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Introduction

PRFELB is a user-friendly computer program for predicting the elastic flexural-torsional buckling load
factor of beams and plane rigid frames. The frame can be subjected to point forces and moments and
uniformly distributed loads in its plane. The frame can be restrained by rigid or elastic restraints, or
continuous elastic restraints. The members may be monosymmetric such that their plane of symmetry is
the plane of the structure. PRFELB can also analyse the flexural-torsional buckling of beams of any
cross-section, provided the axial forces are zero. PRFELB first performs a 1st order elastic analysis of a
plane rigid frame. It calculates the in-plane pre-buckling stress resultants which are then used in the
flexural-torsional buckling analysis. The results of the 1st order elastic analysis include the in-plane
deformations and stress resultants at buckling. The results of the flexural-torsional buckling analysis
include the buckling load factor and the buckled shape. Simply supported and continuous hot-rolled
beams and cold-formed purlins can be designed with PRFELB by the methods described in the Australian
Steel Structures Standard AS 4100-1990 and the Australian/New Zealand Cold-Formed Steel Structures
Standard AS/NZS 4600:1996.

PRFELB — Finite Element Flexural-Torsional Buckling Analysis
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Data

The frame is modelled by subdividing it into a series of straight line elements. The ends of the elements
intersect at nodes. The input data for the frame includes the geometry of the frame, the in-plane supports
and out-of-plane restraints, the section and material properties of the frame elements, and the loading.
The out-of-plane restraints include discrete rigid or elastic restraints (eg fly bracing) and continuous
elastic restraints (eg roof sheeting). The loads can be applied above or below the centroid of a section. A
user-friendly data processor can be used for the creation of data for a new frame or for the modification of
data for an existing frame. Help screens provide advice concerning the nature of the data required, and a
facility exists for the automatic generation of the node and element numbers for some standard frames. A
section library is also available for the selection of many standard hot-rolled and cold-formed sections.
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EXAMPLEL STANDARD SECTION TYPES

I-SECTIONS CHANNELS
UB — universal heams PFC — parallel flange channels
universal columns TFC — taper flange channels
universal bhearing piles
column core sections
taper flange heams ANGLES
welded heams equal angles
welded columns unequal angles

HOLLOW SECTIONS
rectangular hollow sections T-SECTIONS
square hollow sections tees cut from UBs
circular hollow sections CZ258 tees cut from UCs
circular hollow sections C358

COLD-FORMED SECTION3 FABRICATED SECTIONS
channel sections PUG — plate webh girders
zed =zections BOX — welded hox =ections
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Flexural-Torsional Buckling Analysis

The flexural-torsional buckling analysis in PRFELB is based on the use of the finite element method to
solve the energy equation for flexural-torsional buckling. This equation states that the strain energy stored
in the structure during buckling is equal to the work done by the applied loads during buckling. Cubic
shape functions are used to describe the variation of the buckling displacements along an element with
respect to the nodal values. This allows the strain energy and work done to be described in matrix format.
Equating the strain energy and work done leads to a linear eigenvalue problem in which the lowest
eigenvalue (load factor) defines the load set at which the structure first buckles and the corresponding
eigenvector defines the buckled shape of the structure.

The program initially carries out an in-plane (pre-buckling) 1st order elastic analysis, and then uses the
results of this to carry out the flexural-torsional buckling analysis. The results of the 1st order elastic
analysis (multiplied by the buckling load factor) can be displayed graphically as the in-plane
deformations at buckling, and the stress resultants (moment and axial force) at buckling. The results can
also be shown on the screen in text mode.
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PRFELB - Finite Element Flexural-Torsional Buckling Analysis
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PRFELB - Finite Element Flexural-Torsional Buckling Analysis
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The results of the flexural-torsional buckling analysis include the load factor and the buckled shape of the
frame. The buckled shape is defined by the eigenvector obtained from the eigenvalue analysis. The
eigenvector contains the out-of-plane deflection, lateral rotation, twist rotation, and warping at each node
point. The buckled shape can be displayed graphically as the variation of the out-of plane deflection and
twist rotation along each member.
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Design by Buckling Analysis to AS 4100

A method of designing hot-rolled beams against flexural-torsional buckling by using the results of an
elastic buckling analysis is allowed explicitly in the Australian Steel Structures Standard AS 4100. This
method is known as design by buckling analysis and its use can lead to more economical sections over
those obtained from conventional design. In PRFELB, the design by buckling analysis procedure involves
dividing the beam into segments between lateral restraints and checking the out-of-plane member
capacity of each segment. For this, the maximum moment in the segment at buckling is found from the
elastic flexural-torsional buckling analysis. In addition, the section capacity is checked at every cross-
section of the beam and the in-plane member capacity is checked for the beam length. The results of the
design by buckling analysis include the design load factor and various quantities from AS 4100. The
design load factor is the factor by which the design loads must be multiplied so that the design load effect
is equal to the controlling design capacity. If the design load factor is less than 1.0, then the beam is
unsafe.
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PRFELB - Finite Element Flexural-Torsional Buckling Analysis

DESIGH BY BUCKLING ANALYSIS TO AS 4100

EXAMPLE BEAM
Design resulis for 3egment 4 (critical segment)
418 UB 53.7 Compact section
Grade Z50 M=

Length = 3.088 M=x
Zex = B.106E-82 Uum

234.4 Moh
ara.b Mos
432.1 Moo

571.8
525.6
487 .3

Section capacity design load factor = 1.235
Memher capacity design load factor .0628

Governing failure criterion @ Flexural-torsiomal bhuckling (5.6)
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Design of Cold-Formed Purlins to AS/NZS 4600

The Australian/New Zealand Cold-Formed Steel Structures Standard AS/NZS 4600 is based on the limit
states method of design. The standard allows the results of an elastic flexural-torsional buckling analysis
to be used to compute the member capacity of the section. In addition to yielding and flexural-torsional
buckling, PRFELB can design cold-formed lipped C-section purlins for distortional buckling, shear,
combined bending and shear, bearing, combined bending and bearing, purlin bearing and bolt shear. Both
lapped and unlapped purlins can be designed. Z-sections laterally restrained by roof sheeting can be
designed by treating the Z-section as an equivalent C-section.
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PRFELB - Finite Element Flexural-Torsional Buckling Analysis
DESIGN OF COLD-FORMED PURLINS TO AS/NZS 4600
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System Requirements

Although PRFELB is a DOS program, it can be run under Windows 95/98/ME/NT/2000/XP.

Download a Demonstration Copy & Demo

Visit our website: http://ww.civil.usyd.edu.au/case/software.shtml

SALES INQUIRIES
Information about computer software and prices is available from:

Dr John Papangelis

Phone: 61 2 9351 3837

Fax: 6129351 3343

Email: jpp@civil.usyd.edu.au
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