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 The effect of temperature on the flexural strength of plain and fiber reinforced Concrete 

is reported. Flexural strength of concrete is one of the primary factors affecting the 
Vulnerability to spalling but information on flexural strength at elevated temperature is 

limited. This paper describes a study on flexural strength of medium strength concrete 

with and without fibers (Polypropylene and Steel) at elevated temperatures. Prisms of 
size 100x100x500mm were casted from concrete with compressive strength between 20 

MPa and 30 MPa for Plain concrete, Polypropylene fiber reinforced concrete and Steel 

fiber reinforced concrete with volume fraction (VF) of ( 0.05, 0.1& 0.15%) and (0.5,1 
&1.5%) respectively. After specified period of curing, the specimens were air dried and 

then exposed to 100, 200, and 300⁰C (apart from 27⁰C) in an electric furnace for 
duration of 2hrs, 4hrs and 6 hours and then allowed to cool. The prisms are tested in 

Universal Testing machine for flexure and the residual strengths of the specimens upon 
cooling to room temperature were determined. The use of fibers in concrete is of good 

advantage than plain concrete. By adding polypropylene and steel fibers fracture 

resistance of concrete can be increased. All the results and observations are presented in 
the paper. 
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INTRODUCTION 

 

 Concrete material is very commonly used in building construction all over the world. However, structural 

performance of concrete deteriorates at elevated 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. 

Generally concrete structures have very good behavior during fire when compared to structures made of other 

materials. However, severe fire, with heavy fire loads and specific environmental conditions, can lead to critical 

destruction of concrete structures. Structural elements should remain stable for a period to allow the occupants 

to evacuate, and to allow the fire fighters to fight the fire safely and to carry out rescues effectively. If the 

building is well designed, fire damage will be small and the cost of repair will be reduced. 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 in turn 

induces high tensile stresses. Plain concrete is not capable of resisting these tensile stresses. Due to its low 

tensile strength, micro cracks 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 elevated temperatures the free water evaporates and above 150⁰C the chemically bound 

water is released from the hydrated calcium silicate, this process reaches its peak at 270⁰C. . One of the main 

damages due to rapid heating of concrete during fire and subsequent cooling by water is spalling. Spalling of 

concrete is a phenomenon whereby pieces of concrete break off from the surface of a concrete element. There 

are many concerns with the integrity of reinforced concrete elements as a result of spalling. In addition to 

spalling phenomenon, there is a flagrant loss in mechanical properties of concrete at high temperature and upon 

cooling. Compressive strength, tensile and flexural strength and modulus of elasticity are the main mechanical 

properties of concrete, which are of high interests during and after fire. Flexural strength of concrete seems to 
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have an important role in spalling behavior of concrete. The effects of temperature on the mechanical properties 

of concrete have been investigated by many researchers. Unfortunately, there is not a distinct method to verify 

flexural strength of concrete at elevated temperatures. Addition of fibers helps in increasing the inherent flexural 

strength of concrete. Concrete which contains cement, sand, aggregate and discontinuous discrete fibers is called 

fiber reinforced concrete. Fibers present in the concrete act as bridge and helps in arresting cracks, static and 

dynamic properties of matrix. Fibers also increase the ductility of concrete. Fibers that can be used in 

engineering construction are polypropylene, nylons, steel fibers, asbestos, coir, glass and carbon. Steel fibers are 

one of the most widely used fibers in concrete. Polypropylene and steel fiber increases the flexural strength of 

concrete and it has been proposed as a way to mitigate the spalling of concrete at elevated temperature but there 

is limited data to understand the mechanism. In this study, an experimental program was undertaken to 

investigate the flexural strength of plain and fiber reinforced concrete. Polypropylene and Steel fibers with 

volume fraction of (VF) (0.05, 0.1 &0.15%) and (0.5, 1 &1.5%) respectively were added to determine their 

effects. 

 

Objectives:  

1. To study the effect of sustained elevated temperature ranging 100⁰c to 300⁰c for the exposure period of 2, 4, 6 

hrs for M20, M25 and M30 grade concrete with and without steel and polypropylene fiber with reference to 

flexural strength. 

2. To compare the results obtained at room temperature (unheated), with and without steel and polypropylene 

fiber. 

 

Research Significance: 

1)In case of accidental fire in residential & commercial building components of structures such as column, 

beam, slab etc. are exposed to accidental fire and then method of control to fire i.e. Air & Water cooling. 

2) To be able to predict the response of structures after exposure to high temperature, it is essential that the 

strength properties of the concrete subjected to elevated temperatures be clearly understood. 

3) To study the effect of sustained high temperature on flexural strength of M20, M25 &M30 grade concrete 

using fibers. The test specimens were subjected to temperatures ranging from 100⁰C to 300⁰C for 2, 4 and 6 

hours, their behavior compared to that observed room temperature. 

4) Little investigations have been noticed to provide experimental result about the effect of PPF and SF on the 

properties of concrete at elevated temperature, so it became necessary to make additional studies on the effect of 

elevated temperature on properties of PPFRC and SFRC. In this study an investigation is carried out on the 

effect of elevated temperature on the flexural strength. 

5) Three compositions of concrete are presented in this paper one without fiber (PC), one with Polypropylene 

fiber (PPFRC) and another with steel fiber (SFRC).Some variables being focused on concerning effect of fiber 

on concrete residual properties including fiber volume (VF), fiber length (lf) and fiber materials. For each type 

of concrete mix (M1, M2&M3) three sets of specimens for standard concrete, PPFRC and SFRC with VF of 

(0.05, 0.1 &0.15%) and (0.5, 1&1.5 %.) respectively. 

6) All the specimens were exposed to 100⁰c, 200⁰c &300⁰c for sustained exposure period of 2hrs, 4hrs & 

6hrs.All the heated specimens were cooled to room temperature .One set of unheated specimens of all mixes 

with and without fiber content and all other heated specimens cooled to room temperature were tested for its 

flexural strength. The results were analysed and final conclusion drawn. 

 

Polypropylene fiber reinforced concrete (PPFRC): 

 The addition of polypropylene fiber is at recommended dosage of approximately 0.90kg/m³ (0.1% by 

volume) the fiber volume is so low that mixing techniques require little or no modification from normal 

practice. This fiber may be added at either a conventional batching/mixing plant or by hand to the ready mix 

truck on site. Concrete mixes containing polypropylene fibers can be transported by normal methods and flow 

easily from the hopper out let. No special precautions are necessary. Conventional means of tamping or 

vibration to provide the necessary compaction can be used. Curing procedures similar to those specified for 

conventional concrete should be strictly undertaken. Specimens are immersed into water for the specified period 

of 28 days. Polypropylene fiber act mechanically, they impart a cohesive effect by holding water at or near the 

fiber surface of the concrete, delaying evaporation and increasing cement hydration. The slump of fiber-dosed 

concrete is not significantly affected by the addition of polypropylene fibers. 

 

Steel fiber reinforced concrete (SFRC): 

 Compared to plain concrete, fiber reinforced concrete mixes generally have higher cement and fine contents 

and smaller aggregates. The slump decreases as the fiber content increases, ACI Committee 544.1R,1996).In 

order to obtain steel fiber-reinforced concrete that is easy to work with minimum shrinkage, manufactures 

should specifies the following (Bekaert,1990) Quantity of cement should be between 350 kg/m³ and 450kg/m³ 
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 750-850 kg/m³ well graded fine aggregate 

 Characteristic compressive strength at least 20 N/mm² 

 W/C ratio not to exceed 0.5 

 Use of super plasticizer is permitted to obtain the necessary workability 

 The recommended dosage rate of steel fiber is usually between 20 and 40kg/m³.The greater the dosage rate 

the greater is the flexural strength of concrete. Generally the fibers are added last to the fresh concrete, care 

being taken to ensure that no clumps are added and the fibers are rapidly moved from the entry point to the 

mixture. As long as the aspect ratio of the fiber is less than 50, the fibers may be dispended directly without any 

risk of balling. Visual inspection is necessary to check the fiber distribution. The inclusion of the fibers into the 

concrete mix influence its workability (Hannat,1978;Swamy,1974) ACI committee report in 1996,reported that 

in the typical ranges of volume fractions used for steel fiber reinforced concrete (0.25 to 1.5 volume present),the 

addition of steel fiber reduced the measured slump of the composite as compared to plain concrete in the range 

of 25 to 102mm.Incorporation of super plasticizer is essential to maintain good workability(120-150mm).Steel 

fiber improves the ductility of concrete under all modes of loading. But their effectiveness in improving strength 

varies among compression, tension, shear, torsion and flexure. Steel fiber concrete is more durable than plain 

concrete. 

 

Materials:  

 Cement used in concrete mixture was ordinary Portland cement of 53 grade, fine aggregate was natural 

river sand conforming to Zone II of IS 383:1970 with the maximum size of less than 4.75mm.Coarse aggregate 

satisfies gradation in table 2 of IS 383:1970 with aggregate of size 20mm down was used .Two types of fibers 

were used for present investigation (i) Hooked steel fiber and (ii) Polypropylene fibers. The properties of 

hooked steel fiber and Polypropylene fibers are listed in Table.  

 
Table 1: Steel fiber specification. 

Fiber type Density 
(kg/m3) 

Ultimate tensile 
strength (MPa) 

Modulus of elasticity 
(MPa) 

Poisons ratio Length (mm) Nominal 
diameter (mm) 

Hooked steel fiber  

7860 

 

1130 

 

200000 

 

0.28 

 

25 

 

0.5 

 
 Table 2: Physical Properties of Polypropylene fiber (PPF) used. 

Form Specific 

gravity 

Alkaline, 

Chloride & Sulphate 
content 

Fiber 

thick 

Young’s 

Modulus 

Tensile 

strength 

Melting 

point 

Fiber 

length 

Virgin 

Polypropylene 

 

 

 

0.91 

 

 

nil 

182 

30 

microns 

5500- 

7000 

MPa 

 

350 

MPa 

 

 

160⁰ C 

 

 

19mm 

  

Mix proportion:  

 Three types of concrete with three different mix proportions of M1, M2, &M2 were prepared using 

different water cement ratios ranging 0.45-0.5(i) Plain concrete (ii) Concrete reinforced with Polypropylene of 

VF 0.05, 0.1&0.15% (iii) Concrete reinforced with Steel fiber of VF 0.5, 1&1.5%.The literature shows that the 

strength of concrete mix dependent on the variation in proportions of constituent materials. Considering this 

aspect the experiments have been planned to study the variation in strength properties with three different mixes 

when subjected to elevated temperature .Mix proportions (M) 

M1=1:1.85:3.25,w/c=0.5,M2=1:1.6:3.06,w/c=0.48,M3=1:1.6:2.8,w/c=0.45 by weight of dry materials have been 

considered for the investigation. Concrete composition design is given in table. Percentage of fibers is decided 

based on the literature review. To maintain proper workability required quantity of Super Plasticizer namely 

CERAPLAST added into concrete particularly when steel fiber added into concrete. Mix design of conventional 

plain concrete mix (PC) is carried out according to IS 10269: 2009.  

 
Concrete mix M20 (M1) 

w/c ratio Water Cement FA CA Chemical Admixture 

0.50 186.5 lit/m³ 373 kg/m³ 680 kg/m³ 1172 kg/m³ 3.25 kg/m³ 

 

Concrete mix M25 (M2) 

w/c ratio Water Cement FA CA Chemical Admixture 

0.48 185 lit/m³ 385 kg/m³ 710 kg/m³ 1181 kg/m³ 3.50 kg/m³ 

 

Concrete mix M30 (M3) 

w/c  atio Water Cement FA CA Chemical Admixture 

0.45 191 lit/m³ 425 kg/m³ 696 kg/m³ 1198 kg/m³ 3.75 kg/m³ 
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Scope of present Investigation: 

 Considering the objectives, the following studies have been planned to know the effect of sustained 

elevated temperature on plain concrete (PC), Polypropylene fiber reinforced concrete (PFRC) and Steel fiber 

reinforced concrete (SFRC). 

 Studies on the structural properties of concrete such as Flexural strength  

1. To study all the above characteristics the experiments have been planned using, 

a. Different type of mixes 

b. Different levels of temperature 

c. Different exposure durations 

d. Different volume fraction of Polypropylene fiber into concrete  

e. Different volume fraction of Steel fiber into concrete  

 By adopting unstressed residual strength tests. 

 

Test methods: 

 The specimens are heated slowly to a target temperature, the external temperature is held constant to allow 

the internal specimen temperature to reach uniform value. The properties are measured after a uniform internal 

temperature is reached. The specimen is then allowed to cool to room temperature. Load is applied at room 

temperature until the specimen fails. The result obtained is most suitable for assessing the post fire (residual) 

properties of concrete. The slump test for three types of concrete mixes was performed with targeted slump flow 

of 100mm.Following residual mechanical properties were determined at the age of 28 days curing. Flexural 

strength test is done as per IS: 516-1959. Prisms are tested for flexure in Universal testing machine of capacity 

100kN. 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. 

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. The flexural strength was calculated using the following expression.  

Fb = PL /BD² N/mm²  

Where  

Fb = Flexural strength N/mm² P = Applied Load in Newtons 

B = Breadth in mm D = Depth in mm 

  

Heating Equipment:  

 Three ovens have been used to conduct the experiments. The oven capable of reaching a maximum 

temperature of 300⁰c had storage of 1.2m X1.1mX and0.95m.Electric power used to raise the temperature inside 

the oven. The standard specimen of cylinder of size 150 X 300 mm were cast to determine the split tensile 

strength of concrete at 28 days and test were performed according to IS: 5816.Casted specimens were de molded 

after 24 hrs and cured under water for the period of 28 days. After 28 days of curing, the specimens were 

prepared for testing at room temperature and at elevated temperature. These specimens were kept inside the 

oven and required temperature of 100⁰c or 200⁰cor 300⁰c was set. Specimens were kept inside the oven for 

varying time between 2hrs and 6hours.After the steady state reached the specimens were sustained for 

predetermined duration of time 2hrs or 4hrs or 6hrs at the end of which the specimens were cooled to room 

temperature and tested for their residual characteristics using proper experimental set up. 

 

Result Discussion:  

 For all the concrete mixes M1, M2& M3 for plain concrete (PC), Polypropylene fiber reinforced concrete 

(PPFRC) and Steel fiber reinforced concrete (SFRC) exhibits flexural strength loss as temperature increases. For 

plain concrete it was observed that increase in flexural strength up to 200⁰c for 2 & 4hrs exposure period and 

further increase in temperature above 200⁰c and exposure period of 6hrs cause considerable decrease in flexural 

strength. The flexural strength of concrete specimens containing fiber (PPF&SF) for all temperature shows 

higher strength as compared to concrete specimens without fibers. As fiber bridges the cracks and control crack 

width. Hence increase the load carrying capacity and strength.PPF with VF of 0.05, 0.1&0.15% offers improved 

flexural strength for all tested temperature than plain concrete. But considerable decrease in flexural strength 

was observed for PPF with VF of 1.5% starting from room temperature 100⁰c, 200⁰c & 300⁰c for sustained 

exposure period of 2hrs, 4hrs&6hrs. Steel fiber with VF 0.5,1&1.5% offers considerable increase in flexural 

strength and residual flexural strength than PPRFC and plain concrete (PC) at all temperature levels. Optimum 

steel fiber content of 1% offers maximum increase in strength of 40.23% for Mix M3 at 100⁰C – 2hrs exposure. 

 

Plain concrete (PC): 

 It is observed that residual strength of the mixes M1, M2&M3 subjected to air cooling has decreased as the 

temperature and duration of exposure are increased. Test result revels that maximum increase in residual 
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flexural strength of air cooled specimen of mix M1-18.55%, M2-23.25% & M3-26.21% observed at elevated 

temperature of 100⁰c for 2 hrs exposure period. Further increase in temperature cause decrease in flexural 

strength, at 200⁰c for the exposure period of 6hrs there was decrease in residual strength of M1-11%; M2-

13%&M3-15.54%.Test result shows that least reduction in residual tensile strength observed at 300⁰c for the 

exposure period of 6hrs are M1-38.24%, M2-48%& M3-57.67%. 

 

Polypropylene fiber reinforced concrete (PPFRC) with VF of 0.05, 0.1 & 0.15%: 

 Addition of PPF with VF 0.05,0. 1& 0.15% in Mix M1, M2& M3 increase the flexural strength marginally. 

An increase in strength of 9%, 13.22%&14.57% observed for addition of 0.05% & decrease in strength 

observed for 0.1 and 0.15% (4, 7 &10.67%) and (8.98, 9&11.56%) respectively for the specimens without 

heating tested at room temperature. This is due to the fact that the presence of fibers increases stain ability in 

flexural failure and hence the flexural strength increases as represented by (Chali).Reduction in flexural strength 

observed when Specimens heated to temperature of 100⁰c, 200⁰c & 300⁰c for the exposure period of 2hrs, 4hrs 

& 6hrs.It is noticed that reduction in flexural strength with respect to increases in temperature and time of 

exposure. At 100⁰c loss in strength observed was marginal and there is considerable decrease in flexural 

strength as the temperature reaches 300⁰c for the sustained period of 6hrs for the VF 0.05,0.1 &0.15%.This is 

due to loss of cement paste plasticity at high temperature, thus break down of inter facial bond between cement 

paste and aggregate during heating & cooling and de hydration of calcium hydroxide occurs when temperature 

reaches to 200⁰ & Percentage of loss at maximum exposure 6hrs in flexural strength for mix M1,M2& M3 with 

VF of 0.05,0.1 &0.15% with respect to room temperature of plain concrete observed as (11%,14%&17%) (25%, 

33%&36%) & (42%, 56%&66%) respectively. As per test result, maximum loss in tensile strength observed at 

300⁰c for exposure period of 6hrs and it varies 23-27% for VF of 0.05%& 48-52% for VF of 0.1% and it was 

observed huge loss of 76.5% -98% for volume fraction of 0.15%.This may be due to combined effect of the 

temperature which affects the micro structure of concrete and because of PPF its melting point (especially after 

160⁰c) which results in large week points between in gradients of concrete. 

 

Steel fiber reinforced concrete (SFRC) with VF of 0.5, 1&1.5%: 

 Increase in flexural strength was observed on un heated specimen tested at room temperature with respect to 

standard specimen for the steel fiber volume fraction of 0.5,1&1.5% for mix M1,M2&M3 observed as 

(16.5%,19%&22%) (27%,31%&34%) & (23%, 26%&30%). Maximum increase in tensile strength for tested 

specimen observed at 100⁰c for exposure period of 6hrs with steel fiber content of 1% given as (38%, 

40%&40.23%) for mix M1, M2&M3. Further increase in temperature up to 300⁰c at 6hrs exposure period cause 

decrease in flexural strength comparing to unheated SFRC at room temperature for the VF of 0.5,1 & 1.5% was 

observed for mix M1,M2,&M3 given as (48,50&49%),(36,41&42%) and (81,988&76%). The investigation 

programme included the determination of optimum fiber content which can be provided in the concrete 

composites for different mix ratios. Optimum fiber content was determined based on flexural strength of the 

standard specimen. Test result revels that maximum increase in flexural strength was found 34% at room 

temperature and 40.23% for 100⁰c at an exposure period of 6hrs with an optimum steel fiber content of 1%.Test 

result revels that maximum increase in flexural strength observed with addition of 1% of steel fiber into plain 

concrete at all temperature levels and flexural strength for addition of 1.5% of SF observed was comparatively 

lower than 1% of SF. Hence test result concludes 1% was Optimum steel fiber content. It was observed that 

SFRC exhibits more flexural strength than concrete without fiber at all the temperature. As the temperature is 

increased SFRC maintained low decrement profile than normal concrete resulting in more percentage flexural 

strength at 100⁰c for 6hrs sustained exposure period. 

 
Residual Flexural Strength of Plain & Polypropylene Fiber Reinforced Concrete 

Temperature Duration 

of 

exposure 

Residual Flexural Strength 

N/mm² 

Standard Specimen 
without Fiber 

Polypropylene Fiber with different volume Fractions 

0% Fiber 0.05% 0.1% 0.15% 

Fb1 Fb2 Fb3 Fb1 Fb2 Fb3 Fb1 Fb2 Fb3 Fb1 Fb2 Fb3 

Room 

Temperature 

0 hrs 4.34 4.71 4.96 4.41 4.65 4.79 4.49 4.61 4.68 4.21 4.22 4.28 

 

 

1000C 

2 hrs 4.24 4.57 4.71 4.11 4.26 4.56 4.23 4.32 4.56 3.89 4.15 4.20 

4hrs 4.11 4.38 4.56 4.09 4.15 4.32 4.02 4.13 4.34 3.77 3.89 4.02 

6 hrs 4.05 4.31 4.46 3.92 4.06 4.12 3.96 3.99 4.14 3.09 3.62 3.65 

 

 
2000C 

2 hrs 3.89 4.21 4.32 3.87 4.00 4.09 3.64 3.71 3.96 2.96 3.11 3.14 

4 hrs 3.57 4.09 4.27 3.74 3.94 3.98 3.22 3.41 3.65 2.77 2.96 2.92 

6 hrs 3.24 4.01 4.11 3.51 3.72 3.84 3.01 3.22 3.79 2.53 2.82 2.74 

 

 

3000C 

2 hrs 2.94 3.87 3.91 3.13 3.32 3.64 2.64 2.97 3.21 2.22 2.42 2.10 

4 hrs 2.63 3.41 3.61 2.93 3.15 3.32 2.41 2.6 2.94 1.96 1.96 1.82 

6 hrs 2.41 2.91 3.01 2.67 2.93 3.12 2.11 2.2 2.41 1.55 1.66 1.13 
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Residual Flexural Strength of Plain & Steel Fiber Reinforced Concrete 

Temperature Duration of 

exposure 

Residual Flexural Strength 

N/mm² 

Standard Specimen 

without Fiber 

Steel Fiber with different volume Fractions 

0% Fiber 0.5% 1% 1.5% 

Fb1 Fb2 Fb3 Fb1 Fb2 Fb3 Fb1 Fb2 Fb3 Fb1 Fb2 Fb3 

Room 

Temperature 

0 hrs 4.34 4.71 4.96 4.86 4.96 5.22 5.21 5.47 5.83 4.98 5.10 5.39 

 

 
1000C 

2 hrs 4.24 4.57 4.71 4.92 5.13 5.39 5.43 5.62 6.12 5.01 5.21 5.86 

4hrs 4.11 4.38 4.56 5.13 5.33 5.79 5.69 5.88 6.22 5.26 5.45 6.01 

6 hrs 4.05 4.31 4.46 5.13 5.42 5.84 5.70 5.88 6.12 5.37 5.50 5.87 

 

 

2000C 

2 hrs 3.89 4.21 4.32 5.02 5.03 5.12 5.30 5.40 5.66 4.99 5.17 5.44 

4 hrs 3.57 4.09 4.27 4.98 4.76 4.94 4.86 4.92 4.91 4.56 4.89 4.90 

6 hrs 3.24 4.01 4.11 4.31 4.28 4.31 4.24 4.61 4.64 4.11 4.22 4.51 

 

 
3000C 

2 hrs 2.94 3.87 3.91 3.91 3.99 3.84 4.17 4.20 4.24 3.86 4.10 4.11 

4 hrs 2.63 3.41 3.61 3.26 3.27 3.41 3.86 3.94 3.94 3.22 3.89 3.84 

6 hrs 2.41 2.91 3.01 3.01 2.96 2.99 3.21 3.22 3.31 3.00 3.02 3.25 

 

 Flexural Strength of Plain Concrete (PC), Polypropylene Fiber Reinforced Concrete (PPRFC) &Steel 

Reinforced Fiber Reinforced Concrete (SRFC) for Different Volume Fraction, Temperature &Different 

Exposure 
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Conclusions: 

1.  The addition of PPF to concrete changes the mode of failure for all tests, from sudden brittle to more 

ductile failure, both before and after exposure to elevated temperatures. 

2. Exposure to elevated temperature affects concrete strength significantly. The strength decreases depends 

mainly on the temperature level and the type of concrete. There is a considerable decrease in strength when 

temperature reaches 300⁰c for the exposure period of 6hrs.Concrete with & without fibers exhibits tensile stress 

decreases as the temperature increases. 

3.  Specimens containing PPF (0.05, 0.1 & 0.15%) the percentage of reduction in flexural strength is lower 

than that in plain concrete (without fiber) after exposure to a temperature 100,200 &300⁰C comparable to 

normal temperature 25⁰C. 

4.  Polypropylene fiber-reinforced concrete tended to experience more reduction on its flexural strength after 

heat exposure compared with steel fiber-reinforced concrete and plain concrete. 

5.  Steel fiber reinforced concrete resists elevated temperature more than plain concrete, SFRC with volume 

fraction of 1% has a superior behavior after exposure to all tested temperature. 

6. In all elevated temperature starting from room temperature 100⁰c,200⁰c & 300⁰c for the sustained exposure 

period of 2hrs,4hrs & 6hrs, PPFRC with VF of 0.05,0.1 &0.15% offers better & improved flexural strength than 

plain concrete. Similarly SFRC with VF of 0.5, 1&1.5% offers more tensile strength and residual tensile 

strength than PPFRC and PC. 

7. Test result revels that maximum increase in flexural strength observed with addition of 1% of steel fiber 

into plain concrete at all temperature levels and flexural strength for addition of 1.5% of SF observed was 

comparatively lower than 1% of SF. Hence test result concludes 1% was Optimum steel fiber content. It was 

observed that SFRC exhibits more tensile strength than concrete without fiber at all the tested temperature 

levels. 

 

REFERENCES 

 

[1] Barros, J.A.O., 2002. Flexural behavior of steel fiber reinforced concrete. Testing & Modeling. 

[2] Chih-Ta Tsai, Li. Lung-Sheng, Chien-Chih Chang and Chao-Lung Hwang, 2009. “Durability design and 

application of Steel fiber reinforced concrete in Taiwan” The Arabian Journal For Science & Engineering, 

34: 79.  

[3] Dr. Mohammed, R.A., Kadir, “Flexural strength deterioration of steel fiber reinforced concrete due to high 

temperatures” Journal of Zankoy Sulaimani, 1(1). 

[4] Dr. N. Ganesan, Dr. P.V. Indira, 2007. Behaviour of steel fiber reinforced high performance concrete 

members under flexure, Behaviour of steel fiber reinforced high performance concrete members under 

flexure May, 88: 20-23. 

[5] Javadian Alireza, 2008. “The high temperature effect on the flexural strength of steel fiber concrete”the 

3rd ACF International Conference. 

[6] Khalil,W.I., 2006. "Influence of High Temperature on Steel Fiber Reinforced Concrete" Journal of 

Engineering and Development, 10(2). 

[7] Mohamedbhai, G.T.G., 1983. “Residual Strength of Concrete Subjected to Elevated 

Temperature’’Concrete(Londan), 17(12): 22-27. 



10                                                  O.G. Dharanipathi and Dr. P.D. Arumairaj, 2015 

Advances in Environmental Biology, 9(8) May 2015, Pages: 1-10 

[8] Shende, A.M., 2011. Comparative Study on Steel Fiber Reinforced cum Control Concrete, University of 

France, France. 

[9] Sullivan, P.J. and M.P. Poucher, 1973. Influence of Temperature of Physical Properties of Concrete and 

Mortar in the Range 200C to 4000C in Temperature and Concrete. 1973. Detroit: American Concrete 

Institute 

[10] Xiao, J., Gert Konig, 2003. “Study on concrete at high temperature in China” Fire Safety Journal, 39: 89-

103. 

 


