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Abstract: - Fire Safety is one of the important parameter in 

modern design philosophy. Effect of fire on structural elements 

made up of concrete and steel are quite different and is mostly 

considered as secondary effects. Both most widely used 

structural materials concrete and steel shows different response 

when subjected to fire of constant temperature. Thus detailed 

study on effect of fire on structural materials like concrete and 

steel under different loading conditions, exposure conditions and 

cooling methodology is essential. In the present study effect of 

fire on concrete cubes subjected to different loading conditions 

and cooling conditions are studied experimentally. Apart efficacy 

of protective coating made up of piezoelectric powder with 

structural epoxy for structural steel material subjected to 

temperature exposure is also explored. It has been found that, 

compressive strength of concrete cube reduces significantly when 

preloaded with load irrespective of types of cooling methods. 
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I. INTRODUCTION 

he intention of fireproofing a structure is to protect the 

building from structural failure due to fire exposure. Fire 

resistance is usually expressed in “period of time”. 

Regulations use this time periods to categorise fire resistance 

depending on the size and usage of the building.  

All commonly used structural materials lose some of their 

strength when exposed to fire. Concrete has to satisfy fire 

safety requirements specified in Building Codes as fire is one 

of the most severe conditions and hence, is an important 

aspect of building design. Fire safety of a structure is 

measured in terms of the total time that the concrete structure 

exhibits resistance with respect to structural integrity and 

stability. 

Concrete when compared to other building materials performs 

well against fire due to presence of aggregate and cement 

which when mixed makes a very resistant material to fire. The 

behavior of a concrete structural member exposed to fire is 

dependent, in part, on thermal, mechanical, and deformation 

properties of member of which the concrete is composed. 

These properties vary as a function of temperature and depend 

on the composition and characteristics of concrete. 

When a structural member is subjected to a defined 

temperature time exposure during a fire, this exposure will 

cause a predictable temperature distribution in the member. 

Increased temperatures cause deformation change in the 

constitutive materials of a structural member. 

With knowledge of deformations and property changes in 

constitutive material, the usual methods of structural 

mechanics can be applied to predict the fire resistance 

performance of a structural member. When concrete is 

subjected to high temperatures there is huge amount of loss in 

strength and also all the other properties change. At very high 

temperatures there is also spalling observed of concrete. 

Steel, like concrete, has the advantage of being non-

combustible. Its high thermal conductivity makes steel absorb 

heat much more than other materials, thus if the structural 

member has a relatively small mass, its temperature will 

increase very rapidly. Both the yield stress and modulus of 

elasticity of steel, the two material properties most important 

in determining load carrying capacity, decrease considerably 

with increasing temperatures.  

Structural steel is the only construction material, which can 

recover its strength after fire and the steel temperature at 

which the member is no longer able to support the applied 

load is termed the critical temperature which is about 538C.  

Structural steel used for girders, beams, etc. need to be 

protected so that its load-carrying ability is not reduced. With 

work hardened reinforcing steel the ductility is often 

improved during heating but the temperatures at which this 

happens will usually cause a permanent loss in strength. 

Structural steel regains its strength when is cools back to 

ambient temperature from 600˚C for structural steel the yield 

strength reduces to about 60% at 400˚C and more increase in 

temperature reduces the strength further with attaining of 

yield point at around 538˚C. 

Study on behavior of concrete and steel exposed to fire plays 

an important role in designing various structures to increase 

their design life and protect them against disastrous effects 

during an unwarranted situation. In this paper effect of fire on 

concrete and steel material is studied by casting concrete 

cubes and tensile test for specimen of steel. Various modes of 

cooling the test specimens are adapted to find effectiveness of 

each one of them. 

II. TEST SPECIMENS 

 

2.1 Concrete Cubes 

T 
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For preparing the mix design of the concrete, the properties 

like specific gravity of cement, fine aggregates and coarse 

aggregates was obtained.  

The results obtained are following: 

1) Specific gravity of cement = 3.13 

2) Specific gravity of F.A. = 2.57 

3) Specific gravity of C.A. = 2.72 

Concrete mix design is carried out as per IS 10262:2009 to 

cast 21 no. of cube specimen of size 150mm  150mm  

150mm. Details of mix design for M25 grade of concrete is 

given in table 1. All cubes are casted together and cured for 28 

days by placing them under water tank and ambient 

temperature. Details of concrete cube test specimen prepared 

for various types of cooling methods are given in table 2.  

 
Table 1: Concrete Mix Design for M25 Grade Concrete Cubes 

 

Table 2: Details of Concrete Cube Test Specimen for 

different types of conditions 

 

Sr.No Description 
No. of 

Cubes 

Curing 

Period 

1 
Without Preload, cooling 

naturally 
3 28 days 

2 
Without Preload, sprinkling water 

immediately and instant testing 
3 28 days 

3 
Without Preload, sprinkling water 
immediately and testing after one 

day 

3 28 days 

4 With Preload, cooling naturally 3 28 days 

5 
With Preload, sprinkling water 
immediately and instant testing 

3 28 days 

6 

With Preload, sprinkling water 

immediately and testing after one 
day 

3 28 days 

7 Controlled Cubes for Comparison 3 28 days 

 

2.2 Steel Specimen 

 

Steel specimen of 10mm diameter and 500mm length is 

prepared as per IS 1608: 2005. Total 4 no. of test specimens 

are prepared from HYSD Steel of grade Fe500. Three 

different types of steel test specimens are prepared which are 

further subjected to fire and fourth specimen is used as a 

reference specimen which is not subjected to fire. The three 

specimens are as follows:- 

(i) Normal HYSD steel test specimen 

(ii) Fully Coated HYSD steel test specimen using 

piezoelectric (PZT) powder mixed with structural epoxy 

(SP5A). 

(iii) HYSD steel test normal specimen coated with PZT       

powder based coating for half the length.  

These tests specimens are prepared to see the effect of fire on 

bare (non-coated) and coated specimen and thus establishing 

efficacy of the latter.  

 

III. EXPERIMENTAL PROGRAMME 

 

3.1 Concrete Cube Testing 

As discussed in section 2.1, 21 no. of concrete cubes are 

casted and cured for 28 days. Out of 21 no. of concrete cube 

specimen, 3 no. of concrete cubes are tested under axial 

compression load on Compression Testing machine (CTM) of 

2000 KN capacity and average result of concrete cubes are 

extracted. 

In order to simulate physical conditions of concrete during an 

event of fire, 9 no. of concrete cubes are preloaded using 

CTM by an amount of 20% of design load. 

18 no. of concrete cubes are placed into automatic gas fire 

furnace for a steady state temperature of 538C for 1 hour (60 

minutes) exposure time. Fig-1 shows inside view of gas 

furnace of capacity 1000ºC used to expose concrete cubes to 

fire at 700ºC. After taking out 12 no. of concrete cubes from 

furnace, they were cooled by sprinkling water jet of normal 

pressure and 6 no. of concrete cubes are immediately tested 

for compression load while other 6 no. of concrete cubes were 

tested after 1day (24 hours) of sprinkling water. Remaining 6 

no. of concrete cubes were allowed to cool naturally at 

ambient temperature for 24 hours after taking them out of gas 

furnace and then they were tested for compressive load.  

 

Fig-1 Inside view of the fire chamber with terrawool as insulating material 

MATERIAL MASS (Kg/m3) 

Cement 297 

Fine Aggregates 594 

Coarse Aggregates 1056 

Water 185 

Fly ash 74 

Admixture (Super plasticizer) 3.7 

Polypropylene Fibers (12mm length) 1.3 

Cement : Fine Aggregate: Coarse Aggregate 1 : 1.6 : 2.85 

Water/Cement Ratio 0.5 
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Fig-2 Fire affected concrete cube 

3.2 Experimental Work For Steel 

Steel bars of diameter 10 mm and Fe 500 of length 500 mm each. 

PZT coating was applied on them for different combinations. PZT 

(piezoelectric) coating can be prepared using the following 

method: 

1. PZT: P (Lead) + Z (Zirconate) + T (Titanate) 

2. PZT is a ceramic-based powder. PZT + Adhesive will 

make a structural epoxy. 

3. Based on trials, the best ratio of PZT: Epoxy was 

found to be 6:1. 

4. Epoxy is composed of a hardener and a resin in the 

ratio 2:5. 

5. The hardener used was HV 998 and the resin used 

was AV 138. 

6. PZT used was SP 5A. 

7. First weigh the resin. 

8. Add IPA (Isopropyl Alcohol) and mix it. IPA is added 

to reduce the viscosity of the mix. Being a volatile 

substance, its amount of addition doesn’t matter. 

9. Add PZT powder. Again add IPA and mix it 

thoroughly. 

10. Add hardener to the mix and again IPA is added. The 

coating mix is ready for application. 

PZT coating prepared was applied as a double coat on the 

steel bars in the following manner: 

 One bar was coated to its full length. 

 One bar was coated to its half-length. 

 Two bars were kept without coating. 

The bars were kept for 24 hours for air curing, so that the 

coating dries easily. Double coat was applied only after a 

period of 24 hours and the bars again kept for air curing for 24 

hours. 

The steel bars after curing were placed in the automatic gas 

fire furnace first at 700˚C and then again at 550˚C for a period 

of 1 hour each time. Only three out of the four bars were 

placed under the fire effect. One of the bars without coating 

was not placed under fire effect to measure the natural 

properties of the steel bars. 

After allowing the bars to cool for sufficient period of time the 

steel bars were tested for tensile strength under Universal 

Testing Machine (UTM). The results were obtained for all 

four bars and the stress vs strain graph was plotted for all the 

four and the Modulus of Elasticity (E) and Modulus of 

Resilience were obtained from the graph. 

 

Fig-3 Coating of the steel bars 

 

Fig-4 Effect  of fire on coating 

 

Fig-5 Tensile Test Setup for Steel Specimen 
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IV. RESULTS 

 

4.1 CONCRETE                 

The concrete cubes were tested for their compressive 

strengths after giving them fire effect in the automatic gas fire 

furnace. The results were thus obtained and were compared 

with normal concrete cubes. 

Table-3: Comparison of various concrete results 

S

R.

N

O 

TYPE OF TESTING 

REDUCTION 

IN 

STRENGTH 

RELATIVE 

COMPRES

SIVE 

STRENGT

H 

FAILURE 

LOAD  

(kN) 

1 

 

 

 

WITHOUT 

PRELOAD 

NATURAL 

COOLING 
4.56% 0.95 534 

2 

SPRINKLING 

WATER 

IMMEDIATEL

Y AND 

INSTANT 

TESTING 

15.32% 0.86 484 

3 

SPRINKLING 

WATER 

IMMEDIATEL

Y AND 

TESTING 

AFTER ONE 

DAY 

6.14% 0.94 528 

4 

 

 

 

WITH 

PRELOAD 

NATURAL 

COOLING 
10.34% 0.89 500 

5 

SPRINKLING 

WATER 

IMMEDIATEL

Y AND 

INSTANT 

TESTING 

38.19% 0.62 348 

6 

SPRINKLING 

WATER 

IMMEDIATEL

Y AND 

TESTING 

AFTER ONE 

DAY 

18.91% 0.81 486 

The reduction of strength of the cubes is deduced from 

comparison of that from the normal strength and the relative 

compressive strength is the ratio of the obtained strength to 

that of normal strength. 

4.2 STEEL 

Likewise the steel bars were tested for their tensile strengths 

after giving them fire effect in automatic gas fire furnace. The 

results were thus obtained and were compared with normal 

steel bars. 

Table-4: Comparison of various Steel bars 

S

R

. 

N

O

. 

TYPE 

OF 

BAR 

YIELD 

STRESS 

(N/mm2) 

ELONGATI

ON IN  

LENGTH 

( mm) 

REDUCTI

ON IN 

DIAMETE

R 

(mm) 

MODULUS 

OF 

ELASTICI

TY 

(N/mm2) 

MODULUS 

OF 

RESILIEN

CE 

(N/mm2) 

1 RB* 549.29 17 4.68 203712 0.74 

2 FC* 486.87 9.94 3.14 122484 0.97 

3 HC* 480.63 8 4.2 171715 0.67 

4 WC* 468.15 9.66 3.16 178923 0.61 

 

*RB = Reference Bar, FC = fully coated bar, HC = Half coated bar,  

  WC = without coated bar 

 

 

Fig-6 Stress vs. strain graph for steel specimen 

V. CONCLUSIONS 

The following things can be concluded from our experiments.  

1. The strength of concrete, which is been tested at 

elevated temperatures, is significantly less.  

2. The strength of cubes without preload is observed to 

be greater than the strength of cubes with preload. 

3. Pouring instant water on heated concrete and testing 

it instantaneously reduces the strength of concrete 

considerably.  

4. Pouring instant water on heated concrete, allowing it 

to cool naturally and then testing it after 24 hours 

gives comparatively higher strength values as 

compared to instant testing. 

5. Polypropylene fibers help retain strength to large 

extent. 

6. The yield stress of steel bar kept as a reference bar 

was maximum.  

7. The yield stress for the coated bars increased with the 

increase in amount of coat applied. 
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