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Abstract 
 

The work is based on the simplified calculation method of EN1994-1-2 [1], consisting 
essentially in the analysis of the resistance to compression of steel-concrete composite columns 
in fire situation. The column resistance in fire situation consists on summing the contributions of 
the several parts from which constitute it at normal temperature, affected by reduction factors 
due to the fire action. 

The objective of the work consists in developing an application program of the method.  

Also, several analyses have been realized using the program. A comparison of the fire 
resistance obtained by the method with the values given by the graphs supplied by EN1994-1-2 
[1] has shown great similarity of results. An analysis of the column loss of resistance in fire 
situation in function of the parameters from which it depends has shown that increasing the 
flanges contribution implies a decrease in fire resistance. The opposite effect is observed when 
the contributions of web, concrete or reinforcing bars are increased. A comparison between the 
simplified calculation method and the approach based on tabulated data was also done. This 
comparison was done on the basis of the load level. In general, higher load levels are allowed 
when using the simplified method, but the opposite was found when the concrete between the 
flanges is considered to have only an insulating function. 

 

 

Key-words: EN1994-1-2, simplified calculation methods, fire resistance, steel-concrete 
composite columns and buckling resistance. 
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Symbology 
 

Latin upper case letters 

 

cA    Cross-sectional area of the concrete 

mA    Directly heated surface area of member per unit length 

V
Am    Section factor of structural member 

sA    Cross-sectional area of the reinforcing bars 

faE ,    Characteristic value for the modulus of elasticity of a profile steel flange  

tfaE ,,    Modulus of elasticity of a profile steel flange at time t of the fire situation  

waE ,    Characteristic value for the modulus of elasticity of a profile steel web 

θsec,,cE    Characteristic value for the secant modulus of concrete in the fire situation, 

given by θ,cf divided by θε ,cu  

( ) zcfiEI ,,    Flexural stiffness of the concrete in the fire situation (related to the central axis 

Z of the composite cross-section) 

( ) zefffiEI ,,    Effective flexural stiffness of the section in the fire situation (for bending 

around axis Z) 

( ) zffiEI ,,    Flexural stiffness of the two flanges of the steel profile in the fire situation 

(related to the central axis Z of the composite cross-section) 

( ) zsfiEI ,,    Flexural stiffness of the reinforcing bars in the fire situation (related to the 

central axis Z of the composite cross-section) 

( ) zwfiEI ,,    Flexural stiffness of the web of the steel profile in the fire situation (related to 

the central axis Z of the composite cross-section) 

sE    Modulus of elasticity of the reinforcing bars 

tH    Parameter for height reduction of the web of the steel profile at time t of the 

fire situation  

zsI ,    Second moment of area of the reinforcing bars related to the central axis Z of 

the composite cross-section 

zcrfiN ,,    Elastic critical load (Euler buckling load) around the axis Z in the fire situation  

RplfiN ,,    Plastic resistance to axial compression of the total cross-section in the fire 

situation 

RdplfiN ,,    Design value of the plastic resistance to axial compression of the total cross-

section in the fire situation 
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cRdplfiN ,,,    Design value of the plastic resistance to axial compression of the concrete in 

the fire situation 

fRdplfiN ,,,    Design value of the plastic resistance to axial compression of the two flanges 

of the steel profile in the fire situation 

sRdplfiN ,,,    Design value of the plastic resistance to axial compression of the reinforcing 

bars in the fire situation 

wRdplfiN ,,,    Design value of the plastic resistance to axial compression of the web of the 

steel profile in the fire situation 

RdfiN ,    Design value of the resistance to axial compression of the total cross-section 

in the fire situation 

zRdfiN ,,    Design value of the resistance to axial compression of the total cross-section, 

for bending around the axis Z, in the fire situation 

tzRdfiN ,,,, δ    Design value of the resistance to compression of the total cross-section, load 

with eccentricity (δ), for bending around the axis Z, at time t of the fire situation 

0,,,, =tzRdfiN δ    Design value of the resistance to compression of the total cross-section, load 

with eccentricity (δ), for bending around the axis Z, at time t=0 of the fire 
situation 

δ,,RdfiN    Design value of the resistance to compression of the total cross-section, load 

with eccentricity (δ), in the fire situation 

RdN    Design value of the resistance to compression of the total cross-section at 

normal temperature 

δ,RdN    Design value of the resistance to compression of the total cross-section, load 

with eccentricity (δ) at normal temperature 

R    Load bearing criterion 

0R    or R30, R60, R90, R120… a member complying with the load bearing criterion 
for 0, 30, 60, 90 or 120 minutes in standard fire exposure 

V    Volume of the member per unit length 

Y    Central axis of the composite column cross-section (perpendicular to the axis 
Z) 

Z    Central axis of the composite column cross-section (bending around this axis) 

 

Latin lower case letters 

 

a    Structural steel 

b    Cross-section dimension parallel to axis Y 

ficb ,    Width reduction of the encased concrete between the flanges in the fire 

situation 

c    Concrete cover, buckling curve or concrete 
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fe    Thickness of the flange of the steel profile 

we    Thickness of the web of the steel profile 

f    Flange of the steel profile 

ayf    Characteristic or nominal value for the yield strength of structural steel at 20oC 

fayf ,   Characteristic or nominal value for the yield strength of structural steel of the 

flanges at 20oC 

tfayf ,,    Maximum stress level or effective yield strength of structural steel of the 

flanges at time t of the fire situation 

wayf ,    Characteristic or nominal value for the yield strength of structural steel of the 

web at 20oC 

twayf ,,    Maximum stress level or effective yield strength of structural steel of the web 

at time t of the fire situation 

ckc forf    Characteristic value of the compressive cylinder strength of concrete at 28 

days and at 20oC 

θ,cf    Characteristic value of the compressive cylinder strength of concrete in the fire 

situation at temperature θ  

syf    Characteristic or nominal value for the yield strength of a reinforcing bar at 

20oC 

h    Cross-section dimension parallel to axis Z 

fiwh ,    Height reduction of the web in the fire situation 

θ,ck    Reduction factor for the compressive strength of concrete at temperature θ  

tEk ,    Reduction factor for the modulus of elasticity of the reinforcing bars at time t of 

the fire situation 

θ,Ek    Reduction factor for the modulus of elasticity of the structural steel at 

temperature θ  

tyk ,    Reduction factor for the yield strength of the of the reinforcing bars at time t of 

the fire situation 

θ,yk    Reduction factor for the yield strength of the structural steel at temperature θ  

θ    Buckling length of the column in the fire situation 

s    Reinforcing bars 

t   Duration of fire exposure 

u    Geometrical average of the axis distances u1 and u2 

1u    Shortest distance from the center of the reinforcement bar to the inner steel 
flange 
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2u    Shortest distance from the center of the reinforcement bar to the nearest edge 
of concrete 

w    Web of the steel profile 

 

Greek letters upper case letters 

 

Φ    Factor for the determination of zχ  

 

Greek lower case letters 

 

α    Imperfection factor 

afiM ,,γ    Partial factor for the strength of structural steel in the fire situation 

cfiM ,,γ    Partial factor for the strength of concrete in the fire situation 

sfiM ,,γ    Partial factor for the strength of reinforcing bars in the fire situation 

δ    Eccentricity 

θθ εε ,1, ccu or    Concrete strain corresponding to θ,cf  

tfi ,η    Load level for fire design 

θ    Temperature 

tc,θ    Average concrete temperature at time t of the fire situation 

tf ,θ    Average flange temperature at time t of the fire situation 

θλ    Column slenderness in the fire situation 

θϕ ,c   Reduction coefficient for the concrete depending on the effect of thermal 

stresses in the fire situation 

θϕ ,f    Reduction coefficient for the flanges of the steel profile depending on the 

effect of thermal stresses in the fire situation 

θϕ ,i    Reduction coefficient for part i  of the section depending on the effect of 

thermal stresses in the fire situation 

θϕ ,s    Reduction coefficient for the reinforcing bars depending on the effect of 

thermal stresses in the fire situation 

θϕ ,w    Reduction coefficient for the web of the steel profile depending on the effect of 

thermal stresses in the fire situation 

zχ    Reduction factor for bending around the axis Z 
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1 – Introduction 
 

This work consists in applying the simplified calculation method defined in annex G of 
EN1994-1-2 [1] to the analysis of the standard fire resistance (criterion R) of single composite 
steel-concrete columns with partially encased steel sections.  

Criterion R requires the mechanical resistance to be kept during the prescribed time of 
standard fire exposure (see [1], 2.1.2).  

The analysis has been done assuming a “Prescriptive approach”, which uses nominal fire 
to generate thermal actions (see Additonal information specific for EN1994-1-2 [1]). 

The objective of the work consisted in programming the simplified calculation method in the 
form of an excel sheet and to use it for a couple of analysis.  

The program is divided into six parts (see [2], chapter 6): Input-Output, Flange, Web, 
Concrete, Reinforcing bars and Cross-section. Input-Output is the main section, where the data 
are inserted and the final result appears, that is, the column resistance to compression in fire 
situation. The remaining parts show the intermediate results. 

When the programming of the simplified method was complete, several analyses were 
done with the objective of verifying the correctness of the results and to draw some useful 
conclusions on the fire resistance of this type of composite columns (see [2], chapter 7).  

Comparisons with the graphs supplied by EN1994-1-2 [1] and with some tabulated data 
have been done. An analysis of the column loss of resistance in fire situation varying the 
parameters from which it depends was also performed. 

 

 

2 – Simplified calculation method 
 

The method allows the calculation of the resistance to compression of composite steel-
concrete columns with partially encased steel sections, for bending around the weak axis (Z), 
with or without load eccentricity, exposed to the standard fire. Fire protection materials and 
horizontal displacements of the column extremities are not considered (see [1], 1.1 (11) and 
4.3.5.1 (1)).  

 

The cross-section of the column is 
divided into four parts (Fig. 1): 

- Flanges (f) of the steel profile (a);  

- Web (w) of the steel profile; 

- Concrete (c);  

- Reinforcing bars (s). 

 

 

 

 

 

 

 

Figure 1 – Column cross-section 
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  The column resistance to compression (2) is obtained by the product of the plastic 
resistance to compression of the cross-section (3) and the buckling reduction factor of the 
column (4). The effect of a load eccentricity is assumed to be the same as at normal 
temperature (1).        

  

                                                         
Rd

Rd
RdfiRdfi N

N
NN δ

δ
,

,,, ×=  (1) 

 

                                                         RdplfizzRdfi NN ,,,, ×= χ  (2) 

 

                                  sRdplficRdplfiwRdplfifRdplfiRdplfi NNNNN ,,,,,,,,,,,,,, +++=  (3) 

 

                                                              
22

1

θλ
χ

−Φ+Φ
=z  (4) 

 

The buckling reduction factor (χz) is obtained in a similar manner as at normal temperature, 
but considering the effect of temperature. The effective flexural stiffness of the cross section (9) 
results from the addition of the flexural stiffness of each part of the cross section affected by 
tabulated reduction coefficients ( θϕ ,i ) that include the effect of thermal stresses in function of 

the fire resistance class (see [2], table 7).  

 

                                                  ( )( )20,5 1 0, 2θ θα λ λΦ = × + × − +      (5) 

 

                                                                
zcrfi

Rplfi

N
N

,,

,,=θλ  (6) 

 

   sfiMsRdplficfiMcRdplfiwfiMwRdplfiffiMfRdplfiRplfi NNNNN ,,,,,,,,,,,,,,,,,,,,,, γγγγ ×+×+×+×=  (7) 

 

                                                         
( )

2
,,

2

,,
θ

π zefffi
zcrfi

EI
N

×
=  (8) 

 

           ( ) ( ) ( ) ( ) ( ) zsfiszcficzwfiwzffifzefffi EIEIEIEIEI ,,,,,,,,,,,,,, ×+×+×+×= θθθθ ϕϕϕϕ  (9) 

 

The column resistance to compression in fire situation consists basically in summing the 
contributions of the different parts that constitute it. Therefore, the method consists in 
calculating the needed parameters separately for each part of the cross section, that is, the 
plastic column resistance to compression and the flexural stiffness in fire situation for the 
different parts of the section. 
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The calculation of the resistance to compression in fire situation is made in a similar way as 
for normal temperature, but using reduction factors for the characteristic strength, flexural 
stiffness and area of the different parts of the column to take into account the effect of 
temperature on the materials properties [2]. 

In general, the plastic resistance to compression in fire situation of each part of the cross 
section consists in the product of the effective area of that part by the strength of the material for 
the pre-defined fire exposure, affected by the corresponding partial safety factor in fire situation.  

The flexural stiffness in fire situation of each part of the cross section consists in general in 
the product of the modulus of elasticity in fire situation by the effective moment of inertia.  

The plastic resistance to compression and the flexural stiffness in fire situation of the 
different parts of the cross section are calculated as described next. 

The plastic resistance to compression and the flexural stiffness of the flanges in the fire 
situation are calculated by means of the following expressions: 

  

                                                        
afiM

tfayf
fRdplfi

feb
N

,,

,,
,,,

2
γ

×××
=  (10) 

 

                                                           ( )
6

3
,,

,,

beE
EI ftfa

zffi

××
=  (11) 

 

                                                                 θ,,,, yfaytfay kff ×=  (12) 

 

                                                                  θ,,,, Efatfa kEE ×=  (13) 

 

The effect of the temperature rise in the flanges is characterized by a decrease in the 
characteristic yield strength fayf ,  and in the modulus of elasticity of steel faE , . These 

reductions are effected by tabulated reduction factors θ,yk  and θ,Ek  that decrease when the 

flanges temperature tf ,θ  increases, in function of the fire resistance class (see [2], 4.2.1).  

For a pre-defined fire resistance class, the flange temperature decreases when the global 
dimensions b and h of the cross section increase. In fact, the increase of the global dimensions 
of the cross section results in an increment of the cross section massivity, thus leading to 
smaller overall cross section temperatures.  

The plastic resistance to compression and the flexural stiffness of the web in fire situation 
are given by the following expressions: 

 

                                         
( )

afiM

twayfiwfw
wRdplfi

fhehe
N

,,

,,,
,,,

22
γ

××−×−×
=  (14) 

 

                                           ( ) ( )
12

22 3
,,

,,
wfiwfwa

zwfi

ehehE
EI

××−×−×
=  (15) 

 



 

4 
 

                                                      
h

Hff t
wayzway ×−×= 16,01,,,  (16) 

 

                                         ( ) ⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
×−−××−×=

h
Hehh t

ffiw 16,01125,0,  (17) 

 

In the web, the effect of temperature rise is taken into account by a tabulated parameter 

tH  that increases with the fire resistance class and is used to define the effective area of the 

web in fire situation, by means of the height reduction of the web fiwh , , and the yield strength 

twayf ,,  in fire situation (see [2], 4.2.2).  

The plastic resistance to compression and the flexural stiffness of the concrete in fire 
situation are provided by: 

 

                   
( ) ( )( )

cfiM

csficwficf
cRdplfi

fAbebbeh
N

,,

,,,
,,,

222
86,0

γ
θ×−×−−××−×−

×=  (18) 

 

                   ( ) ( ) ( )( )
⎟
⎟
⎠

⎞
⎜
⎜
⎝

⎛
−

−×−××−×−
×= zs

wficficf
czcfi I

ebbbeh
EEI ,

33
,,

sec,,,, 12
222

θ  (19) 

 

                                                             
θ

θ

θ

θ
θ εε ,

,

,

,
sec,,

cu

c
c

cu

c
c

k
f

f
E ×==  (20) 

 

The effects of fire in the concrete are expressed by the tabulated width reduction of the 
concrete ficb ,  that increases with the fire resistance class (see [2], 4.2.3). This width reduction 

is inversely proportional to the total dimensions b and h of the cross section for R90 and R120.  

In fact, it is reasonable to think that, for elevated times of fire exposure, the low heat 
conductivity of the concrete becomes as more important as the section factor Am/V increases.  

Fire also affects the secant modulus of elasticity θsec,,cE  and the characteristic strength of 

concrete θ,cf , where the tabulated factors θε ,cu  and θ,ck  are obtained in function of the 

concrete temperature tc,θ . Similarly to what happens with the flanges, the “concrete 

temperature” is inversely proportional to the total dimensions of the section.  

The column resistance to compression in fire situation is higher for calcareous aggregates 
because the reduction factor of the characteristic strength of the concrete θ,ck  is higher for this 

type of aggregate than for siliceous aggregates.  

The plastic resistance to compression and the flexural stiffness of the reinforcing bars in 
fire situation are obtained by: 
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sfiM

ystys
sRdplfi

fkA
N

,,

,,
,,, γ

××
=  (21) 

 

                                                        ( ) zsstEzsfi IEkEI ,,,, ××=  (22) 

 

The effect of fire in the reinforcing bars is expressed by tabulated reduction factors  ky,t  and 
kE,t  of respectively the yield strength and modulus of elasticity of the reinforcing steel, obtained 
in function of the geometric average u of the distances u1 and u2 (see Fig. 1 and [2], 4.2.4). 
These reduction factors decrease with the fire resistance class but are inversely proportional to 
the average distance u. 

 

 

3 – Analysis of results on the basis of the calculation sheet 
 

EN1994-1-2 [1] supplies graphs of the resistance to compression in fire situation obtained 
by using this simplified calculation method (see [2], chapter 7.1). These graphs were used to 
verify the correctness of the results obtained by the developed calculation sheet.  

Great similarity of results were verified. The graph values lie between the results obtained 
for calcareous aggregate concrete and for siliceous aggregate concrete. EN1994-1-2 does not 
mention for what type of aggregate the graphs were obtained.  

Another analysis consisted in analyzing the column loss of resistance in fire situation in 
function of the parameters from which it depends (see [2], chapter 7.2). This loss of resistance 
is expressed, in function of the duration t of fire exposure, by the non-dimensional quotient (see 
[2], chapter 3):  

 

                                                                   
0,,,,

,,,,

=tzRdfi

tzRdfi

N
N

δ

δ  (23) 

 

It was tried to explain the results obtained with the simplified calculation method both 
physically and on the basis of the equations used by the method, with the aim of drawing useful 
conclusions.  

The results obtained show that increasing the flanges contribution results in a decrease of 
the relative resistance. In fact, the relative contribution of the flanges is greater at normal 
temperature than in fire situation, because they are quickly affected by the temperature rise.  

The opposite applies to the web, concrete and reinforcement steel, because their 
importance grows in fire situation due to the fact that their temperature rise is not so great and 
affects them less. Therefore, if the increase of a parameter contributes to the increase of the 
flanges contribution, then the non-dimensional fire resistance (23) decreases. The opposite 
effect occurs with the other parts of the cross section. However, some parameters contribute to 
the resistance in various forms. Therefore, in these cases the analysis is more complex 
because it is difficult to understand their influence on the loss of resistance. 

With the performed analysis it is possible to say that, in general, the relative resistance (23) 
decreases with the increase of: fire resistance class, buckling length, structural steel grade and 
thickness of the flanges ef. And that it increases with the increase of: concrete strength class, 
distance u1 (Fig. 2), reinforcing steel grade, area of the reinforcing bars, dimensions b, h and ew, 
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and when concrete with calcareous aggregate is used instead of siliceous. The load eccentricity 
has no influence in the loss of the relative resistance because it is assumed to affect both the 
resistance in fire situation and the resistance at normal temperature in the same way (1).  

Under certain circumstances, the relative resistance (23) decreases when the contribution 
of the reinforcing bars is increased. This happens with the reinforcing steel grade, for example. 
If the reinforcing bars are placed very close to the cross section border, for elevated times of fire 
exposure, they are more quickly affected by the temperature rise. The influence of the distance 
u2 (See Fig. 1) in the loss of resistance explains this fact very well. The relative resistance 
decreases/increases with the increase of u2 depending on the weight of the reinforcing bars 
temperature being lower/higher than the weight of the reinforcing bars inertia respectively (Fig. 
2). 

 

 

 

 
Figure 2 – Loss of resistance as a function of distance u2 
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In another type of analysis, it was also intended to compare the column resistance in fire 
situation obtained by the simplified calculation method by means of the developed calculation 
sheet with the one given by the tabulated data of EN1994-1-2 (see [2], chapter 7.4).  

Table 4.6 of EN1994-1-2 [1] (Table 1) allows the fire resistance of columns to be classified 
in function of the cross-section geometry and of the load level.  

For different classes of fire resistance and geometries, the load level obtained by the 
simplified calculation method was compared to the maximum load level defined in the table.  

By varying the parameters from which the resistance depends, it was verified that in 
general, higher load levels were obtained by the simplified calculation method than the 
tabulated load levels. In fact, it is expected to have less conservative values from the simplified 
calculation method, that is, greater load levels for each class of fire resistance. 

 

 
Table 1 – Minimum values of the parameters (Table 4.6 of EN1994-1-2 [1]) 

 

According to table 4.5 of EN1994-1-2 [1] (table 2), a fire resistance class of 30 minutes 
(R30) can be achieved in a column with no concrete cover of the steel profile, only between the 
flanges. This type of column is covered by the simplified calculation method. Because this 
concrete has only an insulating function, its contribution to the mechanical resistance is 
excluded. 

It was intended to verify if the fire resistance class R30 is guaranteed by the simplified 
calculation method, that is, if the load level is higher than 0,7, value currently admitted for the 
maximum load level in fire situation. Considering the practical range of values of the parameters 
from which the column resistance in fire situation depends, the simplified calculation method 
delivered load levels, which in general were lower than 0,7. Therefore the conclusion that the 
simplified calculation method generally does not verify the fire resistance class R30 in the 
conditions of table 2. 
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Table 2 – Minimum concrete cover for a steel section with concrete acting as insulating material 

only (Table 4.5 of EN1994-1-2 [5] 

 

 

 4 – Conclusions 
 

The column resistance to compression in fire situation consists basically in summing the 
contributions of the different parts that constitute it: flanges, web, concrete and reinforcing bars. 

The fire action is taken into account by applying reduction factors to the values at normal 
temperature of the characteristic strength, flexural stiffness and area of the different material 
parts of the cross section of the column.  

The values of the resistance to compression in fire situation given by the developed 
calculation sheet are similar to those supplied by the graphs of EN1994-1-2 [1].  

In general, the relative resistance ratio (23) increases with the increase of: concrete 
strength class, distance u1, reinforcing steel grade, area of the reinforcing bars, the dimensions 
b, h and ew, and when calcareous aggregate is used instead of siliceous. On the contrary, it 
decreases with the increase of: structural steel grade, thickness of the flanges ef, buckling 
length and fire resistance class. 

The relative resistance decreases/increases with the increase of the distance u2 depending 
on the weight of the reinforcing bars temperature being lower/higher than the weight of the 
reinforcing bars inertia respectively. 

The load eccentricity has no influence in the loss of the relative resistance because it is 
assumed to affect both the resistance in fire situation and the resistance at normal temperature 
in the same way (1).  

The results obtained have shown that increasing the flanges contribution results in a 
decrease of relative resistance. This is due to the fact that the relative contribution of the flanges 
is greater at normal temperature than in fire situation, because they are quickly affected by the 
temperature rise. The opposite applies to the web, concrete and reinforcing bars. 

By varying the parameters from which the resistance depends, it was verified that in 
general, higher load levels were obtained by the simplified calculation method than the 
tabulated load levels. In fact, it is expected to have less conservative values from the simplified 
calculation method, that is, greater load levels for each class of fire resistance. 

In general, higher load levels were obtained by the simplified calculation method than the 
load levels in Table 4.6 of EN1994-1-2 [1], which leads to the conclusion that the tabulated data 
are more conservative. 

However, when applied to the conditions of Table 4.5 of EN1994-1-2 [1] for R30, the 
simplified calculation method did not in general verify the fire resistance class R30. 
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