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Abstract— A review is presented based on experimental 

studies on the performance of Fiber Reinforced Self 

Compacting Concrete (FR-SCC) when exposed to higher 

temperature. Fires and aggressive environment affect the 

durability of different types of concretes, so experimental 

investigation of concrete deterioration is very essential.  

Primarily the Compressive strength of Fiber Reinforced Self 

Compacting Concrete were investigated for their response in 

terms of compressive strength by casting cubical specimen of 

FR-SSC M30 grade with 1% and 0.5% of fibers (Steel and 

Polypropylene fibers) heated for 2 hrs and 4 hrs of duration 

and comparative variable effect of fiber by volume fractions 

at elevated temperatures for different duration of heat were 

done. Strength of concrete, type of cement, type of aggregate, 

water cement ratio, density of concrete, percentage of 

reinforcement, cover to the reinforcement etc are some of the 

important factors that affect the performance of concrete at 

elevated temperature. 
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I. INTRODUCTION 

FR-SCC has many advantages that include faster 

construction, better surface finishes, easier placing, reduction 

in noise levels and improved durability but it gets affects 

when exposed to fire and loses its strength. 

Fire may cause different degrees of damage to the structure 

depending on the temperature and duration of its exposure 

The stresses due to thermal strain may cause the structural 

elements to crack or spall, thus reducing the concrete area 

available to resist the imposed forces. Fiber can be used in 

SCC to reduce the effect of fire in an accident and handle 

explosive spalling at elevated temperature. Safety measures 

may be achieved only by understanding the physical and 

mechanical properties of the selected construction materials 

at elevated temperature and their influence on the overall 

performance of the structure. During the present 

investigation, an attempt has been made to study 

Compressive Strength of  FR-SCC (with 0.5% and 1% fiber) 

Cubes  exposed to elevated temperatures  and then the heated 

specimens were cooled by water. The experimental work was 

carried out for M30 grades of concrete with steel and 

polypropylene fiber reinforcement. It was found that the 

strength was decreased by exposure to high temperatures and 

incorporation of fiber enhances the resistance to explosive 

spalling fractures of member. 

II. LITERATURE REVIEW 

Many researchers study the Fiber Reinforced Self-compacted 

concrete (FR-SCC) with different parameters, grade of 

concrete with variables temperature 

Moetaz M. El-Hawary et al (1996) [1] studied the 

effect of fire exposure time and the concrete cover thickness 

on the behaviour of R.C. beams subjected to fire in shear zone 

and cooled by water. 

MuctebaUysal, (2012) [2] effect of high temperature 

on the selfcompacted concrete characteristic is presented in 

this research with different types of additives materials like; 

(limestone, basalt and marble powder) with polypropylene 

fiber. 

Reis J. M. L. [3] studied the mechanical 

characterization of anepoxy polymer concrete reinforced with 

natural fibers which were investigated as part of his work to 

analyze the possibility of substitution by synthetic fibers. 

X. Liu, et al. (2008) [4] in their paper defined 

spalling as a phenomenon in which the surface of the concrete 

scales and then falls off from the structure along with an 

explosion at elevated temperatures. 

Gai-Fei Peng et al (2006)[5] carried out an 

investigation to explore the relationship between occurrence 

of explosive spalling and residual mechanical properties of 

fiber toughened high performance concrete exposed to high 

temperatures. Incorporating hybrid fiber seems to be a 

promising way to enhance resistance of concrete to explosive 

spalling 

Anagnostopoulos et al (2009)[6] carried out an 

investigation to determine the influence of different fillers on 

the properties of SCC of different strength classes when 

exposed to high temperatures. SCC produced with limestone 

filler was found to have better performance compared to 

mixtures prepared with different filler materials. 

III. METHODOLOGY 

A. Materials Used:  

The following materials were used in this research: 

1) Commercially available Ordinary Portland Cement 

(OPC) used in the investigation having: specific gravity 

(3.10) and fineness modulus (2010 cm2 /gm).  

2) Commercially available Coarse Aggregate or crushed 

angular granite material of 20 mm maximum size used in 

the mixture having specific gravity (2.47), absorption 

(1.48%), fineness modulus (6.0) and bulk density (1470 

kg/m3).  

3) Locally available Fine Aggregates consisting of river 

sand with a maximum size (4.75 mm), a modulus of 

fineness (2.6) specific gravity (2.4) and absorption value 

(6.2%)  

4) Fly Ash (Class F) containing less than 10% lime (CaO), 

also known as low-calcium fly ash, having specific 

gravity (2.4) and fineness modulus (2480 cm2 /g). 

5) Super-plasticizer: A light brown colour, free flowing 

liquid having rel.density of 1.12. GLENIUM C 315 as 

given by the manufacturer. The amount of admixture was 

kept fixed for all mixes at 1.5 % of cement weight. 

6) Steel fibers and Poly Propylene fibers used are hooked-

end bundled fibers with an aspect ratio (l/d = length over 



Behaviour of Fiber Reinforced Self Compacting Concrete under Elevated Temperature 

 (IJSRD/Vol. 7/Issue 05/2019/043) 

 

 All rights reserved by www.ijsrd.com 167 

diameter ratio) of 60-100. The length and diameter of 

fibers were 30-50 mm and 0.5 mm respectively 

7) Normal Potable water for mixing the concrete and its 

curing. 

B. Experimental Procedure: 

Mix Proportion: Following proportion of mix were adopted 

during the test, obtained by trial and error method.  

Material Cement 
Sand 

(FA) 

Aggregate 

(CA) 
Water 

Kg/m3 435 751 553 180.6 

Ratio 1 1.726 1.271 0.415 

Depending upon the types of fiber, fibrous concrete 

has been classified into two categories viz. steel, and 

polypropylene. All the two fiber have been used in two 

proportions viz. 1% and 0.5%. 2 cubes of each proportion is 

casted for three different temperatures as 400°C ,600°C and 

800°C for two different time as 2hrs and 4 hrs. After heating 

in muffle furnace cooling by water is adapted. For each 

temperature there were two cubes, also to avoid any defect in 

analysis average of both were taken. 

 
        Polypropylene Fiber                 Steel Fiber 

IV. RESULT AND DISCUSSION 

It was reported that with increase in temperature and its 

duration decreases compressive strength of specimen 

accordingly the fibers used in it.  

1% Steel fiber and 0.5% Polypropylene fibers shows 

significant results in the development of higher compressive 

strength and improved toughness, at elevated temperatures  

The performance of each modified concrete were analyzed 

based on compressive strength of concrete. 

Following are the results represented in terms of 

compressive strength and its percentage reduction as 

temperature increases from 400℃ to 800℃.                  
Following Table shows Compressive Strength of 1% fibers 

for 2 hrs and 4 hrs of elevated temperature 

Sr. No. Temp. 
Steel Fiber Polypropylene Fiber 

2hrs 4hrs 2hrs 4hrs 

1 400°C 31.52 33.54 29.05 19.84 

2 600°C 31.67 26.61 25.64 20.12 

3 800°C 23.8 13.36 12.65 6.35 

Table above represents the comparative study of 

compressive strength obtained after using 1% fibers in SCC 

of grade M30 exposed for two different time duration as 2 hrs 

and 4 hrs after 7 days of curing. It shows reduction in 

compressive strength as duration of exposure temperature 

increases 

 

 
Similarly Comparison of Compressive Strength 

with 0.5% Fibers (Steel, and Polypropylene) for elevated 

temperature 2 hrs and 4 hrs: 

Following Table shows Compressive Strength of 

0.5% fibers for 2 hrs and 4 hrs of elevated temperature 

Sr. No. Temp. 
Steel Fiber Polypropylene Fiber 

2hrs 4hrs 2hrs 4hrs 

1 400°C 30.02 26.72 31.05 28.76 

2 600°C 35.42 26.12 24.47 19.14 

3 800°C 16.65 12.87 11.45 6.65 

Table above shows the change in compressive 

strength as duration of exposure of elevated temperature 

increases. This change in values shows falling in strength as 

duration increases for SCC of grade M30 exposed for two 

different time duration as 2 hrs and 4 hrs after 7 days of curing 

with 0.5% fibers. 
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V. CONCLUSION 

Following conclusions can be drawn from the study work 

performed experimentally exposed to elevated temperature 

from 400°C to 800°C on cubical specimen of M30 grade SCC 

in presence of steel fibers and polypropylene fibers in two 

different ratios.  

1) The reduction in compressive strength in polypropylene 

fiber exposed for 2hrs (with 1% fibers) and also strength 

of specimen with steel fibers heating up to 800°C 

exposed to duration of 2 hrs reduced by 24.50% compare 

to specimen in 400°C temperature and 56.45% decrease 

in strength for polypropylene fibers  

2) Keeping same percentage of fibers with increase in 

duration from 2 hrs to 4 hrs also affects compressive 

strength. Compare to the strength of specimen under 

400°C temperature for same duration of 4 hrs, elevated 

temperature exposed up to 800°C decrease the 

performance of concrete by 60.17% and 64.99% for steel 

and polypropylene fibers respectively. 

3) On comparing the effect of type of fibers in concrete, 

better performance observed by 1% steel fiber compare 

to polypropylene fibers used in same percent.  

4) On percentage reduction in fibers from 1% to 0.5% for 2 

hrs of heating for 400°C, 600°C and 800°C shows 

compressive strength reduced to 40.675% and 61.90% as 

temperature increases from 400°C to 800°C in presence 

of steel fibers and polypropylene fibers respectively.  

5) Performance of 0.5 % Polypropylene fibers in concrete 

exposed to 400°C temperature for 2 hrs observed  

compare to steel fibers  

6) Performance of 0.5% Steel fibers shows highest 

resistance when heated for 4 hours compared to 

polypropylene fiber. 

7) Incorporating Fibers to self-compacting concrete 

improves compressive strength and enhances the 

resistance to explosive spalling fractures of member. 
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