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ABSTRACT 

Eurocode 4, part 1.2 (CEN, 2005a), proposes the assessment of the cross section using the 

method of the four components (flanges, web, reinforcement and concrete) to determine the 

resistance and stiffness under fire conditions. This simple calculation method (informative 

annex G) should be validated by numerical simulation. This numerical study aims to validate 

new simple formulae with respect to the calculation of the plastic resistance to axial 

compression and the effective flexural stiffness of the cross section with respect to the weak 

axis. New simple formulas will be proposed to determine the flange average temperature, the 

residual height and average temperature of the web, the residual cross section and average 

temperature of concrete and also the reduced stiffness and strength of reinforcement. This 

new formulae agrees with the numerical results and increases safety level of the fire resistance 

of partially encased sections. 

Keywords: Partially Encased Sections, Numerical simulation, Simple calculation model, Fire, 

Composite Steel and Concrete. 

 

INTRODUCTION 

Partially encased section members are usually made of hot rolled steel profiles, reinforced 

with concrete between the flanges. The composite section is responsible for increasing the 

torsional and bending stiffness when compared to the same section of the steel profile. In 

addition to these advantages, the reinforced concrete is responsible for increasing the fire 

resistance. The fire resistance of partially encased sections depends on the temperature effect 

in each component. According to Eurocode 4, Part 1.2 (CEN, 2005a), the fire resistance can 

be evaluated by the four components method (the flanges of steel profile, the web of steel 

profile, concrete and reinforcement) when submitted to standard fire and for different fire 

resistance classes (R30, R60, R90 and R120). This study aims to assess the parameters of 

Annex G: average temperature of the flange, part of the web to be neglected, residual area and 

average temperature of the concrete and the reduction of reinforcement mechanical properties. 

To study the effect of fire, two types of cross section were selected, corresponding to a set of 

cross section geometry: IPE ranging from 200 to 500 and HEB ranging from 160 to 500. Fig. 

1 represents the generic partially encased section, identifying the four components and 

showing the finite element mesh used. The nonlinear solution method (ANSYS) was used to 

evaluate the temperature field. The finite element method requires the solution of Eq. 1 in the 

cross section domain and Eq. 2 in the boundary. In these equations: T  represents the 

temperature of each material; ρ  defines specific mass; )(TpC  defines the specific heat; )(Tλ  
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defines the thermal conductivity; cα  specifies the convection coefficient; gT  represents the 

gas temperature of the fire compartment; Φ  specifies the view factor; mε  represents the 

emissivity of each material; fε  specifies the emissivity of the fire; σ  specifies the Stefan-

Boltzmann constant. It is assumed the use of standard fire curve ISO 834 (ISO, 1999) around 

the cross section (4 exposed sides). 

 

 ( )Ω∂∂⋅⋅=∇⋅⋅∇ tTCT TpTT )()()( )( ρλ  (1) 

 ( ) ( )Ω∂−⋅⋅⋅Φ+−=⋅∇⋅ )()( 44
)( TTTTnT gfmgcT σεεαλ

r
 (2) 

 

  
 

a) b) c) 

Fig. 1 - Partially encased section: Model, parameters and approximation. 

 

PARTIALLY ENCASED SECTIONS 

The cross sections were designed according to the tabulated method applied to column design 

in fire conditions (CEN, 2005a), considering the minimum reinforcement ratio )( css AAA +  , 

the minimum concrete cover dimensions ( u ) and the minimum cross section dimensions ( b , h

).Table 1 presents the main dimensions, in particular the number of rebars, the diameter of 

each rebar Φ  and the concrete cover dimensions in both principal directions, 21,uu . 

Table 1 - Section properties. 

Profile Rebars ih

mm 
Φ mm sA mm2 cA mm2 1u mm 2u mm u  mm css AAA +/  fw tt /  VAm m-1 

HEB160 4 134.0 12 452 19916 40 40 40 2,22 0,62 25.00 

HEB180 4 152.0 12 452 25616 40 40 40 1,74 0,61 22.22 
HEB200 4 170.0 20 1257 31213 50 50 50 3,87 0,60 20.00 

HEB220 4 188.0 25 1963 37611 50 50 50 4,96 0,59 18.18 

HEB240 4 206.0 25 1963 45417 50 50 50 4,14 0,59 16.67 
HEB260 4 225.0 32 3217 53033 50 50 50 5,72 0,57 15.38 

HEB280 4 244.0 32 3217 62541 50 50 50 4,89 0,58 14.29 

HEB300 4 262.0 32 3217 72501 50 50 50 4,25 0,58 13.33 
HEB320 4 279.0 32 3217 77275 50 50 50 4,00 0,56 12.92 

HEB340 4 297.0 40 5027 80509 50 50 50 5,88 0,56 12.55 

HEB360 4 315.0 40 5027 85536 50 50 50 5,55 0,56 12.22 
HEB400 4 352.0 40 5027 95821 70 50 59 4,98 0,56 11.67 

HEB450 4 398.0 40 5027 108801 70 50 59 4,42 0,54 11.11 
HEB500 4 444.0 40 5027 121735 70 50 59 3,97 0,52 10.67 

IPE200 4 183.0 12 452 16823 50 40 45 2,62 0,66 30.00 

IPE220 4 201.6 20 1257 19730 50 40 45 5,99 0,64 27.27 

IPE240 4 220.4 20 1257 23825 50 40 45 5,01 0,63 25.00 
IPE270 4 249.6 25 1963 30085 50 40 45 6,13 0,65 22.22 

IPE300 4 278.6 25 1963 37848 50 40 45 4,93 0,66 20.00 

IPE330 4 307.0 25 1963 44854 50 40 45 4,19 0,65 18.56 
IPE360 4 334.6 32 3217 50988 50 40 45 5,93 0,63 17.32 

IPE400 4 373.0 32 3217 60715 70 40 53 5,03 0,64 16.11 

IPE450 4 420.8 32 3217 72779 70 40 53 4,23 0,64 14.97 
IPE500 4 468.0 40 5027 83800 70 50 59 5,66 0,64 14.00 

u1

u2tw
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h
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BALANCED SUMMATION METHOD 

Eurocode 4 part 1.2 (CEN, 2005a) enables the calculation of the effective flexural stiffness of 

the cross section around the weak axis and the plastic resistance to axial compression, 

considering the contribution of the four components, assuming the section exposed to 

standard fire by four sides. Each component should be assessed by temperature evolution in 

each component, affecting the resistance of the cross section. The design value of the plastic 

resistance to axial compression, RdplfiN ,,  and the effective flexural stiffness of the cross-

section, ( ) zefffiEI ,,  may be obtained by a balanced summation model, according to Eq. 3.  

 

 
sRdplficRdplfiwRdplfifRdplfiRdplfi NNNNN ,,,,,,,,,,,,,, +++=  

( ) ( ) ( ) ( ) ( ) zsfiszcficzwfiwzffifzefffi EIEIEIEIEI ,,,,,,,,,,,,,, θθθθ ϕϕϕϕ +++=  (3) 

 

The weighting parameters θϕ ,i  depend on the effect of thermal stresses. The values are given 

in table 2. The contribution of each component depends on the temperature effect. This simple 

calculation method allows the fire design of partially encased columns. 

 

Table 2 - Reduction coefficients for bending stiffness around week axis. 

Standard Fire resistance θϕ ,f  θϕ ,w  θϕ ,c  θϕ ,s  

R30 1,0 1,0 0,8 1,0 

R60 0,9 1,0 0,8 0,9 

R90 0,8 1,0 0,8 0,8 

R120 1,0 1,0 0,8 1,0 

 

Flange Component 

The average temperature of the flange, tf ,θ  may be approximated by Eq. 4, assuming the 

empirical coefficients tk  and the reference value t,0θ  (CEN, 2005a). 

 

 ( )VAk mtttf += ,0, θθ  (4) 

 

Web Component 

The effect of fire affects the resistance of the web, by heat conduction. The reduction of the 

height of the web in Fig. 1b), fiwh , , part to be neglected in fire design, may be calculated 

according to Eq. 5. The parameter tH  is also defined accordingly (CEN, 2005a). 

 

 ))(16.011)(2(5.0, hHthh tffiw −−−=  (5) 

 

Concrete Component 

The direct effect of the fire on both sides of the section and the indirect effect by heat 

conduction allow to specify the isothermal limit to the load bearing capacity of concrete. This 

500 ºC isothermal defines the extension of concrete to be neglected, ficb ,  in both principal 

directions (y,z). The thickness reduction of concrete should be calculated according to table 3. 
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The average temperature in concrete tc,θ  may be calculated (CEN, 2005a), depending on the 

section factor VAm  of the e cross-section and on standard fire resistance classes. 

 

Table 3 - Thickness reduction of the concrete. 

Standard fire resistance bc,fi[mm] 

R30 4.0 

R60 15.0 

R90 0.5(Am/V)+22.5 

R120 2.0(Am/V)+24.0 

 

Reinforcement Component 

The temperature effect in steel reinforcement considers the reduction of the elastic modulus 

and yield stress. Both reduction factors are determined according to standard fire resistance 

and the average value of the concrete cover dimensions, u , see Eqs. 6-8 and table 4. 

 

 21 uuu ⋅=  (6) 

 [ ]mmuuuuu 10)(,)10( 2122 >−+⋅=  (7) 

 [ ]mmuuuuu 10)(,)10( 1211 >−+⋅=  (8) 

 

Table 4 - Reduction factors ty,k  and tE,k  for reinforcement. 

  ty,k  ty,k  ty,k  ty,k   tE,k  tE,k  tE,k  tE,k  

u [mm]  R30 R60 R90 R120  R30 R60 R90 R120 

40  1,000 0,789 0,314 0,170  0,830 0,604 0,193 0,110 

45  1,000 0,883 0,434 0,223  0,865 0,647 0,283 0,128 

50  1,000 0,976 0,572 0,288  0,888 0,689 0,406 0,173 

55  1,000 1,000 0,696 0,367  0,914 0,729 0,522 0,233 

60  1,000 1,000 0,822 0,436  0,935 0,763 0,619 0,285 

 

ADVANCED CALCULATION METHOD 

The most important parameter to validate the simple calculation method is the temperature 

field in the cross section. The temperature field was determined by the finite element method 

(ANSYS). The plane element "PLANE55" was selected to perform a nonlinear transient 

thermal analysis. This element uses linear interpolation functions and 4 integration points to 

determine the conductivity matrix, see Fig. 2. The model used 4, 6 and 8 elements in the web 

thickness, flange thickness and in both directions of reinforcement, respectively. Perfect 

contact between materials or components was considered. Standard fire boundary conditions 

were applied in the exposed surface, according to EN1991-1-2 (CEN, 2002). Material 

properties were defined according to the corresponding Eurocode for steel EN1993-1-2 (CEN, 

2005b) and concrete EN1992-1-2 (CEN, 2004), whereas with 3% water content by weight 

and a thermal conductivity corresponding to the upper limit. 

The advanced calculation method used the following criteria to define the effect of fire in 

each component: The temperature of the flange, tf ,θ  was determined by the arithmetic 

average of nodal temperature. The reduction of the web height, fiwh ,  was determined 

according to the 400 °C isothermal (Cajot et al., 2012)). The residual cross section of concrete 

depends on the extension of concrete to be neglected, ficb , , being determined according to the 
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500 °C isothermal limit (CEN, 2004), while the temperature effect on steel reinforcement was 

calculated by the arithmetic average temperature of this component, see Fig. 2. 

 

 
 

Fig. 2 - Criteria and Finite element “PLANE55”. 

 

Fig. 3 shows several temperature field examples corresponding to different fire resistance 

classes. 

 

    

R30 R60 R90 R120 

 

Fig. 3 - Numerical results for section HEB 200 for different fire ratings. 

 

COMPARISON AND NEW FORMULAE 

The effect of fire was determined for each component in 24 different cross sections. The 

numerical results were compared to the existing formulas of Eurocode (CEN, 2005a) and also 

to the new formulae. 

 

Flange Component 

Fig. 4 represents the average temperature of the flange, depending on the section factor and on 

the standard fire resistance class. Each graph depicts the results of the simplified calculation 

method (CEN, 2005a), the results of the advanced calculation method (ANSYS) and the 

results of the new formulae (New proposal). Eurocode 4 Part 1.2 (CEN, 2005a) presents 

conservative values for some sections factors and unsafe values to others. The average 

temperature of the flange of HEB and IPE sections is safe for standard fire R30, partially safe 

for R60 and unsafe for the remaining classes. 
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Fig. 4 - Average temperature of the flange. HEB sections (left). IPE Sections (right).

 

The new proposal is based on the same formulae of Eurocode 4 (

using a bilinear approximation for temperature, using a new empirical coefficient 

new reference value t,0θ , see table 

 

Table 5 - Parameters to determine flange temperature (Section HEB and IPE).

Sections 10<Am/V<14  

Standard HEB  

Fire t,0θ  [⁰C] 
kt 

[m⁰C]

R30 387 19,55

R60 665 14,93

R90 887 5,67 

R120 961 4,29 

 

Web Component  

The effect of fire on the web of the cross section was determined by the 400 °C isothermal 

criterion. This procedure defines the affected zone of the web and predict the web height 

reduction, see Fig. 5. The numerical results demonstrate a strong dependence on the section 

factor, regardless of the fire resistance class, unlike the simplified method of E

(CEN, 2005a). The results of EN1994

section factors. The new proposal presents a parametric expression that depends on section 

factor and standard fire resistance class, Eqs. 

defined in table 6. 

Fig. 5 - Web height reduction. HEB sections (left). IPE Sections (right)

-2436- 

 
Average temperature of the flange. HEB sections (left). IPE Sections (right).

The new proposal is based on the same formulae of Eurocode 4 (CEN, 2005a

g a bilinear approximation for temperature, using a new empirical coefficient 

, see table 5. 

Parameters to determine flange temperature (Section HEB and IPE).

14<=Am/V<25  10<Am/V<19  19<=Am/V<30

HEB  IPE  

C] 
t,0θ  [⁰C] 

kt 
[m⁰C] 

t,0θ  [⁰C] 
kt 

[m⁰C] 

19,55 588 4,69 582 6,45 

14,93 819 3,54 824 3,75 

 936 2,04 935 2,20 

 998 1,62 997 1,68 

The effect of fire on the web of the cross section was determined by the 400 °C isothermal 

n. This procedure defines the affected zone of the web and predict the web height 

. The numerical results demonstrate a strong dependence on the section 

factor, regardless of the fire resistance class, unlike the simplified method of E

. The results of EN1994-1-2 are unsafe for all fire resistance classes and for all 

section factors. The new proposal presents a parametric expression that depends on section 

rd fire resistance class, Eqs. 9-10. Both equations have the application limits 

 
Web height reduction. HEB sections (left). IPE Sections (right)

 
Average temperature of the flange. HEB sections (left). IPE Sections (right). 

CEN, 2005a), Eq. 4, but 

g a bilinear approximation for temperature, using a new empirical coefficient tk  and a 

Parameters to determine flange temperature (Section HEB and IPE). 

19<=Am/V<30  

IPE  

t,0θ  [⁰C] 
kt 

[m⁰C] 

656 2,45 

862 1,72 

956 1,09 

1010 0,96 

The effect of fire on the web of the cross section was determined by the 400 °C isothermal 

n. This procedure defines the affected zone of the web and predict the web height 

. The numerical results demonstrate a strong dependence on the section 

factor, regardless of the fire resistance class, unlike the simplified method of EN1994-1-2 

2 are unsafe for all fire resistance classes and for all 

section factors. The new proposal presents a parametric expression that depends on section 

quations have the application limits 

 
Web height reduction. HEB sections (left). IPE Sections (right). 
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 .0100/2 , hh ifiw =×

 100/2 , hh ifiw =×

 

Table 6 - 

Standard fire 

resistance

R30 

R60 

R90 

R120

 

The arithmetic average temperature 

under the limiting condition and plotted in Fig

1-2 (CEN, 2005a) were determined by the inverse method, using the reduction factor of the 

yielding stress )(16.01 hH t− . The 

 

Fig. 6 - Average web temperature for different standard fire resistance classes and sections. HEB sections (left). 

 

Concrete Component 

The numerical result of the third component wa

external layer of concrete to be neglected was measured in both principal directions, defining 

verticalficb ,, and horizontalficb ,, . According to EN1994

be neglected depends on section factor for standard fire resistance of R90 and R120. The 

numerical results demonstrates a strong dependence on section factors for all standard fire 

resistance classes. Fig. 7 presents the new proposal for 

sections. Similar results were obtained to IPE sections. Tables 

to determine the thickness of concrete to be neglected in fire design

which applies to both cross s

vertical). 
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( ) ( ) )(,2/03.00035. 02.22 HEBVAtVAt mm +×−××  

( ) ( ) )(,03.0002.0 933.12 IPEVAtVAt mm +×−××=  

 Application limits for HEB and IPE cross sections 

Standard fire 

resistance 

Section factor  

(HEB) 

Section factor 

(IPE) 

 Am/V <22.22 Am/V <30.00 

 Am/V <15.38 Am/V <18.56 

 Am/V <12.22 Am/V <14.97 

R120 Am/V <11.11 - 

The arithmetic average temperature tw,θ of the effective web section was defined by the nodes 

under the limiting condition and plotted in Fig. 6 (ANSYS). Temperature results of EN1994

were determined by the inverse method, using the reduction factor of the 

. The new proposal was adjusted to numerical results.

 

Average web temperature for different standard fire resistance classes and sections. HEB sections (left). 

IPE Sections (right) 

The numerical result of the third component was determined by the 500 ºC isothermal. The 

external layer of concrete to be neglected was measured in both principal directions, defining 

. According to EN1994-1-2 (CEN, 2005a), the thickness of concrete to 

e neglected depends on section factor for standard fire resistance of R90 and R120. The 

numerical results demonstrates a strong dependence on section factors for all standard fire 

presents the new proposal for verticalficb ,, and b

sections. Similar results were obtained to IPE sections. Tables 7-8 provide the new formulae 

to determine the thickness of concrete to be neglected in fire design, based on the new Eq. 11, 

which applies to both cross section types (HEB and IPE) and directions (horizontal and 

( ) ( ) cVAbVAab mmfic +×+×=
2

,  

(9) 

(10) 

ection was defined by the nodes 

(ANSYS). Temperature results of EN1994-

were determined by the inverse method, using the reduction factor of the 

new proposal was adjusted to numerical results. 

 

Average web temperature for different standard fire resistance classes and sections. HEB sections (left). 

s determined by the 500 ºC isothermal. The 

external layer of concrete to be neglected was measured in both principal directions, defining 

, the thickness of concrete to 

e neglected depends on section factor for standard fire resistance of R90 and R120. The 

numerical results demonstrates a strong dependence on section factors for all standard fire 

horizontalficb ,,  for HEB 

provide the new formulae 

, based on the new Eq. 11, 

ection types (HEB and IPE) and directions (horizontal and 

(11) 



Symposium_31 

Fire and Structural Engineering 

 

a) Horizontal reduction on HEB section.

c) Horizontal reduction on IPE

Fig. 7 - Thickness reduction of the concrete area for HEB

 

Table 7 - Thickness reduction of the concrete in sections

  horizontalficb ,,

Standard Fire  a 

R30 0,0000 0,0809

R60 0,1825 -4,2903

R90 1,0052 -22,575

R120 0,0000 7,5529

 
Table 8 - Thickness reduction

  horizontalficb ,,

Standard Fire a b

R30 0,0000 0,2206

R60 0,2984 -8,8924

R90 1,3897 -38,972

R120 0,0000 18,283

 

The average temperature of the residual concrete section is represented in 

proposal introduces a parametric approximation, ba

section factor, Eqs. 12-13. 

 

 ,tc +=θ

 ,tc =θ

-2438- 

 
a) Horizontal reduction on HEB section. b) Vertical reduction on HEB section.

 
IPE section. d) Vertical reduction on 

Thickness reduction of the concrete area for HEB and IPE sections

Thickness reduction of the concrete in sections HEB. 

horizontal     verticalficb ,,   

b c  a b c Section factor

0,0809 13,5  0,000 0,372 3,5 10<=Am/V<=25

4,2903 50,0  0,1624 -3,2923 41,0 10<=Am/V<=20

22,575 163,5  1,8649 -43,287 298,0 10<=Am/V<=17

7,5529 -35,5  0,000 6,0049 9,0 10<=Am/V<=13

Thickness reduction of the concrete in sections IPE. 

horizontal     verticalficb ,,   

b c  a b c 

0,2206 10,5  0,0000 0,9383 -3,0 

8,8924 93,0  0,5888 -15,116 135,0 

38,972 313,0  2,0403 -50,693 393,0 

18,283 -199,0  0,0000 48,59 -537,0 

The average temperature of the residual concrete section is represented in 

proposal introduces a parametric approximation, based on the standard fire resistance and 

( ) )(,003.01.3 95.15.0 HEBtVAt m ×+××+  

( ) )(,4.367.2 61.05.0 IPEtVAt m ×+××+  

 
b) Vertical reduction on HEB section. 

 
) Vertical reduction on IPE section. 

sections. 

 

Section factor 

10<=Am/V<=25 

10<=Am/V<=20 

10<=Am/V<=17 

10<=Am/V<=13 

 

Section factor 

14<=Am/V<=30 

14<=Am/V<=22 

14<=Am/V<=17 

14<=Am/V<=15 

The average temperature of the residual concrete section is represented in Fig. 8. The new 

sed on the standard fire resistance and 

(12) 

(13) 
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Fig. 8 - Average temperature of residual concrete. HEB sections (left). IPE Sections (right)

 

Reinforcement Component 

Fig. 9 depicts the average temperature of rebars determined by the numerical results. The 

results of EN1994-1-2 (CEN, 2005a)

reduction factor. Alternatively, the new parametric formula is presented for the

the average temperature of rebars. Eqs. 1

the distance of rebars to fire exposed surface

 

Fig. 9 - Average temperature of rebars. HEB sections (left). IPE Sections (right).

 1.0 1.1
, tts ××=θ

 (0.14, Ats ×=θ

 

FIRE RESISTANCE ACCORDING TO NEW PROPOSAL

Fig. 10 and Fig. 11 present the margin of safety of the new proposal for the plastic resistance 

to axial compression and for the effective flexural stiffness around 

 

CONCLUSION 

24 simulations were developed to assess the fire behaviour of Partially Encased Sections, in 

particular the new proposals to annex G of EN1994

simulations were developed by finite plane elements, 

exposure, running with ISO834 (ISO, 1999). 
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Average temperature of residual concrete. HEB sections (left). IPE Sections (right)

 

depicts the average temperature of rebars determined by the numerical results. The 

(CEN, 2005a) were indirectly determined through the most critical 

reduction factor. Alternatively, the new parametric formula is presented for the

the average temperature of rebars. Eqs. 14-15 were developed to the new proposal

the distance of rebars to fire exposed surface. 

 
Average temperature of rebars. HEB sections (left). IPE Sections (right).

( ) )(,39081.05.7 765.1 HEButtVAm +×−×−×+×  

) )(,11581.00.11 795.1 IPEuttVAm +×−×−×+  

FIRE RESISTANCE ACCORDING TO NEW PROPOSAL 

present the margin of safety of the new proposal for the plastic resistance 

the effective flexural stiffness around the weak axis.

24 simulations were developed to assess the fire behaviour of Partially Encased Sections, in 

particular the new proposals to annex G of EN1994-1-2 (CEN, 2005a). This numerical 

simulations were developed by finite plane elements, and are only valid to standard fire 

exposure, running with ISO834 (ISO, 1999).  

 
Average temperature of residual concrete. HEB sections (left). IPE Sections (right). 

depicts the average temperature of rebars determined by the numerical results. The 

were indirectly determined through the most critical 

reduction factor. Alternatively, the new parametric formula is presented for the calculation of 

were developed to the new proposal, based on 

 
Average temperature of rebars. HEB sections (left). IPE Sections (right). 

(14) 

(15) 

present the margin of safety of the new proposal for the plastic resistance 

the weak axis. 

24 simulations were developed to assess the fire behaviour of Partially Encased Sections, in 

2 (CEN, 2005a). This numerical 

and are only valid to standard fire 
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a) ANSYS / EN1994

Fig. 10 - Comparison results for plastic resistance to axial compression.

a) ANSYS / EN1994

Fig. 11 - Comparison results for the effective flexural stiffness around the weak axis.

 

The simplified method proposed in Annex EN1994

resistance compared to numerical results. This paper presented new for

guarantee to the calculation of plastic resistance to axial compression and effective flexural 

stiffness of the cross-section with respect to the week axis,

 

REFERENCES 

[1]-Cajot louis-Guy (2012), Gallois Louis, De

design method for slim floor beams exposed to fire, Nordic Steel Construction Conference 

2012, Oslo, Norway, 5-7 September.

[2]-CEN (2005a). EN 1994-1

Structures - Part 1–2: General Rules

[3]-CEN (2002). EN 1991-1-2 

- Actions on structures exposed to fire. Brussels, CEN: 59.

[4]-CEN (2005b). EN 1993-1

rules - Structural fire design. Brussels, CEN: 72.

[5]-CEN (2004). EN 1992-1-2 

rules - Structural fire design. Brussels, CEN: 97.

[6]-ISO (1999). ISO 834-1. Fire

general requirements. Switzerland, Technical Committee ISO/TC 92: 25.
  

-2440- 

 
a) ANSYS / EN1994-1-2 b) New proposal / ANSYS.

Comparison results for plastic resistance to axial compression.

 

 
a) ANSYS / EN1994-1-2 b) New proposal / AN

Comparison results for the effective flexural stiffness around the weak axis.

The simplified method proposed in Annex EN1994-1-2 G is unsafe for certain classes of fire 

resistance compared to numerical results. This paper presented new for

guarantee to the calculation of plastic resistance to axial compression and effective flexural 

with respect to the week axis, under fire conditions.

, Gallois Louis, Debruyckere Rik, Franssen Jean

design method for slim floor beams exposed to fire, Nordic Steel Construction Conference 

7 September. 

1-2 - Eurocode 4: Design of Composite Steel and Concrete 

2: General Rules—Structural Fire Design. Brussels: 225.

2 - Eurocode 1: Actions on structures - Part 1

Actions on structures exposed to fire. Brussels, CEN: 59. 

1-2 - Eurocode 3: Design of steel structures 

Structural fire design. Brussels, CEN: 72. 

2 - Eurocode 2: Design of concrete structures 

Structural fire design. Brussels, CEN: 97. 

1. Fire-resistance tests - Elements of building construction 

general requirements. Switzerland, Technical Committee ISO/TC 92: 25. 
 

 
b) New proposal / ANSYS. 

Comparison results for plastic resistance to axial compression. 

 
b) New proposal / ANSYS. 

Comparison results for the effective flexural stiffness around the weak axis. 

2 G is unsafe for certain classes of fire 

resistance compared to numerical results. This paper presented new formulae, with safety 

guarantee to the calculation of plastic resistance to axial compression and effective flexural 

fire conditions. 

bruyckere Rik, Franssen Jean-Marc, Simplified 

design method for slim floor beams exposed to fire, Nordic Steel Construction Conference 

Eurocode 4: Design of Composite Steel and Concrete 

Structural Fire Design. Brussels: 225. 

Part 1-2: General actions 

urocode 3: Design of steel structures - Part 1-2: General 

Eurocode 2: Design of concrete structures - Part 1-2: General 

Elements of building construction – Part 1: 


