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1 TASK

In the following example, a column of a department store will be dimensioned
for fire resistance. The column is part of a braced frame and is connected
bending resistant to the upper and lower column. The length is 3.0 m. During
fire exposure, the buckling length can be reduced as seen below in Figure 1.
The loads are centric axial compression forces. The column is exposed to fire
on four sides. A hollow encasement of gypsum is chosen for fire protection.
The required standard fire resistance class for the column is R 90.
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Figure 1. Buckling lengths of columns in braced frames
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Figure 2. Cross-section of the column

Material properties:
Column:
Profile: rolled section HE 300 B
Steel grade: S 235

Cross-section class: 1




Yield stress: Sy = 23.5kN/em?
Cross-sectional area: A, = 149 cm?
Elastic modulus: E, = 21,000 kN/cm?
Moment of inertia: I, = 8560 cm® (weak axis)

Encasement:
Material: gypsum
Thickness: d, = 3.0 cm (hollow encasement)
Thermal conductivity: 4, = 0.2 W/(m:K)
Specific heat: ¢, = 1700 J/(kg'K)
Density: pp= 945 kg/m?

Loads:
Permanent actions: Gy= 1200 kN
Variable actions: P, = 600 kN

2 FIRE RESISTANCE OF COLUMN

2.1 Mechanical actions during fire exposure

The accidental situation is used for the combination of mechanical actions
during fire exposure.
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The combination factor for department stores is w,; = 0.6. So the axial load is
determined to:

N, =1200+0.6-600=1560 kN

2.2 Calculation of the maximum steel temperature

The analysis of EN 1993-1-2 is used to calculate the steel temperature of the
hollow encased column. For a hollow encased member, the section factor is
calculated to:

A, [V =2-(b+h)/4,=2-(30+30)-10° /149 =81 m’

By using the Euro-Nomogram (ECCS No.89), the maximal temperature
0.1.max.00 Of the steel bar is:

(4,/7)-(4,/d,)=81-0.2/0.03=540 W/m’K

= Ha‘max_go ~ 445 °C

2.3 Verification in the temperature domain

Within EN 1993-1-2 the verification in the temperature domain is notallowed
for members in which stability phenomena have to be taken into account.

2.4 Verification in the strength domain

The verification in the strength domain during fire exposure is carried out as a
plastic ultimate state of the load-carrying capacity.
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In this example, the verification has to be done with the axial forces.

Nﬁ,d < Nb,_ﬁ,t,Rd

The design resistance under high temperature conditions is calculated as:
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In dependence of 6,490 the reduction factors k,» and kg, are given in Ta-
ble 3.1 of the EN 1993-1-2. For intermediate values of the steel temperature,
linear interpolation may be used.

= ky,445oc =0.901

kE,445°C =0.655

The load-carrying capacity is determined in consideration of the non-
dimensional slenderness during fire exposure.

Apo =4[k, ke p =021:1/0.901/0.655 = 0.25
where:
A =Ly [(i.-2,)=(0.5-300)/(7.58-93.9)=0.21

With the non-dimensional slenderness the reduction factor for flexural buck-
ling y; 4 can be calculated.
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where:

¢ =05 [l+a-2+2"]= 0.5:[1+0.65-0.25+0.25" |=0.61
and:

a=0.65-, /235/fy =0.65-4/235/235=0.65

The design resistance arises to:

N,

b.fit,Rd

=0.86-149-0.901-%= 2713 kN

Verification:
Nﬁ’d/Nb,ﬁ,t’Rd=1560/2713=O.58<1 4
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