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INTRODUCTION

The role of fire safety of structures is to ensure that elements of a structure, 
within a built environment, are capable of preventing or delaying fire spread 
and structural failure, so that the fire safety objectives, such as safety of life, 
conservation of property, continuity of operations, preservation of heritage 
and protection of the environment, are not compromised;

Fire safety of structures is one important component of an overall fire safety 
design strategy;

Most designs for the fire safety of structures have been based on 
prescriptive requirements set by building regulations, building codes and 
associated standards.



A structural fire design analysis should take into account the following 
steps as relevant:

FIRE MODELS ACCORDING TO EUROCODE 1

selection of the relevant design fire scenarios

determination of the corresponding design fires

calculation of temperature distribution in the cross section of 
structural elements

calculation of the mechanical behaviour of the structure exposed to fire
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The simplest way of presenting the 
standard fire exposure is by using 
nominal fire curves. Nominal fire 
curves are monotonically increasing 
functions over time. The cooling 
phase is not taken into account. 

Parametric fire curves also consist 
of time temperature relationships, 
but these relationships contain some 
parameters deemed to represent 
particular aspects of reality. 
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• floor area of the fire compartment

• total area of enclosure 

• window heights and position 

• total area of vertical openings 

• total area of horizontal openings 

• fire load density qf,d per m2

• Fuel or ventilation controlled fireISO 834 fire model (nominal fire curve)
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Parametric fire curve



HEAT TRANSFER

Where: λx,y,z is a thermal conductivity;

ρ is a density of the material; 

c is a specific heat.
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Thermal stresses appear in every structure that experiences a temperature
gradient from some equilibrium state, if it is not free to expand in all directions, or
if the temperature field is not uniform. The temperature distribution can be
calculated once the Theory of Heat Transfer is used. The governing differential
equation of heat transfer in conduction is:
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The floor area of the fire compartment 

Af is 440.64 m2 and the total area of 

enclosure At is 1124.3 m2. The weighted 

average of window heights on all walls 

hv is 1.6 m and the total area of vertical 

openings on all walls is 61.44 m2. 

Design fire load density qf,d related to the 

floor area is 900 MJ/m2. The fire is 

ventilation controlled.



RESULTS AND DISCUSSIONS

Temperature profiles of RC beam exposed to ISO 834 fire curve
and Parametric fire curve after 30,60 and 120 minutes



RESULTS AND DISCUSSIONS

Temperature - time histories

Temperature in the bottom corner 

bar is considerably higher in 

comparison with the top corner bar.



RESULTS AND DISCUSSIONS

Stress - strain diagrams a) top bar, b) bottom bar

Start of fire

End of fire

Start of fire

End of fire



RESULTS AND DISCUSSIONS

Stress - time histories

At the beginning of fire action, due to the 

large temperature differences between 

the bottom and the top zone of the cross 

section, the stresses decrease in the 

tensioned steel bars, which has 

favorable impact on the behavior of the 

RC beam at that moment. The top 

corner bar after approximately 40 

minutes of fire action changes the 

stresses from compression to tension.



RESULTS AND DISCUSSIONS

The vertical displacements of 

the beam exposed to the 

parametric fire curve decrease 

during the cooling phase, while 

in case of ISO 834 fire curve 

vertical displacements increase 

during the whole period of fire 

action.



CONCLUSIONS

Despite the strict fire resistance requirements prescribed by the codes,
according to the recommendations given in Eurocodes the fire resistance of
structures may be proved either by applying a Standard fire curve, in which case the
structure has to survive during the prescribed time, or by applying a parametric fire
curve, in which case the structure has to survive during entire period of fire action.

The results obtained by usage of the parametric fire curve are more realistic,
as the cooling phase is of a great importance for the behavior of structural elements.

As a result of the descending branch the vertical displacements of the
mid-span are much lower in comparison with action of nominal curves.

During the heating phase the temperatures of the cross section in case of
ISO 834 standard curve are lower, but there is no cooling phase

Due to the fire exposure of the RC beam only
from the bottom side of the element, the temperature
differences between the bottom and the top part of
the cross section are considerably high and this
effect results with redistribution of stresses.
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