     50               12     70-25         1:50 19:40 

32 70      25               4         25-70         1:50     50               14     70-25         1:50 21:40 

33 70      25               5         25-70         1:50     50               8     70-25         1:50 16:40 

34 70      25               5         25-70         1:50     50               10     70-25         1:50 18:40 

35 70      25               5          25-70         1:50     50               12     70-25         1:50 20:40 

36 70      25               5         25-70         1:50     50               14     70-25         1:50 22:40 

 
B. Sealed Curing 
The specimens were tested for 3, 7, 28&90 days. The 
compressive strength achieved for sealed curing specimens is 
given in Table IV.As compared to immersion curing, sealed 
curing gave 28 day strength of 96%. (figure 1)). The moisture 

loss is prevented by the the polythene film , thereby 
maintaining adequate vapor pressure and moisture for the 
cement to hydrate.Early age strength (3 day) of sealed cured 
specimen exhibited 12% more 
strength as compared to 
immersion curing. 
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Table IV Compressive strength results of sealed cured 

specimens 
Mix ID 3day 7day 28day 90day 

(MPa) (MPa) (MPa) (MPa) 

M2+0% 45.1 45.8 52.2 59.8 

M2+0.75
% 

47.2 51 56.3 64.8 

 

 
Figure 1. Comparison of compressive strength for sealed 

curing and immersion Curing. 
C. Curing Compounds 
Application of curing compounds resulted in a mean 
compressive strength of 93% as compared to immersion 
curing (figure3&4). An impervious layer was formed by the 
application of curing compounds which detained the loss of 
moisture from the concrete surface.This ensures the 
availability of sufficient water for the proper hydration of 
cement. 

Table V Compressive strength results of curing using 
curing compounds 

 

178

 
Figure 3 Compressive strength and age of curing with   

curing compounds 
 

 
Figure 4 Comparison of cube compressive strength with 

curing compounds and Immersion curing 
D. Curing at site conditions 
Average strength of above 90% was achieved with curing at 
site conditions as compared to immersion curing. As 
compared with 28th day strength, strength gain at 3rd & 7th day 
was higher. This strength gain at initial stages was contributed 
by the water curing & the use of gunny bags. From 7th -28th 
day, no standard curing methods (except sprinkling water) 
were adopted which reduced the strength gain during this 
period. Even though no curing in any manner was performed 
between 28th -90th day, a strength of 95% was achieved which 
indicates the prolonged strength gain of SCC.  
 

TableVI Compressive strength results for specimens 
cured at site conditions 

Mix ID 3day 

(MPa) 

7day 

(MPa) 

28day 

(MPa) 

90day 

(MPa) 

M2+0% 39.00 46.10 49.10 59.00 

M2+0.75

% 

41.80 51.50 53.00 63.20 

 

3 days 7 days 28 days 90 days

Cube Compresive 
Strength(MPa)
[without fibres]

39.00 46.10 49.10 59.00

Cube Compresive 
Strength(MPa)

[with fibres]
41.80 51.50 53.00 63.20
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Figure 5 Compressive strength and age of curing for 

curing  at site conditions 
 

Mix ID 3day 

(MPa) 

7day 

(MPa) 

28day 

(MPa) 

90day 

(MPa) 

M2+0% 36.58 45.82 51.15 58.25 

M2+0.75% 40.36 50.85 55.73 63.10 
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Figure 6 Comparison of cube compressive strength for 

curing at site conditions & immersion curing 
E. Air Curing 
Compressive strength results of Air cured specimens are 
given in table 7. In comparison with immersion curing for 28 
days, average strength reduction of more than 25% was 
observed in air curing. But the strength reduction was found 
to be lesser (18%) with prolonged curing for 90days which 
indicate the possibility of SCC achieving adequate strength 
without curing also. Due to the non availability of sufficient 
water, proper hydration of cement was not achieved which 
inturn resulted in lower strength. For proper hydration of 
cement, it is important to prevent the loss of moisture. Major 
contributor to the reduction in strength is mainly due to the 
decline of relative humidity below 80% which inturn arrested 
the formation of C-S-H gel and the formation of continuous 
pore structure. For proper hydration to continue, 80%RH 

must be maintained inside the concrete. 
Table VII Compressive strength results of Air cured 

specimens 
Mix ID 3day 7day 28day 90day 

(MPa) (MPa) (MPa) (MPa) 

M2+0% 29.2 38.1 41.4 52.5 

M2+0.75
% 

32.4 42.6 46.3 56.2 

 

 
 
Figure 7 Compressive strength and age of curing for air 

curing 
 

 
Figure 8 Comparison of cube compressive strength for air 

curing & immersion curing 
F. STEAM CURING 
It is observed from figures 9-11, decline in  immediate 
compressive strength was observed due to the increase in 
delay period. For example, increase in delay period from 3 to 
4 hrs has lead to a decrease in compressive strength of 3MPa, 
for 500C.Increase in temperature and total cycle time led to 
higher immediate compressive strength, due to the 
accelerated kinetics of hydration reactions and rapid 
formation of CSH gel. A reduction in the final strength is 
observed when compared to conventional curing. Out of the 
36 curing cycles, the optimum cycle is having a temperature 
of 600c, delay period of 5 hours and a treatment period of 12 
hrs 
 

 
Figure 9 Effect of Compressive strength values of the 

cycles with 500c 
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Figure10 Effect of Compressive strength values of the 

cycles with 600c 

 
Figure 11 Effect of Compressive strength values of the 

cycles with 700c 

IV. CONCLUSION 

The current study focused on the influence of compressive 
strength of SCC for different curing conditions. The major 
conclusions are as follows; 
 The compressive strength of SCC is highly influenced by 

the mode of Curing techniques.  
 Air curing gave the lowest compressive strength,while the 

highest compressive strength is achieved for Water 
immersion curing 

 Curing compounds can be used with confidence, in areas 
with shortage of water. 

 For horizontal surfaces and structural concrete of 
reasonably simple shapes, sealed curing is an efficient 
method of curing. 

 With prolonged curing for 90days, the reduction in strength 
for Air curing was found to be only 18%   which exhibits the 
opportunity of SCC achieving sufficient strength without 
curing also. 

 Studies from steam curing indicate that, increase in delay 
period has led to the decrease in immediate compressive 
strength. 

 Accelerated kinetics of hydration reactions and rapid 
formation of CSH gel was achieved with the increase in 
temperature and total cycle, ultimately leading to higher 
immediate compressive strength. 

 Considering the compressive strength, 60-5-12 is found to 
be an optimum steam curing cycle. 
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