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Abstract
The present study aims at investigating the performance of steel 
fibre reinforced concrete at high temperatures. It also aims at 
comparing the flexural and split tensile strengths  of normal (M30) 
and high strength concrete (M60) when  mixed with 1% volume 
fractions of steel fibres . To study flexural strengths prisms of 
size 100x100x500mm were casted  and to study splitting tensile 
strength cylinders of 150mm diameter and 300mm length were 
casted. The samples are cured for 7, 28 and 91 days. After specified 
period of curing, the specimens were air dried and then exposed 
to  100, 200, 300, 400 and 500oC (apart from 27oC), for duration 
of one hour and   then allowed to cool. The prisms are tested  in 
Universal Testing machine for flexure and cylinders are tested 
for split in compression testing machine.  The use of fibres in 
high strength concrete is of good advantage than using in normal 
strength concrete. By adding steel fibres fracture resistance of 
concrete can be increased.  All the results and observations are 
presented in the paper.
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I. Introduction 
Any engineering advancement is for betterment of human life. 
Shelter is considered as one of the basic needs for human beings.  
The buildings constructed should give protection from heat, cold, 
rain, and also from diasters like fire, floods and earthquakes.  Fire 
is considered as one of the disastrous event which causes loss or 
damage to human life and property. When there is an accidental 
fire in a structure, the duration of fire will be less but the intensity 
of heat produced will be more, this heat causes damage to the 
structures. In addition to  accidental fire there are some special 
structures which are subjected to high temperatures, like take-
off areas of jet aircraft , rocket launching pads, nuclear reactors, 
chimneys, metallurgical or chemical industries, glass, cement 
industry, coke ovens, storage tanks for hot crude oil and hot 
water, where the localized areas of concrete are subjected to high 
temperatures, The material used for construction should be capable 
of resisting high temperatures and it should also give minimum 
time for the inmates to escape. As concrete is the most commonly 
used construction material,  it should be capable of resisting 
high temperatures. Concrete is good in compression but weak in 
tension, high temperatures  induces high temperature gradients, 
which inturn induces high tensile stresses. Plain concrete is not 
capable of resisting these tensile stresses. Due to its low tensile 
strength, microcracks propagate leading to brittle fracture of 
concrete. The low resistance to crack propagation results in a low 
fracture toughness and limited resistance to impact and explosive 
spalling. When concrete is exposed to high temperatures the free 
water evaporates and above 150oC the chemically bound water is 
released from the hydrated calcium silicate, this process reaches 
its peak at 270oC. The dehydration of the matrix and the thermal 
expansion of aggregate give rise to internal stresses. The tensile 

strength of concrete can be increased by introducing reinforcing 
bars or by prestressing methods but, inherent tensile strength 
property of concrete is not increased. Addition of fibres helps in 
increasing the  inherent tensile strength of concrete.  Concrete 
which contains cement, sand, aggregate and discontinous discrete 
fibres is called fibre reinforced concrete. Fibres present in the 
concrete act as bridge and helps in arresting cracks, static and 
dynamic properties of matrix. Fibres also increase the ductility 
of concrete. Fibres that can be used in engineering construction 
are polypropylene, nylons, steel fibres, asbestos, coir, glass and 
carbon.
Polyfibres melt at 165oC and has no advantage as reinforcing 
material as temperature rises. Steel fibres are one of the most 
widely used fibres in concrete.  Steel fibres are obtained by cutting 
drawn wires.  They are available in different shapes and sizes as 
crimped, flat, hooked etc.  These shapes help in increasing the 
bond strength. The efficiency in performance and workability of 
the mix depends on the  aspect ratio and volume fraction. Aspect 
ratio is the ratio of length to width.  Volume fraction of steel fibres 
ranges from 0.1 to 3%. Main application of steel fibres is its post 
crack behavior or toughness.  Steel fibres will sometimes reduce 
or even eliminate cracks.

II. Literature Review
Dr.Mohammed R.A.Kadir et.al1 studied on the flexural strength 
deterioration of steel fibre reinforced concrete due to high 
temperatures. For the study two different types of mixes were 
considered Mortar mix A with cement to sand proportion  1:3 and 
concrete mix B with cement sand and gravel proportion 1:3:2 . in 
Mix A 3 volume percentages 0%, 0.5% and 1% are used and in 
mix B steel fibre proportions are 0%, 0.5%, 0.75% and 1% were 
considered. For all the mixes tests are carried out at 20, 200, 400, 
600 and 800oC. for the mix sand of zone 2 and gravel of maximum 
size 9.5mm and Douform Steel fibres of 0.3mm diameter and 
20mm length and aspect ratio 66.66 were used. For mix B with 
0.75 Steel fibres , fibres of length 25 and 40mmwere considered. 
Water cement ratio is 0.6 specimens used are 100 x 100 x 355mm 
concrete beams. Two point loading method is adopted for flexural 
strength test. The specimens are cured for 28 days. The specimens 
are heated using muffle furnace of maximum temperature 1000oC. 
The specimens are heated and thermally saturated for 2hrs and 
then removed from furnace. To find the exposure duration some 
samples were tested for a heating duration of 1, 2 and 3 hours and 
some specimens are quenched in water after removal from the 
furnace. It is observed that for plain mortar mixes the strength loss 
become sharp at 400oC. it is also observed that for plain mixes 
the loss in strength at 400oC is upto  80% but for fibrous mix the 
loss in strength ranges between 24% to 61% depending upon fibre 
content. It is also observed that the Modulus of Rupture can be 
increased on addition of steel fibres , as fibres help in  delaying 
and partial suppression of cracks. It is also observed in mix A that 
absence of aggregate helps in uniform distribution of fibres. From 
the observations it is concluded that steel fibres greatly improves 
the flexural strength of concrete.
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Javadian Alireza et.al2 studied on the high temperature effect on 
the flexural strength of steel fibre concrete. For the study two sets 
of mixes are produced one is normal strength concrete, second 
one normal strength concrete with 15.6kg/m3 of steel fibres. The 
slump of fresh concrete is more than 220mm. the normal strength 
concrete is cured for 7 days and then air dried till time of testing. 
The steel fibres used are of diameter 1mm and length 18mm and 
aspect ratio 18. The specimens are heated before testing at a rate 
of 2.5oC/min. the target test temperatures are 30, 300, 450 and 
650oC. The specimens are heated using Nabertherm Electric 
furnace. The specimen of size 100x100x500mm is used. The 
testing is done using third point loading method.  The tests are 
conducted at two states one is hot state and other is residual state. 
The mix with steel fibres performed better than mix without steel 
fibres   at high temperatures for both conditions. It is also observed 
that tensile strengths at heated and residual state are the same. it 
is concluded that flexural strengths at high temperatures under 
hot condition is lower that residual test. It is also concluded that 
mix with steel fibres show higher flexural strengths  than mix 
without fibres.
Giaccio and Zerbino3 studied on the mechanical behavior of 
thermally damaged high strength steel fibre reinforced concrete. 
For the investigations two different types of hooked end steel 
fibres were considered. One is with low carbon and other with 
high carbon steel. For the study,  prisms of size 75 x 105 x 430 
mm were considered for flexure tests. Two exposure conditions 
one hour at 500oC and 24 hours at 150oC were selected. Non-
destructive tests were also conducted to estimate the grade of 
damage. Centre point loading test on prisms were conducted to 
investigate  flexural behaviors. it was concluded that presence 
of steel fibres leads to a slight increase in strength and stress 
values and at 150oC. It is further concluded that flexural residual 
parameters tend to increase as fibre content increases.

III. Experimental Programme

A. Materials Used
Cement :  Ordinary Portland cement of 53 grade
Sand: Fine  aggregate conforming to zone II of IS: 383-19704 
and 
Aggregate: Coarse aggregate of maximum size 20 mm, aggregage 
passing 10mm sieve and retaining on 4.75mm sieve
Fibres:  Crimped flat steel fibres of aspect ratio 60 
Superplasticiser: SP430 
Mix proportion for M30 is 1:1.4:3.3 with water cement ratio 
0.45.  
Mix proportion for M60 is 1:1.63:2.12  with water cement ratio 
0.29.  

B. Casting and Curing of Specimens
For the study, two grades of concrete M30 and M60 with 1% 
volume fraction of steel fibres (SF) were considered. Prisms of size 
100x100x500mm are used for testing flexural strength of concrete, 
54 prisms are casted with M30 1%SF, another 54 with M60 1%SF 
and 3 prisms with M30 0%SF and another 3 with M60 0%SF. 
Cylinders of diameter 150mm and length 300mm are casted to 
test split tensile strength, 54 cylinders with M30 1%SF, another 54 
with M60 1%SF. A tilting type rotary drum mixer was used to mix 
the ingredients. All the ingredients except steel fibres and water 
were placed in the mixer, steel fibres and water are added during 
rotation of drum.  Super plasticizer SP430 is used for the M60 
grade of concrete. Cast iron moulds of standard sizes were used 

for casting  cylinders and prisms. The specimens were demoulded 
after 24 hours from the commencement of casting and submerged 
under water till the time of testing i.e. 7,28 and 91 days.

C. Testing of Specimens
After curing for specified periods, all the samples were taken out 
and air dried and then exposed to desired temperatures i.e. 27, 100, 
200, 300, 400 and 500°C for duration of one hour with the help of 
a furnace. After exposing to desired temperatures the specimens 
are allowed to cool and then tested. The real dimensions of the 
specimens were taken into consideration in calculation. 

D. Flexural Strength
Flexural strength test  is done as per IS: 516-19595. Prisms are 
tested for flexure in Universal testing machine of capacity 100 
kN as shown in Fig. 11.  The bearing surfaces of the supporting 
and loading rollers are wiped clean before loading. The prisms are 
placed in the machine in such a manner that the load is applied to 
the uppermost surface along the two lines spaced 13.3 cm apart. 
The axis of the specimen is aligned with the axis of the loading 
device. The load is applied at a rate of 180 kg/min without shock. 
The specimen is loaded till it fails and the maximum load (P)  
applied to the specimen during test is noted. After fracture the 
distance (a) between the crack and nearest support is measured. 
The flexural strength of the specimen is expressed as the modulus 
of rupture 

when a is greater than 13.3 cm or 

when a is in between 11.0 cm and 13.3 cm
where,
a = the distance between the line of fracture and the nearest 
support
b = measured width in cm of the specimen,
d = measured depth in cm of the specimen was supported, and
P = maximum load in kg applied on the specimen.
If a is less than 11.0 cm the test result is discarded. 

E. Split  Tensile Strength
Testing for split tensile strength of concrete is done as per IS 
5816-1959[6]. The test is conducted on compression testing 
machine of capacity 3000 kN as shown in Fig. 12. The cylinder 
is placed horizontally between the loading surfaces of compression 
testing machine and the load is applied till failure of the cylinder. 
Packing material such as plywood is used to avoid any sudden 
loading. During the test the platens of the testing machine should 
not be allowed to rotate in a plane perpendicular to the axis of 
cylinder.

where       P =  load at failure 
      L = length of the cylinder and
      D = diameter of the cylinder
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Fig. 1: Variation of Percentage Relative Flexural strengths of M30  
1%SF with temperature at  different ages 

Fig. 2: Variation of Percentage Relative Flexural strengths of M60  
1%SF with temperature at  different ages 

Fig. 3: Variation of Split tensile strength of M30  1%SF with 
temperature at  different ages 

Fig. 4: Variation of Split tensile strength of M60  1%SF with 
temperature  at  different ages 

Fig.5. Comparision of 7 days Percentage Relative Flexural 
strengths  of M30 and M60 concretes at different temperatures 

Fig.6. Comparision of 28 days Percentage Relative Flexural 
strengths  of M30 and M60 concretes at different temperatures 

Fig. 7: Comparision of 91 days Percentage Relative Flexural 
strengths  of M30 and M60 concretes at different temperatures

Fig.8. Comparision of 7 days split tensile strength of M30 and 
M60 concretes at different temperatures
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Fig. 9: Comparision of 28 days split tensile strength of M30 and 
M60 concretes at different temperatures 

Fig. 10: Comparision of 91 days split tensile strength of M30 and 
M60 concretes at different temperatures 

Fig. 11: Flexural Strength Test

Fig. 12: Splitting Tensile Strength Test
 

IV. Observations
1. From fig. 1. it is observed that flexural strengths of M30 1%SF 
are good  at all ages (curing period)  even at high temperatures. 
It is observed that for 7days strength at 100oC is more, this can 
be  due to the accelerated curing effect. 
2. From fig. 2. it is seen that the flexural strength values  increases 
as temperature increases.  Fibres  present in concrete act as a bridge 
and increase the post cracking resistance of concrete, which results 
in improved flexural strengths.
3. From fig. 3, 4. The Split tensile strengths of M30 and M60 at 28 
and 91 days are good even at high temperatures. It is observed that 
there is a gradual decrease in  strength  as temperature increases. 
The early age strengths are good at 100oC only due to acceleration 
curing effect.
4.  Fig. 5 shows that at early ages M60 with 1%SF performs better 
than M30 with 1%SF as temperature increases.
5. The pattern of graphs is the same for both M30 and M60 at 
28 days as shown in fig. 6. the flexural strengths obtained  are 
appreciable even after exposing them to high temperatures.  Steel 
fibres present in the mix act as a bridge and helps in increasing 
the ductility, and post crack behavior of concrete.
6. From  fig. 7. it is observed that at later ages for high strength 
fibre reinforced concrete the flexural strengths are increasing 
with temperatures, whereas for Normal strength fibre reinforced 
concrete the values are decreasing with temperature.
7.  At early days there is a gradual decrease in split tensile strengths 
for both grades of concrete as temperature increases as seen in 
Fig.8. this can be due to incomplete hydration process at early ages. 
The  performance of steel fibres is same for both high strength and 
normal strength concrete in respect of split tensile strengths.  
8. From fig. 10 it is observed that there is an increase in split tensile 
strength values in case of high strength concretes at later ages.

V. Conclusion
Addition of steel fibres helps in increasing ductility of 1. 
concrete
Addition of steel fibres in high strength concrete adds more 2. 
advantage compared to its addition in normal strength 
concrete. High  strength concrete has a compact structure, 
low water cement ratio. As the temperature increases more 
internal stresses are induced causing bursting or explosive 
spalling. Steel  fibres helps in decreasing the internal pressures 
and also helps in improved flexural and split strengths.
The geometry of steel fibres helps in better bonding of 3. 
concrete, it also helps the fibres to act more efficiently as a 
bridge  in reducing the fracture of concrete. It also helps us 
in attaining fibre free surface.
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