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Abstract— Ground Granulated Blast Furnace Slag (GGBFS) 

can partially replace cement in concrete has been utilized as 

construction material due to its environmental, economic and 

technical benefits. The objective of this paper is to investigate 

the effect of elevated temperature on mechanical properties 

such as compressive strength, splitting tensile strength and 

flexural strength of concrete with GGBFS as a mineral 

admixture with 1% steel fibres and investigate most suitable 

combination for M25 grade concrete. In this paper, influence 

of elevated temperatures on properties of concrete made with 

ground granulated blast furnace slag (GGBFS) with 

replacement ratios of 20 percent, 40 percent and 60 percent 

by weight of cement. The concrete specimens were subjected 

to different elevated temperatures at 200°C, 400°C, 600°C, 

800°C, 1000°C and 1200°C with exposer time of one hour. 

After that the compressive strength, split tensile strength and 

the flexural strength of concrete were determined. For this 

purpose cube (150 X 150 X 150 mm), cylindrical (150 X 300 

mm) and beam Specimens (100 X 100 X 500 mm) of size 

were made. This research work developed some important 

data on the properties of concrete exposed to elevated 

temperatures. 
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I. INTRODUCTION 

Fire is one of the natural vulnerabilities that attack the 

structure. Concrete subjecting to a higher temperature (due to 

accidental fire, short-circuit etc.) leads to severe deterioration 

and it destroy the concrete structures, the stability of the 

structural components are seriously damaged under high 

temperature, including compressive strength, split tensile 

strength, flexural strength and so on, it also reduced durability 

of structure, structural cracks and associated with the  

aggregate colour changes. It is actually very important to get 

conscious with the behaviour of the different materials under 

high temperature, as a consequence of which a structure may 

also collapse. 

 Concrete has excellent properties in regards of fire 

resistance related with other materials because of its low 

thermal conductivity and high specific gravity and can be 

used to safeguard other structural materials such as steel. 

Concrete has essentially counterattack the influence of 

artificially induced elevation temperatures, that is might be 

faced close to furnaces or in atomic reactors, in pavements 

subjected to jet engine blast, and in areas bare to fire. 

Applications of concrete involving extremely high 

temperatures, such as launch pads for missiles, are considered 

expendable, but in most instances it is desired to avoid 

deterioration of the concrete’s physical properties as much as 

possible.  

 It has become imperative for engineers to be 

interested in the residual design strength of concrete 

subjected to high temperatures in order to form data base for 

performance at these elevated temperatures for practical 

research applications. One of the benefits of concrete over 

other building materials is its inherent fire-resistive 

properties. Though, concrete structures must be intended for 

fire effects. Structural components must still be able to resist 

dead & imposed loads without collapse even though the rise 

in temperature causes a reduction in strength & modulus of 

elasticity for concrete & steel reinforcement. It is to be able 

to forecast the response of structure after exposure to high 

temperature, it is essential that the strength properties of 

concrete subjected to high temperatures be clearly 

understood.  

 Ground Granulated Blast Furnace Slag (GGBS or 

GGBFS)  

Blast furnace slag is a by-product of iron production industry. 

Iron ore, coke and limestone are fed into the blast furnace, 

and causing molten slag floats above the molten iron at a high 

temperature of about 1500°C to 1600°C. The molten slag has 

a composition of 30% to 40% Silicon Dioxide (SiO2) and 

almost 40% Calcium Oxide (CaO), which is nearer to the 

chemical composition of Portland cement. After the melted 

iron is removed, the residual melted slag, which chiefly 

consists of siliceous and aluminous deposits, is then rapidly 

water quenched, causing the creation of a glassy grind. This 

glassy grind is dried and ground to the requisite size which is 

well-known as ground granulated blast furnace slag 

(GGBFS). The production of GGBFS requires little 

additional energy compared with the energy required for the 

production of Portland cement. The replacement of Portland 

cement with GGBFS will lead to a substantial fall of carbon 

dioxide gas emission. GGBFS is therefore an 

environmentally friendly construction material.  

 Effect of elevated temperature on concrete  

The rise in temperature causes the hydroscopic water in 

concrete to change from a liquid state to a gaseous state. This 

change in state causes changes in the rate at which heat is 

transmitted from the surface into the interior of the concrete 

component. Above this verge, cement paste undergoes shrink 

due to temperature rise which result in overall expansion of 

concrete and decrease in the strength and modulus of 

elasticity for both concrete and steel reinforcement. However, 

the rate at which the strength and modulus coefficient 

decrease depends on the rate of increase in the temperature of 

the fire and the insulating properties of concrete.  

 Benefits of GGBFS Concrete  

GGBFS concrete has better water impermeable 

characteristics as well as improved resistance to corrosion 
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and sulphate attack. As a result, the service life of a concrete 

structure is enhanced and the maintenance cost reduced. It 

also reduces heat in concrete. High volume eco-friendly 

replacement of slag leads to the development of concrete 

which not only consumes the industrial wastes but also saves 

significant natural resources and energy. This in turn reduces 

the consumption of cement. The use of GGBFS as cementing 

components needs only grinding, it will save substantial 

amounts of energy related with the productions of OPC. 

GGBFS is receiving more and more attention now; 

subsequently it generally improves the properties of the 

blended cement concrete, the cost and the reduction of 

adverse environmental effects. Concrete containing GGBFS 

should have either equal or slightly inferior properties than 

OPC concrete. 

II. OBJECTIVES 

1) To investigate the influence of elevated temperature on 

conventional concrete and concrete with GGBFS as a 

Mineral admixtures with 1% steel fibre.  

2) To investigate the influence of elevated temperature on 

compressive strength, flexural strength and tensile 

strength of conventional concrete and concrete with 

GGBFS at 20%, 40%, 60% replacement as Mineral 

admixture with 1% steel fibre.  

3) To investigate most suitable combination with partial 

replacement of cement with GGBSF with 1% steel fibre 

with one hour exposer duration for M25 grade concrete. 

III. EXPERIMENTAL EXPLORATION 

 Materials 

For this experimental project; Ordinary Portland cement of 

53-grade was used and its properties obtained are given below 

in Table 1. It met the requirements of Indian Standard 

Specifications as per IS 269-1976. Natural sand passing 

through 4.75 mm IS-sieve was used as a fine aggregate. Its 

obtained properties are given in Table 2. Coarse aggregate 

was crushed stone with a maximum size of 20 mm was used. 

They were tested as per Indian Standard Specifications IS: 

383-1970 and their obtained physical properties are given in 

Table 3. The water used in this investigation was drinkable 

water. Ground granulated blast furnace slag (GGBFS) was 

obtained from JSW Cement Limited and its properties are 

given in Table 4 and 5. 

1) Cement  

The physical properties of the cement are confirming to 

Indian standards procedure are given in table below - 

Sr. No. Properties 
Result 

Obtained 

Standard 

Values 

1 fineness 3.5% <10% 

2 
Standard 

Consistency 
29.5% - 

3 
Initial Setting 

Time (minutes) 
32 

Not be less 

than 30 

minutes 

4 
Final Setting 

Time( minutes) 
360 

Not be 

greater than 

600 minutes 

5 Soundness(mm) 3 <10 

6 Specific gravity 3.15 - 

Table 1: Physical properties of cement 

2) Fine Aggregates 

The sand used in this work is obtained from zone II 

confirming as per IS 383:1970 was used for making concrete. 

Properties obtained in this experimental work are given 

below in table – 

Sr. No. Properties Result Obtained 

1 Type Natural 

2 Particle Shape Rounded 

3 
Surface 

Texture 
Smooth 

4 
Fineness 

Modulus 
2.51 

5 Bulking of sand 28.49% 

6 
Specific 

Gravity 
2.5 

Table 2: Physical property of fine aggregate 

3) Coarse Aggregate 

Coarse aggregate confirming to IS 383:1970 was used for 

making concrete. Properties obtained in this experimental 

work are given in table below- 

Sr. No. Properties Result Obtained 

1 Type Natural 

2 Particle Shape Angular 

3 Surface Texture Rough 

4 Fineness Modulus 2.415 

5 Specific Gravity 2.62 

6 Water Absorption 0.4% 

Table 3: Physical properties of course aggregate 

4) GGBFS (Ground Granulated Blast Furnace Slag) 

Ground Granulated Blast Furnace is purchase from JSW 

Cement and thus physical and chemical properties are given 

below 

a) Physical properties of GGBFS 

Sr. 

No. 
Properties 

Results 

Obtained 

1 Colour Off White 

2 
Fineness (retained on 90 

micron sieve) 
0 

3 
Fineness (retained on 45 

micron sieve) 
0.8% 

5 Soundness (mm) 1 

6 Specific gravity 2.87 

Table 4: Physical properties of GGBFS 

b) Chemical compositions of GGBFS 

Parameter 
JSW 

GGBS 

As per 

IS 12089-1987 

(Reaffirmed 2008) 

Lime (CaO) 37.34% - 

Silica (SiO2) 37.73% - 

Alumina (Al2O3) 14.42% - 

Iron Oxide (Fe2O3) 1.11% - 

Magnesium Oxide 

(MgO) 
8.71% Max. 17% 

Manganese Oxide 

(MnO) 
0.02% Max. 5.5% 

Sulphide Sulphur 0.39% Max 2% 

Loss on Ignition 1.41% - 
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Insoluble Residue 1.59% Max. 5% 

Glass content in % 92% Min 85% 

Chemical Moduli: 

 

1.
𝑪𝒂𝑶+𝑴𝒈𝑶+𝟏 𝟑⁄ 𝑨𝑳𝟐𝑶𝟑

𝑺𝒊𝑶𝟐+
𝟐
𝟑⁄ 𝑨𝒍𝟐𝑶𝟑

 

 

2.
𝑪𝒂𝑶+𝑴𝒈𝑶+𝑨𝒍𝟐𝑶𝟑

𝑺𝒊𝑶𝟐
 

 

 

1.07 

 

 

1.60 

 

 

≥1.0 

 

 

≥1.0 

The presence of 

major oxides 

with granulated 

slag shall satisfy 

at least one of 

the equation 

Table 5: Chemical composition of GGBFS 

 Mix Proportion and Mix Details  

In this investigation, M25 mix concrete is considered to 

perform the test by-weight basis by replacing 20%, 40% and 

60% of cement by GGBFS + 1% steel fibre was added in mix. 

Adopted Mix Proportion is: (1: 1.68: 2.92). 

 Four concrete mixtures were used to explore the 

influence of elevated temperature on the properties of 

concrete containing GGFBS. Details of the concrete mixtures 

are presented in Table 6.  

 One control mixture of conventional concrete was 

designed per Indian Standard Specifications IS: 10262-2009 

to have 28-day compressive strength. The other concrete 

mixtures, viz. GB1, GB2 and GB3, were made with 

replacement levels of 20%, 40%, and 60% of GGBFS by 

weight of cement. In doing so, the water-to-cementitious 

materials ratio was kept the same in order to investigate the 

effects of replacing cement with GGBFS when other 

parameters were unchanged. 

Sr. 

No

. 

Combination 
Specime

n 

Temperature 

in °C 

1 
Conventional 

Concrete 

Cube 

200℃, 400℃, 

600℃, 800℃, 

1000℃,1200

℃ 

Exposure 

time 1 hour 

Cylinder 

Beam 

2 
20%GGBFS+1%Stee

l fibre(GB1) 

Cube 

Cylinder 

Beam 

3 
40%GGBFS+1%Stee

l fibre(GB2) 

Cube 

Cylinder 

Beam 

4 
60%GGBFS+1%Stee

l fibre(GB3) 

Cube 

Cylinder 

Beam 

Table 6: Mixture proportions used in the study 

 Heating and cooling regimes  

After curing for 28 days, the specimens were taken out of the 

tank and air-dried. Then the specimens were heated in an 

electric oven up to 200⁰ C, 400⁰ C, 600⁰ C, 800⁰ C, 

1000⁰ C and 1200⁰ C. The temperature was maintained at the 

respective temperature for 1 hour to achieve a thermally 

steady state. Then the furnace door was opened and the 

specimens were allowed to cool naturally to room 

temperature.  

 Test Specimens and Test Procedure  

After the concrete specimens were cooled down to room 

temperature, compressive strength, split tensile strength and 

flexural strength were tested. The tests were performed 

according to the relevant Indian standards 150 mm concrete 

cubes and cylinders of (150 x 300 mm) were used as test 

specimens to determine the compressive strength of concrete 

and split tensile strength of concrete for both cases (i.e., 

conventional concrete and GGBFS concrete). The 

constituents of concrete were carefully mixed till uniform 

consistency was obtained. The cubes and cylinders were 

properly compacted by machine mixing. All the concrete 

cubes and cylinders were de-moulded within 24 hours after 

casting. The re-moulded test specimens were properly cured 

in water in the laboratory for 28 days. Compression test was 

conducted on a compression testing machine available in the 

laboratory as per IS 516-1959. The load was applied 

gradually until the failure of the specimen. The split tensile 

test was accompanied as per IS 5816-1976. The specimen 

was placed horizontally between the loading surfaces of the 

compression testing machine and the load was applied 

without shock until the failure of the specimen. The concrete 

beams of size (100mm x 100mm x 500mm) were tested as 

per IS 516-1959 for flexural strength. The load was applied 

through two similar rollers mounted at one third points of the 

supporting span. The force was allowed on beam without 

shock until the failure occurs.  

 Results and Discussion 

1) Compressive Strength  

Compressive strength test results are shown in Graph 1. From 

the test results it is shown that the compressive strength of 

concrete is decreases with increase in temperature for both 

conventional and GGBFS concrete. Compressive strength is 

also decreases with increase in GGBFS content. Concrete 

with 20% GGBFS + 1% steel fibre gives higher compressive 

strength as compared to other combinations (i.e., 40% & 60% 

replacement). Percentage Reduction in compressive strength 

is more for concrete with 60% GGBFS + 1% steel fibre as 

compared with other combinations (i.e., 20% & 40% 

replacement). 

 
2) Split Tensile Strength 

Split tensile strength test results are shown in Graph 2. From 

the test results it is shown that the Split tensile strength of 

concrete is decreases with increase in temperature for both 

conventional and GGBFS concrete. Split tensile strength is 

also decreases with increase in GGBFS content. Concrete 

with 20% GGBFS + 1% steel fibre gives higher Split tensile 

strength as compared to other combinations. Percentage 

reduction in Split tensile strength is more for concrete with 
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60% GGBFS + 1% steel fibre as compared with other 

combinations at 1000⁰ C to 1200⁰ C. 

 
3) Flexural Strength 

Flexural Strength test results are shown in Graph 3. From the 

test results it is shown that the Flexural strength of concrete 

is decreases with increase in temperature for both 

conventional and GGBS concrete. Flexural strength is also 

decreases with increase in GGBFS content. Concrete with 

20% GGBFS + 1% steel fibre gives higher Flexural strength 

as compared to other combinations. Percentage reduction in 

Flexural strength is more for concrete with 60% GGBFS + 

1% steel fibre as compared with other combinations. 

 

IV. CONCLUDING REMARKS  

Effects of elevated temperature on the properties of concrete 

containing GGBFS as cementitious material were studied. 

Compressive strength, split tensile strength and flexural 

strength of concrete were investigated. Given the results 

presented in this study, the following conclusions can be 

drawn.  

1) With the increasing temperature upto 1200⁰ C, the 

compressive strength, Split tensile strength and flexural 

strength of concrete gets reduced, due to the hardening 

of cement paste caused by drying, due to which the bond 

of cementations materials was got loss.  

2) It is observed that GGBFS based concretes have 

achieved an increase in strength for 20% replacement of 

cement by GGBFS + 1% steel fibre. The Increase in 

strength, which is due to high reactivity of GGBFS with 

cement and the filler effect of GGBFS.  

3) Percentage Reduction in strength is more for 60% 

replacement of cement by GGBFS + 1% steel fibre as 

compared with other combinations, which is due to the 

slower reaction of GGBFS at early ages.  

4) As temperature and exposure time increases the effect of 

elevated temperature on concrete increases.  

5) Effect of elevated temperature can be observed on the 

surface of concrete in the form of deep cracks, which is 

due to the expansion of the concrete matrix.  

6) When the sample is heated between 300⁰ C to 600⁰ C 

the colour of concrete changes to red, due to siliceous 

aggregate present in concrete.  

7) When the sample is heated between 600⁰ C to 900⁰ C 

the colour of concrete changes to whitish grey, due to the 

reaction of calcium carbonate in the calcinations process 

CaCO3 which turns to lime and give pale shades of white 

and grey colour.  

8) When the temperature range in between 900⁰ C to 

1200⁰ C concrete shows light yellow colour.  

9) At elevated temperature the concrete becomes more & 

more brittle and the loss of strength is more.  

10) The use of GGBFS as a replacement of cement helps to 

reduce the Energy consumption in the manufacturing of 

cement.  

11) Reuse of the slag helps to protect the environment from 

pollution (reduced CO2 emission) and conserves natural 

resources.  
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