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2 Examples

The use of the PowerFrame Fire module will be illustrated through the
example below. Consider a beam element of 5m, fully clamped at the left and
the right. Next to its selfweigth, this beam is loaded by a permanent load of
30 kN/m and a life load of 50 kN/m.

It is requested that this beam element will maintain its load carrying function
for at least 30 minutes during a fire hazard. No extra information is available
on the room adjacent to the beam element, so it is assumed that a standard
ISO834 fire model can be applied.

Fire curve

Fire curve tbype |§ISEI 834 fire j

Required fire resistance 30.00 min 1] % Account for temperature increaze

] % Account for terperature gradient

[~ Adapt elastic properties to termperature

Far a carrect uge of those parameters, pleaze verify with our product manual
ar with other literature.

- 1200.00 -

1000.00

Temperature("C)

200.00

S00.00

400.00

200.00 |

20.00 80.00 90.00 120.00 150.00 180.00

time{min}

Ok | Cancel ‘

The standard design method will be used, implying that internal forces related
to non-uniform temperature variations will not be considered. Furthermore,
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the elastic analysis for the ULS Fire combinations will be based on the initial
stiffness characteristics (at room temperature conditions). For the accidental
load combinations, only the quasi-permanent part of the variable loads ( y. )
is taken into account.

Let us now briefly discuss the thermal and mechanical response of this beam
for a number of typical cross-section types.

2.1 Unprotected HEA section
2.1.1 Exposed to fire at all sides

A HEA 300 section is considered, without any particular fire protection. An
elastic analysis and design check at room temperature conditions shows that
this type of section is the most economic choice for the given span and loads.
Considering however the high thermal conductivity of steel, it is expected that
the element will fail very soon once the fire begins to develop.

Due to the temperature increase (AT = 725,2 °C after 30 minutes), the yield
strength will be reduced tot 41,3 N/mm?. Using this reduced property, a code
check can be performed with respect to Eurocode 3. The results are given
below:

Resistance chechbar 1 (node 1 - node 2) : Buckling check bar 1 (node 1 - node 2) :

cross-section © HEA-300 orientation : 000 fy: 4131 Nemme crogs-gection : HEA-300 %Iength 500 cm ofientation : 0.00 * fy: 41.31 Mdmmé
tensile force 000% buckl. | round y-axis: (100000 3L i"ﬂ |
compressive force 0.00 % buckl | round 2-axis: 10000 ZL
moment by’ 18371 % L .
moment Mz' 0.00% Lat tarsional buekl. length: 20 |[100.00 %L W end points hinged for torsion [k=T)
snear Force \u\"fz'l 123-810 :f 20 [100.00 %L W end points free for warging [kw=1]
shear force Yy .00 %

4 23:;1?;‘1:',3: ;;;?;L;o\';? vz 236&‘6‘0? Buckling and lateral buckling lengths |
maoment My' and Mz' + normal force 18371 % normal force. buskling in t-plane 000%
morment My* and Mz' + shear force V2' andVy' + nommal force 196.53 % - g B g'-s\ans 0.00 2
torsion 0.00% ater uckling 25555 %

_ - B . . buckling 0.00 %

detail design check : moment My" + shear force ¥z normal force and moment, lateral torsional buckling 0.00%

magirum at node 1

far combination LILS FI 1 detail design check : lateral torsional buckling
Wz =114.7 kM, My = 95.6 kNm magimum at node 2

Avz = 37.28 oo, Wply = 1383271.5 mn, 1o = 0.99 for combination LILS F1 1
Wz.Rd=839 kN, MvpRd =404 kNm My = 956 kNm

section class : 3

‘el = 1269549 4 mn

C1=1.28, Mor = 1205.7 kNm

lambdal TS = 0L50, sigmal. T = 0.21, chilt = 0.72
Mb.Rd = 37.4 kNm

=3 % @ Steel temperature = 745.17°C Cerrel

Steel temperature = 745.17°C
sle o

Despite the fact that a HEA 300 is perfectly capable to resist the above loads
in normal room temperature conditions, it is not capable to maintain its
function during a fire hazard. This should not be a major surprise,
considering the temperature increase and the related deterioration of material
characteristics.
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The resistance and buckling verification of a structural element subject to a
fire load is performed in exactly the same way as for room temperature
conditions, except for the following items:

the cross-section classification is done using reduced mechanical
properties. Approximately, the classification is done using a value of

e=0.85,/235/f, ;

relative slenderness values are based on mechanical properties for
20°C. Those values are however to be corrected by a multiplication

factor \ky g /Kgg ;

imperfection factors for buckling and lateral torsional buckling
calculations are determined using a value of a = 0,65, /235/fy X

for Class 1, 2 & 3 sections, the reduced yield strength is introduced into
the code checks;
for Class 4 sections, the effective section characteristics (to be used in
the verification formulae) are based on mechanical properties for 20 °C.
The yield strength should however be replaced by the reduced 0.2%
strain limit fhp 29

2.1.2 Exposed to fire along 3 sides only

It was previously assumed that all 4 sides of the steel section were exposed
to fire. Let us now consider the situation in which no heat transfer is possible
along the upper side of the HEA section. To define such a thermal boundary
conditions in PowerFrame, the section should be taken into Section Ultility
and the upper surface should be coupled to a fire buffer. Such a fire buffer
should be considered as a material with infinitely low thermal conductivity.
Inside Section Utility, you should proceed as follows:

draw a rectangular section with arbitrary dimensions, adjancent to the
upper surface of the steel section.

double-click on the newly defined rectangle and select the second tab
page ‘Material’.

select the material ‘Fire buffer’ from the list of materials. Leave the
default material ‘Staal(Fe360)’ unchanged.

The drawing will now look as follows:
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Take this section back to PowerFrame, click on the E-icon and complete the
resistance and buckling verification. You will notice that the fire buffer will only
have minor impact on the analysis results. This is easily explained by the fact
that steel temperature after 30 minutes is still at 733,9°C.

2.2 Protected HEA section

Let us now look at the case of the same HEA 300 section, but protected by a
thermal insulation material. To define this, let’s open Section Utility and wrap
the entire section by an insulation layer (Rockwool Conflit P 756, thickness
2cm).

Select the entire section using the left mouse button and then click on the

E icon to open the following dialogue window:

N
d
d= IED i
—‘ ’7 kd ateriaal:
k. Cancel |

Specify the insulation layer’s thickness and select the appropriate material.
The section should now look like this:
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Remarks:

e Notice that the cross-section properties remain unaffected by this
insulation layer, except for the self weight. Indeed, the insulation layer
does not have any contribution whatsoever to the section’s stiffness

properties.

Modify material library "matbib.efm” il
Hiout[£35] ;l Material parameters | Fire paramneters
Hout{C40]

Hout{D30] M i :
HoutDi35) ame : [Fiockwonl Conflit F 756
Hout{D40) ;
Hout[D50] Froperties
Haout{DED
HEEtED?D% Young's mudulusln MémmE [ Contributes to section resistance
Hout{GLZ0) L IDEIEI—
HoutiGL24] Poisson'z ratio U
HoutlGL28] Selfueight |1,1 kM /e W Contibutes to selfweight
Hout{GL32) ; i
Hout[GL3E] Convection cnefiD,DDDDDD T
Promalan HT150
B ockwool Conflit P /A6
StaalFe 360)
Staal[Fe 430) %
StaallFe 510] . .
StaalFe E 275) " stesl " concret € tmber % other " fire bulfer
StaalFe E 355) =
Mz Color -

Delete

Copy (] I Cancel |

i

e Before the insulation layer is added to the section, we could have
declared the HEA section to be deformable. In this case, PowerFrame
will consider the section as a composite one and no longer as a
protected steel section. Consequently, the thermal analyses will be
done by the Physibel thermal solver for arbitrary cross-section types.

e In case an insulation layer with variable thickness is defined, the
section’s temperature variations will also be calculated by the Physibel
thermal solver.
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It can be observed from the results below that the insulation layer does not
dramatically improve the fire resistance of the steel beam. Steel temperature
is only about 45°C lower compared to the unprotected steel section.

Resistance check bar 1 (node 1 - node 2) : Resistance check bar 1 (node 1 - node 2) :

crass-gection : HEA300 arientation : 0.00 * fy : 53.86 M./mr cross-gection : HEA30O arientation : 0.00 * fy : 53.86 M./mr
tenzile force 0.00 % tenzile force 0.00 %
compressive force 0.00 % compressive force 0.00 %
moment My' 140,97 % moment My' 140,97 %
moment kz' 0.00% moment kz' 0.00%
shear force Wz' 99.00 % shear force Wz' 99.00 %
shear farce W' 0.00 % shear farce W' 0.00 %

» moment My* + shear force ¥2' 17923 % » moment My* + shear force ¥2' 17923 %
moment Mz' + shear farce V' 0.00 % moment Mz' + shear farce V' 0.00 %
moment My' and Mz' + normal force 14097 % moment My' and Mz' + normal force 140.97 %
moment My' and Mz' + shear force W2' and W' + normal farce 156.74 % moment My' and Mz' + shear force W2' and W' + normal farce 186.74 %
torsion 0.00% torsion 0.00%
detail design check : moment My* + shear foice ¥z' detail design check : moment My* + shear foice ¥z'
maximum at node 1 maximum at node 1
for combination ULS FI 1 for combination UILS FI 1
Wz =114.8 kN, My = 95.E khm Wz =114.8 kN, My = 95.E khm
Az = 3728 o, Wply = 1383271.5 mn?, o = 0.96 Avz = 3728 o, Wply = 1383271.5 mn?, o = 0.96
WzRd=1159 kM. MvpRd =534 kNm WzRd=1159kN. MvpRd =534 kNm

Steel temperature = FO0.BEC Steel temperature = FO0.BEC
s @ s @

This is not a surprising conclusion, as such type of insulation material will
start to loose its insulation capacity from 400°C onwards. This type of
material is therefore not inappropriate when severe fire resistance demands
are to be met. In case a different material is selected (gypsum) of which the
thermal conductivity only increases slightly with higher temperatures, it can
be observed that steel temperatures will be significantly lower than steel
temperatures for an unprotected section.

Resistance check bar 1 (node 1 - node 2) : Buckling check bar 1 (node 1 - node 2) :

cross-section - HEA200 orientation : 0,00 * f: 235,00 M/mm# cross-section : HEA300 length : 500 cm orientation ; 0,00 ° fpr: 235,00 MN/mné
tensile farce 0.00% buekl. | round y'"axis 10000 =L ﬁ |
cumpretsiilvla force Sg-gg :f buckl. | round 2-qs - 10000 %L
moment by 49% _ )
moment bz 0.00% Lat. tarsional bucktlength : 250 (10000 %L |w end points hinged for torsion (k=1]
S:EEI ;E'CE \’\ffZI‘ Eg gg:ﬁ Z<0 10000 2L v end points free for warping (kve=1]
shear force Wy .00 %
;22::: mi. : 2:::: ;E;E: \ify. 83 33 ; Buckling and lateral buckling lengths ‘
moment My' and Mz' + nomal force 8243 % e, e lowslos n00%

3 moment My" and Mz' + shear force ¥2' and ¥y' + noimal force 84.68 ? e e, nef o et Qo0 %
tarzian 0.00% } lateral torsional buckling 89.84 %

- g ) 0 0 0 0 narmal force and moment, buckling 0.00 %

del.a|| desllgndcl‘zleck : moment My and Mz' + shear force V2" and Vy' + nor noimal force and moment, lateral torsional buckling 0.00 %
maximum at node
for combination IULS FC 1 detail design check : lateral torsional buckling
M =0.0kM [tension], Wz = 2925 kN, Wy = 0.0 kM, My = 2438 kNm, bz = 0.0 kMNm maximum at nods 2
section class : 2 [only for area for nomal force] far combination ULS FC 1
A =11253 cnf. Avz = 37.28 enf, Avy = 9366 o My = 243.8 kNm
Wl = 1383271.5 mnv, Wplz = 641166.0 mm?, roy = 0.00, roz = 0.07 section class : 2
MplRd = 2404.0 kN, Vz.Rd = 4598 kN, ¥y Rd = 1155.2 kN \é\;p‘f’fggaﬂﬂl'?ﬁ”g?y -
wy.rd = 2879 kMm, Mvz.rd = 137.0 kNm = lectal B = - [

lambdal TS = 0.62, sigmal T = 0.21, chiLt = 0.92
Mb.Rd = 271.3 kNm

8y o

alg e

At those temperatures, yield strength will only have decreased to a moderate
extent, in contrast to Young’s modulus, or will even remain at the initial value
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of 235 N/mm?. Therefore, the analysis results will not differ significantly from
the ones performed at room temperature conditions. This is confirmed by
the above dialogue windows, which indicate that the ULS FC 1 is a more
critical combination than the fire combination.

2.3 Rectangular section, reinforced
concrete

To define reinforced concrete sections, different options are available to the
user. Either you define a section within PowerFrame using one of the pre-
defined section types, or you draw the section shape within Section Utility. In
the first case only the gross cover must be defined, the reinforcement will
automatically be generated assuming a constant distance between
reinforcement steel and exterior concrete surfaces. In the second case the
reinforcement areas must be drawn explicitly on the section shape. This
procedure allows for an extremely broad range of possibilities (application of
different steel grades and gross covers for different reinforcement areas,
definition of reinforcement areas for sections with arbitrary shapes,...).

We decide to use the second option and therefore we define within Section
Utility a rectangular section R30/40 with concrete grade C25/30.

5
"LF E |3|:||:| T H |4|:||:| i

material ;  |[{=fE g (Earge]|

ak Canizel |

Now use the ﬂ icon to define the reinforcement areas. In the dialogue
window, select the upper reinforcement zone to define its position within the
rectangular cross-section.
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Selection of reinforcement areas x|

{* Upper

Left (" " Right

Lancel |

Then draw the center line of this reinforcement area at a distance of 30mm
from the upper edge and click with the right-hand mouse button.

Repeat this operation to define the areas for the bottom and left/right
reinforcement bars.

Remark: The definition of transverse reinforcement areas is required to
enable the calculation of shear force reinforcement.

The elastic analysis is performed, and then we can double-click on the beam
element in the ‘Plot’-window to visualize the temperature distribution within
the rectangular cross-section.
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a Section after fire hazard:

Time instant of maximurm temperature increase: 30,0 min

Average temperature: 2124 °C
Temperature gradient v': 0,0 °C
Temperature gradient 2: 0,0 °C

Temperature of longitudinal reinforcement;
Upper: 277.0°C

Lower : 275,7 °C

Left: 2665 °C

Right: 266.5 °C

Temperature of transverse reinforcement:
Shear force 2 : 2978 °C

Shear forece ' : 3440 °C

Torsion @ 271.4°C

& o |

After 30 minutes, the average temperature of the section is 212.4°C. Given
the section’s double symmetry and the fact that all exterior surfaces of the
concrete beam are exposed to fire, no temperature gradients will develop

under any circumstances.

The window also reports further information which is mandatory for a correct
calculation of reinforcement quantities. Reduced yield strength of steel is
derived from the average temperature of longitudinal and transverse
reinforcement. The resistance characteristics of the reduced concrete section

are summarized in the report than can be generated through the &licon.

12
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Dats - Cross-saction afler firs hazard

i
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Time Instart of maximum empemEtune Increass: 30,0 mi

Average temperatne: 2124 °C
Temperature gadknt Y20,0 °C
Temperature gadient Z: 0.0 °C

Temperature of kongiudinal relnforce ment

r-70°C

Right 266,5 °C

Temperaiure of transyerse renfomement
Smearfome Z:29783°C
SmearfoRce Y 340°C

Torskon 2T14C

Material: Beton(C25/50)
CToss-EeCTON neslstance
Surfase = 104064 om* Weight = 2653 kgm

It should be noted that, in spite of the fire load which has been imposed, no
extra longitudinal reinforcement is required as compared to an analysis at
room temperature conditions.

7 N7

This can be explained by the following reasons:

e the fire combinations ULS Fire represent a lower load compared to the
fundamental loads combination ULS FC;

e the partial safety factors y. and ys for concrete & reinforcement steel
are both taken equal to 1;

e the temperature increase of the section is quite limited, such that the
yield strength of reinforcement steel is not really affected.
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2.4 T-section — reinforced concrete

Let us now suppose that the R30/40 beam is cast on-site, along with the floor
slab just on top of it. Consider a slab thickness of 150mm and an effective
width for the corresponding equivalent beam of 1000mm. This way, we will
define a T-section in PowerFrame with following dimensions:

x

Cross-section: IT I |
H

shape : Tsecnon @l Cancel |

material : IBeton[CEEBD] 'l I bruto wapeningsdekking |35.UU mm
b
B IBDD mm H ISSD mm I"—p"

bp 100[‘ mm

hp [150 mm % ES
By
surface |2?DD.DD cnf weight |588.3 kagdm
strong axis y-y E weak axiz z-2 [H
It B92291EEEE. 7 rriniish Iz 13400000000.0 rriniish
iy 196240157 it iz ZE800000.0 it
Wwiply 373356450 e Wplz 465000000 e
] 1601 i iz 2228 i
Az 2700.00 e By 2700.00 e
IT 47280000000 rriniish ¥ analyze
I 0o rrini

Now select the beam element and click on the right-hand mouse button. A
pop-up menu will appear, presenting an image of the cross-section that we

just defined.

% Copy cross-section
Copy boundary condition

Copy buddlng Iength
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Click on this image to launch Section Utility. You will notice that the
reinforcement areas are now recognized automatically. Double-click for
example on the left transverse reinforcement area and activate the third tab

page.

Remark: The transverse reinforcement sections are assumed to be uniformly
distributed over the areas that have been defined. The calculated
reinforcement quantities related to bending moments with respect to the
section’s weak axis will therefore depend on the position and the shape of
the corresponding reinforcement area.

Furthermore, we want to impose that the beam and slab will only be exposed
to a fire hazard at the bottom side. Therefore, we use following approach:

e Declare the section to be editable — instruction ‘Edit — Make a library
section editable’.

e Double-click on the slab edges at the left and the right to specify that
edges actually define an infinitely continuous slab.
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x
@
Cancel |

Length {Lfl |1 50.00 -
Inclination o IZ?D,DD ©

v iThis line defines an infinitely continuous sectioré

e As a result of this operation, Section Utility will identify two volumes that
could potentially include a fire source. Those volumes are indicated by
a red burning flame icon.

e Extinguish the upper flame by clicking on it with your mouse, to specify
that no heat transfer is allowed from the upper volume to the floor slab.
The colour of the flame will change from red to black.

Now that all properties of the section have been fully defined, the thermal &
elastic analyses can be launched. This will deliver the following temperature
distribution in the cross-section, at t = 30 minutes :

& Section after fire hazard:

3]8]9]12]15]18]21]24]2?;’_

Time instant min RIfi): 30,0 min
Time instant ma%[fi]: 30.0 min

Awerage temperature: 1281 °C
Temperature gradient v -207.2 °C
Temperature gradient 2: 0,0 °C

Temperature of longitudinal reinforcement:
Upper: 231 °C

Lower : 286,3 'C

Left: 2024 °C

Right: 202.4°C

Temperature of transwerse reinfarcement:
Shear farce 2 : 2537 °C

Shear forece ™ : 2065 °C

Taorzion  :178,5°C

P -
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As a result of the section’s non-symmetry with respect to the y-axis and
because of the non-uniform temperate distribution within the cross-section,
temperature gradients will develop with respect to the y-axis. As the standard
design method is used however, those thermal loads will not be introduced
into the global elastic analysis and will thus not give rise to any internal forces
within the element.

Also in this example, the combinations ULS FC, SLS QP and SLS RC will be
more severe than the fire combination(s). As the floor slab plate is now a
part of the resisting cross-section, lower reinforcement quantities will be
delivered by the calculations.

I
m "

2.5Floor slab on rectangular
concrete beam element

We now retake the previous example, but consider the slab to have no
contribution to the R30/40 beam stiffness. It is furthermore assumed that the
slab’s self weight (3,75 kN/m) is accounted for in the permanent load case,
such that only the thermal inertia of the slab will be introduced into the
calculations. The fire hazard is supposed to act only at the bottom side of
the slab.

Before you specify the cross-section, define a new material named ‘Fictitious
Concrete C25/30° for which you eliminate the selfweight and stiffness
contribution. To do so, open the material library and copy the existing material
‘Concrete (C25/30)’. Eliminate the Young’s modulus and selfweight
contribution by deselecting the appropriate lines. All other parameters are
left unchanged:

Fire Safety Analysis : Examples with PowerFrame 17



Modify material library "matbib.efm" x|

Alurniniura(1000, 3000, G000 Material parameters | Fire parameters I Concrete parameters Feinforcement parameters
Aluminium{2000, 4000, 5000

Beton[C12/15) M i —

Beton(C16/20) Gl - |F|ct|t|nu3 ConCrete C25/30

Beton[C20/25) _

Beton[C25/30) Properties :

Beton[C30/37

thg:{EBENE% Young's mgdulug|3ﬂ4?2 M/mn? [ Contributes to section resistance

beton(C40/50) . lm—

Betan(C45/55) | T

Breton(C50./60) Selfweight |25.D kN/me [ Cantributes o selfiweight

Brandbuffer

Fictitious ConCrete C25./30 EnnvectID,DDDm il T
Gyps
Hout{C14]
Haout{C16]
Hout{C18]
Hout{C22]
HoutlC24] " stesl % concret @ tmber other {7 fire bulfer
Hout{C27]

Hma HT 3 ;I

New... Color -

Delete

Copy (] I Cancel

i

Now, the following steps can be taken:

e In PowerFrame, define a rectangular beam section of dimensions
300x400mm, gross concrete cover 35mm and material ‘Concrete
(C25/30).

e In Section Utility, draw a slab element with a rectangular section of
1000x150mm by means of the O icon. Make sure to specify the correct

material!
x
B
f—_ B I'IEIEID mm H [150 mm
= =
material ; FictitinusEnncreteEEj %
Betan(C45/55) -
Betan(CRO/E0) ok I Cancel
Brandbuffer
Gyps
Haut[C14)
Haut[C18)
HautC18] 4

e Verify that resistance and selfweight properties have not been changed
by adding the plate element to the section. Also make sure that the
plate element is positioned correctly relative to the R30/40 section.
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e Make the section editable, double-click on the plate edges at the left
and the right, and specify that those edges define an infinitely
continuous plate (refer to previous example).

¢ Now extinguish the upper flame using your right mouse button.

Take this section back to PowerFrame and launch the analysis. This will
deliver the temperature distribution below at t = 30 minutes:

a Section after fire hazard:

Time instant of maximum temperature increase: 30,0 min

Awerage temperature: 164.4 °C
Temperature gradient ' -211.0°C
Temperature gradient Z: 0.0 °C

Temperature of longitudinal reinforcement:
Upper: B23°C

Lower : 240,3 °C

Left: 2007 °C

Right: 2007 °C

Temperature of ransverse reinforcement;
Shear farce 2 ; 2562 °C

Shear forece v : 2260 °C

Torsion @ 177.6°C

3 ) 6 | 9 | 12| 15| 18| 2| 2| 7 [
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The following conclusions can be made:

e The temperature distribution does not depend on the strength

characteristics of the materials. In other words, the temperature
distribution above is identical to the one that we obtained in the
previous example.

The average temperature of the concrete beam has significantly
increased. Indeed, the average temperature is evaluated for the part of
the section which contributes to overall resistance (in this case, limited
to the rectangular R30/40 section).

Apart from the bottom reinforcement, all steel temperatures are now
much higher. The reinforcement areas are now limited to the rib part of
T-section, as the slab element does not have any contribution to
section resistance.

Let us now calculate longitudinal reinforcement quantities.

17T

HMTT

i e

589

B 583

Compared to the previous example, the top reinforcement has more than
doubled. The rectangular section’s moment of resistance is indeed
considerably lower than for the composite T-section. Again, the ULS FC —
SLS QP & SLS RC are more critical than the fire combination(s).

20
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