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Abstract

This paper deals with modeling of the behavior of castellated beam. The calculations also take
into account the imperfections. The solution incorporates finite element models and standardized
calculation. The main contribution is to undertake case studies to determine the coefficients of lateral-
torsional buckling and description of the stress state of the profile.
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1 INTRODUCTION

The current technologies make possible to manufacture very different shapes of steel beams.
For example, various castellated beams can be produced. Many of these shapes are not covered by
current design standards. Their design and assessment can be done in various ways. Structural
behavior of these beams is often studied with use of the finite element method [12, 13, 14].

Fig. 1: Angelina castellated beam shape [1]

An application of the finite element method to numerical modelling of steel castellated beams is
discussed in [15]. Similar approaches can be used for castellated timber beams [6]. An elastic-plastic
analysis of these types of beams is proposed in [10]. Neural networks can be used to advance the
analysis [5].
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The article discusses a determination of buckling coefficients for the selected Angelina castellated
beam [8]. An approach to numerical modelling of uncommon castellated beams is also studied in
order to find a more general way for analysis of such types of beams. The discussed numerical
models are compared with standard-based calculations [2, 3, 4] and they are also verified by
comparison with basic approaches of structural analysis.

2 DESCRIPTION OF CASTELLATED BEAM

The studied castellated beam is shown in Fig. 1. There are two studied alternatives: simply
supported beam and a cantilever beam. The second case is used only for study of interaction between
bending moments and shear forces. This particular type of beam is produced by the ArcelorMittal.
The beam has large openings which can be used for various installations under the roof of building.
Only one alternative of the beam is studied in this paper. The basic cross-section type is the IPE 270.
The S235 steel is used.

3 NUMERICAL ANALYSIS

The ANSYS [7] finite element analysis system is used for numerical modelling. The 3D
model uses the SOLID45 eight-node isoparametric brick finite elements. The model consists of
21 907 finite elements and 34 319 nodes (the cantilever beam model) or of 18 027 finite elements and
of 37 432 nodes (the simply supported beam model). The computations respect structural, geometric
and constitutive non-linearities. There are used the CONTA174 and TARGE170 contact finite
elements [7] for modelling of structural non-linearities. Steel behavior is modelled with use of the
elastic-plastic material model with linear hardening.

The finite element model of the cantilever beam is shown in Fig. 2 and Fig. 3. The SCIA [11]
finite element analysis software is used for shells-based numerical modelling of the beam. The results
obtained by SCIA are used for verification of the computations.

Fig. 2: Numerical models with embedded geometric imperfections

The Fig.2 illustrates the embedded geometric imperfections of the beam model.
These imperfections are based on a pre-buckling deformation caused by continuous load on the top
flange of the beam.
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Fig. 3: Von Misses stress [MPa]

The results of non-linear computations which incorporate the 2" order theory are shown in
Fig 3. Von Mises stresses are shown. The upper part of the Fig. 3 shows the deformations.

The final values of the torsional-lateral buckling coefficients ey/L are shown in the Fig. 4.
These results have been obtained for various initial imperfections. The Fig. 4 compares numerical
results with result obtained by standard-based computations (according to the CSN and the EC
technical standards). The differences between the solutions are small. It is obvious that standard-
based computations are slightly more conservative than the numerical analysis.
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Fig. 5: Coefficient of lateral-torsional buckling in dependence on free span
The obtained values of the lateral-torsional buckling coefficients are listed in the Tab. 1.

These values are valid for 12 m span. The Fig. 5 shows dependence between lateral-torsional
buckling coefficient size and the beam span. These results have been obtained by numerical
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simulation with use of the software [11]. It the beam span is short then there is no buckling of the
flange but there occur limit stresses in around the cuts which are near the supports. These stresses are
caused by large shear forces near the supports.

Tab. 1: Lateral-torsional buckling coefficients for the 12 m span

Angelina 12 m M—; ;zé)il_ g_tf)zlb l%g;t;l;l;l M 2 plus| g 2 top | g 2 bott
scia_angelina 0.149 0.138 0.213 0.138 0.129 0.184
ansys_angelina 0.180 0.162 0.241 0.168 0.126 0.213
scia_full 0.161 0.138 0.230 0.160 0.149 0.201
ansys_full 0.190 0.179 0.260 0.177 0.175 0.236
fenon TS wind “op | bottom B.2top | g2 bot
scia_angelina 0.362 0.144 0.246 0.141
ansys_angelina 0.439 0.181 0.305 0.162
scia_cely 0414 0.176 0.299 0.171
real supports g 2 top | g 2 bott
ansys_real 0.136 0.220

An interaction between bending moments and shear forces is shown in the Fig. 6.
These results were obtained with use of the ANSYS software [7] for the case of the cantilever beam.
This type of the Angelina beam is sensitive to the shear force because of relatively small effective
height of the web.
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Fig. 6: Interaction between bending moments and shear forces
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4 CONCLUSION

The article discusses computation of lateral-torsional buckling coefficients of the Angelina
castellated beam. The results of the numerical computations in the ANSYS [7] and the SCIA [11]
finite element analysis packages are compared with result obtained by the standards-based
computations. There is a very good agreement between the results for the studied beam. There are
studied stress concentrations around the openings of the beam. The correctness of the numerical
analysis depends on correct initial imperfections, on finite elements mesh properties and on
modelling of the supports. Initial imperfections can be determined by using standards-based
procedures. The numerical analysis is very similar for both used types of software and the results are
also very similar. It is recommended to use shell or spatial finite elements for modelling of castellated
beams because models based on beam elements cannot simulate local buckling effects.

The further works will be focused on other sizes of the Angelina beams. It is planned to study
their behavior in an interaction with timber or reinforced concrete root structures. A reliability
approach is also planned to be utilized for the planed works [9].

It can be stated that used of the mentioned commercially available software is a feasible tool
for preliminary determination of static behavior and stability properties of non-standard castellated
steel beams. These types of beams are not fully covered by the technical standards. For example,
lateral-torsional buckling coefficients for these beams are not always available.

These data can be obtained by numerical simulations based on the finite element method.
A non-linear behavior of the structure has to be considered. It is important to include an elastic-
plastic behavior of steel. A geometrically non-linear behavior (at least the 2™ order theory) has to be
considered, too. However, numerical simulations have to be completed and verified by laboratory
testing of the studied structural elements.

ACKNOWLEDGEMENT

This outcome has been achieved with the financial support of the Ministry of Education,
Youth and Sports of the Czech Republic with use of the Institutional support of conceptual
development of research in 2013.

REFERENCES

[1T  Angelina TM, ArcelorMittal [online]. 2013 [cit. 2013-05-01]. Available from WWW:
<http://www.constructalia.com/english/products/structures/steel_sections_and merchant bars/
cellular and castellated sections/angelina_tm_castellated steel beam with sinusoidal openi
ngs >.

[2] CSN EN 1993-1-5, Eurocode 3: Design of steel structures - Part 1-5: Plated structural
elements. Praha: Cesky normaliza¢ni institut, 56 s., 2008.

[3] CSNEN 1993-1-6, Eurocode 3: Design of steel structures - Part 1-6. Strength and Stability of
Shell Structures. Praha: Cesky normaliza¢ni institut, 88 s., 2008.

[4] CSN EN 1993-1-7, Eurocode 3: Design of steel structures - Part 1-7: Plated structures
subject to out of plane loading. Praha: Cesky normalizaéni institut, 44 s., 2008.

[5] GHOLIZADEHA S., PIRMOZB A., ATTARNEJADB R., Assessment of load carrying
capacity of castellated steel beams by neural network. Journal of Constructional Steel
Research. Vol. 67, Iss. 5, 2011, Pp. 770-779.

[6] HARTE A.M., BAYLOR G., Structural evaluation of castellated timber I-joists. Engineering
Structures, Vol. 33, Iss. 12, December 2011, Pages 3748-3754.

[7] Documentation for ANSYS, Release 11, SAS IP, INC., 2007.

[8] PROCHAZKA, F. A KOL., Prvky kovovych konstrukei, [Elements of steel structures] Praha:
SNTL, 1972.

103



(9]

[10]

[11]

[12]

[13]

[14]

[15]

KRIVY V., MAREK P., Probabilistic design of steel frame structures, [Zur Probabilistischen

Bemessung von Stahlrahmen)]. Stahlbau, Vol. 76, Iss. 1, January 2007, pp. 12-20.

LI J., XIANG. J. W., Elastic-Plastic Analysis of the Circle-Castellated Steel Beam Using

Finite Element Metod. Advanced Materials Research, Vol. 422, pp. 854-857, 2011, DOI
10.4028/www.scientific.net/ AMR.422.854.

Scia Engineer [online]. 2012 [cit. 2012-01-01]. Available from WWW: <http://www.scia-
online.com>.

SHOWKATI, H., GHANBARI GHAZIJAHANI, T., NOORI, A. and ZIRAKIAN, T.,
Experiments on elastically braced castellated beams. Journal of Constructional Steel
Research, Vol. 77, pp. 163-172.

SOLTANI, M.R., BOUCHAIR, A., MIMOUNE, M., Nonlinear FE analysis of the ultimate
behavior of steel castellated beams. Journal of Constructional Steel Research, Vol. 70, pp.
101-114.

WANG, H.-., SHAO, X.-. and LIU, C., Experiment on bearing capacity of steel-concrete
composite castellated beams with reinforced rib. Zhongguo Gonglu Xuebao/China Journal of
Highway and Transport, Vol. 26, Iss. 2, pp. 110-118.

ZIRAK T., SHOWKATI H., Distortional buckling of castellated beams. Journal of
Constructional Steel Research, Vol. 62, 2006, 863—871.

Reviewers:

Doc. Ing. Martin Psotny, PhD., Department of Structural Mechanics, Faculty of Civil Engineering,
Slovak University of Technology in Bratislava.

Doc. Ing. Eva Kormanikova, PhD., Katedra stavebnej mechaniky, Faculty of Civil Engineering,
Technical university in KoSice.

104




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 2.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /CreateJDFFile false
  /SyntheticBoldness 1.000000
  /Description <<
    /ENU (Versita Adobe Distiller Settings for Adobe Acrobat v6)
    /POL (Versita Adobe Distiller Settings for Adobe Acrobat v6)
    /CZE ()
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


