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Revisions to FEM 10.2.09 - Design of Cantilever Racking

Minor revisions have been made to FEM 10.2.09 - Design of Cantilever Racking. These include revisions

to
Serviceability loads for external racking and revisions to formulae F1, F3 and F4 have been made as

highlighted on the following pages.
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Disclaimer:  This document is published by FEM (Federation Europeene De La Manutention) Racking
and Shelving Product Group, the European Racking Federation (ERF / FEM). While
ERF/FEM R&S consider this design code of practice to represent good engineering
discipline and practice it is not mandatory and should without prejudice to any legal
requirements from time to time in force only be regarded as a consultative document.

ERF / FEM R&S shall be under no liability of whatsoever kind howsoever caused whether
or not due to negligence or wilful default of ERF / FEM R&S or their servants or agents
arising out of or in connection with this document or any part thereof.

This FEM document has been prepared by Working Group 2 (WG2) of Product Group
Racking and Shelving of FEM and deals with the requirements of the design of Static
Cantilever Racking. A clear understanding of these aspects is required for the provision
of safe storage design as a compliment to the safe working conditions of the product.
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5.2 Methods of design

5.2.1 General

The design of the structure or its parts shall be carried out by one of the methods given in this document.
In all cases the details of the members and connections shall be in accordance with the assumptions
made in the design.

5.2.2 Ultimate limit state

The ultimate limit state corresponds to the maximum load carrying capacity and shall be generally
characterised by one of the following:-

—  Strength, (including widespread yielding, rupture, buckling and transformation into a mechanism)
—  Stability against overturning and sway
—  Excessive local deformation

—  Fracture due to fatigue. Cantilever rack structures by the nature of their operation are generally
not subject to fatigue

5.2.3 Serviceability limit state
The verification of the serviceability limit state ensures the proper functioning of the elements under
service conditions. It shall be sufficient simply to consider deflections or other deformations which affect

the appearance or effective use of the structure.

Serviceability limits for external racking, including wind loads, shall be acceptable for wind velocities of
70% of the values stated in national rules relating to the design loads for buildings.

Serviceability limits are due to live loading and should be considered in addition to the installation
tolerances.

The deformations shall be calculated making due allowance for all the elements of the system, see
Section 9.

5.3 Imperfections

5.3.1 General

The influence of imperfections shall be considered in the analysis by taking due account of:
— column imperfections;

— bracing system imperfections;

— member imperfections.

Member imperfections may be neglected in modelling structures for global analysis, however, they shall
be included for member checks.

5.3.2 Imperfections in cross-aisle direction

The effects of column imperfections shall be considered in global analysis either by means of an initial
sway imperfection or by a closed system of equivalent horizontal forces.

NOTE:- More sophisticated modelling of the global imperfection than an initial sway imperfection or a closed system

of equivalent horizontal forces may be carried out, however, care needs to be taken in the generation of the model
to reflect the practical application.
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F.2 Design for Lateral Torsional Buckling of columns of cantilever racking in the
cross-aisle direction - Hot rolled I-sections

F.2.1 General static scheme

For the one side loaded case the cantilever column is loaded in compression and bending. Figure F3
shows the equivalent bending moment distribution.
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a Equivalent column length Lirrs for the lateral-flexural buckling check
b Actual bending moment at floor level, e N

c Equivalent bending moment at floor level, MLrrs

Figure F3. - Static scheme of the one side loaded cantilever column

F.2.2 Determination of Mres.ciit for hot rolled | sections

For a hot rolled | section cantilever beam loaded by a concentrated force at the end of the beam, acting
at the centre of gravity of the cross section and without any rotational restraint over the beam length,
the elastic critical moment Mrrsicritel iS:-

Mg crivel = 72 (EIZT?IT J (F1)
Mree;crit can be determined by substituting (0.66E) / [(Lh) / (btf)] by (MtrBicritel ) / ( Wer) .

where:

L =Ltrs

I = moment of inertia with regard to the weak axis of the I-section

C=GlIt

C1=ECw

It = Saint Venant torsional rigidity

lw = Warping constant

12 to be determined from Table F.1.

FEM 10.2.09 111 June 2015



Mreg;crit can be determined from the literature or from below.

If: L—h <250
b

t;
Orep;orit = fy

(no load reduction due to torsional-flexural buckling)

if:  250< Lh < 0.66E

bt, — 0.7f

y

g = T, — (L0)/(bot, )-250)/|}(0.66E)/(0.7 , )j— 250[j0.3f,

Lh _ 0.66E
bt,  0.7f

y

Otricril = (O-GGE)/l(Lh)(btf )J

MreB:crit = OTFB:crit Wel
where:

L is the distance between 2 adjacent adequate torsional restraints
h is the height if the I-section

b is the width of the flanges of the I-section

tr is the thickness of a flange of the I-section

OrrsicritiS the critical bending stress at which torsional-flexural buckling will develop
Welis the elastic section modulus of the I-section, with regard to the strong axis

The relationships given above are shown in figure F.7
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