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Abstract— This paper presents a study that investigates the 

impact of various face exposures: totally and partly on the 

behavior of traditional strength concrete (RC) concrete beams 

once exposed to fireplace. Six concrete beams of traditional 

strength were tested in flexure once one hour normal fireplace 

exposure, followed by a typical cooling section. The results 

show that cooling section is important in achieving most 

temperature in RC beams. The various face exposures and 

concrete strengths considerably have an effect on the load 

initially cracking, serviceableness deflection and failure 

altered once fireplace exposure. 
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I. INTRODUCTION 

Concrete structures generally have good fire resistance 

properties and, often, no additional fire Protection measures 

are required. However, when exposed to fire for long 

durations, such structures may lose strength and stiffness as a 

result of increased temperature in the members.The extent of 

strength loss is dependent upon the maximum temperature 

attained by the concrete and reinforcing steel during full fire 

curve. Generally concrete beams of normal strength concrete 

exhibit good performance under fire situation on account of 

good permeability and high thermal inertia. It is rare that the 

structural element collapse during fire rather than the 

members are cooled down and ended up with decreased 

strength and stiffness The behavior of RC beams after 

standard fire heating curves have been reported so far 

however very few reported the behaviour after full fire curve. 

Therefore the residual behaviour of reinforced concrete 

members are prescriptive approaches which are based on 

either standard fire resistance tests or empirical calculation 

methods. These standard fires tests do not represent the actual 

performance of beam after fire. During compartment fire, 

exposure to the structural elements is not the same for all. 

Since some structural elements exposed uniformly however 

the sides and corner structural elements are exposed partially. 

For the beam elements the uniform exposure is different than 

the column exposure. The thermal profile developed in beam 

is not symmetric about the neutral axis however it is 

symmetrical in case of column. Unlike those which are 

exposed uniformly the partially exposed develops different 

thermal profiles in the cross-section over a period of time. As 

a result the behaviour of RC beams: the first cracking load, 

serviceability load, ultimate capacity as well as strains are 

altered. 

II. MATERIAL PROPERTIES 

 Materials Used and Mix Proportioning 

In this study, concrete was proportioned with OPC 43 grade 

cement and carbonate aggregate conforming to IS 8112. It 

had a consistency of 30% and Blaine fineness of 355 m2/kg. 

River sand with a specific gravity of 2.64 and fineness 

modulus of 2.90 was used as the fine aggregate; while natural 

crushed coarse aggregate of specific gravity 2.69 was used as 

coarse aggregate. Third generation carboxylic ether based 

super-plasticizer conforming to IS: 9103-1999 was used to 

obtain the desired workability. The Indian standard IS: 

10262-2009 was used for proportioning of M30, the cement 

content was 390 kg/m3 bearing a ratio of 1:3:1.75 with course 

aggregate and fine aggregates respectively and the water to 

cement ratio was 0.44. 

 Mixing and Casting Details 

To assess the performance of NSC reinforced concrete beams 

after fire exposure, six beams designed in accordance with IS 

456-2000 were cast. The width and concrete cover were 

selected as per IS 1642: 1989. The steel of the main 

reinforcing bars and stirrups had yield strength of 500 MPa 

and 250 MPa respectively. The average cubic and cylindrical 

strength for NSC beams was 45.6 MPa. The specimens were 

instrumented with thermocouples. Type K chromal-alumal 

thermocouples were installed at mid sectionfor measuring 

concrete and rebar temperatures. 

III. RESULTS & DISCUSSION 

The maximum temperatures were monitored in concrete and 

reinforcement during the whole cycle of heating and cooling 

since the maximum temperature for reinforcing steel and 

concrete is important if exceeds the critical temperature (i,e 

500 ⁰ C for reinforcing steel and 200 ⁰ C for concrete) .The 

maximum temperature attained for NSC beams in the whole 

cycle are presented which shows that the maximum 

temperatures in concrete and steel was observed during 

cooling phase of fire  . Also the time taken for the attainment 

of maximum temperature is slower in concrete in comparison 

to reinforcing steel. This phenomenon can be explained on 

the basis of high thermal inertia of concrete in comparison to 

steel. The load deflection behavior of NSC0 (unheated beam), 

and NSC1 (partially exposed) at the mid span. The changes 

in the load deflection curves show different events occurring 

with increase of load. For the partially exposed beam, the first 

cracking load was marked at 15.62 kN which was 60 % of the 

control specimen. With the onset of profuse cracking after the 

first crack, the deflection increases non-linearly with increase 

in load. The loads at serviceability deflection (i.e., 9 mm) in 

NSC1 beams and 53.5 % of the control beam specimen. 

Followed by the yielding of steel reinforcement, the beam and 

NSC1 failed at 92.2 % of the ultimate load of the control 

beam. The first flexural crack is the most affected to 

temperature as the tensile strength is the square root of the 

compressive strength .however the load at deflection is 

affected as the steel is affected. Also since the beam is 

designed as under reinforced the failure is because of yielding 

of steel hence the ultimate capacity is affected lesser than 

other responses. 
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IV. CONCLUSIONS 

Depending upon the temperature profiles obtained and the 

response of beam to load the following conclusions can be 

drawn. 

1) Since the temperature of the steel does not exceed the 

critical temperature (500 C) the provision of bottom 

cover in IS 456 for fire resistance of RC beams for 1 hour 

is sufficient for partially exposed beams however it 

becomes alarming when the beam is exposed to three 

face exposures. 

2) The Indian code IS 456 briefly describes about the 

bottom cover however there is no specification for side 

cover to the reinforcement. 

3) The temperature in the concrete compressive zone is 

below 300 C hence concrete is not damage significantly 

hence the steel in the concrete is the governing factor in 

the residual behaviour of RC beam. 

4) In partially exposed beam the cracking is observed at 

60% of the cracking load of the unexposed one. 

5) The serviceability criterion for deflection is achieved for 

partially exposed beams even at 50% of the load of 

unheated beam specimen required to achieve the criteria. 

6) Also the ultimate strength of partially exposed beam is 

not significantly decrease after exposure to fire. 
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