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Abstract 

 

This paper deals with study of impact of cooling regimes on the mechanical properties of Self-Compacting Concrete (SCC), 

exposed to elevated temperatures. Compressive and split tensile strengths of SCC50 at ages of 7 and 28 days are studied after one 

and half hour exposure to temperatures ranging from 100oC to 500oC. The specimens are tested in hot condition as well as in 

cooled condition i.e., they are cooled down to room temperature by air cooling and water quenching. The comparison revealed that 

water quenched specimens exhibited lower residual strengths than air cooled specimens and hot state specimens.   
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________________________________________________________________________________________________________ 

I. INTRODUCTION 

Self-Compacting concrete (SCC) also know as self-consolidating concrete is gaining popularity for use in all modern concrete 

structures, as it flows and consolidates under self weight and is de-aerated to its superlative state while flowing through the frame 

work. Until now, much consideration has been paid on investigation of key properties of SCC at room temperature. This made to 

think about carrying out studies on the behavior of SCC concrete exposed to elevated temperatures since it is extremely valuable 

in the design outline of special concrete structures subjected to elevated temperatures. 

II. LITERATURE SURVEY 

Kazumasa Ozawa et al [1] developed a concrete which is very workable after carrying out numerous trials using diverse super 

plasticizers. Ozawa also focused on the influence of mineral admixtures, like fly ash and blast furnace slag, on the flowing ability 

and segregation resistance of self-computing concrete. It is observed that the flowing ability of the concrete improved 

remarkably when Portland cement is partially replaced with fly ash and blast furnace slag. After resorting to different proportions 

of admixtures, it is concluded that 10-20% of fly ash and 25-45% of slag by mass, exhibits the best flowing ability and strength 

characteristics. 

Nan Su et al [2] developed a simple mix design method for SCC by studying the workability and compressive strength 

aspects. Fly ash and ground granulated blast furnace slag (GBBS) together with commercial naphthalene based super plasticizer 

were used. It is found that aggregate packing factor (P.F) has a predominant influence on strength, flow ability and self – 

compacting ability of the mix. The mix design containing more sand and less coarse aggregate enhanced the passing ability 

through gaps of reinforcement. It is claimed that following the suggested mix design recommendations could successfully 

produce SCC of high quality. 

Gomes P. C.C.et al [3] suggested a stage-wise optimized method for obtaining SCC. The method recommends maximum size 

aggregate as 12mm, water – cement ratio of 0.4 and silica fume-cement ratio of 0.1. It is suggested that SCC is manufactured 

from locally available material to the maximum extent possible for minimizing production cost without sacrificing the stipulated 

requirement for each component material. The experiments are aimed at attaining strength of 60MPa at 7days. Since limestone 

filler is used, 10% silica fume by mass of cement, is added in order to obtain a high early strength. 

Amit Mittal et al [4] described the methodology used in the design of SCC mix, test methods to qualify SCC, and methods 

adopted for concreting of walls and other structures of the pump house at Tarapur Atomic Power Project (TAPP) 3 & 4, Tarapur. 

A combination of river sand and crushed sand is used as fine aggregate and two different types of Viscosity Modifying 
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Admixtures (VMA) are tried (diutan gum (powder) and polycarboxylic based (liquid)) in the project. Part of the cement is 

replaced with fly ash and micro silica and is designed for M40 grade concrete, EFNARC [5] standards were followed for 

proportioning the mix. In the project the coarse aggregate content is limited to 23% (on solid volume basis) instead of the 

recommended 28% of total concrete volume as per  EFNARC[5] and GTM screen stability test is found to be suitable along with 

V-funnel at T5min to optimize the dosage of VMA. 

III. OBJECTIVES AND SCOPE OF STUDY 

SCC is gaining immense importance because of its added advantages over normal concrete. Thus this study is being carried out 

on SCC and it aims at understanding the impact of cooling regimes on the residual strength of Self-Compacting Concrete at 

elevated temperatures. These results also help in identifying the post fire performance of SCC structures and fire resistant design. 

IV. EXPERIMENTAL INVESTIGATIONS 

 Materials Used  

The ingredients used in the preparation of self-compacting concrete are 

 Cement: Portland Pozzolana Cement conforming to IS: 1489-1991[6] and having a specific gravity of 3.14.  

 Fine Aggregate: Locally available river sand confining to Zone-II of IS: 383 – 1970[7] and having a specific gravity of 

2.75, fineness modulus of 2.38. 

 Coarse Aggregate: Locally available crushed granite aggregate of nominal size 12.5 mm conforming to IS: 383 – 1970[7] 

and having a fineness modulus of 6.2 and specific gravity 2.87.  

 Chemical Admixture: Sulphonated Napthalane based Super plasticizer, Conplast SP40 conforming to IS: 9103 – 1999[8]. 

 Water: Potable water conforming to IS: 3025[9]. 

 
Fig. 1: Ingredients of SCC 

 Mix Proportions 

The mix design is carried out by using the modified Nan-Su method [2]. In the process of obtaining the required mix several 

batches of trial mixes are cast. The final mix proportion obtained at a water cement (w/c) ratio of 0.4 for SCC50 is  

 
Fig. 2: Design Mix Proportions 

Mix Ratio: 1: 1.69: 1.35 
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 Experimental Programme 

For the deigned mix proportion (SSC50) the flow parameters are determined by conducting slump flow, T50 time, V– Funnel 

flow time, and L– box blocking ratio tests. In order avoid any sort of deviations, appropriate measures were taken to carry out all 

these tests within a time frame of 30 minutes from the addition of water to the mix. 

A total of 192 specimens are cast, out of which 96 specimens are 100mmX100mm Cubes for determination of compressive 

strength and remaining 96 specimens are 150mmØX300mm cylinders   for determination of split-tensile strength of the concrete 

mix (SCC50). A set of 3 specimens are selected from each category as control specimens. 

 
Fig. 3a: Experimental program – Specimens Preparation Phase 

National Building Code[10] suggests 3 hour exposure duration for Group J buildings but many researchers like S.S.V.G. 

Gopala Raju et al [11], Mohamedbhai G.T.G. et al [12] observed in their research that most of the strength is lost during the first 

hour itself. Hence, the present study is restricted to one and half hour duration only. 

 
Fig. 3b: Experimental program – Temperature Exposure Phase 

 
Fig. 3c: Experimental program – Different testing conditions 



A Study on Impact of Cooling Regimes on Residual Strength of Self-Compacting Concrete at Elevated Temperatures  
(IJSTE/ Volume 3 / Issue 07 / 031) 

 

 All rights reserved by www.ijste.org 
 

151 

The specimens are tested as per IS 516 [13] in a compression testing machine to obtain their residual strengths. 

 
Fig. 3d: Experimental program – Testing Phase 

V. RESULTS AND DISCUSSION 

In this study fresh properties of SCC50 are evaluated and in addition to these properties, mechanical properties like compressive 

strength and split tensile strength are evaluated after exposure to elevated temperatures for one and half hour of duration.  

 Fresh Properties 

The summary of results for different workability tests conducted on the design mix is as shown in Table 1. The results are within 

the permissible range for Self-Compacting Concrete as per European Federation of National Associations Representing Concrete 

(EFNARC) standards [5]. 
Table - 1 

Summary of Workability Tests on fresh SCC 

S. No. Method Test Results 
EFNARC Limits[5] 

Minimum Maximum 

1 Slump Flow, mm 670 650 800 

2 T50 Slump Flow, sec 5 2 5 

3 
V-Funnel, sec 10 6 12 

T5 min, sec 12 6 15 

4 L-Box(H2/H1) 0.83 0.80 1.00 

 Weight Loss 

From the Fig. 4 it can be observed that as the temperature increases from 100oC to 500oC the percentage weight loss increases 

from 0.57% to 10.31% in hot state specimens, 0.5% to 9.12% in air cooled specimens and from 0.32% to 7.42% in water 

quenched specimens. It is found that the percentage weight loss in case of hot state specimens is more than that in air cooled and 

water quenched specimens at all temperatures ranging from 100oC to 500oC. 

 
Fig. 4: Variation of % Loss in weight with Temperature for 28 Days aged concrete for different test conditions 

 Mechanical Properties 

The residual strength is the strength of a heated specimen expressed as a percentage of strength of controlled concrete. 
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 Residual Compressive strength of SCC50 

 
Fig. 5: Variation of Residual Compressive Strength with Temperature for 7 Days aged concrete for different test conditions 

From the Fig. 5 it can be observed that as the temperature increases from 100oC to 500oC the percentage residual compressive 

strength decreases from 95.38% to 55.98% in hot state specimens, 87.50% to 48.64% in air cooled specimens and from 79.07% 

to 41.30% in water quenched specimens of 7 days age. 

 
Fig. 6: Variation of Residual Compressive Strength with Temperature for 28 Days concrete with different test conditions 

From the Fig. 6 it can be observed that as the temperature increases from 100oC to 500oC the percentage residual compressive 

strength decreases from 94.79% to 47.39% in hot state specimens, 88.71% to 40.27% in air cooled specimens and from 84.37% 

to 34.89% in water quenched specimens of 28 days age. 

Water quenched specimens exhibited inferior performance when compared to air cooled specimens and hot state specimens. 

This may be due to thermal shock experienced by the specimens when they suddenly come in contact with water.  

Concrete when exposed to a temperature of 100oC and above encounters dwindle in compressive strength; this might be due to 

the evaporation of the water that starts expelling out from the pores. In addition to this there might slightly lower level of thermal 

expansion in case of granite aggregates than in cement paste resulting in disturbances to the matrix. As the temperature ascends 

from 100oC to 200oC, the physically adsorbed water, chemically bound water tends to evaporate and the tobermorite gel begins 

to dehydrate. Ahead of 200oC, dehydration of calcium silicate occurs thus leading to alterations of the pore structure, which 

brings about the loss of strength and when a temperature of 300oC is reached the decline in strength becomes more rapid. At 

temperatures over 400oC portlandite decomposition occurs and it is commonly observed that beyond 500oC the strength 

decreases by 50%-60% and at this stage concrete is considered to be completely damaged. 
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 Residual Split-tensile strength of SCC 

 
Fig. 7: Variation of Residual Split-Tensile Strength with Temperature for 7 Days aged concrete for different test conditions 

From the Fig. 7 it can be observed that as the temperature increases from 100oC to 500oC the percentage residual split-tensile 

strength decreases from 95.38% to 55.98% in hot state specimens, 87.50% to 48.64% in air cooled specimens and from 79.07% 

to 41.30% in water quenched specimens of 7 days age. 

From the Fig. 8 it can be observed that as the temperature increases from 100oC to 500oC the percentage residual split-tensile 

strength decreases from 94.79% to 47.39% in hot state specimens, 88.71% to 40.27% in air cooled specimens and from 84.37% 

to 34.89% in water quenched specimens of 28 days age. 

 
Fig. 8: Variation of Residual Split-Tensile Strength with Temperature for 28 Days aged concrete for different test conditions 

The loss in split tensile strength may be attributed to formation of cracks at elevated temperatures due to expulsion of water. 

Water quenched specimens exhibited inferior performance when compared to air cooled specimens and hot state specimens. This 

may be due to thermal shock experienced by the specimens when they suddenly come in contact with water.  

VI. CONCLUSIONS 

From the limited study the following conclusions are drawn 

 The percentage of weight loss in specimens increased gradually with increase in temperature and it is found to be relatively 

higher in case of hot state specimens when compared to water quenched specimens and air cooled specimens, at all the 

temperatures ranging from 100oC to 500oC. 
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 Weight loss is found to be more in hot state specimens (0.57% - 100oC, 10.31% - 500oC) when compared to air cooled 

specimens (0.50% - 100oC, 9.12% - 500oC) and water quenched specimens (0.32% - 100oC, 7.42% - 500oC). 

 The mechanical performance of all the specimens decreased with an increase in the exposure temperature for all cooling 

regimes.  

 The residual compressive strength of 7days age specimens is found to be maximum 95.83% at 100oC for air cooled 

specimens and minimum 41.30% at 500oC for water quenched specimens. 

 The residual compressive strength of 28days age specimens is found to be maximum 94.79% at 100oC for air cooled 

specimens and minimum 34.89% at 500oC for water quenched specimens. 

 The residual split-tensile strength of 7days age specimens is found to be maximum 93.93% at 100oC for air cooled 

specimens and minimum 49.99% at 500oC for water quenched specimens. 

 The residual split-tensile strength of 28days age specimens is found to be maximum 94.87% at 100oC for air cooled 

specimens and minimum 46.15% at 500oC for water quenched specimens. 

 Water quenched specimens exhibited lower levels of residual strengths when compared to air cooled specimens and hot 

state specimens, both in compressive and split tensile strengths.  

ACKNOWLEDGEMENT 

This paper is dedicated to my teacher, Dr. K. Srinavasa Rao, Professor, Department of Civil Engineering, College of 

Engineering, Andhra University. 

REFERENCES 

[1] Ozawa K, Kunishama M, Maekawa K.  Development of High Performance Concrete Based on the Durability Design of Concrete Structures, Proceeding of 

the second East-Asia and Pacific Conference on Structural Engineering and construction (EASEC-2), Vol.1, January 1989, pp. 445-450. 

[2] Nan Su, Kung-Chung Hsu and His-Wen Chai. A simple mix design method for self-compacting concrete.  Cement and Concrete Research, 31 (2001) 1799– 
1807. 

[3] Gomes, P.C.C., Ravindra Gettu et al. Experimental optimization of High Strength Self-Compacting Concrete.  Proceedings of the second International 

Conference on Self-Compacting Concrete, Tokyo, October 2001. 
[4] Amit Mital, Kaisare, M.B. and Shetti R.G. Use of SCC in a Pump House at TAAP 3 & 4, Tarapu. The Indian Concrete Journal, 78 (2003) 11-22. 

[5] EFNARC (2002) Specifications and Guidelines for Self-Compacting Concrete. 

[6] IS 1489 (1991) Specifications for Portland Pozzolana Cement Part 1 & 2, Bureau of Indian Standards, New Delhi. 
[7] IS 383 (1970) Specifications for Coarse and Fine Aggregates from Natural Sources for Concrete, Bureau of Indian Standards, New Delhi. 

[8] IS 9103 (1999) Specifications for Concrete Admixtures, Bureau of Indian Standards, New Delhi. 

[9] IS 3025 Methods of Sampling and Test (Physical and Chemical) for water and waste water, Bureau of Indian Standards, New Delhi. 

[10] National building code of India Part-4 Fire and Life Safety, Bureau of Indian Standards, New Delhi. 

[11] SSSV Gopala Raju and K.V.G.D. Balaji. Influence of Cooling Type, Duration and Cyclic Heating on Strength of Concrete Exposed to Elevated 

Temperatures. International Journal of Applied Engineering Research, 5 (2010) 87-90. 
[12] Mohamedbhai G.T.G. Effect of exposure time and rates of heating and cooling on residual strength of hardened concrete. Magazine of concrete research, 

138 (1986) 151-158. 

[13] IS 516 (1959) Method of Tests for Strength of Concrete, Bureau of Indian Standards, New Delhi. 


