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Abstract

This study proposes Neural Networks (NN) as a new approach for the estimation and explicit formulation of available rotation capacity
of wide flange beams. Rotation capacity is an important phenomenon which determines the plastic behaviour of steel structures. Thus th
daabase for the NN training is directly based on extensive experimental results from literature. The results of the NN approach are compare:
with numerical results obtained by a specialized computer. Availaiibtion capacityis also introduced in a closed form solution based on
the proposed NN model. The proposed NN method is seen to be more accurate than numerical results, practical and fast compared to F
models.
© 2006 Elsevier Ltd. All rights reserved.
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1. Introduction sufficient angle so that moment iisttibution can take place. A

. . .__common structural ductility or deformation capacity measure is
The behaviour of a wide flange beam can be generalizeg), -4 plastic rotation capacitg][

into elastic, inelastic and plastic categories as showffignl The estimation of plastic rotation capacity is of significant
In any case the failure of the beam will be due to one of

o ] - importance for plastic and seismic analysis and design of
the following: Iocgl pate bucklmg of the compression flange, gieel stratures. Similarly the moment redistribution in a steel
local plate bucklig of the web n flexural compression, or

. ) X _ ) structure also depends on the rotation capacity of the section.
lateral-torsional buckling. Tplagic behaviour category is of  T1us the determination of rdian capacity of steel structures

special concern in this study as it permits moment redistributionyecomes an important task.
in indeterminate structures]i _ This study focuses on the prediction of available rotation
Plastic analysis and design enables the full cross sectionghpacity of wide flange steel bearhieoretical, empirical and
capacity of a beam to be used by notionally allowingl@stic  zpproximate methods have been proposed for the determination
hingeto form. This hinging occurs when the plastic momentyf ayailable rotation capacity of wide flange steel beams in
strength, Mp, is reached at a discrete point along the beamjterature which have been reported by Gioncu et aJ4][
(i.e. the entire cross section has yielded). At such a location, order to find how realistic results are, these studies should
the aoss section can no longer resist increasing moment ange compared with experimental tests. Thus an alternative
hence large rotations occur, with constant resistalige being  approach for the prediction of rotation capacity of wide flange
mairtained. In the case of an indeterminate structure, such gge| beams using NNs is presented for the first time in the
scenario allows for moment re-lribution to occur. However,  jiterature. Backpropagation NNs are used for the training of the
it is critical that in addition to the cross section reaching itSNN model. The results of the proposed NN model based on
plastic moment capacity, the beam must also be ductile enougdperimental studies are compared with numerical results and
to maintainM while continuing to deform (rotate) through a are seen to be very accurate. Moreover an explicit solution of
rotaion capacity for wide flange beams in terms of geometric
* Corresponding author. Tel.: +90 342 3601200x2409; fax: +90 342an(.:I mechanical parameters will be introduced by using t.he W(.a“
3601107. trained NN parameters. The proposed NN approach is quite
E-mail addressakcevik@gantep.edu.(A. Cevik). accurate, fast and practicalropared to the FE approach.
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Fig. 1. General beam behavioui.[

2. Rotation capacity i 4
P

2.1. Definition of rotation capacity

There are various definitions of rotation capacity in
the literature as a non-dimdoeal parameter. Salmon and
Johnson defined rotation capacity as a method of quantifying
deformation capacity within a cross-section prior to instability
eroding the cross-sectional capaciy. [

According to Lay and Galambog][ rotation capacity is,

R = 6nh/6p, in which 6, is the elastic rotation at the initial
attainment of the plastic momemdl, and 6, is the plastic 0,
rotation at the point when moment drops belbly.

A widely used definition for ration capacity is proposed by Fig. 2. Definition of rotation capacity].
ASCE [7] (Fig. 2): R = 6>/01 whered; refers to the theoretical
rotation at which the full plastic capacity is achieved ahds
the rotation wha the manent capacity drops belotp on the M/Mp
unloading portion.

Kemp [8] defined ptation capacity aiR = 6hm/60p in which
Ohm is the plastic rotation up to the maximum moment on the [ 7] PORRSERRNEE . YRR
moment rotéon curve.
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The behaviour of laterally restrained beams is commonly 04 Noncompact
divided into three or four classes of behaviour as illustrated in 0.2 Class R=6,/6,-]
Fig. 3 The Australian Standard AS 4109][and AISC LRFD ’ C
[10] hawve three classes (compact, non-compact, and slender). A ’
compact or Class 1 section is suitable for plastic design, and cafy 3. classical definition for rotation capacity based on normalised
sustain the glstic momen{M,) for a sufficientlylarge rotation  moment-rotatio relationship.
capacity(R) to allow for moment redistribution in a statically

indeterminate systenifl]. — Class 2 cres-sections ar those which can develop their

On the other had Eurocode 312, defines four classes  plastic moment resistance, buvelimited rotation capacity
of cross-sections talentify the extent to which the resistance  pecause of local buckling.

and rotation capacity of cross sections is limited by its local
bucKing resistance as follows:

2.2. Rotation capacity in design codes 0.6

— Class 3 cres-sections aréhbse in which the stress in the
extreme comression fibre of the steel member assuming an

— Class 1 cres-sections arthose vhich can form a plastic elastic distribution of stresses can reach the yield strength,
hinge with the rotdon capacity required from plastic but local bekling is liable to prevent development of the
analysis without reduction of the resistance. plastic moment resistance.
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