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AS 1418.1-2021 & AS 1418.18-2024: Crane Runway Beams Rev 0, Created 3 June 2025

Introduction

Crane Runway Beams are covered by AS 1418-2024 Crane, hoists and winches (crane code) and AS 4100-2020 Steel structures.
With the revision of AS 1418.18-2024 released 24 May 2024, a review and update has occurred on the Crane Beam design module
to align with the requirements of the new standard. This updated is included in version 5.10 of the module.

The Crane Beam design module has its basis from Design of Portal Frame Buildings 3 Edition by AISC 1999 (Portal Frame
Handbook) when a new chapter was introduced dealing with crane runway beams. The current 5t edition is still in accordance with
the previous crane standard, and it is expected a new 6% edition will reflect the changes in due course.

Another publication, Crane Runway Girders 2" Edition by Branko Gorenc published by Australian Steel Institute is also useful
resource in navigating the basics of crane beams and AS 1418.18, albeit to the superseded 2001 version.

In principle, the general methodology for determining design capacity remains unchanged. However, the exemption that previously
allowed wheel eccentricity to be omitted for Light Duty runways has been removed. Additionally, the calculation of eccentricity has
been refined, and a tolerance provision has been introduced.

To simplify the eccentricity calculations, and inputting of the crane rail parameters, a library of standard crane rails has been added
to the Analysis tab with the ability to input a custom rail. The Soft/Direct bedded option has been relocated to the Analysis tab for
simplicity.

As part of the review, several additional checks have been added as outlined in AS 1418.18-2024 (also present in the superseded
standard also with some very minor changes) and the Portal Frame Handbook including:

e Vertical shear capacity of the crane beam

e  Bearing capacity of the crane runway beam (on the supporting outrigger)

e Local transverse bending of the compression flange

e \Vertical loads on the web (adequacy of the flange-web transition)

e Local web torsion

e Local buckling under the vertical load (web crushing and buckling under the wheel load)

For typical crane runway beam designs, these additional checks would usually not be critical, with the example in the Portal Frame
Handbook also displaying very low ratios.

Limitations

Several limitations apply to the Crane Beam module in Structural Toolkit:
e Crane beams are simply supported. The module does not deal with continuous crane beams, or multiple crane beams
within a single bay.
e  Fatigue is not considered.
e  Only top-loaded rails are considered.
e  Limit state design only.
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General Design approach

The dynamic and static crane loads are provided by the designer along with the wheelbase and geometry of the crane bridge.

A crane beam UB/WB and PFC top (optional) is selected in the [Properties] tab. Loads are entered into the [Analysis] tab along with
crane rail profile. A bottom plate can also be added to the bottom flange.

Load factors are applied to the wheel loads and crane beam self-weight (including rail) and the maximum vertical moment is
determined at a location determined from section 5.2 of the Crane Runway Girders book.

The horizontal lateral inertia and oblique loads are also factored and the coincident moment (with the vertical maximum) is
calculated.

The geometry of the PFC and UB crane beam along with the rail height establishes the horizontal multipliers that calculate the top
and bottom flange horizontal moments to be used in the twin beam theory calculations. The eccentricity of the wheel on the rail
(ey) is calculated and the vertical eccentricity is converted into a torsion that is then added to the top and bottom horizontal flange
loads.

Although AS 1418.18 suggests design is to AS 4100 (or AS 5224-2021) in Cl 5.6.1(b), the Portal Frame Handbook disagrees with the
application of the gMbx = am*as*aMsx clause suggesting this is only applicable to monosymmetric sections and is a potentially
unsafe approach for compound crane beams and instead outlines an appropriate fundamental buckling approach. The user can
choose to use the AS 4100 design method, with a warning provided showing the difference in capacity to the approach outlined in
the book.

The combinations of vertical and horizontal moments are checked with their respective capacities, along with deflection criteria as
outlined in AS 1418.18 Cl 5.13.

A further range of checks are conducted which prior to Version 5.10 had to be undertaken separately by the designer.
Discussion of Changes

AS 1418.18 2024 introduces several changes that impact on the design outcomes of the Structural Toolkit module — particularly due
to the requirement to always consider the torsion induced on the crane beam from the eccentricity of the wheel on the rail.

The following summarises the changes.

Moment Capacity (Mbx)

The distance e used to determine the distance between the shear centres of the top and bottom flanges (h) has been modified to
include further terms for the thickness of the flange and web of the PFC. This is shown in Equation 8.10 of the Portal Frame
Handbook. This change reduces the bending capacity (Mbx) in the example.

Crane Rails

The profiles of the crane rails impact on the eccentric ey calculated in Cl 5.3.2 (a). The wider the rail head, the greater the
eccentricity that is induced from the vertical load. The crane rail height also directly affects the proportions of horizontal loads that
get transferred to the top and bottom flanges of the runway beam.

Standard rail profiles have been added in V5.10 and are selectable on the [Analysis] tab. Custom values may also be used and the
crane rail described in the Portal Frame Handbook has been extracted from the relevant calculations.
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Dead load factor

AS 1418.18-2001 stated the dead load factor of 1.25 in Cl 4.4.4 which was the same as the Dead load factor in AS 1170.1-1989
loading code before changing to 1.2 in AS 1170.0-2002 standard.

The Portal Frame Handbook utilised the revised loading factor of 1.2 which Structural Toolkit followed for some time (with the
ability to redefine) but changed to the AS1418.18 default of 1.25 in version 5.01 in December 2015 for consistency with the
standard.

The new standard now aligns to AS1170.0, being 1.2, and this has been set as the default in V5.10.

Eccentricity of the wheel load (ey)

In the previous standard, where a crane beam was considered Light duty, the requirements of the eccentricity of the wheel loads on
the rail could be omitted (Cl 5.3.2). In the 2024 standard, the previous distinction between Heavy and Light duty regarding torsion
design from eccentricity on the rail has been removed. Eccentricity must now be considered in all cases.

The eccentricity (ey) in Cl 5.3.2 has been redefined to include refinements to the rail geometry and modification to the eccentricity
term when flat headed. The concession for a laterally adjustable rail reducing the eccentricity from L/1000 to L/2000 introduced in
version 5.09 has also been removed.

The changes will result in slightly higher eccentricities, however, since eccentricity was previously omitted for Light duty crane
beams, the impact on beam design may be significant.

For the example included in the Portal Frame Handbook (which loads as the default when starting a new Crane Beam design), the
initial design ratio is now 1.49 (No Good), with failure resulting from the additional consideration of torsion due to eccentricity.

In the previous version 5.09, this was 1.44 (No Good), as the default for the crane class was set to H (Heavy). This was chosen to
ensure the user had to manually remove/omit the eccentricity effect by selecting the class to L=Light in the notes area. After setting
the crane class to L=Light, the design ratio changes to 1.01 matching the example in the book.

The consideration for eccentricity depends on the rail profile (If flat or convex). In AS 1418.1-2002 the equation for flat is BT-2*RCR
and convex BT-4/3*RCR in Cl. 7.20.6.5. The corresponding divisor (k) was then 8 for convex and 4 for flat, which has changed to 3
for flat. The AS 1418.18 appears to have transferred the convex/flat equations from AS 1418.1 incorrectly. The default is the
superseded equation. The error was raised with the code committee and has been confirmed to be an error, which will be corrected
in a subsequent amendment.

Note that the 5% edition of the Portal Frame book was published before the release of AS 1418.18: 2024. While the book
foreshadowed the release of the new code, the book was based on the 2001 edition of the code, with some changes in the

deflection limits of crane supporting structures and a reference to likely changes in the deflection limits in the code.

Torsion as outlined in Cl 5.3.3

In this clause in the standard, a note was added highlighting that structural software programs that embody the rules of AS 4100
and that calculate total applied torsion do not satisfy the requirements of this document relating to warping torsion experienced by
girders. The clause refers to twin beam theory shown in section C1.4, which also makes a special note of the procedure being based
on the work of Gorenc 2003.

The Portal Frame Handbook follows the twin beam theory for torsion, however, given the example is a light duty crane and the

book is based on the previous code revision, the eccentricity of the wheel load on the rail is (correctly) omitted. The Handbook
does not provide guidance on adding the eccentricity induced torsion term when deriving the top and bottom flange forces for
heavy duty crane beams.
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Flange weld clearance

Cl 5.6.2 adds a specific note regarding the size of the top channel to ensure sufficient welding occurs on the underside to the
flanges discussing a 30-degree weld angle (note that this requirement was already present in Figure 5.9.2). Historically, there has
been an inclusion of a check of clearance which does not necessarily allow for this weld angle (but considers radius of the inner
channel flange to web and a 6mm cfw). The Portal Frame Book now contains some discussion surrounding this topic, discussing the
suitability of sections with angles smaller than 30 degrees. A check for the weld angle has been added to version 5.10.

Appendix C2 - Tied ry

Appendix C2 in the superseded standard suggested an increase of ry of the crane beam by 20% to consider the limited interaction
between the two beams. This has been removed in the 2024 edition.

Deflection Limits

The deflection limits are specified in AS 1418.18-2024 Cl 5.13. The previous AS 1418.18-2001 had the same limits, however, a
duplication of limits was present in 1418.1-2002 Cl 5.6.2 stating an absolute maximum of 60mm vertical deflection limit but omits
the horizontal maximum of 10mm in AS 1418.18. The new AS 1418.1-2021 removes the section on deflection limits. The version
update has kept the maximum of 60mm vertical, however, these limits can be overridden manually (the old warning will remain).

Space Gass Pty Ltd 1 Rutland Street P +61 3 5222 6757 WWW.spacegass.com
ABN 13 654 916 015 Newtown, Victoria 3220 admin@spacegass.com www.structuraltoolkit.com.au
support@structuraltoolkit.com.au




