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Abstract 
 

The objective of the investigation was to assess the sustainable effect of steel 

fiber reinforced concrete columns (SFRC), polypropylene fiber reinforced 

concrete (PPFRC) columns and reinforced cement concrete (RC) column, 

subjected to temperatures from 100 to 700 
o
C by Non-Destructive Tests. In 

order to attain this, RC, SFRC and PPFRC columns were cast as well as 

restored for 28 days. These columns were then made hot in an electrically 

operated Bogie Hearth Furnace up to a temperature of 700 
o
C for two time of 

1 and 2 h. In this investigation, Rebound hammer along with Ultrasonic 

Pulse Velocity (UPV) experiments were carried out to investigate the 

outcome of high temperature on the conduct of columns. On the basis of the 

results, it was established compressive power acquired using Rebound 

hammer experiment of SFRC columns were better than RC columns up to 

500 
o
C. Outcomes of UPV experiments indicate a drop in pulse velocity 

value for columns warmed up more than 400 
o
C. Addition of polypropylene 

fibres did not show any effect on the compressive strength. 
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1 Introduction 
 

Apart to natural disasters such as earthquakes, hurricanes, tsunamis, etc., 

the same danger poses disasters caused by people like fire and fire explosions 

are equally dangerous. Data from the National Crime Records Bureau show 

that, in 2010-2014, about 1.11 lakh people lost their lives as a result of Indian 

fires in general. In the context of these data, prevention of structural fires or 

the reduction of the intensity of the fire one must take care. On the other 

hand, the structural resistance of a building during and after a fire disaster is 

an area that needs attention. High temperatures will occur during a fire, 

leading to a structural column to distress. This distress will reduce the overall 

resistance of the column. Many materials have been developed to make the 

building more durable and resistant to high temperatures so as to avoid 

structural damage. One of the satisfactory alternative available is the use of 

fibers in structural elements. 

 

2 Literature Survey 

 

J. Novak  and A. Kohoutkova  [1] conducted a study on the behaviour of 

fibre reinforced concrete exposed to high temperatures. It was inferred that 

steel fiber in concrete mix for the improvement of mechanical properties and 

resistance to heating effects. 

F.U.A Shaikh and M. Taweel [2] studied the compressive strength and 

non-success conduct of fibre strengthened concrete exposed to high 

temperatures and the results show that the compressive strength of concrete 

with steel fibres at higher temperatures was higher than that of plain 

concrete.  

Seyed Hamed Ahmadipourinaeim and Younes Saberi [3] studied the 

consequence of polypropylene fibers on the compressive strength and heat 

resistance of concrete with high strength has been investigated. 

Polypropylene fibers of different lengths 5, 10, 15, 20 and 25 mm and 

different weights 0.5, 0.8, 1.3 and 1.7 kg/m
3
 was  used in the concrete. The 

results indicated that the strength and heat resistance of the concrete have 

increased by  the addition  of polypropylene fibers. 

V.K.R Kodur et al. [4] studied the consequence of strength and fiber 

reinforcement on fire resistance of high strength concrete columns. The 

addition of steel fibers improves the ductility and fire endurances of high 

strength concrete columns.  

J.A Purkiss [5] studied the residual compressive strength, flexural 

strength, dynamic modulus and ultrasonic pulse velocity of reinforced steel 

fiber at high temperatures. It was found below 600
0
C, fibre reinforced 

concrete performs better than plain concrete. 
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V. M. Sounthararajan et al. [6] studied the effect of styrene-butadiene 

rubber (SBR) latex with crimped PP (polypropylene) fibre 0.1% and 0.3% 

(aspect ratio-80) used for high-performance concrete (HPC) on mechanical 

behaviour. The laboratory test has performed the crushing and flexural 

rigidity of polymer-modified (PM) concrete exhibit HS (higher strength) than 

compared to control concrete (CC). Also, SBR latex without fibre concrete 

exhibits an improved crushing strength of 16.31% than that of CC. SBR latex 

concrete with 0.3% of fibre shows 23.4%. 

However, strength of fiber reinforced concrete (FRC) may be estimate by 

destructive or non-destructive methods. The content of non-destructive tests 

to assess the status of RC structures has increased dramatically recently due 

to an increase in the number of structures indicating signs of distress. Non-

destructive tests are fast, easy to use and cheap. The above studies are 

available for plain cement concrete. In fact, the fire disaster affects the 

structural elements of the building, such as columns, beams, etc. The present 

investigation is to assess the compressive behaviour of fiber reinforced 

concrete columns exposed to high temperatures using rebound hammer and 

ultrasonic pulse velocity tests. Here, changes in compressive strength were 

studied for temperatures of 100 to 700 
o
C for 1 and 2 h exposure durations. 

 

3 Material and Methods 
 

3.1 Material Properties 
 

Ordinary Portland cement of grade 53 (IS 12262-1987) [7] is utilized for 

specimen preparation; river bed sand conforming to Zone II is used as fine 

aggregate. Well graded crushed aggregates of maximum size 20 mm is used 

as coarse aggregate
 
(IS383-1970) [8]. Potable water free from salts is used 

for mixing. Superplasticizer of conplast SP 430 was used with a dosage of 

500 ml per 50 kg of cement. In the present investigation crimped flat steel 

fibers having a length 50 mm and a width of 0.75 mm and polypropylene 

fibers having a length 12 mm and a width of 25~40 microns are used. The 

fibers (steel and polypropylene) used in present investigation shown in 

Figure 1 and Figure 2. 

 

 
 

 

 

 

 

 

 

 

 

 

 

 



                                                                                                                  
 

 

11801 M.K.S.S.Krishna Chaitanya et al.  

 

 
 

Figure 1 Crimped Flat Steel Fibres 

 

 

 
 

Figure 2 Polypropylene Fibres 

 

3.2 Mix Proportions 
 

Concrete mix was outlined according to IS: 10262-2009 [9] to achieve 

target strength of 38.25 MPa in 28 days and a slump of 50 mm (IS: 456-

2000) [10] and mix proportion as presented in Table 1. 

  
Table 1 Ingredients of Mix 

 
Material kg/m

3
 

Water  176.0 

Cement 391.1 

Fine aggregate 656.3 

Coarse aggregate 1217.5 

Super plasticizer 3.91 l/m
3 
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3.3 Mixing, Casting and Curing Procedures 
 

All ingredients are mixed in a concrete mixer of capacity 0.4 m
3
. The 

mixer is filled with proportional amount of coarse aggregate, fine aggregate, 

cement, water and fiber (in the case of fiber mixtures) and mixed for 5 

minutes. Mixed concrete is placed in the column moulds. After 24 hours, the 

specimens are demoulded and cured for 28 days. All columns are then stored 

in the laboratory under atmospheric conditions before exposure to high 

temperatures. 

 

3.4 Test Specimens 
 

The details of the test specimens are as shown in Figure 3. These 

dimensions are determined based on model analysis. The yield strength of 

main reinforcing bars and ties are 415 and 250 MPa, respectively. Among the 

forty-five cast columns, one is examined at room temperature for each 

mixture and is considered as reference columns. 

 

 
 

Figure 3 Elevation and Cross-Section of Columns 

 

3.5 Heating Procedure 
 

An electric furnace designed for this purpose is used and the rate of 

heating is in accordance with ISO 834 – 2014 [11]. The maximum working 

temperature of the furnace is 1050 
o
C. Specimens are heated to 100, 200, 

300, 400, 500, 600 and 700 
o
C for 1 and 2 h exposure durations. After 

heating, the specimens are allowed to cool down to room temperature before 

being tested. 
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8mm Ø bars were used as longitudinal

reinforcement.
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4 Testing of Specimens 
 

4.1 Rebound Hammer Test 
 

Rebound hammer test was conducted as per IS13311 (Part 2): 1992 [12] 

to find the probable compressive strength of the concrete. The specimen was 

measured out into equal grid blocks and 10 points were noted on each side at 

equilvalent spans for conducting the rebound hammer test. The test results 

were reported in probable compressive strength of the RC columns at room 

temperature with fire affected concrete without fibers and with fibers are 

shown in Figure 4 and Figure 5. 

 
Figure 4 Compressive Strength vs. Temperature for 1 H Exposure Duration 

 

 
 

Figure 5 Compressive Strength vs.  Temperature for 2 H Exposure Duration 

 

4.2 Ultrasonic Pulse Velocity Test 
 

Ultrasonic pulse velocity test was conducted according to IS13311 

(Part1):1992 [13] for the evaluation of concrete quality. The specimen was 

measured out into grid points of equal spacing and 5 points on two faces 
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at top and bottom as T1 to T5 and two side faces as S1 to S5 of the columns 

which were marked at equal intervals as shown in Figure 6. Concrete 

surfaces were kept clean and grease was applied at the point for effective 

coupling between concrete and face of the transducer. The results of 

ultrasonic pulse velocity test for the RC, SFRC and PPFRC columns are 

shown in Figure 7 and Figure 8. 

 

 
 

Figure 6 Grid Points for Conducting UPV Test 

 

5 Results and Discussion 
 

5.1 Compressive Strength 
 

The variation of the compressive strength of the RC columns, SFRC 

columns and PPFRC columns with temperatures are shown in Figure 4 and 

Figure 5 according to the heating durations of 1 and 2 h respectively. 

Compared with change in compressive strength of RC columns at room 

temperature, SFRC columns showed better results of up to 500 
o
C for 1 h 

duration and for 2 h duration the SFRC columns showed better results up to 

400 
o
C. This is due to existence of steel fibers in the concrete matrix help out 

in anchoring the weak joints together preventing the occurrence of cracks 

which indirectly improves the surface hardness. Further the strength reduced 

below RC control at room temperature from temperature 500 
o
C onwards. 

Addition of polypropylene fibres had no effect on the compressive strength 

when exposed to temperature up to 700 
o
C for 1 and 2 h. 

 

5.2 Concrete Quality Grading 
 

The variation of pulse velocity (m/s) for RC columns, SFRC columns 

and  PPFRC columns with temperatures are shown in Figure 7 and Figure 8 

according to their heating durations 1 and 2 h respectively. It is observed, 

quality grading is excellent or good for RC columns, SFRC columns and 

PPFRC columns for 1 h exposure duration up to 500 
o
C and 400 

o
C 

respectively. When exposed to 2 h duration, for RC columns, SFRC columns  
 

 

 

 

S1 S2 S3 S4 S5 

T1 T2 T3 T4 T5 



                                                                                                                  
 

11805 M.K.S.S.Krishna Chaitanya et al.  

 

and PPFRC columns quality grading is excellent or good up to 400 
o
C. This 

improvement can be achieved by the prevention of cracks that may occur in 

the concrete. The presence of fibers provides in arresting the propagation of 

cracks thereby avoiding the fracture gaps in concrete, resulting in better 

velocities. As the temperature increased beyond 500 
o
C quality grading is 

medium or doubtful due to development of voids and crakes (Larissa 

D.Kirchhof et al.) [14]. The results of ultrasonic pulse velocity test of RC, 

SFRC and PPFRC columns are presented in Table 2. 
 

Table 2 Pulse Velocity (M/S) Of RC, SFRC and PPFRC Columns and Quality 

Grading 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Figure 7 Ultrasonic Pulse Velocity vs. Temperature for 1 H Exposure Duration 

 

 

 

Temp 

(
o
C) 

Pulse velocity 

(m/s) for RC 

columns 

Pulse velocity 

(m/s) for SFRC 

columns 

Pulse velocity 

(m/s) for  PPFRC 

columns 

Quality 

grading 

according 

to IS13311 

(Part1): 

1992 
1 h 2 h 1 h 2 h 1 h 2 h 

27 4761.9 4761.9 4816.8 4816.8 4775 4775 

Excellent 

and good 

100 4997.7 4882.6 5137.6 4894.2 4690 4581.2 

200 4809.8 4632.3 4835.6 4860.3 4435.9 4298.3 

300 4436.9 4284.7 4615.4 4302.5 4257.2 4028.1 

400 4222.3 4089 4219.3 3844 4190.8 3613.8 

500 3522 3317.7 3467.7 3233.9 2831.5 2561.2 
Medium 

and 

doubtful 

600 3127.5 2824.8 2974.6 2537.1 2519 1507.1 

700 2016.6 2757.1 2045.2 2680.7 1681.4 1236 
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Figure 8 Ultrasonic Pulse Velocities vs. Temperature for 2 H Exposure Duration 

 

6 Conclusions 
 
1. The addition of steel fibres exhibits a significant increment of about 

17.2% in compressive strength given by rebound hammer test at room 

temperature. 

2. In case of rebound hammer test, when compared with compressive 

strength of RC columns at room temperature, SFRC columns retained 

100% compressive strength up to 500 
o
C and 400 

o
C for 1 and 2 h 

exposure duration. 

3. In case of UPV test, quality grading is excellent or good for both RC and 

SFRC columns for 1 and 2 h exposure durations up to 500 
o
C and 400 

o
C 

respectively.  

4. In case of UPV test, quality grading is excellent or good for both RC and 

PPFRC columns for 1 and 2 h exposure durations up to 400 
o
C.  

5. Beyond 500 
o
C, quality grading is medium or doubtful for both RC and 

SFRC columns for 1 h exposure duration. 

6. Beyond 400 
o
C, quality grading is medium or doubtful for both RC and 

PPFRC columns for 1 h exposure duration. 

7. Beyond 400 
o
C, quality grading is medium or doubtful for RC, SFRC 

and PPFRC columns for 2 h exposure duration. 

8. The satisfactory improvement in strengths was observed by the addition 

of steel fibers than polypropylene fibers in the structural concrete 
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