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Abstract: This paper describes the calculation of the fi re resistance of reinforced concrete column 
that is exposed to fi re from two sides. Calculation of the temperatures has been made 
depending on whether the heat fl ow within the reinforced concrete column is one-
dimensional or two-dimensional. The temperature of concrete and the temperature of 
reinforcement are calculated by the Hertz's method. The values of concrete strength and 
reinforcement, as well as the width of the damage zone of concrete during a certain period 
of exposure to fi re have been calculated. Resistance to the effects of fi re on reinforced 
concrete column has been calculated by the zone method. The time of the resistance of 
column to the effects of fi re has been determined according to the moment capacity of 
reinforced concrete column.

Key words: Reinforced concrete column, Coeffi cient of reduced strength, Width of damage zone, 
Load-carrying capacity.

Introduction
Modern building design regulations give 

signifi cant prominence to construction fi re 
protection. The set of standards collectively named 
Eurocode (EN 1992-1-1, 2004; EN 1992-1-2, 2004; 
EN 1992-2, 2005; EN 1992-3, 2006) is a European 
code package for building design.

Analysis of a building’s fi re resistance is 
a complex process, as it involves multiple variables 
such as fi re development and duration (ISO, 1975), 
temperature distribution inside the construction 
elements, changes in building material properties, or 
interaction between construction elements and the 
building load impact (Milošević and Milutinović, 
2009; Tomanović, 2005). The process commonly 
involves three different components:
• Fire hazard analysis and designation of fi re impact 

on surrounding building elements; 
• Thermal analysis for temperature calculation over 

time in each building element; 
• Structural analysis, in order to determine the 

tension and strength of each construction element 
and the probability of local or progressive building 
collapse during fi re.

The reinforced concrete column for which we 
calculated fi re resistance (Fig. 1) has the following 
properties: 

- height 4000 mm, 
- cross section 500x300 mm, 
- thickness of protective concrete layer 30 mm,

- number of reinforcements is 6, diameter ø20,
- characteristic compressive strength of concrete 

fcc = 50/60 MPa, 
- characteristic strength of steel reinforcement 

fac = 500 MPa. 

Fig. 1 Reinforced concrete column dimensions

We calculated the following properties of the 
reinforced concrete column during fi re (Zha, 2003):
• cross-section concrete temperature,
• reinforcement temperature,
• reinforcement strength reduction factor,
• concrete strength reduction factor,
• width of damaged concrete zone,
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• load-carrying capacity of the reinforced concrete 
column, 

• equivalent fi re duration for given reinforced 
concrete column.

Materials and methods

Temperatures Inside the Reinforced 
Concrete Column (Hertz’s method)

With a one-dimensional heat fl ow, temperature 
as a function of time Δt(x,τ) is expressed as follows 
(Hertz, 1981a):

(1)

where f1(x,τ), f2(x,τ), and f3(x,τ) are functions for 
solving the heat conduction equation for specifi c 
boundary conditions. The functions are expressed as 
follows:

(2)

(3)

       
(4)

where: 
D,C,E parameters whose values are given in Tab. 1 

and which depend on the heating mode, 
L parameter which depends on the cooling fl ow  

is calculated according to the expression.

For standard fi re exposure, f3 is always zero and 
it should not be included in the calculation.

Tab. 1 Parameters values 

For a two-dimensional heat fl ow, Hertz’s method 
(Hertz, 1981a; Hertz, 1981b) has to be modifi ed as 
regards temperature change along the x and y axes 
Δt(x,y,τ); hence, it can be expressed as:

(5)

where: 
Δt0 temperature increment on the construction 

element surface for the time τ, 
ξτ,x dimensionless temperature increment parameter 

on the x-axis, 

ξτ,y dimensionless temperature increment parameter 
on the y-axis, 

y distance on the y-axis, [m].

Calculated temperature values inside the 
reinforced concrete column

When calculating temperatures inside the 
reinforced concrete column, we assumed that the 
column is exposed to fi re on two sides. 

The reinforced concrete column is divided into 
zones. We calculated the temperatures in zone 
sections at the distances of x = 30 mm, x = 90 mm, 
and x = 150 mm. Temperatures calculated by Hertz’s 
method for the period of 0.5 ÷ 4 h are given in Fig. 2.

Fig. 2 Temperatures inside the column at x-axis 
distances

Temperatures calculated by Hertz’s method for 
armatures 1 and 2 are given in Fig. 3.

Fig. 3 Temperatures of column reinforcements
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Results

Fire Resistance of the Reinforced 
Concrete Column

The area of the reinforced concrete column cross 
section, Ac, is:

(6)

The steel reinforcement area Aa is:

(7)

The load-carrying capacity of the reinforced 
concrete column under normal conditions Nn is 
calculated as follows:

(8)

(9)

where: 
αc load duration factor, 
γc partial safety coeffi cient of concrete for 

load-carrying boundary conditions, 
γa partial safety coeffi cient of steel reinforcement 

for load-carrying boundary conditions.

The load-carrying capacity of the reinforced 
concrete column during fi re is calculated as follows:

(10)

where:
ηfi  load level during fi re.

The Zone Method

The zone method for calculating fi re resistance 
of construction elements focuses on the impact of 
fi re heat on concrete inside the sections (zones), 
whereby temperature is determined as its mean value 
in the centre of each section (EN 1992-1-2, 2004).

Strength reduction factor kc(t) of silica aggregate 
concrete is calculated with the following expressions:

For  20 ºC ≤ t ≤ 100 ºC                  (11)

For  100 ºC ≤ t ≤ 200 ºC                (12)

For  200 ºC ≤ t ≤ 400 ºC                 (13)

For  400 ºC ≤ t ≤ 800 ºC                 (14)

For  800 ºC ≤ t ≤ 900 ºC                 (15)

For  900 ºC ≤ t ≤ 1000 ºC               (16)

For  1000 ºC ≤ t ≤ 1100 ºC             (17)

For  1100 ºC ≤ t ≤ 1200 ºC              (18)

The mean value of the strength reduction factor 
kc,m is determined based on the expression:

(19)

Effective width of a section damaged by tensile 
stress is determined based on the damaged section 
width az, which, in turn, is calculated with the 
following expression:

(20)

where: 
ω half width of section
kc(tM) strength reduction factor of concrete at 

temperature t in the center of slice.

Calculated fi re resistance values for the 
reinforced concrete column

We divided the cross section of the reinforced 
concrete column into zones and calculated 
temperatures in the sections of those zones over the 
distances x = 30 mm, x = 90 mm, and x = 150 mm. 
Concrete strength reduction factor in the column’s 
cross section is given in Fig. 4.

Fig. 4 Change in concrete strength reduction factor 
with temperature
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a one-dimensional heat fl ow for reinforcement 1 and 
a two-dimensional heat fl ow for reinforcement 2, all 
by Hertz’s method (Hertz, 1981a; Hertz, 1981b).

Fig. 5 Change in strength reduction factor for 
reinforcements 1 and 2 in the reinforced concrete 

column during fi re

Fig. 6 shows the width values of the damaged 
concrete zone and Fig. 7 shows the load-carrying 
capacity values for the reinforced concrete column 
during fi re, all calculated by the zone method.

Fig. 6 Width of damaged concrete zone

Fig. 7 Change in load-carrying capacity of the 
reinforced concrete column during fi re

As shown in Figure 7, the reinforced concrete 
column is resistant to fi re for more than 3 hours.

Equivalent Fire Duration of the 
Reinforced Concrete Column

During calculation, we used a dimensionless 
parameter, degree of room openness, as a general 

criterion for determining the character of mass 
exchange of gaseous fractions and the fi re point of 
origin. Degree of openness is expressed as follows:  

(21)

where:
Ao area of openness,
ho depth of openness,
V volume of room.

As seen in Fig. 8, an increase in the dimensionless 
parameter - degree of room openness - causes an 
increase in the equivalent fi re duration, which 
means that constructions maintain their stability 
longer during fi re. When the duration of free fi re 
development decreases, so does its equivalent 
duration.

Duration of free fi re development can be 
regulated through changing the quantity of present 
mass fi re load or through constructive solutions 
and active protection, such as extinguishment. 
Simultaneously, adequate preventive and tactical 
measures which directly affect the equivalent fi re 
duration have to be used.

Fig. 8 Equivalent fi re duration for reinforced 
concrete columns

Conclusion
Analysis of reinforced concrete column fi re 

resistance involves a set of procedures for thermal 
and mechanical analyses. Based on obtained results 
from thermal and mechanical analyses and proper 
input data on construction properties, it is possible 
to calculate the reduction of the construction’s 
load-carrying capacity during analysis of its fi re 
resistance. 
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Standard fi re duration will be equivalent to the 
duration of an actual fi re if the impacts of standard 
and actual fi res on a given construction are the 
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same. The quantity that expresses the congruence 
between standard and actual fi re is the equivalent 
fi re duration.
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