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ABSTRACT

This paper describes an extensive parametric sindpe behaviour of cellular beam under fire
conditions.

Different finite element models using shell elensewere developed considering both material
and geometrical non-linearity; CAST3M [1], ANSYS] [@hd another one in SAFIR [3]. They
were calibrated on the basis of a new experimaasilcampaign performed in the scope of the
project FICEB+ [4] funded by the Research Funddoal and Steel

The comparison between the finite element predicéind actual experimental results showed a
good agreement in terms of failure modes, loaded#&éin relationship and ultimate loads. At
failure, temperature measured during the fire tasscated that failure arising by web post
buckling of cellular beams in fire cannot be simpstimated by applying temperature dependent
reduction factors on strength alone, as given deso

A design model representing the behaviour of callubeam in fire conditions has been
developed by Vassart [5-7]. This design model ik @b predict the complex behaviour of
cellular beam in case of fire comprising web-pastihing and Vierendeel bending, as well as
standard flexural bending.

The results of the Finite Element Models are comgan terms of critical temperatures and
failure mode obtained using the design model.

This paper also contains some tests results thed used to calibrate the FEM model and the
comparison between analytical and FEM models.

EXPERIMENTAL TEST CAMPAIGN

Beam geometric and material properties

An overall view of the four beams is shown in RigAs part of the composite floor plate, beams 1,
3 and 4 were considered to be secondary beamdyemmd 2 was considered as a primary beam.
They were fire designed according to [8].
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Fig. 1. elevation view of the composite beams



The main geometric and material properties of #nis are shown in Table 1. In addition to the
web stiffeners at load points and at its end supptor beam 4, there was a one side stiffener at
each web-post. The upper steel flange was fullyneoted to the 120mm deep composite slab,
which comprised a COFRASTRA 40 ® re-entrant deckNelson headed studs.

The slab width was 2.20 m which equals to the @ffeevidth ks according to Eurocode 4 part 1.1.
[9], i.e. 2 L/8. As for the reinforcement steel, a mesh of 2582/m was used.

Beam 1 Beam 2 Beam 3 Beam 4
Top tee section IPE 360 IPE 450 IPE 360 IPE 360
Top tee depth /1., (mm) 255 275 255 255
IBottom tee section IPE 450 IPE 450 HEB 450 IPE 450
Bottom tee depth /i (mm) 300 275 300 300
Stiffener thickness (mm) 20 20 20 20/15
Span : L (mm) 8800
Overall slab length: Z; (mm) 9100
Slab width : b4 (mm) 2200
INumber of openings 13 13 13 14
INumber of circular openings 12 11 12 14
Number of elongated openings 1 2 1 0
INumber of semi-infilled openings 0 2 0 0
Cell diameter (mm) 375 335 375 375
IReinforcement mesh A252
Number of shear studs 59
Shear stud diameter (mm) 19
Shear stud length (mm) 100
Shear stud spacing (mm) 150
Mechanical load (kN) 140 | 160 | 160 | 140
Steel grade S355
INWC compressive strength (MPa) 31.0 ‘ 33.0 | 335 H 29.5

Table 1 : Geometries and properties of the testach
Failuremode

For both beam 1 and beam 3, the failure was dueetmpost buckling near the beam supports
(Figure 2), which is one of the usual modes otifailobserved for such beams in fire situation..
Besides, because of its web-post stiffeners, beaoultl only have a flexural bending failure, as it
behaved like an “ordinary” beam. Hence, as beamdlbaam 4 had the same cross-section, and as
their deflection vs. time graphs are very closeanbel’s collapse might have been caused by
combined web-post buckling and flexural bending.

As for the primary beam, i.e. beam 2, no web-pagking was observed, which leads to the
conclusion that this beam also failed by flexuehdiing.



Fig. 2: Deformed beams

NUMERICAL MODELING

The parametric study was run conducted using SA¥Rsion 2007a), CAST 3M and Ansys.

SAFIR Mechanical mode

For the mechanical model of the steel profile, deehell finite elements were used, as shown in
Figure 3.
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Fig. 3: Mechanical model



The beam was simply supported. Symmetry was ustte ahid-span and the lateral displacement
of the upper flange was restrained to avoid amydhtorsional buckling (Figure 3).
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Fig. 3— Boundary conditions for modelled beam

An initial deformation was given to the beam (Fgda). This deformation results from the product
of a sine curve on the height of the profile (Fegdb) and of a cosine curve on the length of the
beam. The maximum amplitude was 2 mm.

K}
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Fig. 4: a) CB with amplified initial deformation @5) and b) initial deformation of the web-post

The assumed material properties of the steel vedentaccording to Eurocode EN1993-1-2 [10],
with the variation of different parameters with ferature taken from Eurocode EN1993-1-2.



The Figure 5 shows the comparison between FEM naottkthe fire test beam 2.
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Fig. 5: Time—Displacement diagram of the beammidtspan

Ansys Numerical Model

The Ansys model was based on a 3D mesh made dfastitebeam elements (Figure 6a). As the
ribs were neglected in the model, only the congpatt above the steel deck was modelled (Figure
6b). The experimental measured yield strengths uezd.
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Fig. 6: a)Mechanical analysis modeid b)Mechanical analysis cross-section



Due to mid-span symmetry, axial restraints andigotal restraints about the two axes of mid-span
cross-section were applied. Support conditions werdelled by restraining vertical displacements.
Also, so as to prevent lateral torsional bucklifignge-web junctions in both tees were laterally
restrained. The mechanical load was applied totdpesteel flange, including self-weight. The
analysis was run until numerical failure. Figurehbws the comparison between the FEM model
and the fire test beam 2.
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Fig. 7: Time-Displacement diagram of the beamraidtspan

Concluson on FEM Modelling

A good agreement between the tests and both FEMels@lobserved, in terms of failure modes
and critical temperatures. Thus, theses modelsacaurately predict the mechanical behaviour of a
simply-supported composite cellular beam at elevdenmperatures, and can be used for the
parametric study which aims to check the relevafdtee simplified design method.

PARAMETRICAL STUDY

This parametrical study was made varying the falgwarameters:
» steel profile
* geometry of the web-post
» steel strength limit
* loading type
» slab type

Table 2 is summarising the different calculatedsas
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Sum-total, 192 simulations are foreseen for pueeldbeams and 192 simulations for composite
beams.

Results of the parametrical study

The critical temperature and the failure modes wassessed using finite element models and
compared with analytical model using the followfogmula:

(Crit —TempFEM —Crit _TempAnaIytical )x 100 = A

Crit _Temp.,

This means that when the points are positive, tmayacal model predicts a lower critical
temperature than the finite element model and sonisidered conservative (i.e safe sided).
Figure 8 shows the comparison of the results betw&dM and analytical model.
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Fig. 8: Time-Analytical model Vs FEM Modelling

Analysing Figure 8, it can be pointed out that Hmalytical models can predict the critical
temperature of steel cellular beams. The analytreadel, based on Eurocodes principles, provides
safe sided results with acceptable level of acgurac

It can also be pointed out that the analytical nsdan also predict the critical temperature of
composite cellular beams.

Some numerical simulations still running and poofteomparison with analytical models will be
added for composite sections. Moreover, the numenmdelling are still analysed because some
discrepancies in the results appeared betweeniffieeedt finite elements models for composite
sections.



CONCLUSIONS

The different FEM models were able to reproducé ait acceptable level of accuracy the complex
behaviour of cellular beams in fire conditions.

On the basis of theses different FEM models, anpeirsc study was made to validate the
developed analytical model.

The analytical model was again validated by thisapetrical study and can be used for the
prediction of the critical temperature of cellubsam in case of fire. This model takes into account
the complex behaviour of cellular beams in firedibans and is based on the Eurocodes principles
taking into account the loss of material properaes stiffness required in the Eurocodes. This
model was implemented in a design software call&BA and can be downloaded for free on

www.arcelormittal.com/sections

REFERENCES

CAST 3M - GUIDE D'UTILISATION : CEA/DMT/LAMS

Ansys, Inc. (2006). “ANSYS Academic version, Re&e46.0, Help System”.

SAFIR. A Thermal/Structural Program Modelling Stiures under Fire, Franssen J.-M., Engineering &hurn

A.l.S.C., Vol 42, No. 3 (2005), 143-158

4. Technical annex of RFCS project FICEB+ (Fire rasisé of long span Cellular Beam made of hot rolled
profiles), ArcelorMittal, WESTOK, SCI, CTICM, ULGQ/Ister University, 2006

5. Nadjai A, Vassart O., Ali F., Talamona D., Allam, Adawes M. “Performance of Cellular composite floor
beams at elevated temperatures” Fire Safety Jouw/nhlme 42, Issues 6-7, September-October 200gesPa
489-497

6. Vassart O. , Bouchair A., Muzeau J-P and NadjaPhAdlytical model for the web post buckling in cédiu
beams under fire” Fifth International workshop Stuses in Fire, Singapore 2008

7. Vassart O. .Analytical model for cellular beamsdmaof hot Rolled sections in case of fire” PhD ihes
Université Blaise Pascal, Clermont Ferrand, 2009

8. ASDWestok Cell Beam Software, V 3.01, Steel Cormsitvn Institute

9. CEN, Eurocode 4 - Design of composite steel andreta structures — Part 1-1: General rules andg fole
buildings, 2005

10. EN1993-1-2 “Eurocode 3: Design of steel structui@art 1-3: General rules and structural fire desig

wp e



