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Foreword

[SO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out through
ISO technical committees. Each member body interested in a subject for which a technical committee
has been established has the right to be represented on that committee. International organizations,
governmental and non-governmental, in liaison with ISO, also take part in the work. ISO collaborates closely
with the International Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

The procedures used to develop this document and those intended for its further maintenance are described
in the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed for the different types
of ISO document should be noted. This document was drafted in accordance with the editorial rules of the
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an endorsement.
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nent was prepared by Technical Committee ISQ/TFC 214, Elevating work platforms.

edition cancels and replaces the second edition (ISO 16368:2010), which has been

hanges are as follows:

lirements from ISO 16653-1 have been integrated into this document;

bcope, additional details Have been added included intended use and objectives;
‘mative references have-been updated;

se 3, seven new definitions have been added to support their use in the text;

4 has been tipdated to include a new figure for the rated load of tools and materials; ]
| 3 have begn revised to show load-sensing and enhanced stability examples separa
e more-working configurations; verification methods have been removed from each
in new-Table 7 in Clause 5; access system requirements have been revised to include |
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Any feedback or questions on this document should be directed to the user’s national standards body. A

complete li

sting of these bodies can be found at www.iso.org/members.html.
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Introduction

This document is a type-C standard as stated in ISO 12100:2010.

This document is of relevance, in particular, for the following stakeholder groups representing the market
players with regard to machinery safety:

— machine manufacturers (small, medium and large enterprises);

— health and safety bodies (regulators, accident prevention organisations, market surveillance, etc.).

Others can be affected by the level of machinery safety achieved with the means of the document by the

above-men

tioned stakeholder groups:

machij
machij

service

The above
process of

The machi
covered, af

When requ
standards,
standards
standard.

The object
accident ag
of one or n
that includ

consutners (in the case of machinery intended for use by consumers).

e users/employers (small, medium and large enterprises);
e users/employees (e.g. trade unions, organizations for people with disabilities);

e providers, e.g. for maintenance (small, medium and large enterprises);

this document.

hery concerned and the extent to which hazards, hazardous situations or hazardous
e indicated in the Scope of this document.

irements of this type-C standard are different frgm those which are stated in type-4

for machines that have been designed and built according to the requirements of {

ve of this document is to establish rules\for safeguarding persons and objects against th
sociated with the operation of mobile‘elevating work platforms (MEWPs). MEWPs are
ore sub-assemblies produced by one or more manufacturers. A MEWP is the product ¢
e design, production, and testing, as well as the provision of information on the MEWP

This docu

or structufal component. Its safety requirements have been developed on the basis that M

periodicallE

or other re
daily or se
available a
intended a
an equivalg

Annex A ey

ent does not repeat all the general technical rules applicable to every electrical, n

maintained accordingto given instructions, working conditions, frequency of use aj
oulations. It is assuimed that MEWPs are checked for function before start of work, wh
dom used, and-dre not put into operation unless all the required control and safety
hd in workinglorder. Where, for clarity, an example of a safety measure is given in the t¢
5 the onlypossible solution. Any other solution leading to the same risk reduction is pe
ent levehof’safety is achieved.

pldins the choice of Beaufort Scale 6 as the maximum wind speed.

L mentioned stakeholder groups have been given the possibility ‘to participate at the drafting

events are

\ or type-B

the requirements of this type-C standard take precedence over the requirements of the other

his type-C

eriskofan
assemblies
f activities
itself.

hechanical,
[EWPs are
hd national
ether used
levices are
ext, it is not
rmissible if

Annex B specifies additional requirements for wireless controls and control systems.

Annex C provides, in addition to those found in the body of this document, appropriate extracts from
DIN 15020 (all parts) to avoid the unexplained inconsistencies in coefficients of utilization for wire ropes

found in ot

her standards for lifting devices.

Annex D provides a worked example of the provisions given in Annex C.

Annex E gives kerb test calculations.

Annex F pr

esents the list of significant hazards dealt with by this document.
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International Standard

ISO 16368:

2024(en)

Mobile elevating work platforms — Design, calculations,

safety

requirements and test methods

1 Scope

This document specifies safety requirements and protective/risk reduction measures, and the means for
their verificatior; i T T i
person(s) dlong with their necessary tools and materials at an elevated work location.

This docu
areas. The
alevel at
accesstot
necessary.

This docun

the followi

elimin

perfor

establj

establi

ent also applies to MEWPs designed for applications requiring special accessito sp
e MEWPs can be either self-propelled or manually propelled and are used tg-élevate p
ich they can place, install, or retrieve objects or material on a routine basis.To facilita
e work area, the retraction of a portion of the MEWP's work platform guardrail systel

hent is intended to serve as a guide for manufacturers and remanufacturers of MEWPH
hg objectives:

htion or reduction of accidents and personal injuries;

shment of criteria for design, manufacture, remdnufacture, rebuild/recondition, t
mance;

shment and understanding by manufacturerstand remanufacturers of their responsib

The design and manufacturing requirements of this document apply to all MEWPs manuf]

remanufac

tured on or after the effective date, butit’is not applicable to rebuilt or reconditioned N

r moving a

pcific work
brsonnel to
Le operator
n(s) can be

to achieve

esting and

lities.

hctured or
IEWPs.

It identifigs the hazards arising from the-us€ of MEWPs and describes methods for the elimination or

e, EN 528),

reduction ¢f these hazards.

This docurment is not applicable to

a) permapnently installed persennél-lifting appliances serving defined levels,

b) firefighting and fire resctie’appliances (see for example, EN 1777),

¢) unguided work cages-suspended from lifting appliances (see for example, EN 1808),

d) elevating operdtor position on rail-dependent storage and retrieval equipment (see for examp
e) tail lifts (seeffor example, EN 1756-1:2001+A1:2008, EN 1756-2:2004+A1:2009),

f) mast-climbing work ptatforms{see1SO163693;

g) fairground equipment,

h) lifting tables with a lifting height of less than 2 m (see for example, EN 1570-1:2011+A1:2014),
i) builder's hoists for persons and materials,

j)  aircraft ground-support equipment (see for example, EN-1915-1:2013, EN-1915-2:2001+A1:2009),
k) digger derricks,

1) elevating operator positions on industrial trucks (see for example, ISO 3691-3),

© IS0 2024 - All rights reserved
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m) elevating operator positions on cranes,

n) certain requirements for insulating aerial devices on a chassis for use in live work on electrical
installations (see Note 1),

0) multi-purpose elevating platform powered industrial trucks (MPEPs) controlled by a single stand-up
riding operator and intended to be used for manually picking and transporting small items at height,

p) powered industrial trucks used to pick and place stock or inventory.

NOTE1 Forrequirements for use near live electrical installations, see ISO 16653-2. For requirements for use on live

electrical installations, see IEC 61057.

It does not cover hazards arising from:

use in

potentially explosive atmospheres,

use of pompressed gases for load-bearing components,

— derailent and runaway of rail-mounted MEWPs,

work dn live electrical systems (see Note 2 and Note 3).

NOTE 2  Hazards arising from work on live electrical systems are addressed indE€E61057.

NOTE3 [

with IEC 61

2 Norm

The follow
requireme

or MEWPs that employ aerial devices used for live working, this¢ddocument is to be used in
D57, taking into consideration the potential exceptions from thiss\document that are specified i

ative references

ng documents are referred to in the text in such away that some or all of their content
hts of this document. For dated references;, anly the edition cited applies. For undated

conjunction
h [EC 61057.

ronstitutes
references,

the latest gdition of the referenced document (including any amendments) applies.

ISO 3864 (21l parts), Graphical symbols — Safetycolours and safety signs

ISO 4305, Mobile cranes — Determination of.stability

[SO 7000, Graphical symbols for use onlequipment — Registered symbols

ISO 12100,|Safety of machinery — General principles for design — Risk assessment and risk reduction

ISO 1384941, Safety of machinery)— Safety-related parts of control systems — Part 1: General principlas for design

[SO 13850/ Safety of maehinery — Emergency stop function — Principles for design

ISO 13854 ) Safety of machinery — Minimum gaps to avoid crushing of parts of the human body

1SO 188931—1), Mobile elevating work platforms — Safety principles, inspection, maintenance, and dperation

[SO 20332

Crdnes — Prnnfnfr'nmppfpnrp nf steel structures

ISO 21455, Mobile elevating work platforms — Operator's controls — Actuation, displacement, location and
method of operation

[EC 60068-2-64, Environmental testing — Part 2-64: Tests — Test Fh: Vibration, broadband random and
guidance

IEC 60204-1, Safety of machinery — Electrical equipment of machines — Part 1: General requirements

IEC 60204-32:2023, Safety of machinery — Electrical equipment of machines — Part 32: Requirements for
hoisting machines

1) Under preparation. Stage at the time of publication: ISO/FDIS 18893:2024.

© IS0 2024 - All rights reserved
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Degrees of protection provided by enclosures (IP Code)

IEC 61310-1, Safety of machinery — Indication, marking and actuation — Part 1: Requirements for visual,

acoustic an

3 Term

d tactile signals

s and definitions

For the purposes of this document, the terms and definitions given in ISO 12100 and the following apply.

[SO and [EC maintain terminology databases for use in standardization at the following addresses:

ISO On

line browsing platform: available at https://www.iso.org/obp

IEC El¢

3.1
access pos
position(s)

Note 1 to en
can be ident

3.2
aerial dev
device, ext

Note 1 to e
becomes a
purpose.

3.3
anchorage
designated

3.4
chain drivj
system thg
associated

3.5
chassis
baseofa M

Note 1 to en
Note 2 to en

3.6
ductile m4

ctropedia: available at https://www.electropedia.org/

ition

to provide access to and from the work platform (3.58)

try: The access position, lowered travel position (3.21), stowed position (3.51) and transport po

ical.

ice
ensible, articulating or both, which is primarily designed ahd*used to position personn

try: This does not include the chassis (3.5). When an aeriahdevice is mounted on a mobile ch
omponent of a MEWP. This device can also be used to handle material, if designed and equip

point of attachment utilized with a persenal fall protection system

e system
t comprises one or more chains running on chain sprockets or over chain pulleys, as
chain sprockets, chain pulleys'and compensating pulleys

EWP

try: See Figure) I\

try: The ¢hassis can be pulled, pushed, self-propelled, etc.

iterials

sition (3.52)

el

ssis (3.5) it
ped for that

vell as any

materials

1 2 P 1 o - - £4n g/ - 1 +1 £oq £
IIdUl I1davT d IIHIHITUIT TIOIEdUUIDN dU ITdCiUulc O 1U 770 11T d gdUugtc ITIgUD U1 O 1 TIHIT U1

tensile test specimen

3.7

elevated travel position
configuration(s) of the MEWP for travel outside of the lowered travel position (3.21)

3.8
extending

structure

a standard

structure which is connected to the chassis (3.5) and supports the work platform (3.58) and which allows

movement

of the work platform (3.58) to its required position

Note 1 to entry: See Figure 1.

© IS0 2024 - All rights reserved
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39
fall arrest system
personal fall protection system designed to arrest the fall of an operator (3.36) or occupant(s) (3.35)

3.10

fall restraint system

personal fall protection system that restrains or prevents an operator (3.36) or occupant(s) (3.35) from
reaching a fall hazard

3.11

finite element analysis

FEA

computerized method of idealizing a real model for the purposes of performing structural analysis

3.12
folding guprdrails
guardrails|capable of being reduced in height

Note 1 to enftry: For facilitating MEWP movement under obstructions and ease of transport;

3.13
handhold
device for gingle hand placement that aids body support and balance

3.14
handrail
device for hand placement that aids body support and balance and:permits hand movement on thie device

Note 1 to entry: A handrail can be part of a guardrail.

3.15
indoor use
operation in areas shielded from wind so that there.is no wind force acting on the MEWP being operated

3.16

instability
condition 9f a MEWP in which the sum of thie moments which tend to overturn the MEWP exceeds the sum
of the moments which tend to resist overturning

3.17
installer
entity that|installs an aerial device (3.2) on a chassis (3.5)

Note 1 to enftry: The installer.can also be the responsible entity (3.43).

3.18

load cycle
cycle starting4rom an access position (3.1) and completed by the carrying out of work and return to the
same acceds‘position (3.1)

3.19
load-sensing system
system of monitoring the vertical load and vertical forces on the work platform (3.58)

3.20
lowering, noun
operations, other than travelling, for moving the work platform (3.58) to a lower level

Note 1 to entry: See Figure 1.

© IS0 2024 - All rights reserved
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lowered travel position
configuration(s) of the MEWP, as defined by the responsible entity (3.43), for travel up to maximum travel speed

Note 1 to entry: The lowered travel position, access position (3.1), stowed position (3.51), and transport position (3.52)
can be identical.

3.22

mobile elevating work platform

MEWP

machine/device intended for moving a person(s), along with their necessary tools and material to an elevated
work location, consisting of at least a work platform (3.58) with controls, an extending structure (3.8) and a
chassis (3.5)

3.23

group A MEWP

MEWPs on
configurat
tipping ling

3.24

which the vertical projection of the centre of the work platform (3.58) area, in all wot
ons at the maximum chassis inclination specified by the manufacturer,(is“always
S

group B MEWP

MEWPs no|

3.25
type 1 ME
MEWP for

3.26
type 2 ME
MEWP for

tin group A

WP
which travelling is only allowed when in the stowed position (3.51)

WP
which travelling with the work platform (3.58) in the elevated travel position (3.7) is

from a point on the chassis (3.5)

Note 1 to en

3.27
type 3 ME
MEWP for

try: Type 2 MEWPs and type 3 MEWPs.can‘be combined.

WP
which travelling with the work platform (3.58) in the elevated travel position (3.7) is

from a point on the work platform (3:58)

Note 1 to en

3.28
pedestria
MEWP wh

3.29

try: Type 2 MEWPs and type 3 MEWPs can be combined.

h-controlled MEWP
bse control$for powered travel can be operated by a person walking close to the MEW]|

rail-mou
MEWP wh

nged MEWP

s€travel is guided by rails

3.30

self-propelled MEWP
MEWP whose travel is powered by an internal power source

3.31

totally manually operated MEWP
MEWP whose movement is powered only by manual effort

3.32

vehicle-mounted MEWP
MEWP whose aerial device (3.2) is designed for and installed on a vehicle chassis (3.5)

© IS0 2024 - All rights reserved
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3.33
moment-sensing system
system monitoring the moment acting about the tipping line tending to overturn the MEWP

3.34

non-ductile materials

brittle materials

materials that are not classified as ductile materials (3.6)

3.35
occupant(s)
person(s) in the work platform (3.58) other than operator (3.36)

3.36
operator
person who controls the operation of a MEWP

3.37
oscillating axle
supporting structure which allows mainly vertical movement of the end wheel assemblies indep¢ndently or
in relation to each other

3.38
outdoor use
use of a MEWP in an environment that can be exposed to wind

3.39
raising, nqun
operation, pther than travelling, that moves the work platforni{3.58) to a higher level

Note 1 to entry: See Figure 1.

3.40
rated load
load for which the MEWP has been designed-ifiynormal operation, comprising persons, tools and materials,
acting vertically on the work platform (3.58)

Note 1 to enftry: A MEWP can have more than one rated load.

3.41
rebuild/recondition
overhaul of repair of a MEWPaccomplishing work beyond the scope of maintenance, utilizing r¢placement
parts and ¢omponents, in-erder to restore the MEWP to the original standard(s)

3.42
remanufacture
modificatipn of a MEWP, either by the original manufacturer or responsible entity (3.43), so that{the MEWP
will comply with'one or more standards in effect on the date the remanufacture is completed

3.43
responsible entity

person or entity with responsibility for the design, specification, procurement, fabrication, manufacture,
assembly, provision of information and testing of a MEWP sub-assembly or ready-for-use MEWP

Note 1 to entry: Depending on national regulations or local practice, this term can refer to one or more of the following
entities: manufacturer, installer, custodian, dealer, or entity placing the product on the market.

3.44
retractable guardrail
guardrail where a portion is capable of being locked in a retracted position without reducing overall height

Note 1 to entry: For accessing a work area.

© IS0 2024 - All rights reserved
6


https://standardsiso.com/api/?name=dd036f4557de2755e05280da8719910b

3.45
rotation

ISO 16368:2024(en)

circular movement of the work platform (3.58) about a vertical axis local to the work platform (3.58)

Note 1 to entry: See Figure 1.

3.46

secondary work platform
additional platform attached to the work platform (3.58) or the extending structure (3.8), and able to be
moved separately

3.47
slab

substantia

3.48
slewing, n
circular m

Note 1 to en

3.49
stability
condition d
to the sum

3.50
stabilising
device or
extending

Note 1 to en
EXAMPLE

3.51

stowed po
configurat
is lowered

Note 1 to eq
can be idenf

3.52
transport
configurat

Note 1 to e7
can be ident

L. L. - . .
tytevetsurfaceof aspiatt; comncrete; orequivatent supporting Trateriat

pun
vement of the extending structure (3.8) about a vertical axis

try: See Figure 1.

fa MEWP in which the sum of the moments which tend to oyvefturn the unit is less th
of the moments tending to resist overturning

F device
bystem used to stabilise a MEWP by supportingzand/or levelling the complete ME
tructure (3.8)

try: See Figure 1.

Outrigger, jack, suspension-locking dewie¢, extending axle, torsion bar.

sition
on of the MEWP as defined By the responsible entity (3.43), in which the extending stru
and retracted, and stabilising devices (3.50) are retracted

try: The stowed position,-access position (3.1), lowered travel position (3.21) and transport po
ical.

position
on of theMEWP prescribed by the responsible entity (3.43) in which the MEWP istobet

try;, The transport position, access position (3.1), lowered travel position (3.21) and stowed po
ical.

hn or equal

WP or the

cture (3.8)

sition (3.52)

Fansported

sition (3.51)

3.53
travelling
movement

of the chassis (3.5) except when the MEWP is being transported

Note 1 to entry: See Figure 1.

3.54
type test

test on a representative model of a new design, or a model incorporating significant changes to an existing
design, carried out by or on behalf of the responsible entity (3.43) or their authorized representative

© IS0 2024 - All rights reserved
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3.55

wireless control

means by which an operator's commands are transmitted without any physical connection for at least part
of the distance between a control console and the MEWP system

3.56

wire rope drive system

system that comprises one or more wire ropes running on rope drums and on or over rope pulleys, as well
as any associated rope drums, rope pulleys and compensating pulleys

3.57

working envelope
space in which the work platform (3.58) is designed to work within the specified loads and forces, under
normal opé¢ration conditions

Note 1 to entry: A MEWP can have more than one working envelope.

3.58
work platform
component of the MEWP intended for carrying a person(s) along with their necessary tools and npaterials

EXAMPLE Cage, bucket, basket.

© IS0 2024 - All rights reserved
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358
28 3.20/3.39
3.5
O O
/3.58
e >
3.5 3.45
/3.50
Lo o O
/3.58
3.48
38 )
3.5
<O O O
/3.58
3.8
/3'5 - —»3.53
O O

Figure 1 — Illustration of key terms

© IS0 2024 - All rights reserved
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4 Safety requirements and/or protective/risk reduction measures

4.1 General

4.1.1 MEWPs shall comply with the safety requirements and/or protective/risk reduction measures of

Clause 4.

4.1.2

but not significant hazards, which are not dealt with by this document.

In addition, the MEWP shall be designed in accordance with the principles of ISO 12100 for relevant

4.1.3 Verification methods of safety requirements in Clause 4 can be found in Table 7. Where necessary,

specific ve

NOTE ]

4.2 Stab
4.2.1 Ca

4211 T

a) stabili

forces

b) structf

combij

4.2.1.2 T

4213 A

4214 F

FIIICation metnods are provided Ior individual subclauses.

National or local requirements can be more stringent.
ility and structural calculations
|culations and rated load

he responsible entity shall perform:

'y calculations, to identify the various positions of the MEWP and combinations of
which together create conditions of minimum stability;

iral calculations, to evaluate the individual loads_and forces in their positions, dirg
nations which produce the most unfavourable stresses in the components.

he rated load, equivalent to a mass, m, shall Ge determined from:

mp)+me

is 80 kg (mass of a person);
is = 40 kg, representingthe mass of tools and materials;

is the permittedmiimber of persons on the work platform.
1l MEWPs §hall have at least one rated load = 120 kg.

or group B MEWPs with multiple rated loads, it is permissible to have rated loads = §

120 kg if fi

Fted with both a load-sensing system and a moment-sensing system.

4.2.2 Loads and forces acting on MEWP structure

4.2.2.1 General

The following loads and forces shall be taken into account:

a) forces

created by rated load and structural masses (4.2.2.2);

b) wind forces (4.2.2.3);

c¢) manual forces (4.2.2.4);

© IS0 2024 - All rights reserved
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special loads and forces (see 4.2.2.5).

orces created by rated load and structural masses

Gravitational and dynamic forces

4.2.2.2.1.1 Gravitational forces created by the rated load and structural masses shall be taken to act
vertically downwards at the component centres of mass. These forces shall be calculated by multiplying the
component masses by 1,0 g.

NOTE

The factor g represents the acceleration due to gravity (9,81 m/s2).

4.2.2.2.1.2
shall be rej

4.2.2.2.1.3
calculated
have been

4.2.2.2.1.4
calculated
deceleratid
obstacles s
unless detg

4.2.2.2.2

4.2.2.2.2.1
platform e
between th

4.2.2.2.2.2

the work pllatform. If the resulting pressure exceeds 3 kN/m?, the value of 25 % may be increase

pressure o

4.2.2.2.2.3

Dynamic forces created by acceleration and deceleration of rated load and structu
bresented by forces acting in the line of motion of the component centres of mass:

Dynamic forces created by extension or retraction of the extending-structur
by multiplying the structural masses by 0,1 g. Values lower than 0,1 g may.be used, prq
rerified by measurement of the effects of acceleration and deceleration!

Dynamic forces created by travelling movements of type¢2:and type 3 MEWJ
by multiplying the structural masses by z times g. Factor(z;g represents the ac
n of the MEWP due to travel and its angular acceleration/deCeleration due to travel o
uch as that which occurs during the kerb test (see 5.1.4.2,2:2). Factor z shall be a mini
rmined by calculation or testing (see Annex E for an example of the calculation of z).

Load distribution on work platform

The mass of each person is assumed te<act as a point load on the work platfor

e point loads shall be 0,5 m [see Figure\2'a) as an example].

Tools and materials are assuméd to act as an evenly distributed load on 25 % of {

f 3 kN/m? [see Figure 2 b)-asan example].

All these loads arelassumed to be located in the positions giving the worst-case resu

ral masses

e shall be
vided they

s shall be
releration/
ver ground
mum of 0,1

m and any

ktension at a horizontal distance of 0,1 m from the upper inside edge of the top rail. The distance

he floor of
bd to give a

Its.

© IS0 2024 - All rights reserved
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Dimensions in metres

0,1

—— 0’5
—— 0‘5 ———
0,5 |=—=—0

S
\

mp 2
s Ml ] \ )
by
? mp: /1
a) Person b) Tools and materials

Key
1  edge offwork platform
2 tippingline

a  Max.

Figure 2 — Rated load

4.2.2.3 Wind forces

4.2.2.3.1 MEWPs designated for outdoor use

4.2.2.3.1.1 All MEWPs designated for outdoor use are regarded as being affected by wind at a pressure of
100 N/m?, derived from a wind speed of 12,5 m/s (Beaufort scale 6, see Annex A).

4.2.2.3.1.2 It is permissible to use data from computational fluid dynamics (CFD) modelling or physical
testing to meet this requirement. The CFD analysis shall include a summary of the boundary conditions
applied. Physical testing shall include the modelling and dimensional similarity parameters used.

4.2.2.3.1.3 Wind forces are assumed to act horizontally at the centre of surface of the parts of the MEWP,

persons and tools and materials on the work platform.

© IS0 2024 - All rights reserved
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Shape factors applied to surfaces exposed to wind

4.2.2.3.2.1 The following shape factors are applicable to surfaces exposed to wind:

a) L-U
b)
0
d)
e)

pers

box sections:
large flat areas:

circular sections, according to size:

-, T-, I-sections: 1,6;
1,4;
1,2;
(values in accordance with ISO 4302:2016, 5.4);

ons directly exposed: 1.0

4.2.2.3.2.2
apply. For 3

4.2.2.3.3

4.2.2.3.3.1
the centre

4.2.2.3.3.2
(not perfor]
platform fl

4.2.2.3.3.3

a) the len
by 0,5

b) thenu

4.2.2.3.34
factor of 0,

4.2.2.3.4

The wind
multiplied

wW=0,

where m,

For additional shape factors and shielded structural areas, the requirements 6fISO
hielded persons, see 4.2.2.3.3.

Surface area of persons on a work platform exposed to wind

The full surface area of one person shall be 0,7 m? (0,4 m average,width x 1,75 m h
pf area 1,0 m above the work platform floor.

The exposed surface area of one person standing on a‘work platform behind an i
ated) section of fencing 1,1 m high shall be 0,35 m?2, with the centre of area 1,45 m abox
bor.

The number of persons directly exposed to thewind shall be calculated as follows:

gth of the side of the work platform exposed’to the wind, rounded to the nearest 0,5
m;

mber of persons allowed on the work;platform, if less than the number calculated in a)

If the number of persons allowed on the work platform is greater than for a) abo
b shall be applied to the extka humber of persons.

Tools and materials'on work platform exposed to wind

force (W) on expesed tools and materials on the work platform shall be calculateg
by their mass.acting horizontally at a height of 0,5 m above the work platform floor:

D3 gxm,

s the mass of tools and materials.

4302 shall

pight) with

nperforate
re the work

m, divided

e, a shape

| as 0,03 g

4.2.2.4 Manual forces

The minimum value for a manual force, F,, shall be taken as 200 N for MEWPs designed to carry only one
person, and 400 N for MEWPs designed to carry more than one person. Manual forces are to be applied
at a height of 1,1 m above the work platform floor. Any greater force permitted shall be specified by the
responsible entity.

4.2.2.5 Special loads and forces

Ifa MEWP

is designed for use with special working methods or conditions, such as

a) objects carried on the outside of the work platform,

© IS0 2024 - All rights reserved
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b)
)
d) winds
e) forces
f)
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person(s) getting on or off the work platform at height,

wind forces on large objects carried on the work platform,

peeds greater than 12,5 m/s,

imposed by winches or other material handling devices,

a combination of forces,

the resulting loads and forces shall be taken into consideration as a modification to the rated load, structural

load, wind
4.2.3 Stg

4.2.3.1 K

4.2.3.1.1
shall be my

4.2.3.1.2

0,1 g and 4
moment. M
of the effed

4.2.3.1.3

by a factot
depression
calculation

4.2.3.1.4
allow for iy

4.2.3.2
Wind forcd

load, and/or manual forces, as appropriate.

bilitvcalculati

orces created by rated load and structural masses

Forces created by rated load and structural masses, causing overturning or stabilising
lltiplied by a factor of 1,0 g, and calculated as acting vertically downwards:

In the case of movement of the extending structure these forces shall be multiplied by
pplied as additional forces acting in the direction of movement creating the greatest o
anufacturers may use factors lower than 0,1 g provided they, have been proved by me
ts of acceleration and deceleration.

For the travelling movements of MEWP of type 2 and type 3 the factor of 0,1 g shall t
z representing the forces produced by acceleration and deceleration, or during th
tests (see 5.1.4.2.2). This factor shall be determined by calculation or tests (see An|
example).

The maximum allowable chassis inclination shall be increased by 0,5° (as shown in K
accuracy in setting up the MEWP.

Wind forces

s shall be multiplied by a factor of 1,1 and taken to be acting horizontally.

4.2.3.3 Manual forces

Manual for
acting in th

4234 S

Special loa

ces applied by, péersons on the work platform shall be multiplied by a factor of 1,1 and
e direction ¢peating the greatest overturning moment (see Figure 3 for examples).

pecialdoads and forces

ds-and forces, as determined by the responsible entity, shall be included in the calculaf]

F moments,

a factor of
verturning
asurement

e replaced
e kerb and
hex E for a

igure 3) to

Faken to be

ion.

4.2.3.5 Calculation of overturning and stabilising moments

4.2.3.5.1 The MEWP shall be taken to be operating in the most adverse stability situation with respect
to the combination of chassis inclination, structural configuration, position, structural motions and vehicle
travel motion.

4.2.3.5.2 The maximum overturning and corresponding stabilising moments shall be calculated about the
least favourable tipping lines. Tipping lines shall be determined in accordance with ISO 4305; however, for
solid and foam-filled tyres, the tipping lines may be taken at a point on the tyre ground contact at a distance
of 25 % from the outside edge of the ground contact width.

© IS0 2024 - All rights reserved
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4.2.3.5.3 All forces shall be taken to act in their allowable direction that will produce the least stable
outcome. Forces that can act simultaneously shall be considered in their least favourable combinations.

4.2.3.5.4 When the load has a stabilising effect, additional stability calculations shall be made assuming
the least favourable load combination on the work platform.

NOTE For examples, see Table 1 and Figure 3.

4.2.3.5.5 In each case, the calculated stabilising moment shall be greater than the calculated
overturning moment.

4.2.3.5.6

a) toleralllces in the manufacture of the components;

b) clearances that allow movement in the connections of the extending structure;

c) elastic/deformations due to the effects of forces;

d) failure of any one tyre in the case of MEWPs supported by pneumatic tyres in the workin
unless| the MEWP is equipped with stabilising devices that eliminateCthe dependence ot
stability or with a tyre pressure monitoring system (TPMS) that wa¥ns the operator befo
pressure has dropped below 75 % of the inflation pressure specified by the MEWP manufact

e) performance characteristics (accuracy) of the load-sensing(syStem, moment-sensing sy
positign control, which can be affected by, for example,

— peaks caused by short-term dynamic effects,

— hysteresis,

— chpssis inclination of the MEWP,

— ampbient temperature,

— different positions and distribution 6f load on the work platform (see 4.2.2.2.2),

— ac

4.2.3.5.7

150 % of the rated load.

The calculation shall include the following factors:

ruracy of the system.

When using the criteria for enhanced stability in 4.4.1.5, the rated load shall be 1

g position,
h tyres for
re the tyre
urer;

rstem, and

eplaced by

© IS0 2024 - All rights reserved
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4.2.3.5.8 The determination of elastic deformations shall be obtained by experiment or by calculation.

Table 1 — Examples of load and force directions and combinations for stability calculations

(see Figure 3)

Structural force Manual Wind
80 kg up to rated load S force force
n F, w
: o0
)
S | E Zzs c | . | 2 .
. ) ) S| 5§ |EE2E| = in - ih S - - -
Working configuration o g » |eB8 3 “ - S - - S - —
= LS w®E|] > S ™ > X >
= o KR »
S g |2 ° 8
|43 —
Raising (lowlering) 3a X - \Y - A - \% A - H
Raising (lowlering) 3b - X - \' - \% A - H
Traveling 3c X - \Y - S - \Y S - H
Traveling 3d - X - Vv - S \' § - H
Traveling 3e X - \Y - S - \% S - H
Traveling 3f - X - \Y - S V. S - H
Forward stapility, stationary 3g X ) v i ) i Vv i A H
on slope
Forward stapility, stationary 3h i X ) v ) i v i A H
on slope
Backward stjability, station- 3 X X v ) ) ) v ) A H
ary on slope
Limited readh, forward sta-
bility, statiopary on a slope, 3j X - \Y - A - \Y A - H
raising (lowering)
Limited readh, forward sta-
bility, statiopary on a slope, 3k - X - \ - A \% A - H
raising (lowering)
Stationary, dn slope 31 X - Vv - - - \Y - A H
Stationary, dn slope 3m - X - \ - - \Y - A H
Stationary, dn level ground 3n X X \Y \Y - - \Y - A H
Underbridgg, stationary on 30 X ) v i ) i v i A H
slope
Underbridgg, stationary on 3 i X ) v ) i v i A H
slope
V - vertical a1,5 instead of 1,0 to be applied if enhanced stability criteria are applicable according to 4.4.1.5
H - horizontpl b 0,15 irigtead of 0,1 to be applied if enhanced stability criteria are applicable according to 4.4.1.§
A - angular ¢z (sée4:.2.2.2.1.4) instead of 0,1 to be applied when traveling on slope [example in Figure 3 c), d)), €) and f)].
S-atslope gngle |4 Z(see 4.2.2.2.1.4) instead of 0,15 to be applied when traveling on slope [example in Figure 3 d) fand f)].

© IS0 2024 - All rights reserved
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nxmpxl,Og

Six01g me X008 l\
C+0,5° nx 1pXO,1g
0
a) Raising (lowering) applying load-sensing
nxmy,x 15¢
I
|
!
/ ! 1
i
|
5,%x0,1 ! mex 1,5
Wx1,1 ,x01g ex15g
—— -
51x10g
S, x10g $1x01g mex 015 g nxmpxo,lsg
C+os° —\\
\ 53 X 1,0 g
[1

b) Raising (lowering) applying enhanced stability criteria
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nxm,x1,0
/_ ! o
[T ]
nx mp XZg
> me XZg
M ]
Wx1,1 V
----- b
[T / 5, Xzg mex1,0g
H 14 2
L S x10g B
Sz XZg
C+o5 — —_—
—
\’ \‘
n )
52 x1,0g
—
c) Traveling applying load-sensing
nxm,x15g
/— 1 ’
|
nxm X1,5X2g
Mex 1,5 Xzg
.
wx1,1 i
o — |
M Xzg mex15g
|
' 2
6% 102 \4
SZ Xzg
C+ 0,5° —
—
\\]\\‘
2 D
S,x1,0g
\

d) Traveling applying enhanced stability criteria
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/—1

nxmpxl,Og

vmexl,Og

nXMyxzg

C+ 0,59

C+ 0,59

] i O
E—

SIXZg

y

S1x10g

e) Traveling applying load-sensing

nlxmpxl,Sg

S

wx1,1 MeX15% 7,
|

vmexl,Sg

SIXZg

B —(

y

S51x10g

f) Traveling applying enhanced stability criteria

nx
meIISXZg

— 2
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/—1

A
N\, %
iz ‘\f“\{z
- |'nxmpx1,0g
Wx1,1 '
R b / mex1,0g

C+ 0,5° —

C+ 0,5° —

L S1x10g

H

—

S,x10g

g) Forward stability, stationary on slope applyingdoad-sensing

A5
O \\\{\,
|' ny me1,5g
Wx1,1 '
----- b
u) mex1,5¢

H

\

S,x10g

h) Forward stability, stationary on slope applying enhanced stability criteria
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Fmx1,

]

1\4
¥ 8ox10g

C+ 0,5°

¥

S;x10g

S,x1,0g

i) Backward stability, stationary on slope applying load-sensing and enhanced stability
I

nxm,x10g

mex0,1g

Six1,0g V3

criteria

xm,x0,1g

C+ 0,5° ——\\f\
H

S,x10g
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C+o5° —|

k) Lim

T ———1n | 5 x0re

¥

S,x10g

stability criteria

—T

J

_’ZL
b

S x10¢g

| mex0,15¢g

/ ny

nxmpxl,Og

I
?
'mexl,Og

my, X 0,15¢g

ited reach, forward stability stationary on slope, raising’(lowering) applying enhanced

/—1

1) Stationary on slope, applying load-sensing
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—
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|
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m) Stationary, on slope applying enhanced stability criteria
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3  limited|reach

C maximpim chassis inclination

Figure 3 —<Example of load and force directions and combinations

4.2.4 Structural calculations

4.2.4.1 (General

4 2 4 1 1 Structural calenlatinne chAall confarm vith tha Tavwvase and npineinlac Af anlind yaace aHICS and
VS I o ot ettHar—Ear et S5t oY o =

o CoOTIToTr i vv ittt Voot P IiicIproo—OT )8 SETAA = T

strength of materials. If special formulas are used, the sources shall be given, or otherwise the formulas
shall be developed from first principles, so that their validity can be checked.

4.2.4.1.2 Requirements given in 4.2.2, 4.2.3.1, 4.2.3.2, 4.2.3.3, 4.2.3.4 and 4.2.3.5.6 shall be considered for
the determination of loads and forces to be used in the calculations.

4.2.4.1.3 Except where otherwise stated, the individual loads and forces shall be taken to act in the
positions, directions and combinations that produce the least favourable conditions.
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4.2.4.2 Analysis

4.2.4.2.1

General stress analysis

4.2.4.2.1.1 The general stress analysis shall be used to analyse failure by yielding, buckling, and fracturing.
This analysis shall be made for all load-bearing components and joints.

4.2.4.2.1.2 The required information on stresses or safety factors shall be included in the analysis. Details
of the main dimensions, cross-sections and materials for the individual components and joints shall be stated.

4.2.4.2.1.3 Finite element analysis (FEA) may be used to meet the requirements of 4.2.4.2. The FEA

model Sha 1 bC DlJCLlchCd aud ;uu}udc all CAlJ]lClllat;UAA Uf thl: luadlus dalrtdy, luad ty lJCD, LUllDtl a;u areas and
constraintjtypes.
4.2.4.2.1.4 Stress analysis shall be performed by one of the stress analysis methods described in 4.2.4.2.2.
When using criteria for the enhanced overload method in 4.4.1.6, the rated load shall,be replaced by 150 %
of the rategl load.
4.2.4.2.2 |Stress analysis methods
4.2.4.2.2.1 Permissible stress method
Stresses imposed by the load and force combinations defined in 4¢2.4.1 shall not exceed 66,7 % of either
the minimpim yield strength or the buckling strength of the ductile materials. When using the friteria for
enhanced pverload methods in 4.4.1.6, stresses imposed by, the load and force combinations|defined in
4.2.4.1 shall not exceed 50 % of either the minimum yield(trength or the column strength of fthe ductile
materials. [Structural elements made of non-ductile materials shall have a design stress of no|more than
20 % of th¢ minimum ultimate strength of the material:
4.2.4.2.2.2 Limit state method
Using the lJmited state method:
a) Loadsfan be considered to be eitherregular or occasional:

— regularloadsare eitherratedload or structural massesand occur frequently under normaj operation;

— ocpasional loads occurintrequently, are usually neglected in fatigue assessment and are gither loads

due to in-service wind or due to manual force.

b) These loads are combined into two load combinations:

— load combination A is comprised of only regular loads;

— load.combination B is comprised of both regular and occasional loads.
c) The static strength of the structure shall be assessed for both load combination A and B. The loads and

forces defined in 4.2 shall thereby be multiplied by the partial safety factors y,, given in Table 2.

Table 2 — Partial safety factors
. Partial safety factors y,
Clause Loading — —
Load combination A Load combination B

4.2.1.2 Rated load 1,34 1,22
4.2.2.2 Structural masses 1,22 1,16
4.2.2.3 Wind forces (loads) - 1,22
4.2.2.4 Manual force - 1,22
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Forces due to structural masses that are acting favourably (for example, counterweights that reduce
forces and stresses) in some load carrying parts, shall be assigned the value y, =1 when calculating

those load-carrying parts.

NOTE1 Load combinations from ISO 8686-2 are not applicable within this document.

The strength of load bearing steel structures shall be calculated and proofed in accordance with
[SO 20332. When ISO 20332 is not applicable, (for example, the fatigue strength of welded connections
with plates thinner than 3 mm), the calculation and proof of the load bearing structures shall follow the
principles of ISO 20332 and appropriate limits states shall be obtained from relevant sources.

Structural elements made of non-ductile materials not covered by ISO 20332 shall have a design stress
of no more than 20 % of the minimum ultimate strength of the material. The partial load factors in

Table ]
NOTE 4

Compd
gearbd
For th{

g)

h) Testcx

4.2.4.2.3

Elastic stal
crippling).

4.2.4.2.4

4.2.4.2.4.1
fluctuation
componenf
fluctuation
load cycles
travelling)
considered

4.2.4.2.4.2
accuracy, {|

low enough to ensure virgually infinite fatigue life (see also 4.4.6 and 4.6.14).

4.2.4.2.4.3
the load sp

NOTE )

 shall be taken as 1.
DNVGL-C501 can be used for composite components.

nents that have been qualified by test or acceptable design criteria, or(beth, sucl
xes, bearings, and threaded fasteners, shall be considered as providing equivalent leve
bse components, the original manufacturer’s ratings shall not be exceeded:

iteria should be established by reference to relevant standards, design methods and aj

Elastic stability analysis

ility analysis shall be used to analyse and avoid failure by€lastic instability (for exampl
This analysis shall be made for all load-bearing componeénts subjected to compressive

Fatigue stress analysis

Fatigue stress analysis shall be used to~analyse and avoid failure by fatigue du
s during normal operation and transport. This analysis shall be made for all lo
s and joints critical to fatigue, taking.into account the construction details, the degrg
and the number of stress cycles. The number of stress cycles may be a multiple of the
. Other stress variations during/use, caused by movements (for example, slewing,
can also contribute to theésnumber of stress cycles. Usually, only regular loads 1}
and the partial safety fagtors y,, shall be set to 1. Loads due to misuse need not be co}

As the number of-stress fluctuations during transport cannot be calculated with an
he stress in the transport position in components subject to vibration during transp

Whendetermining the load combinations, it is permissible for the rated load to be
lectrum-factor in accordance with Figure 4; wind loads need not be taken into account

or:the design of wire-rope drive systems, see Annex C and Annex D.

L as gears,
Is of safety.

bplication.

b, buckling,
oads.

b to stress
ad-bearing
be of stress
number of
raising or
heed to be
hsidered.

y degree of
rt shall be

reduced by
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Figure 4 — Load spectrum factor

Effects of stress concentration and ambient temperature

is shall consider the effects of stress concentratiorsand the effects of ambient temper3
Fe range for which the MEWP has been designed:

ssis and stabilising devices

hvel prevention

tic safety device in accordance with 4.11 shall be fitted to prevent the travel of j
MEWPs and power-drivenstype 1 MEWPs when the work platform is out of the tr
ition.

4.3.2 Ch

4.3.2.1

ssis inclination

ery MEWP shall have a device to indicate when the inclination of the chassis exceed

permitted by the responsible entity when the MEWP is out of the lowered travel position. The d
also prevent elevation beyond the lowered travel position when the chassis inclination is b
specified by thewesponsible entity for that configuration. This device shall be automatic, in accor
4.11 and shall"*be protected against damage and accidental change of its setting. Adjustment of
shall requirethe use of tools.

ture in the

edestrian-
ansport or

5 the limits
evice shall
eyond that
dance with
the device

4.3.2.2 For type 1 MEWPs, the device in 4.3.2.1 may be replaced by a spirit level. For those MEWPs with
power-driven stabilising devices, the indication shall be clearly visible from each stabilising device control

position.

4.3.2.3 For type 2 MEWPs, when travelling in the elevated travel position, an audible warning shall sound
at each control position before reaching the maximum limits specified by the responsible entity.

4.3.2.4 For type 3 MEWPs, when travelling in the elevated travel position, upon reaching the limits
specified by the responsible entity, the device shall prevent the MEWP from continuation of travel in the
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selected direction and an audible warning shall sound. Travel may be resumed provided that stability is
maintained or improved. For group A MEWPs, further elevation shall also be prevented.

4.3.3

Locking pins

Any locking pins shall be secured against unintentional disengagement and loss.

4.3.4 Control bars and tow bars

Control bars on pedestrian-controlled MEWPs and tow bars shall be securely fastened to the chassis.

4.3.5 Control bars and tow bars held in vertical position

4.3.51 1
device (for

4.3.5.2 F
and the gr

4.3.6 Std

4.3.6.1 T
unevennes
unevennes

4.3.6.2 C
about the v
position (s

4.3.6.3 T

control bars and tow bars, when not in use, are raised to the vertical positiod,|an
example, hook) shall be provided to hold the bars in this position.

or multi-axle chassis, the minimum clearance between the fully lowered' control bar
und shall be 120 mm.

)bilising device ground contact points

he stabilising device ground contact points shall be gonstructed to accommods
5 of at least 10°. Stabilising devices equipped with rellers are exempt from the 1
5 requirement.

astor wheels with an offset, as defined in ISO 22877, are not permitted to be used unlg
ertical axis is automatically prevented when the work platform is raised out of the low]

be Figure 5).

he requirements of 4.3.6.2 do not apply*to self-propelled MEWPs.
‘ 3
2_> 1
=
O |

automatic

or tow bar

te ground

0° ground

Ss rotation
ered travel

Key

castor wheel

offset

vertical axis

Figure 5 — Castor wheel with offset
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4.3.7 Permitted work platform positions

4.3.7.1 MEWPs shall be fitted with a safety device in accordance with 4.11 that prevents the work platform
operating outside permitted positions unless the stabilising devices are set in accordance with the operating
instructions.

4.3.7.2 MEWPs constructed for operation without stabilising devices for a limited range of operation shall
be equipped with safety devices in accordance with 4.11 that prevent operation outside that limited range

without stabilising devices.

4.3.8 Totally manually operated MEWPs

4.3.8.1 T
have a worj

4.3.8.2 T
power sup

439 Pr

MEWPs w
prevent m
the stowed
and the wd
an unstabl

4.3.10 Ma

Manually d
4.3.11 Mg

4.3.11.1 T
fulfil this r

4.3.11.2 F
when depl
devices frg
separate Iq
gravity log
are regard

4.3.12 Ve

he requirements of 4.3.7 are not applicable to MEWPs that are totally manually-op
k platform floor height less than or equal to 5 m above ground level (see 6.4.15).

hese MEWPs are also exempt from all safety requirements that cannéb be met
ply.

bvention of powered stabilising devices movement

th powered stabilising devices shall be fitted with a safety device in accordance w
vement of the stabilising devices, unless the extending striicture and the work platf
or transport position or within the limited range specifiéd ih 4.3.7. When the extendin
rk platform are inside the limited range, the operation'of the stabilising devices shall
P situation.

nually operated stabilising devices

perated stabilising devices shall be designed to prevent unintentional movement.
vement of stabilising devices

he movements of stabilising devices shall be limited by mechanical stops. Hydrauli
equirement if designed for-that purpose.

or MEWPs with penmanently attached stabilising devices that increase their widt}
byed, a mechanical“means shall be provided to prevent uncontrolled movements of
m the transport-position. Each stabilising device shall be locked in the transport posif
cking devices for each stabilizer, at least one of which operates automatically (for
king pin plusta detent). Powered stabilising devices meeting the requirements of 4.3]
bd as meeting this requirement.

hicle-mounted MEWP transport position indicators

erated and

without a

ith 4.11 to
orm are in
b structure
not create

c cylinders

1 or length
stabilising
ion by two
example, a
9 and 4.10

Vehicle-mounted MEWPs shall be equipped with one or more indicators visible from the travelling controls
to indicate if all parts of the stabilising devices, the extending structure, the access ladders and the work
platform of the MEWP are in the transport positions.

4.3.13 Visual contact at control positions
4.3.13.1 Any control position shall provide the operator with visual contact with the resulting movements.

4.3.13.2 The operator positions for powered stabilising devices that deploy beyond the width or length of
the chassis shall allow a clear view of the movement of each stabilising device until it reaches the supporting
surface.
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4.3.13.3 Travel controls fixed to the chassis and operated from ground level shall be positioned so as to
cause the operator to stand at least 1 m from the vertical tangent of the wheels or crawlers.

4.3.14 Levelling stabilising devices

4.3.14.1 For MEWPs which are constructed for operation with levelling stabilising devices, the stabilising
devices shall be capable of levelling the chassis or the extending structure to within the maximum allowable
chassis inclination when operating on the maximum slope permitted by the manufacturer.

4.3.14.2 MEWPs equipped with tilting chassis and/or extending structure in which stability of the machine
when operating is dependent on control or locking of the tilting shall satisfy the following requirements:

a)

On tyq
safety
of the

e 1 MEWPs in which stability is dependent on control or locking of the tilting meghpnism(s), a
device in accordance with 4.11 shall prevent deployment of the extending structare yntil tilting
chassis and/or superstructure is positively controlled or locked.
b) On type 2 and type 3 MEWPs in which stability is dependent on control orlocking of

mechalﬁlism(s), it shall be shown by demonstration that the inclinations of\the chassis and/or the
supergtructure remain within the limits specified by the manufacturer swhen the inclination of the
chassi$ is at the maximum value permitted by the manufacturer. Safetydevices which control or lock
the tilfing shall be in accordance with 4.11.

the tilting

4.3.14.3 Hydraulic cylinders, if used as positional control or lockingdevices, shall comply with 410.

4.3.15 Osgillating axle lock or control systems

4.3.15.1 M
operating
requireme

a)

hine when
b following

[EWPs equipped with one or more oscillatingiaxles, in which stability of the mad
s dependent on systems which control or logk*the oscillating axle(s), shall satisfy th
nts:

On tyq
structy

e 1 MEWPs, a safety device in accordance with 4.11 shall prevent deployment of the
ire until oscillation of the axle(s) is locked or controlled.

extending

b) On tyq

device

e 2 and type 3 MEWPs that havée a means of locking or control of the oscillating axle(s), safety
5 in accordance with 4.11 shall be incorporated.

4.3.15.2 Spfety devices which centrol or lock the oscillation shall be in accordance with 4.11.

4.3.15.3 Hydraulic cylindérs) if used for position control or locking devices, shall comply with 4.10

4.3.15.4 S

specific saf

ystems comprised solely of mechanical devices to control oscillating axles do not r
ety deyices.

4.3.16 Ma

) ximum travel speeds in elevated travel position

equire any

4.3.16.1 Travel speeds for type 2 and type 3 MEWPs in the elevated travel position shall not exceed the
following values:

a) 1,5m/

s for vehicle-mounted MEWPs when using the travelling controls;

b) 3,0 m/s for rail-mounted MEWPs;

c¢) 0,7 m/s for all other self-propelled type 2 and type 3 MEWPs.

4.3.16.2 Any travel speed restriction for self-propelled type 2 and type 3 MEWPs, when the work platform
is out of the lowered travel position, shall be automatic and in accordance with 4.11.
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4.3.17 Maximum travel speed of pedestrian-controlled MEWPs

The maximum travel speed of a pedestrian-controlled MEWP with its work platform in the transport or
stowed position shall not exceed 1,4 m/s.

4.3.18 Self-propelled MEWP brakes

4.3.18.1 Self-propelled MEWPs shall be equipped with brakes on at least two wheels on the same axis that
engage automatically when power to the brakes is removed or fails. Such brakes shall not rely on hydraulic
or pneumatic pressure or electrical power to remain engaged.

4.3.18.2 When in an elevated travel position, the brakes shall be able to stop the MEWP in accordance with

4.3.19 and

4.3.18.3 V]
climbing, s
rated spee
adequate t

4.3.19 Stq

MEWPs tr
inclination
in Figure 6
chassis inc

maintain the stopped position.

Vhen in the lowered travel position, the brakes shall hold the unit on any slope it is
ubject to adequate traction on the braking wheels. The MEWP shall be able to-stop fronj
ds when descending any slope that the unit is capable of climbing, provided the slog
Faction on the braking wheels.

ppping distances

hvelling in the elevated travel position and at the maximum speeds on the maxim
allowed by the responsible entity shall be capable of beifig)stopped within the distal
. This requirement shall be satisfied for all permissible ‘combinations of travel speed
ination.

capable of
maximum
e provides

lm chassis
hces stated
and rated
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Figure 6 — Maximum stopping distance for type 2 and type 3 MEWPs

4.3.20 Unauthorized use

MEWPs shhll be equipped with a device to prevent unauthorized use when the MEWP is unattengled.

4.3.21 Thiermal hazards

Persons at] control positions or standing adjacent to the MEWP at ground level shall not be gxposed to
thermal hazards resulting from hot surfaces.

4.3.22 Engine exhaust

The exhaus

4.3.23 Filling points for fluids

The filling points of gas and fluid reservoirs (other than for fire-resistant fluids) shall be positioned in order
to avoid any fire from spillage onto hot parts (for example, engine exhaust).

4.3.24 Batteries and battery containers

4.3.24.1 All MEWP batteries and battery containers shall be constrained to prevent displacement which
can result in a hazard. A means shall be provided that, in the event of overturning, the battery will be
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constrained so as to avoid the risk of injury to the operator by the battery being displaced or release of

electrolyte

4.3.24.2 Suitable ventilation holes shall be provided in the battery container, compartment or cover so that

dangerous
4.3.24.3 B

4.3.25 De

accumulations of gases do not occur.
atteries shall be accessible for inspection, service, or replacement.

railment and run-away prevention of rail-mounted MEWPs

4.3.25.1 General

4.3.25.1.1

during running and when moving along the track in working configuration.

4.3.25.1.2
have all raj

4.3.25.1.3
and device

4.3.25.2 K

4.3.25.2.1
against det

4.3.25.2.2
in the fores
a) thesu
suppol
enougl

there 1
freedo|
necess

b)

4.3.25.2.3
modes, prd
configurat
be possible
exceed 90

Im or the free movement)in vertical and crosswise direction within the freedom of

The following requirements relate to the prevention of derailment of rail-mount

When moving along the track in running and working configurations, railFmeunted M
| wheels loaded sufficiently to avoid derailment.

Rail-mounted MEWPs shall be provided with devices that act on.the rails to prevent
5 to remove obstacles on the rails, which might cause derailment\(for example, track cl

roof against derailment

MEWPs with structures that are movable and influence the potential to derail shall
ailment.

For MEWPs with only one suspension in stabtionary or running modes, proof against
een working conditions is deemed to havebeen shown if, simultaneously,

bpension is not blocked out or, for MEWPs with three-point suspension, at least one d
t points can turn freely and absotrb the twist, or the MEWP (including the wheel sets
1 to absorb the track twist,

s no rigid connection betWween several connected MEWP parts that would obstruct t

ary for the threshold parameters between the parts.

For MEWPs having different axle or suspension configurations in stationary an
of against derailment is deemed to be shown by stationary tests, taking into accour
ons according to 4.3.25.3. Neither when stationary nor when moving along the tr
to chahge from one configuration to the other if this would cause the load moment
o of the'rated load for the new configuration.

bd MEWPs

EWPs shall

derailment
parers).

have proof

derailment

f the three
is flexible

he turning
movement

d running
t the work

hck shall it
to reach or

4.3.25.2.4
tests accor

ffone of these conditionsisot observed, proof againstderattmentshatt be achieved b
ding to 4.3.25.3.

4.3.25.3 Load cases for prevention of derailment during moving

stationary

4.3.25.3.1 Wheel unloading shall be proven by stationary tests for rail-mounted MEWPs that could have
their centre of gravity displaced when moving along the track. Using all possible unfavourable positions of
the MEWP and load, and the worst combination of track cant, gradient and twist, no rail wheel shall leave

the rail wh

en 1,5 times the maximum load is applied.

4.3.25.3.2 In addition, at the most unfavourable track condition with a maximum load, no wheel shall
unload by more than 60 % of its normal weight.
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4.3.25.4 Limiting use of MEWPs due to derailment requirements

If the prevention of derailment is not ensured for all working configurations, the scope of the MEWP shall
be limited, and this shall be indicated in the technical documentation and the operation and maintenance
manual and shall be displayed on the MEWP.

4.3.25.5 Prevention of run-away — Placement and removal from rails

4.3.25.5.1 The documented procedure used to describe the placing of the vehicle on, or removal from the
track, shall be assessed to ensure that there is no inadvertent movement of the vehicle at any time during the
procedure. This requires that the MEWP have at least one braked axle (with the brakes applied), sufficient
to hold the vehicle on the most adverse gradient on which it can be placed (in contact with either the rail or
ground).

4.3.25.5.2Where an emergency stop button is fitted, it shall apply the brakes by stoppifig-totdtion of the
braked axle(s). The button's operation shall be tested to ensure that the brakes are applied in all possible
vehicle corffigurations, including during both on- and off-tracking procedures.

4.3.26 Vehicle-mounted MEWP chassis selection

For vehiclg-mounted MEWPs, the chassis shall be selected to meet the MEWP specifications. Installation
criteria shall meet the chassis specifications and the specifications for mounted sub-assemblies.

4.4 Extending structure

4.4.1 Methods to avoid overturning and exceeding perniissible stresses

4.4.1.1 (eneral
In addition|to the provisions of 4.2.3.5, MEWPs shalbbe provided with the systems or the enhanced methods
to reduce the risk of overturning and the risk.of exceeding permissible stresses by one of the|equivalent
solutions indicated in Table 3.

NOTE lLoad or moment controls are not able to protect against an overload that grossly exceeds the rgted load.

Table 3 — Control devices

Load-sensing sys- | Lead-sensing and mo- | Moment-sensing systems Position con{rol with
t¢m and position (-ment-sensing systems and enhanced overload enhanced stability and
Group control criteria overload criteria
(4/4.1.2 and 4.4.1.3) (4.4.1.2 and 4.4.1.4) (4.4.1.4 and 4.4.1.6) (4.4.1.3,4.4.1.5 4nd 4.4.1.6)
A X — — X
B X X X X

4.4.1.2 Load-sensing system

4.4.1.2.1 The load-sensing system shall operate as follows:
a) Itshall trigger after the rated load is reached and before 120 % of the rated load is exceeded.

b) While the load-sensing system is triggered, it shall give a visual warning and an audible signal in
accordance with IEC 61310-1 at each control position.

c) If the load-sensing system was triggered during movement of the work platform, the possibility of
movement shall remain.
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d) If the load-sensing system is triggered while the work platform is stationary, it shall prevent all
movement of the work platform. Movement shall only restart if the overload is removed. For group A

MEWPs, lowering movement is permitted.

4.4.1.2.2 For type 1, group A MEWPs, it is permitted for the load-control device to be effective only when
raising the extending structure from the lowest position. In this case, for the overload test specified in
5.1.4.3.1, the test load shall be 150 % of the rated load.

4.4.1.2.3 For group A MEWPs, the load-sensing device need not be activated until the work platform is
elevated more than 1 m or 10 % of lift height, whichever is the greater, above the lowest position. If an

overload condition is sensed at or above this height, further elevation shall be prevented.

44.1.2.4

4.4.1.3 K

44.1.3.1
Permissibl

limiting de
4.11) to pre

4.4.1.3.2

Where per
4.2.4.2. Hy

4.4.1.3.3

Where nor

The load-sensing system shall be in accordance with 4.11.
osition control

General

b positions of the MEWP’s extending structure shall be limited-automatically by
vices (see 4.4.1.3.2), non-mechanical limiting devices (see 4.4.1.3.3)\0r electrical safety
vent overturning of the MEWP or exceeding the permissible stresses in the structure off

Mechanical limiting devices

draulic cylinders fulfil this requirement if designedAfor that purpose.

Non-mechanical limiting devices

-mechanical limiting devices are used,permissible positions of the MEWP extending

shall be limited by a device that measures position’s of the extending structure and is operated t

control sys
device in a

4.4.1.4

The mome

a) When
masse

prever

b) The co

4415 (

tems to limit movements to the working envelope. These devices shall be backed up
rcordance with 4.11.

Moment-sensing system

ht-sensing system shallyoperate as follows:

the portion of the-permissible overturning moment (see 4.2.3.5) due to rated load and
5 is reached, there shall be a visual and audible warning given and further movemer
ted, exceptthose which reduce the overturning moment.

ntrol systém for the moment-sensing system shall comply with the requirements of 4.]

nechanical
evices (see
the MEWP.

missible positions are limited by mechanical limiting.stops, they shall meet the requirements of

b structure
hrough the
by a safety

structural
ts shall be

1.

riteria for enhanced stability for limited work-platform dimensions

MEWPs for one or two persons may be excluded from the requirements for load-sensing and moment-
sensing systems if they meet the following criteria for enhanced stability.

a) The work platform at any horizontal section, including any extension, and excluding steps located
outboard of the work platform shall have

— for one person, a platform floor area not greater than 0,6 m2, with no side greater than 0,85 m,

— for two persons, a platform floor area not greater than 1,0 m2, with no side greater than 1,4 m.

b) For the static test specified in 5.1.4.2.1, the test loads shall be calculated using 150 % of the rated load as

identified in 4.2.1. The other load and force combinations specified in 4.2.2 shall remain applicable.
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4.4.1.6 Criteria for enhanced overload for limited work platform dimensions

MEWPs for one or two persons may be excluded from the requirements for load-sensing systems if they
meet the following criteria for enhanced overload.

a) The work platform at each horizontal section, excluding steps that might be present on the outside
surfaces of the work platform shall have

— for one person, a sectional platform floor area not greater than 0,6 m2, with no side greater than 0,85 m;

— fortwo persons, a sectional platform floor area not greater than 1,0 m2, with no side greater than 1,4 m.

b) For the overload test specified in

5.1.4.3.1, the test load shall be 150 % of the rated load.

4.4.1.7

4.4.1.71
indicator o

NOTE ]

4.4.1.7.2
system ang

4.4.1.7.3

[ariable working envelope with more than one rated load

MEWPs with more than one rated load and more than one working envelope shz
f the selected combination visible at the work platform.

The MEWP shall be fitted with load-sensing and moment-sensifig systems or a lg
| position control.

MEWPs with enhanced stability for two persons shall réquire activation of a load-sens

when extended working envelope(s) are selected. The selection shall be possible only if the work

within the

4418 YV

For MEWP
of stabilisi
possible w

4419 VY

MEWPs co
with safety

4.4.2 Se

When the 4
automatic

443 Tr

working envelope for the new selected rated load.

[ariable working envelope with one rated load

hg devices), selection by manual meatis-is acceptable. In such cases, the selection sh
th the extending structure in the a¢€gss position.

[ariable range of operation

hstructed for a variable range of operation depending on the chassis inclination shall b
r devices in accordance with 4.11 that prevent operation outside that range.

juencing of extending structure

Huring nermal operation.

hpping and shearing

11l have an

'he indicator can be a physical change to the configuration of the platform that'affects its rated load.

ad-sensing

ing system
platform is

5 with one rated load and a variable working envelope (for example, those with variable positions

all only be

e equipped

xtending stfucture requires extension or retraction in a specific sequence, this sequence shall be

4.4.3.1 Trapping and shearing points between moving parts which are within reach of persons (see
ISO 13857) on the work platform or standing adjacent to the MEWP at ground level shall primarily be

avoided by

providing safe clearances or guarding in accordance with ISO 13854.

4.4.3.2 For group A MEWPs, while the platform is being lowered utilizing the upper controls, a warning
device shall be activated at ground level. This requirement does not apply to totally manually operated MEWPs.

4.4.4 Supporting extending structure for routine maintenance

When the work platform of a MEWP is required to be raised for routine servicing purposes, a means shall be
provided to enable the extending structure to be held in the required position. This means shall be capable
of supporting the unloaded work platform and of being operated from a safe position; it shall not cause
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damage to any part of the MEWP (see 6.4.15). It shall also be capable of supporting the work platform even

when a fail

ure occurs on the raising/lowering system.

4.4.5 Speeds of extending structure

It shall not be possible to exceed the following speeds except where noted in 4.4.5.2:
0,4 m/s for raising and lowering of the work platform;

0,4 m/s for telescoping of the boom;

1m range)

0,7 m/s for slewing or rotation (horizontal speed at the outer edge of the work platform, measured at

4.4.5.1

a)

b)

) !
maximn

4.4.5.2 F

speed of thle extending structure shall not exceed the following speeds;

a) 0,3m

b) 0,5m
maxin

4.4.6 Su

The exten
transport

4.5 Extd
4.5.1 Ge|

4.5.1.1 |

Drive syst
structure.

4.5.1.2 K

4.5.1.2.1
structure,
the work p

4.5.1.2.2

por MEWPs that have a work platforms guardrail system that is retractable, whén, ret]

s for telescoping of the boom;

s for slewing or rotation (horizontal speed at the outer edge of the/work platform, m
lum range).

pport in transport position

ling structure shall be supported in the transport position so as to limit vibrati
see 4.2.4.2.4.2).

nding structure drive systems
neral

Jnintended motion

ems shall be designed and constructed to prevent any unintended motion of the

rotection of extending structure from power sources

If the power source is capable of producing greater power than is required by the
Fhe work platférut drive system, or both, protection shall be provided to the extending
atform drive/system, or both, to prevent damage.

The useof friction couplings does not fulfil this requirement.

4.5.1.3 H

racted, the

easured at

bns during

extending

extending
structure,

ailire of transmission chain or belt

4.5.1.3.1 Transmission chains or belts shall only be used in drive systems if inadvertent movements of the
work platform are automatically prevented in the event of failure of a chain or belt.

4.5.1.3.2

Flat belts shall not be used.

4.5.1.4 Kick-back of handles

Manual dri

ve systems shall be designed and constructed to prevent kick-back of handles.
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4.5.1.5 Powered and manual drive systems for the same function

If both powered and manual drive systems are provided for the same function and if there is a risk of injury
from engaging both systems at the same time, simultaneous use of both systems shall be prevented.

4.5.1.6 Braking system for all drives

4.5.1.6.1 A braking system shall be provided on all drives. For raising movements, this system shall be an
automatic lock or self-sustaining device. The braking system shall be automatically applied when the drive
is no longer energized.

4.5.1.6.2 The braking system shall ensure that the work platform, loaded with 1,25 times the rated load

for power-
the rated 1
all configu

4.5.2 Wi
4.5.2.1
45.2.1.1

4.5.2.1.1.1
assuming t

4.5.2.1.1.2
system fai

shall be m¢
4.5.2.1.3).

4.5.2.1.2

Mechanica
structure.
it in the ey
spring ope

diameter of more than half the-pitch in the operating condition, to limit the shortening of the spi

it fail.

4.5.2.1.3

Wire-rope drive system safety

bperated MEWPs or with 1,5 times the rated load for manually powered MEWPs, an
ad for MEWPs that employ enhanced overload criteria, can be stopped and held at‘any|
rations of operation. The braking system shall be protected against inadvertentreleas

re-rope drive systems

General

Wire rope, drum and pulley diameters shall be calculated in accordance with
hat all the load is taken on one wire rope system. Traction drive systems shall not be u

Wire-rope drive systems shall have a device ersystem which, in the event of a wire
ure, limits the vertical movement of the fullytloaded work platform to 0,2 m. This rg
t by either a mechanical safety device (see4{5.2.1.2) or an additional wire-rope drive s

Mechanical safety device

| safety devices shall be in aceordance with 4.11 and shall operate by engaging with thg
This safety device shall gradually bring the work platform plus the rated load to a stq
ent of the wire-rope drive’system failure. The average deceleration shall not exceed
rating this device shall be a guided compression spring with secured ends or shall i

Additionalbwire-rope drive system

Theradditional wire-rope drive system shall be designed either:

1 1,5 times
position in

a)

Annex C,
sed.

rope drive
quirement
ystem (see

extending
p and hold
1,0 g. Any
ave a wire
'ing should

systems; or

according to the first wire-rope system, with a device to ensure that the additional system takes less

than half of the load in the operating condition, but is able to take the full load if the first system fails; or

wire-rope system to at least twice the calculated lifetime of the first system.

4.5.2.1.3.2 Failure of the first system shall be self-revealing.
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4.5.2.2 Load-carrying wire ropes

4.5.2.2.1 Load-carrying wire ropes shall be made from galvanized steel wires or equivalent and shall have

the followi

ng characteristics:

a) minimum diameter: 8 mm;

b) minimum number of wires: 114;

c) tensile grade of wires: minimum 1 570 N/mm?, maximum 2 160 N/mm?;

d) fatigue life suitable for the application (see Annex C);

e) corrogjion resistance equivalent to galvanized steel;

f) required ratio of pulley diameter to wire diameter (see Annex C).

4.5.2.2.2 |The responsible entity shall have on record a certificate giving the mirdimum desig
load of the|wire rope.

4.5.2.2.3 [Wireropes used directly for lifting or supporting the work platform-shall not include a

except at their ends.

4.5.2.2.4

4.5.2.3 9

If more th
equalizing

4.5.24 K

Wire rope with other characteristics may be used if they provide equivalent safety.

ystem of multiple wire ropes

the tension of the wire ropes.

le-tensioning wire ropes

It shall be possible to re-tension wire ropes:

4.5.25 1

4,5.2.5.1
alumin
non-ag

wedge

splices;

[erminations of wire ropes

For the terminationg-ef-wire ropes, only the following shall be used:
ium pressed fetrules;
eing steel pressed ferrules;

-socket anchorages.

h breaking

hy splicing,

An one wire rope is attached at a single pojnt;’a device shall be provided for approximately

4.5.2.5.2 The junction between a wire rope and its termination shall be able to resist at least 80 % of the
minimum breaking load of the wire rope.

4.5.2.5.3

U-bolt grips shall not be used as wire rope terminations for load-carrying wire ropes.

4.5.2.6 Visual examination of wire rope terminations

4.5.2.6.1 Visual examination of wire rope terminations shall be possible, preferably without the removal

of the wire

ropes or major disassembly of the structural components of the MEWP.
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Ifitis not feasible to use inspection openings, the MEWP responsible entity shall provi

instructions for examination.

4.5.2.7 Safety device for MEWP work platforms raised and lowered by wire ropes

de detailed

MEWPs with work platforms raised and lowered by means of wire ropes shall be equipped with a safety
device in accordance with 4.11 that interrupts movements that cause slack rope conditions. Movements in
the opposite direction shall be possible. This device is unnecessary if no slack rope condition can develop.

4.5.2.8 Rope drum grooves and prevention of rope leaving the ends of the drum

Rope drums shall be grooved and ameans shall be prov1ded to prevent the w1re rope from leavmg the ends

of the drups

highest lay

4.5.29 1

Only one 14

45210 T

At least tw]
or both, is

4.5.2.11 H

Each wire
minimum |

4.5.2.12 |

A means s}
slack rope

4.5.213 I

The dimen
recommen

4.5.3 Ch
4.5.3.1 (

4.5.3.1.1

ayers of rope

urns of rope

o turns of wire rope shall remain on the drum when the extendihg structure, the wor
n its most extreme position.

astening rope to drum

breaking load of the wire rope.

Jnintentional displacement of rope

hall be provided to prevent unintentional displacement of wire ropes from sheaves,
ronditions.

prum and sheave grooves

sions of the drum and sheave grooves shall be in accordance with the wire-rope man
dations.

pin drive systems
teneral

Rotind-link chains shall not be used. Leaf chains may be used.

yer of wire rope shall be wound on the drum unless a level-wind spooling-system is ug

rope shall be properly fastened to the drum. The)fastening shall be able to take 80

" above the

k platform,

% of the

bven under

pfacturer's

4.5.3.1.2 The responsible entity shall have on record a certificate, giving the minimum design breaking

load of the

chain.

4.5.3.2 Limit of vertical movement in case of failure

4.5.3.2.1

General

Chain drive systems shall have a device or system that, in the event of a chain drive system failure, limits the
vertical movement of the fully loaded work platform to 0,2 m. This requirement shall be met by either of the
drive systems specified in 4.5.3.2.2 and 4.5.3.2.3.
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4.5.3.2.2 Single-chain drive systems

A single-chain drive system shall have a working coefficient of at least 5, plus a mechanical safety device
in accordance with 4.11 that operates by engaging with the extending structure. This safety device shall
gradually bring the work platform plus the rated load to a stop and hold it in the event of a drive system
failure. The average deceleration shall not exceed 1,0 g. Any spring operating this device shall be a guided
compression spring with secured ends or shall have a wire diameter of more than half the pitch in the

operating condition, to limit the shortening of the spring, should it fail.

4.5.3.2.3 Two-chain drive systems

Two-chain drive systems shall meet the requirements of either 4.5.3.2.3.1 or 4.5.3.2.3.2.

4.5.3.2.3.1 Equal tension

Each chair] of a two-chain drive system shall have a working coefficient of at least 4 .(a,fota] minimum
coefficient|of 8) and shall be provided with a device giving approximately equal tension in the| two-chain
system, or else shall comply with 4.5.3.2.3.2. Failure in the first chain shall be self-revealing.

4.5.3.2.3.2] Unequal tension

The first component of a two-chain drive system shall have a working coefficient of at least 5 wh¢n carrying
the full logd, and the second component shall have a working coefficient of at least 4 (a total] minimum
coefficient|of 9 when carrying the full load) and be provided with ja device to ensure that the second
component takes less than half the load in the operating condition but is able to take the full load if the first
component fails. Failure in the first component shall be self-revealing.

4.5.3.3

If more than one chain is attached at one point, a dévice shall be provided to approximately e
tension in the chains.

4.5.3.4
It shall be

4.5.3.5 9

The juncti
minimum K

4.5.3.6 YV

4.5.3.6.1
removal off

ultiple chains attached to a point

ensioning chains

ossible to re-tension chains.

trength of junction between chain and termination

n between the chain-and the chain termination shall be able to withstand at least 1(
preaking load of €he chain.

lisual examination of chains and terminations

Visuglexamination of chains and chain terminations shall be possible, preferably v
the chains or major disassembly of structural components of the MEWP.

qualize the

0 % of the

Vithout the

4.5.3.6.2

If it is not possible to provide inspection openings, the responsible entity shall provide detailed
instructions for examination.

4.5.3.7 Safety device for MEWP work platforms raised and lowered by chains

MEWPs with work platforms raised and lowered by means of chains shall be equipped with a safety device in
accordance with 4.11 that interrupts movements causing slack chain conditions. Movements in the opposite
direction shall be possible. This device is unnecessary if no slack chain condition can develop.
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4.5.3.8 Unintentional displacement of chain

A means shall be provided to prevent unintentional displacement of the chain from the sprockets or sheaves,
even under slack conditions.

4.5.4 Lead screw drive systems

4.5.4.1 Lead screw and nut design stress and material

The design stress of lead screws and nuts shall not be more than 1/6 of the ultimate tensile stress of the
material used. The lead screw material shall have a higher abrasion resistance than the load-bearing nut.

4.5.4.2 Separation of lead screw from work platiorm

The lead sgrew mechanism shall be designed to prevent separation of the work platform from the mechanism
during norjmal use.

4.5.4.3 lload-bearing nut and safety nut

Each lead screw shall have a load-bearing nut and an unloaded safety nut. The safety nut shall only be loaded if
the load-bdaring nut fails. It shall not be possible to raise the work platform when the safety nut is pnder load.

4.5.4.4 Detection of wear on nuts

It shall be possible to detect the wear of the load-bearing nuts without disassembly.
4.5.5 Rack and pinion drive systems

4.5.5.1 Design stress of racks and pinions

The design stress of racks and pinions shall not\be more than 1/6 of the ultimate tensile stfess of the
material used.

4.5.5.2 {afety device and over-speed governor

Rack and pinion drives shall have d safety device meeting the requirements of 4.11 actuated by an over-
speed govérnor. This safety device shall gradually bring the work platform plus the rated loafl to a stop
and hold it in the event of the lifting mechanism failing. The average deceleration shall not exceed 1,0 g.
Actuation ¢f the safety device shall automatically interrupt the power supply.

4.5.5.3 Device to prévent pinion disengagement

In addition] to the nermal work platform guide rollers, positive and effective devices shall be provided to
prevent anly driving or safety-device pinion from becoming disengaged from the rack. These d¢vices shall
ensure thaf axial movement of the pinion is limited so that a minimum of 2/3 of the tooth width is always in
cngageme i—with-therack—theyshabalsorestrainradiabmovementot-the phrentremttsrermal meshing
position to no more than 1/3 of the tooth depth.

4.5.5.4 Visual examination of pinions

Visual examination of the pinions shall be possible without the removal of the pinions or major disassembly
of structural components of the MEWP.
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4.6 Work platform
4.6.1 Level of work platform

4.6.1.1 The level of the work platform shall not vary by more than 5° from the initial setting while the
extending structure is being raised or lowered.

4.6.1.2 Manual adjustment of platform levels exceeding 5° shall only be possible when the extending
structure is stationary. Alternatively, on MEWPs with full-flow control valves with control handles
connected mechanically to the control valve spools, an additional feature that guards against inadvertent

activation shall be provided.

4.6.1.3 T,
occurs dur

4.6.1.4 T
device conj
level with
twice the
factor of fiy

4.6.1.5 H

4.6.2

The work j
not sustain
4.6.3 Gu
4.6.3.1 P

materials.
of guardra

0,55 m from either the guardrails or(the toeguards.

4.6.3.2 V
between th

4.6.3.3 C

4.6.3.4 T
at the leas

b

oad imposed on them. If a single wire rope or chain is used, it shalbe designed with a safety

Work platform materials

he rate of change of platform angle during manual adjustment shall not exceed themas
ing lowering or raising in normal operation.

he levelling system, excepting hydraulic drive/driven levelling systems, shallincorpor
plying with 4.11 that, in the case of a failure within the system, will maifatain the wot
a further 5°. Mechanical levelling systems fulfil this requirement-if designed to t3

e against breaking when subjected to twice the imposed loads.

ydraulic cylinders in hydraulic levelling systems shall comply with 4.10.2.

a flame after the ignition source has been remioved.
ardrail (protection) systems

rotection shall be provided on alksides of each work platform to prevent the fall of p

Is at least 1,1 m high, toeguards at least 0,1 m high and intermediate guardrails not fy

ertical posts may be used instead of an intermediate guardrail if the clear horizont
ose posts is no moerethan 180 mm. Clear space between guardrail segments shall not exce

lear horizontal space between toeguard segments shall not exceed 15 mm.

he guardrails shall be constructed to withstand concentrated loads of 500 N per pers
[ faourable positions and in the least favourable direction at 0,5 m intervals, withd

permanent

rimum that

hte a safety
k platform
ke at least

platform shall be made of at least non-flammablé material(s), in other words, materialls that will

ersons and

The protection shall be securely-fastened to the work platform and shall, as a minim{im, consist

rther than

al distance
bd 120 mm.

on, applied
ut causing

deformation of the guardrails.

4.6.3.5 Each top rail, midrail or equivalent vertical barrier shall withstand a concentrated test load of
1 340 N applied at the least favourable positions and in the least favourable direction without reaching
ultimate strength.

4.6.3.6 For MEWPs operated in countries where national or other MEWP regulations allow, a minimum of
0,9 m may be applied instead of 1,1 m for the guardrail height (this recognizes national variations in physical
stature of persons).
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4.6.3.7 Folding guardrails satisfy this requirement provided that they remain securely fastened to the
work platform and are equipped with locking pins secured against unintentional disengagement and loss, or

an equally

effective means of locking.

4.6.3.8 Retractable guardrail system(s) on MEWPs shall:

a)

positions;

b)

9
d)

guard

against falls through the use of a fall restraint system;

lock into a normal position that fully encloses the periphery of the work platform;

open and IocK INto ONE Or MOT€ retracted positions with the locKing means being readily acy
inspec

tion.

4.6.4 Anlchorage(s)

4.6.4.1

4.6.4.1.1

for fall arrg

4.6.4.1.2
than one o

4.6.4.1.3
or corners

4.6.4.1.4

floor of thd

4.6.4.1.5
for use wh

4.6.4.2

Each fall rg
by the mar

only apply

4.6.4.3 K

4.6.4.3.1
allowed b

(

H

teneral

All MEWPs shall be provided with anchorage(s). All anchorages on group B MEWPs sh

The number of anchorages shall be equal to or exceed(the allowable number of per
Ccupant may attach to a single anchorage if the anchorage is rated for more than one p

Anchorages shall be designed so as to accept personal fall protection equipment. Exp
shall be relieved either with a radius of at least.0,5 mm or a 45° chamfer.

work platform.

On all MEWPs with retractable guardrail system(s), a fall restraint anchorage(s) shall b
bn the guardrail system is retracted.

all restraint

straint anchorage shall be capable of withstanding a static force of 3 kN for each pers|
ufacturer on thezanchorage without reaching ultimate strength. This strength require
to the anchorage and its attachment to the MEWP in all possible load directions.

all arrest

Each fall arrest anchorage shall be capable of withstanding a static force of 16 kN for e

est. Group A MEWPs may be equipped with either fall restraintorfall arrest anchoragg

Anchorages located within the platform shall be positioned not more than 750 mm

be designed to meet the dimensional and strength requirements of 4.6.3.1 through 4.6.3.6 in all locked

Fessible for

hll be rated
S,

sons. More
PrSon.
psed edges

above the

e provided

on allowed
tment shall

ach person

The Manutacturer O the anchorage without Teaching Uitimate SIrengtit. For anciorag

s rated for

more than one person, the strength requirement shall be increased by 20 % for each additional person. This
strength requirement shall only apply to the anchorage and its attachment to the MEWP in all possible load

directions.

4.6.4.3.2 The manufacturer shall test any anchors designated as fall arrest anchorages according to the
requirements of 5.1.4.1.
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4.6.5 Openings in guardrails for entrance and exit
4.6.5.1 General

4.6.5.1.1 Any part of the protection movable for the purpose of access to the work platform shall not fold
or open outwards except as specified in 4.6.5.2. The gate shall either return automatically to the closed
position or have an interlocking device that meets the requirements of 4.11 to prevent operation of the
MEWP until it is closed. Inadvertent opening shall be prevented. Sliding or vertically hinged intermediate
guardrails that return automatically to their protective position do not need fastening and interlocking.
Consideration should be given to ease of entry and exit. The access system shall permit and, by proper
placement of components, promote achievement of three-point support while ascending or descending the

access system.

4.6.5.1.2

4.6.5.1.3
645 mmw

4.6.5.2 9

On work platforms without fixed top guardrails, the opening shall not be less than 42

On work platforms with fixed top guardrails, the opening shall not be less than 800 m
de.

pecial-purpose work platforms

Work platfiorms of 0,5 m?2 floor area or less, designed for single occupant*use, may be equipp

outward-o

4.6.6 Flc

4.6.6.1 T

pening door, provided they have a self-closing top guardrailin accordance with 4.6.3.
jor of work platform

he floor of the work platform, including any trapdoor, shall be slip-resistant and se

Any opening in the floor or between the floor and toeguards or access gates shall be dimension

D mm.

m high and

bd with an

f-draining.
ed so as to

prevent th¢ passage of a sphere of 15 mm diameter.

4.6.6.2 Platform floor width and length shall he'at least 460 mm each.

4.6.6.3 The floor of the work platform and any trapdoor shall be able to take the rated load distributed
according o0 4.2.2.2.2.

4.6.6.4 (n MEWPs with retractable guardrail system(s), the floor of the work platform shalll contain a
strip at the periphery where the guardrail is removable to define the boundary of the platform| This strip

shall be co

4.6.7 Ch

Chains or 1

htoured and shallnoet exceed 1 cm in height and 3 cm in width.

pins or ropes

opes or-ether flexible elements shall not be used as guardrails or access gates.

4.6.8 Ac

céssing the work platform

4.6.8.1 Work platform access from the access level

4.6.8.1.1 When the distance between the access level (for example, standing surface, ground) and the
floor of the work platform (or top of the toeguard if the toeguard is fixed) in the access position is > 500 mm
as shown in Figure 7, the MEWP shall be equipped with an access system in accordance with 4.6.8.2.

4.6.8.1.2 MEWPs with fully enclosed non-conductive work platforms are not required to meet the
requirements of 4.6.8.1.1. If equipped with an access system, the requirements of 4.6.8.2 apply and the
distance from the top step to the upper edge of the platform shall meet the requirements of Table 4, H.
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N
500 /

Key
1 workp
2 access

4.6.8.1.3
continuouq
the handr4

4.6.82 A

4.6.8.2.1

Dimension
Table 4.

atform
evel (standing surface or ground)

jccess system

Steps and ladders

3  gate with toeguard

4  fixed toeguard

Figure 7 — Work platform access from the accéss'level

5 of steps and ladders shall meet theé requirements as shown in Figure 8 with dimensidg

Dimensions in mm

If handrails and handholds are required for accessing the work platform to provide inftuitive and
support to a person moving along the access system-while maintaining three-points
ils and handholds shall meet the requirements of 4.6:8.2.2.

of contact,

ns given in
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E

L
Key
1 workK platformfloor (w/gate) or top of toeguard if the toeguard is fixed
2 fully pnclosed non-conductive work platform

Ato H See Tabte 4.

7

Figure 8 — Dimensions of access system steps and ladders
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Table 4 — Dimensions of access system steps and ladders

Dimension (mm)

Symbol Description .
Min. Max.
Height from top step of ladder to work platform floor (w/gate) or top of toeguard if
A e 230 400
the toeguard is fixed
B Tread spacing (riser height) — 300
c Step width — for one foot 160 —
Step width — for two feet 320 —
D, Tread depth — Circular 19 —
D, Tread depth — Square or rectangular 12 —
D, Tread element depth — Multiple element step 3 —
D, Tread element spacing — Multiple element step — 50
E Vertical instep clearance 150 —
F Toe clearance (free space behind outer edge of step or centreline of circular step) 150 —
G Height of first step of ladder from access level (standing surface or ground) — 500
Distance from top step to upper edge of work platform on fully enclosed non}con-
H i 400 500
ductive work platform
4.6.8.2.2 | Handrails and handholds
4.6.8.2.2.1 Handrails and handholds shall be appropriately placed within the access system afs shown in
Figure 9 wjth dimensions given in Table 5.
T 0
J
|
P
—+ N
2
Key
2 accessdevel (standing surface or ground)
ItoQ See Table 5.

Figure 9 — Dimensions of handrails and handholds
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Table 5 — Dimensions of handrails and handholds

. Dimension (mm)
Symbol Description .
Min. Max.
I Ladder or step — Handrail diameter (or width across flats) 152 38
] Length between bend radii for support legs of handholds 150 —
K Hand clearance to mounting surface 50 —
L Distance above access level (standing surface or ground) — 1700
Vertical distance of handrail or handhold from edge of ladder/steps (if ladder/
M ) 850 1100¢
steps and handrail are separate parts)
N Offset distance of handrail continuation above step or platform 50 200
0 Ladder — Width between parallel handrails 300d 950b
Stairway and ramp — Width between parallel handrails 460 —
P Distance above walkway, passageway, step or stairway step 850 1400¢
Q Forward reach to handhold from the ground, step, platform — 765
a 10 mm|if orientation is vertical and the standing position for the handrail or handhold is greater-than 3 m abov¢ the ground.
b Up to 1 100 mm maximum when the handrails/handholds are an integral part of a door dpening.
¢ May b¢ increased to 1 700 mm for handrails and handholds located above the work platform floor.
d 300 mm up to a maximum height of 450 mm (see M): over 450 mm height, a width e£460 mm is required.
4.6.8.2.2.2 The recommended cross-section of a handrail and handhold is circular. A square or rectangular
cross-section with rounded corners according to ISO 12508 is permissible.
4.6.8.2.2.3 Any handrail or handhold on which the handigrasp surface extends beyond the support shall
have a change of shape at the end of the hand grasp surface to provide some protection frorm the hand
slipping off the end.
4.6.8.2.2.4 Handrails are recommended on each Side of a ladder system instead of handholds. Handrails or
handholds|may be integral part of, or separatefrom, the ladder.
4.6.8.2.2.3 Handrails and handhold suxfaces shall be free of roughness, sharp corners or protrpsions that
could cause injury to the hand.
4.6.8.2.2. Each handrail and-handhold shall be capable of withstanding a concentrated tgst load of
1 340 N applied at any pointfrom any direction without causing visible permanent deformation.
4.6.8.2.2.7] Handrails,and handholds can be installed on a movable part (for example, door, coyer, folding
guardrail),|only if the)movable part can be locked in position when the force is applied to the hahdrails and
handholds pr the force is applied in a direction that does not lead to unexpected movement of the mgvable part.
4.6.9 Trapdoors

Trapdoors in work platforms shall be securely fastened to the work platform and designed to prevent
inadvertent opening. It shall not be possible for trapdoors to open downward or to slide sideward.

4.6.10 Protecting controls and hands

Means shall be provided to reduce the risk of trapping or crushing injury to the hands of persons operating

the control

s or holding handrails.
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dible warning device

Type 3 MEWPs shall be equipped with an audible warning device (for example, a horn) operated from the
work platform.

4.6.12 Means of communication

Type 2 MEWPs shall be equipped with a means of exclusive and direct communication between the persons
on the work platform and the operator of the chassis.

4.6.13 Mechanical stops

nical stops.

vibrations

e MEWP.
extending

ated in the

in an area

ation. This

The movements of work plntfm’m (c) relative to the pyfpnding structure shall be limited by mecha
Hydraulic ¢ylinders fulfil this requirement if designed for that purpose.

4.6.14 Supportin transport position

The work platform shall be supported in the transport position in such a way as to avoid harmful
during tranpsport (see 4.2.4.2.4.2).

4.7 Controls

4.7.1 Geperal

4.71.1 (ontrols on MEWPs shall meet the requirements of 1SQ~21455.

4.71.2 (ontrols shall be positioned to avoid danger to the\operator from the moving parts of th
4.71.3 If wireless control systems are used, they\shall comply with Annex B. Operation of]
structure and elevated drive functions shall only.be possible when the wireless controls are loc
work platform in a position specifically designed-by the manufacturer.

4.71.4 (On MEWPs with retractable guardrail system(s), operator controls shall be located
where the guardrails cannot be retracted.

4.7.2 Sultained involuntary,eperation protection

Hand-operpted controls inthe’platform shall be protected against sustained involuntary oper
protection|should either prevent further movement of the machine in the direction of trapping or allow the

operator tq

4.73 Lo

reverse or Stop the trapping movement.

cationyaccessibility, protection, and selection among duplicate controls

4731 D

uplicate controls for all powered functions of the extending structure shall be prov|

ided at the

base or ground level, except for drive or steering, and shall override controls situated on the work platform.
Controls shall be readily accessible to the operator. Control boxes not permanently attached shall have their
normal location and orientation clearly marked.

4.7.3.2

If movement can be controlled from additional control stations, a locking mechanism shall be

provided such that movement is possible from only one pre-selected control station. The base or ground-
level controls shall override all additional controls, including platform emergency stop control. The locking
mechanism shall be a safety device that complies with 4.11.

4.7.3.3 Where the mechanism incorporates a key, the key shall only be able to be removed when the
mechanism is in the neutral or off position.
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4.7.3.4 On MEWPs designed to work near live electrical conductors, the lower controls shall be located
such that an operator is not placed in the electrical path between the aerial device and the ground surface.

4.7.4 Emergency stops

MEWPs shall be provided with emergency stop controls meeting the requirements of ISO 13850 at each
control position. These controls shall meet the requirements of 4.11.

4.7.5 Pilot and solenoid valves

Pilot and solenoid-operated control valves shall be so designed and installed that they stop the corresponding

movement

in the event of power failure.

4.7.6 Re

On starting
deliberate

4.7.7 Au

4771 M
primary p(

work platform from anywhere in the working envelope to an access position.

4.77.2 T

may be duplicated on the work platform.

4.77.3 T
possible in

4.7.8 Oy

4.7.8.1 (

4.7.8.1.1
by the use

a)
b)
9

d) allows

isloca

is of hq

complies with 4.115

storation of power after failure

b or on restoration of power after failure of the power supply, no movement shalloccu
hction on the part of the operator.

xiliary lowering system

[EWPs shall be fitted with an auxiliary system to provide a baé¢kup in the event of fa
wer (for example, out of fuel, battery out of charge). This systeny’shall be capable of ref

he auxiliary system controls shall be located in a position easily accessible from the gr

he above requirements need not apply if leavitig or reaching any position of the work
another way (for example, by means of fixed1adders).

erriding of functions
pverriding of safety functions

Where overriding of safety functions is permitted as described in this document, it sh
pf a control that:

fed at the base or;ground level;

ld-to-run.type;

onémotion at a time.

 without a

lure of the
urning the

ound; they

platform is

all be done

NOTE

4.7.8.1.2

Controls for overriding safety functions shall be marked in accordance with 6.4.5.

gverriding of functions can be performed using either the primary power unit or the auxiliary system.

4.7.8.1.3 An additional control to override a safety functions can be located at the platform controls.

4.7.8.2 Overriding of emergency stop function

4.7.8.2.1 When the emergency stop function has been initiated by the engagement of the emergency stop
device located on the work platform, overriding the emergency stop function from the ground level shall be

possible to

rescue a stranded and/or incapacitated operator on the work platform.
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4.7.8.2.2 During the overriding of the emergency stop function:

— duplicate controls located at the base or ground level (see 4.7.3) shall be active;

— work platform controls shall remain deactivated;

— all the

NOTE
occur at the

other safety functions shall remain active.

same time.

It is possible that load-sensing system override (4.7.8.1 applies) and emergency stop function override

4.7.8.2.3 During the rescue manoeuvre, it is permissible to use either the main power supply or the
auxiliary system.

4.7.9 Aultomatic or programmed operation

Automatic
appropriat
is “under o

4.7.10 Wi

4,710.1 I
lower cont

4,710.2 Q
such thata

or programmed operation performed with the joystick, lever or switch released’is pe
e safety measures are employed, such as a warning device alerting the operator that t}
peration”, and provided a separate control is activated and release interrupts the mov

nch control on vehicle-mounted MEWPs

the MEWP is equipped with a material-handling winch, it shall‘have both upper contr
Fols. The lower controls shall be located in close proximity{to the lower control station

n MEWPs designed to work near live electrical condrictors, the lower control shall
n operator of the lower winch control is not placed in the electrical path between the a4

and the ground surface.

4,711 M
The drive

4.8 Elec

4.8.1 Re

The electri
If, owing {
current su
deviations

!

WPS with retractable guardrails

nction shall be disabled when the guardrails are retracted from the normal position.
trical equipment

levant norms and standards

cal equipment of MEWPs shall comply with the relevant standards, in particular with IH
0 special conditions, MEWPs are used outside the ranges covered by IEC 60204-1]
bplies, ambient-air'temperature, altitude, or connection to moving elements of the ma
will be necé€ssary, and the responsible entity shall take the necessary safety measu

state any operating limitations in the operator's manual (see 6.2).

in switch

rmissible if
he machine
bment.

ols and the

be located
brial device

C60204-1.
for direct

chine, then

res and/or

innected or

"off" position by means of alocking device or equivalent, to prevent operation or unauthorized use of the MEWP.

4.8.3 Cables

Cables shall be multi-stranded when flexibility is necessary and, if necessary, shall be oil resistant.

4.8.4 Battery protection

Batteries shall be protected against damage due to short circuits and against mechanical damage. If batteries
are the primary power source, the disconnection (isolation) of the battery, (in other words, breaking of one
pole of the electrical supply), shall be easily possible without the use of tools.
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4.8.5 Ingress of water

When necessary to prevent ingress of water, the minimum degree of protection provided by enclosures
shall be IP 54 in accordance with IEC 60529. The responsible entity shall take into account any foreseeable
conditions of use (for example, fluids other than water necessitating higher degrees of protection).

4.8.6 Electromagnetic compatibility (EMC)

The MEWPs shall have sufficient immunity to electromagnetic disturbances to enable them to operate safely
as intended and not fail to danger when exposed to the levels and types of disturbances anticipated by the
responsible entity. The design, installation and wiring of the equipment and sub-assemblies shall take into

account the recommendations of the suppliers of these sub-assemblies.

4.8.7 Ha

4871 A

power systlem is energized or activated.

4.8.7.2 K
4.9 Hyd
49.1 Pr

49.1.1 T
before the

one pressufre-limiting device shall be provided.

49.1.2 T
being sealg

4.9.2 St

Pipes and
pressure-li
deformatid
pressures |
twice the i

4.9.3

The bursti
by any pre

Bursting strength of hoses and fittings

urmeter

n hourmeter shall be provided on the MEWP to record accumulated time of@@pératio

por totally manually-operated MEWPs, the requirements of 4.8.7.1 domot apply.

raulic systems
pssure-limiting device

he hydraulic system shall include the pressure-limiting device such as a pressure-
first control valve. If different maximum pressures’are used in the hydraulic system,

he adjustment of pressure-limiting devices shall require the use of tools and shall be
d.

ength of pipes and connections

those of their connections-Wwhich can be subjected to the maximum pressure permit
miting device shall be designed to withstand at least twice that pressure without
n (yield stress Ry, If, under normal operation, components can be subjected
han those permitted by the pressure-limiting device, they shall be designed to withst3
igher pressure without permanent deformation (R, ,); see 4.10.1.3 for failure conditi

g pressure of all fittings and hoses, which may be subjected to the maximum pressurg
ssure limiting device, shall be not less than three times that pressure.

h while the

relief valve
more than

capable of

ted by any
permanent

to higher
ind at least
bns.

permitted

4.9.4 Pressure rating of other components

All components of the hydraulic system, other than those specified in 4.9.2, 4.9.3 and 4.10, shall be rated
for at least the maximum pressure to which they will be subjected, including any temporary increase in
pressure setting necessary for carrying out the overload test (see 5.1.4.3).

49.5 Ga

uge connections

Each hydraulic circuit shall be provided with sufficient connections for pressure gauges to allow checking

for correct

operation.
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4.9.6 Venting of air

The design of the hydraulic system shall enable entrapped air to be vented.

4.9.7 Inlet filter

Any fluid reservoir open to the atmosphere shall be equipped with an air-inlet filter.

4.9.8 Fluid level indicators

Each fluid reservoir tank shall be equipped with easily accessible devices indicating both the permissible
maximum fluid level and the necessary minimum level when the extending structure is fully lowered and
retracted, and the stabhilising devices fully retracted

4.9.9 Flyid cleanliness

Each hydrdulic system shall have means to ensure the fluid cleanliness level necessary for safe operation of
the system|and its components.

4.9.10 Gas-loaded accumulators

4.9.10.1 In hydraulic systems incorporating gas-loaded accumulators,)a means shall be pfovided to
vent the liuid pressure automatically or to positively isolate the aeeimulator when the system is in the
unpressurized state.

4.9.10.2 If the gas-loaded accumulator pressure is required by design to be retained when th¢ system is
shut off, complete information for safe servicing shall be visually displayed on or near the accunpulator in a
visible locdtion. Duplicate information shall be provided in the service manual on the circuit diagjram.

4.10 Hydraulic cylinders
4.10.1 Structural design

4.10.1.1 General

The design of load supporting cylinders shall be based on an analysis of the pressures, imposed loads, and
forces during normal operationfand failure conditions (see 4.10.1.3). Cylinders acting as mechanifal stops at
full retractlion or extension shall be designed to withstand twice the imposed load when in this ppsition and
shall includle the additive effects of both external and internal forces such as those resulting from hydraulic
pressure. All critical components shall have a minimum bursting strength of 3 times the operatirlg pressure
for which the system is-designed.

4.10.1.2 Normal-operating conditions

4.10.1.2.1 BucKIling

The responsible entity shall identify the operating conditions which produce the combinations of extended
length, pressure, deflections and externally applied loads and forces creating the maximum buckling
conditions.

4.10.1.2.2 Constructional details

The design of welded joints shall conform to 4.2.4.2. Load-carrying threaded joints shall comply with relevant
standards, and stress calculations shall take into account the reduced shear areas due to manufacturing
tolerances and the elastic deformation caused by hydraulic pressures. The design of threaded joints
subjected to varying tensile loads shall take into account the effects of fatigue and prevent inadvertent
separation (unscrewing).
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4.10.1.2.3 Conditions causing pressure above pressure-limiting device pressures (see Figures 10 to 14)

4.10.1.2.3.1 The following conditions cause pressures above those of the pressure-limiting devices:

a) the effect of devices that reduce the speed of the cylinders below the speed that could result from the
full fluid supply to the cylinders, thereby causing an internal pressure loading additional to the normal
pressure due to externally applied loads, with this additional pressure expressed by the ratio:

D
D% _ 42

where

D  is|the diameter of the piston;

d is|the diameter of the piston rod when a cylinder is in tension and the speed control device acts on
thie annulus;

b) the effect of thermal expansion of fluid confined in the cylinder when at rest.

NOTE The speed control devices described in a) above can take the form of the Control valve being pdrtially open
or closed.
1 2 1+2
F oD F
p p

[N

I

Prc

a T b
i Sati g =g
Z Z
Key
D diamleter of piston (Dz 42
d diameter Ufpibtuu rod-with l,_yliudl:l tirtenstomrand apccd =4 I - -
control device acting on annulus L D?
F load
D* —d*
p system pressure b Ppc +P| ———
2
Ppc  hormal pressure D

7 restricted flow

Figure 10 — Cylinder pressures under normal operation — Cylinder in compression
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3 4 3+4
F oD F
prr a b
m — = T
I
Key
D  diametpr of piston a
d  diametpr of piston rod with cylinder in tension and D
speed dontrol device acting on annulus

F  load b
p  system|pressure ppr +D

ppr Normal pressure
Z  restricted flow

Figure 11 — Cylinder pressures under normalioperation — Cylinder in tension

4.10.1.2.3f2 The pressure at the top of the pistonis’equal to the pressure at the bottom.
supported |by the area of the rod, td2/4, instead of-the area of the piston, TD?/4. The normal pr¢
increases ljy the ratio D2/d2.

D

< »
¢ L

od

= <
L Bl

F

'he load is
PSSure, Pre,

Key

D  diameter of piston

d  diameter of piston rod with cylinder in tension and speed control device acting on annulus
F  load

1 failed seal

Figure 12 — Cylinder pressures at seal failure
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Figure 13 — Twin cylinders-uinder compression in normal operation
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4.10.1.3 K

4.10.1.3.1

The pressy
acting cyli
head, and {
hoses and

other hydr

ailure conditions

0il leaking pastpiston seals

hulic components.

Figure 14 — Twin cylinders under compression, one line blocked

re normally.generated can increase by the ratio D?/d? where oil leaks past piston sealj
nders under compressive loads. This particularly affects the stresses in the cylinder ty
hese shall not exceed the yield stress (R ;). This ratio is the minimum safety facton
pipés which are at the same pressure as the cylinder, unless the pressure increase is

)

2{ch +p-

D? —nd? ]

.DZ_n_dZ)

in double-
be and the
for valves,
limited by

4.10.1.3.2 Several cylinders operating the same mechanism

4.10.1.3.2.1 When more than one cylinder operates the same mechanism, illustrated in Figures 13 and 14,
consideration shall be given to the effect of one cylinder being blocked and taking or causing greater loads.
In the case of double-acting cylinders, this includes the force(s) generated by the other cylinder(s) or the
force required to move the other cylinder.

4.10.1.3.2.2 Under failure conditions, the calculated maximum stress shall not exceed the yield stress of the
material (R, ,).
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4.10.2 Prevention of unintended movement of load-holding cylinders

4.10.2.1 Load-holding cylinders shall be fitted with a device to prevent unintended movement caused by
failure of an external pipe [excluding those indicated in 4.10.2.3 c)] until it is released by an external force.

4.10.2.2 The effects of thermal expansion in load-holding cylinders shall be accounted for.

4.10.2.3 Such devices shall be either:

a)
b)

integral with the cylinder,

directly and rigidly flange-mounted to the cylinder,

¢) placed

welde(

410.2.4 O
between th

NOTE 1
4.11 Safe
4.11.1 Ge

411.1.1 V
perform th

close to the cylinder and connected to it by means of rigid pipes (as short as possil

ther types of fittings, such as compression fittings or flared pipe fittings) are not
e cylinder and the lock valve.

'hese requirements, when met, also meet those of 4.5.1.6.
ty devices and safety functions
neral

Vherever reference is made to this clause, safety-related parts of control systems (SH
e relevant safety function shall achieve the performance level in accordance with IS

specified in Table 6.

411.1.2 T

4.11.1.3 I
manner by

41114 A

4.11.2 Sa

For safety

he validation of the safety functions and performance levels in 4.11.1 is given in ISO 13

shall only be possible to overridera safety device or safety function listed in Table
using a separate device of the same performance level or better.

udible warnings and visualsignals shall meet the requirements of IEC 61310-1.

fety functions of mechanical devices

Functions of mechanical devices, no specific performance level is required.

le), having

| or flanged connections and whose characteristics are calculated in the same wa¥ 'as the cylinder.

permitted

P/CS) that
0 13849-1

849-2.

6 in a safe
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Table 6 — Performance levels for safety devices and safety functions

Required performance level (PLx)

according to ISO 13849-1

for example
control systd

1,

lodding valves are considered to belong to the operating part of the system and not the safety rela

Subclause in this docu- Description of safety function
ment group A, group BMEWPs
type 1 type 2, type 3
4.3.1 c N/A Prevent travel of pedestrian-controlled MEWPs
4321 c d ggi\i/t?grtl elevation beyond the lowered travel
4.3.2.4 N/A c Prevent travel above inclination limit
4.3.71 c Monitoring of stabilising devices
4.3.7.2 q PTEVent operation outside limited Tange without
stabilising devices
4.3.9 d Safety device for powered stabilising flevices
131422 : WA [fodof g mechanem iceling sabil-
£314.26) N/ 4 lingdevices for tyge? and type 3 MEWPs
4.3.15.1 a) C N/A Control of oscillating axle lock
4.3.15.1b) N/A d ;Ioocrll(trol of anid safety device for oscilldting axle
4.3.16.2 N/A c Limitation of travelling speed
4.41.2 d Load:sensing system
4.4.1.3 d Position control
44.1.4 d Moment sensing system
4.4.19 d Variable range of operation
4.51.3.1 c Monitoring of chain/belt
4.5.2.7 c Stop movement of slack rope conditions
4.5.3.7 o Stop movement of slack chain conditigns
4.5.5.2 c Overspeed governor of rack and piniop drives
4.6.1.4 d Levelling systems
4.6.5.1.1 c Interlocking of guardrails
4.7.3.2 c Interlocking of control position
4.7.4 c Emergency stop
4711 c Retractable guardrail drive disable
4.10.2 c Load holding cylinders
N/A - Not applicable
NOTE Control systems are defined in such a way that they end at the output of the power control elements. By thfs definition,

ed part of a

4.12 Noise reduction

Noise reduction shall be an integral part of the design process for MEWPs, specifically taking into account
technical progress and measures at source using ISO/TR 11688-1 for guidance.

NOTE

ISO/TR 11688-2 gives further information on noise generation mechanisms in machinery. Some major

sound sources of MEWPs are power generation and transmission equipment such as combustion engines, the cooling
system, electric drive systems and hydraulic systems. Measures for noise reduction include enclosed power generation,
transmission and hydraulic equipment, capsulated cooling system and exhaust silencers.

61
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5 Verification of the safety requirements and/or protective /risk reductions
measures

5.1 Examinations and tests
5.1.1 General

5.1.1.1 The MEWP shall comply with the safety requirements and/or protective/risk reduction measures
of this document. These requirements and measures shall be verified according to Table 7. Where an "X" is
indicated in Table 7, the corresponding verification method(s) shall be applied.

5.1.1.2 Hxaminations and tests to ensure that the MEWP complies with this document (see 5.2 and 5.3)
shall consigt of
a) design|checks (see 5.1.2),
b) manufpcturing checks (see 5.1.3), and
c) tests ($ee 5.1.4).
5.1.1.3 The results of examinations and tests shall be recorded.
Table 7|— Methods for the verification of safety requirements and/or protective/risk reduction
measures
Verification method
Addi-
?:gilcgl? Test? exa‘lllllg;l::ion o?g?l?(ler
Clause Title/description method
4.2 Stability and structural calculations X X A
4.3.1 Travel prevention X X
4.3.2 Chassis inclination X X
4.3.3 Locking pins X
4.3.4 Control bars and tow bar$ X X
4.3.5 Control bars and tow.bars held in vertical position X X B
4361 E;;;lgél;s‘/l\]r;lge Sﬁ;)/ice ground contact points (other than X B
4.3.7 Permitted wofK platform positions X X
4.3.8 Totally manually operated MEWPs X
4.3.9 Preyéntion of powered stabilising devices movement X X
4.3.10 Manually operated stabilising devices X X
4,311 Movement of stabilising devices X
4.3.12 Vehicle-mounted MEWP transport position indicators X
4.3.13 Visual contact at control positions X
4.3.14.1 |Levelling stabilising devices X B
a  Functional test unless otherwise noted.
Key
A static tests and overload tests.
B verification by measurement
C seeb5.1.2
D inaccordance with 5.1.4
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Table 7 (continued)
Verification method
Addi-
Design | ... ia Visual tional
check examination | or other
Clause Title/description method

Levelling stabilising devices - Hydraulic cylinders for
4.3.14.3 o : . X

positional control or locking devices
4.3.15 Oscillating axle lock or control system X X
4.3.16 Maximum travel speeds in elevated position X X
4.3.17 Maximum travel speed of pedestrian-controlled MEWPs B
4.3.18 Self-propelled MEWP brakes X X _ !
4.3.19 Stopping distances X AQ‘V
4.3.20 Unauthorized use X -Q;‘.l’
4.3.21 Thermal hazards _ X
4.3.22 Engine exhaust \\O’ X
4.3.23 Filling points for fluids ,.O X
4.3.24 Batteries and battery containers s‘\vJ X

Derailment and run-away prevention of rail-mounted (o)
4.3.25 & X

MEWPs O
4.3.26 Vehicle-mounted MEWP chassis selection \Q(v
441 Methods to avoid overturning and exceeding perm1551blg<é C D
— stresses 0,
4.4.2 Sequencing of extending structure X %\ X X
4.4.3 Trapping and shearing . O.Q\ X B
4.4.4 Supporting extending structure for routineﬂn‘réh‘{tenance X X
4.4.5 Speeds of extending structure N R\ X
4.4.6 Supportin transport position ‘&\C}‘ X X
4511 Unintended motion . . X X
4.5.1.2 Protection of extending stru‘c@’e from power sources X
45.1.3 Failure of transmission cl?-ag‘n))‘r belt X X
4.5.1.4 Kick-back of handles mv X X
4515 Ppwered and manu@rive systems for the same func- X X

tion ~
4.5.1.6 Braking syst@fér all drives X X
4.5.2.1 Wire rop@s}?ﬁ;e system safety X X
4.5.2.2 Load@\y/ing wire ropes X X
4.5.2.3 Syjfg& of multiple wire ropes X X
4.5.2.4 R‘gnncinning of wire ropes X X
4.5.2.5 Terminations of wire ropes X X
4.5.2.6 Visual examination of wire rope terminations X X

a Functional test unless otherwise noted.

static tests and overload tests.

see5.1.2

A
B verification by measurement
C
D

in accordance with 5.1.4
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Table 7 (continued)
Verification method
Addi-
I::flselcgl:l Test? exa‘lllﬁ:ll::ion o:'lg?l:r
Clause Title/description method

4527 Safety dev_ice for MEWP work platforms raised and low- X X

ered by wire ropes
4528 Rope drum grooves and prevention of rope leaving the X

ends of the drum
4.5.29 Layers of rope X X
4.5.2.10 [Turns of rope X X N
4.5.2.11 |Fastening rope to drum X X (\q/v‘
4.5.2.12 |Unintentional displacement of rope X n)(l/\’
4.5.2.13 |Drum and sheave grooves X ng}i
4.5.3.2.3 |Two-chain drive systems X \Q)J X
4.5.3.3 Multiple chains attached to a point X @) X
4.5.3.4 Tensioning chains X , \(Ov X
4.5.3.5 Strength of junction between chain and termination X (5\
4.5.3.6 Visual examination of chains and terminations X\Y X
4537 Safety devi(?e for MEWP work platforms raised and low- \QXV X

ered by chains AN
4.5.3.8 Unintentional displacement of chain 0.\ X X
4.5.4.1 Lead screw and nut design stress and material \%\' X
4.54.2 Separation of lead screw from work platform O.Q\ X
4.5.4.3 Load-bearing nut and safety nut AQ\' X X
4.5.51 Design stress of racks and pinions N R\ X
4.5.5.2 Safety device and over-speed gOVBI;I\Gg)v X X
4.5.5.3 Device to prevent pinion displace,nrgeﬁz X
4.5.54 Visual examination of pinion‘@ ’ X
4.6.1 Work platform - Level ofyv&:ﬁ‘platform X X
4.6.1.5 Work platform - Level(cbp}fol (hydraulic cylinders) X
4.6.4 Anchorages ,\c_)v X X
4.6.5 Openings in thqg@r‘drails for entrance and exit X
4.6.5.2 Special-pur&@?‘vork platforms X
4.6.6 Floor of@‘( platform X X
4.6.7 Cha/i@ropes X
4682  |Access system X X
4.6.8.2.2 |Handrails and handholds X X
4.6.9 Trapdoors X
4.6.11 Audible warning device X
4.6.12 Means of communication X X
a  Functional test unless otherwise noted.
Key
A static tests and overload tests.
B verification by measurement
C seeb5.1.2
D inaccordance with 5.1.4
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Table 7 (continued)
Verification method
Addi-
IZ;elselcgl::1 Test® exa‘lllisi,:::ion o:'lg?l?;r
Clause Title/description method
4.6.13 Mechanical stops X X
4.6.14 Support in transport position X X
4.71 Controls - General X X
473 Loca_tion, accessibility, protection, and selection among X X
duplicate controls
4.7.4 Emergency stops X X
4.7.5 Pilot and solenoid valves X X
4.7.6 Restoration of power after failure X
4.7.7 Auxiliary lowering system X X
4.8.1 Electrical equipment - Relevant norms and standards X X
4.8.2 Main switch X X
4.8.3 Cables X X
4.8.4 Battery protection X
4.8.5 Ingress of water X X
4.8.7 Hourmeter X
49.1 Hydraulic system - Pressure-limiting device X X
49.2 Strength of pipes and connections X
49.3 Bursting strength of hoses and fittings X
49.4 Pressure rating of other components X
49.6 Venting of air X
49.7 Inlet filter X
49.8 Fluid level indicators X X
499 Fluid cleanliness X
49.10 Gas-loaded accumulators X X
4.10 Hydraulic cylinders X X X
a  Functiopal test unless otherwise noted.
Key
A static tepts and overload)tests.
B verification by measurement
C seeb5.1.4
D inaccorflante with 5.1.4

5.1.2 Design check

The design check shall verify that the MEWP is designed in accordance with this document. It shall include
verification of the following:

a) drawings containing the main dimensions of the MEWP;
b) description of the MEWP, with necessary information about its capabilities;
¢) information about the materials used;

d) diagrams of the electrical, hydraulic and pneumatic circuits;
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the operator's manual;

calculations.

Manufacturing checks

The manufacturing check shall verify that:

a) the MEWP is manufactured in accordance with the design check documents;

b) the components are in accordance with the drawings;

c) test certificates are available for each type of rope, chain and hydraulic or pneumatic hose, and that
these certiientestndieatethemintmom-bresldrsforeceorbursHRs pressare asapproprinte

d) the quplity of welds is ensured by use of the appropriate standard(s);

e) the construction and installation of parts, components and systems are in acégrdance with this
document.

5.1.4 Tests

5.1.4.1 Hall arrest overturning test

5.1.4.1.1 |[MEWPs designed for use with a fall arrest system (see’4:6.4.3) shall successfully complete the

following test. See Figure 15.

a) The MEWP shall, while positioned on a level surface, withstand the force of a free-falling 136 kg test
mass dr the rated platform load whichever is less
— the origin of which has been placed so that its:¢éntre of gravity is 0,46 m outside of the top rail of the

w;[rk platform in a direction that creates the most adverse stability condition,

— which is attached by a non-shock-abserbing lanyard to a lanyard anchorage point neargst the test
mass origin, the lanyard having been passed over the top rail of the work platform sufh that the
overturning force is applied to the rail,

— falling a minimum vertical distance of 1,2 m, without interference or obstruction and without hitting
the floor/ground during thejtest.

b) The MEWP shall be loade@+t0 the most adverse stability condition during the test. The test mgss plus the
platforym load shall eqéal the maximum platform rating. The test shall be conducted with ro platform
load iff this is the eondition of least stability. Any platform load shall be evenly distributed on the
platform.

c) During the test;it is not necessary to include chassis inclination, permissible wind, and manyal forces.

d) The MEWP shall not overturn as a result of this test. Permanent deformation of any part is hcceptable,
prOVid dthatthe-testmassisnotreleased-duri mg thetest:

5.1.4.1.2 The configuration of the MEWP shall be in the most adverse configuration.
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Dimensions in metres

1 E6/2 1 0';*6/2
[V & vl
N N
v L
e )
5 / 5
1P pd

a) Group A MEWP front view and side view shown
0,46

\ﬁ/

1

b) Group B MEWP shown

Key

1 anchorage (see 4.6.4)
2 136 kg test mass

3  free-fall distance

4  MEWP

5 level surface

Figure 15 — Fall arrest overturning test
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5.1.4.2 Stability tests

5.1.4.2.1 Static tests

5.1.4.2.1.1 The MEWP shall be set up on the maximum allowable chassis inclination defined by the

responsible entity plus 0,5°. Stabilising devices, if provided, shall be used as specified by the r

esponsible

entity. If the MEWP is supported in the working position by pneumatic tyres and is not protected by a low-
tyre-pressure operator warning system, the MEWP shall be set up with the inclination taking into account
a deflated tyre. If the system incorporates a tyre pressure monitoring system (TPMS), the MEWP shall be
set up at the tire inflation pressure when the TPMS activates. Test loads shall be applied to represent all the

least favourable load and force combinations specified in 4.2.3.

5.1.4.2.1.2 For group A MEWPs that have platform extension(s) with rated load(s) different from the main

work platform rated load, and which do not have specific load control of the extension(s), the.ratd
4.2.1.1) shall be in accordance with Figure 16.

1 2

Y Y

Key
1  main work platform

2 extension platform (fully extended)
3 rated lgad, m

Figure 16 — Static test

d load (see

5.1.4.2.1.3 CRated load is expressed as (see also 4.2.1):

M=my work TMe ext
where

My work = Mp,work XMp

N, work 1S the permitted number of persons on the main work platform;
m, is 80 kg (mass of a person);
Mg ey 1S the mass of tools and materials permitted on the extension platform.
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5.1.4.2.1.4 Persons and tools/material loads shall be distributed on the extension platform and, if

necessary,

on the main platform as specified in 4.2.2.2.2.

5.1.4.2.1.5 The testload(s) may be applied at any suitable strong point, if necessary, to avoid overstressing
any part of the MEWP, provided the application point(s) chosen for the test load(s) induce deflection into the
MEWP structure which represents conditions for which the MEWP is designed to be operated.

5.1.4.2.1.6 The test shall be repeated in all the least favourable extended and/or retracted positions.
Examples are noted in Table 1 and shown in Figure 3.

NOTE

The MEWP is considered to be stable if it can attain a stationary condition without overturning while

supporting the testload(s). During the stability test, the lifting of tyres or outriggers alone does not indicate a condition

of instability:

5.1.4.2.1.7,
accordancd
platform.

5.1.4.2.1.8
5.1.4.2.2

5.1.4.2.2.1]

a) Types
evenly]

Additionally, it shall be demonstrated that following application of the manua
with 4.2.2.4 in any position of the work platform, there is no permanent defopmation

After removing the test load(s), the MEWP shall show no permanent deformation.
Dynamic tests on types 2 and 3 MEWPs

General

P and 3 MEWPs shall be subjected to kerb tests and braking tests with the rated load

specifi

b) Forty
main
the ted

the m3
1) R4

m

2) R4

es 2 and 3 MEWPs in group A that have platform extension(s) with rated loads differe
vork platform rated load and that do not have specific load control of the extension
ts shall be carried out with the loads distributed in the same way and at the same tij
in work platform and the extensionplatform. See Figure 17.

ted load m,,, is defined by (see also 4.2.1):
bxt = (mp,ext + Mg ext )+ my,

ted load m is defined by (see also 4.2.1):

work

work = (mp,work / mp,ext - mp )+ (me,work - me,ext )

| forces in
bf the work

Hlistributed

over the half of the work platform that will create the greatest overturning moment in the
lc test case.

ht from the
latform(s),
me on both
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1

Y

/N

main w
extensi
rated 14
rated 14

mp,wor
mp,ext
np,work

Ny ext

Mg wor

me,ext

my

Tests 9

ROOOKHKKX 71 )LJ
\
4 3
\/ \/

ork platform
on platform (fully extended)
ad (extension platform), m

ad (main platform), m,,,

Figure 17 — Dynamic tests on types 2 and 3 MEWPs

K = np,work x mp

= Np ext * My,
is the permitted number of persons on the main work platform;

is the permitted-number of persons or rated number of occupants on the extensio
is the mass of\tools and materials permitted on the main work platform;

is the m@ss’of tools and materials permitted on the extension platform;

is 80.kg (mass of a person).

hallalso be carried out with only the extension load, distributed in the same way on th

h platform;

b extension

platfor

m_In addition, the main work platform loads that increase the overturning momern

ts shall be

taken into account in accordance with 4.2.2.2.2. Any load on the main work platform that increases
the stabilizing moment shall be removed. An example of where these loads would need to be taken into
account is given in Figure 18.

1) Ratedload m,,, is defined by (see also 4.2.1):

My = (mp,ext +m

eext ) + my

2) Ratedload m,, is defined by (see also 4.2.1):

Myork = [(mp,work - mp,ext - mp ) + (me,work — Mg ext ):' f

© IS0 2024 - All rights reserved
70


https://standardsiso.com/api/?name=dd036f4557de2755e05280da8719910b

ISO 16368:2024(en)

s/
¢
w <—«§

h platform;

6
7 d
4N J4A\
\1/ \1/
Key
1  main Work platform
2 extensipn platform (fully extended)
3 ratedlgad (extension platform), m.,
4 rated Igad (main platform), m,,
5 removdl of the stabilising proportion of the main work platform load
6 tippingline
Figure 18 — Dynamic test on typesZ2-and 3 MEWPs with load locations
where
mp,w0r< = np,work x mp
mp,ext = np,ext x mp
Ny worl is the permitted number of persons on the main work platform;
Ny ext is the permitfed number of persons or rated number of occupants on the extensio
Mg work 1S the mass of tools and materials permitted on the main work platform;
Mg ext isithe mass of tools and materials permitted on the extension platform;
m, is 80 kg (mass of a person);
f is the proportion of the main work platform load outside the tipping line.
5.1.4.2.2.2 Kerb and depression tests

a) Thetestsshall berepeated, drivingin both the forward and reverse directions, in each extended position
of the MEWP and, if different travel speeds are allowed for different heights, at each of those heights, at
the maximum permitted speed for each height. In all cases, the steering wheels shall be parallel to the
length of the machine. If the MEWP is equipped with an oscillating axle(s) that are locked when in the
test configuration, the axle(s) shall be blocked at the limit of axle articulation which allows travel with
the platform elevated.

b) During

the tests, it is not necessary to simulate the effect of the permissible wind speed.

© IS0 2024 - All rights reserved
71


https://standardsiso.com/api/?name=dd036f4557de2755e05280da8719910b

d)

ISO 16368:2024(en)

The MEWP shall not overturn during the tests.

For kerb tests performed on types 2 and 3 MEWPs, excluding rail-mounted MEWPs, the drive control

shall be maintained at maximum until the MEWP comes to a stop or both leading wheels/tracks climb
the kerb. The MEWP shall be driven on level ground so that:

iy

the kerb

2) bothleading wheels/tracks simultaneously are brought into contact with the same kerb.

each leading wheel/track in turn is driven into contact with a kerb of height 0,1 m perpendicular to

For depression tests performed on types 2 and 3 MEWPs intended for off-slab use, excluding

rail-mounted MEWPs, the drive control shall be maintained at maximum until both leading wheels or

tracks

ea
m
led

1)

2) bg

For de
rail-m
turn i
front v
shall e
depreq
enter i

f)

5.1.4.2.2.3

a) Types

be dor
chassi
minim
height

b)
)

5.1.4.3

During

The M
((

5.1.4.3.1
load for m4

avra drivan inta or avarthao danraccinn Tho MEWD chAall bha drivan an loaval grannd cn +
T SO Y ST T e O O O e S e e P T C O OO T T IS Y T VY T oo T D e S TV S O Te Y ST g T oo oot

nat:

ch leading wheel/track in turn is driven off the edge of a depression of 0,1 m, wi
ichine approaching the depression perpendicular to the depression and being| drive]
1ding wheel is in the depression,

th leading wheels/tracks are driven simultaneously into the same depression.

pression tests performed on types 2 and 3 MEWPs intended for paved/slab use only
unted MEWPs, the MEWP shall be driven on level ground so that’each leading whe
driven off the edge of a depression 0,6 m square with a verfical drop of 0,1 m, an
heel /track aligned across (perpendicular to) the edge of the'depression. The leading W
nter at all points along the depression's edge, with only.one leading wheel/track drivj
sion for each approach. Maximum speed shall be maintained until both leading wh
nto, or are driven over, the depression.

Braking tests

2 and 3 MEWPs shall be tested by being'stopped as rapidly as their controls allow
e in both the forward and reverse dir€ctions, in each MEWP position, in each com
5 inclination, subject to adequate traction, loads and forces that will together create cg
um stability, and where different travel speeds are allowed for different heights, at e
5, at the maximum permitted speed for each height.

the tests, it is not necessary:to simulate the effect of the permissible wind speed.

EWP shall not overturn during the tests and the stopping distance shall comply with 4
pverload test

The test load'shall be 125 % of the rated load for power-operated MEWPs, and 150 %
nually eperated MEWPs and MEWPs which employ enhanced overload criteria.

th the test
n until the

, excluding
el/track in
d with one
theel /track
en into the
bels/tracks

This shall
bination of
nditions of
ch of those

O

fthe rated
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5.1.4.3.2 In addition to the requirements of 5.1.4.3.1 for group A MEWPs that have platform extension(s)
with rated loads different from the main work platform rated load, and that do not have specific load control
of the extension(s), the test load shall be as shown in Figure 19.

1 2

N\ A\
!

T
\
n
L/

Key
1  main Work platform
2 extensipn platform (fully extended)

3 testload, Myeg;

Figure 19 — Position of test load for platforms with platform extension(s) at overload test

5.1.4.3.3 |The testload described in 5.1.4,3.2y m,,,, is defined by:

Miest (mp,ext T Mg ext )X 1,25+ (mp,work —Mp ext )

where
My woitk = Mp,work XMp
My ext|= Mp,ext XMp
Ny word 1S the)permitted number of persons on the main work platform;
Ny ext is'the permitted number of persons or rated number of occupants on the extension|platform;
Mg oyt 1S the mass of tools and materials permitted on the extension platform;
m, is 80 kg (mass of a person).

5.1.4.3.4 The person and tools/material loads shall be distributed on the extension and, if necessary, on
the main work platform, as specified in 4.2.2.2.2.

5.1.4.3.5 Travelling and all movements of the extending structure with the test loads shall be carried out
at accelerations and decelerations appropriate to safe control of the load. If several movements with the
test load need to be carried out, the intended movements shall be carried out separately, when vibrations

© IS0 2024 - All rights reserved
73


https://standardsiso.com/api/?name=dd036f4557de2755e05280da8719910b

ISO 16368:2024(en)

associated with preceding movements have subsided, and with care, taking into due account the least
favourable positions.

5.1.4.3.6 If, due to the various combinations of loads or outreaches of a MEWP, tests with different test
loads are necessary, all movements shall be carried out with all test loads, except where the least-favourable
conditions can be sufficiently simulated by one performance test.

5.1.4.3.7 During the overload test, the MEWP shall be on level ground and the extending structure put
into each position which creates maximum stress in any load-bearing part of the MEWP.

5.1.4.3.8 During this test, it is not necessary to simulate the effect of the permissible wind speed.

5.1.4.3.9 |The braking systems shall be capable of stopping and sustaining the test load(s).
5.1.4.3.10 | After removing the test load(s), the MEWP shall show no permanent deformation.

5.1.4.4 Kunctional tests

Functional|tests shall demonstrate that:

a) the MHWP can operate smoothly for all motions while carrying 110 % of the rated load at the rated speeds,
NOTE The load-sensing or moment-sensing systems can be temperarily disabled to perform this|test.

b) all safgty devices work correctly,

c¢) maximum permitted speeds are not exceeded.

5.2 Type tests

The first MEWP made to a new design or incorporating significant changes to an existing design shall be
subjected flo the following:

a) adesign check (see 5.1.2);

b) amanyfacturing check (see 5.1.3%

c) the appropriate testing (see-5.1:4)
5.3 Production tests

5.3.1 MEWPs notvehicle-mounted

Each prodiyiction,MEWP built in accordance with a type-tested model shall be subjected to th¢ following
tests beforg being placed on the market:

a) brake testing, where applicable (see 5.1.4.2.2.3);
b) overload testing (see 5.1.4.3);

c) functional testing (see 5.1.4.4).

5.3.2 Vehicle-mounted MEWPs

MEWPs built in accordance with a type-tested model shall be subjected to the following tests before being
placed on the market:

a) adesign check (see 5.1.2);
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a manufacturing check (see 5.1.3)

brake testing, where applicable (see 5.1.4.2.2.3);
overload testing (see 5.1.4.3)

static stability testing (see 5.1.4.2.1)

functional testing (see 5.1.4.4).

Information for use

b)
)
d)
e)
f)
6
6.1 Gen
6.1.1 Th
country in
6.1.2 W¢g
located su

insulated N

Prar

e responsible entity shall provide an operator's manual in at least one of the langua
which the MEWP is intended for market, sale or lease by the responsible entity,

ather-resistant storage for the operator’s manual shall be provided on‘the MEWP a
th that it is accessible from the work platform. This accessibility requirement does n|
IEWPs.

rator's manual
ntent

he operator's manual shall include, but not be linrited to, the following information:
ing instructions which give details for safe use;

ort handling and storage information;

pcial provisions for securing parts.gfithe MEWP for transport between places of use;

nts, mass, centre of gravity for lifting purposes and points to use for securing on

)

tions to be taken beforé. periods of storage indoors or outdoors;

to be made on power supply, hydraulic oils, lubricants, etc. on first use, after long
e or changes in €nvironmental conditions (for example, heat, cold, moisture, dust);

ation regarding placing the MEWP into service;
efore placing the MEWP into service;

pensible entity's recommended periodic examinations or tests;

bes of each

hd shall be
ot apply to

transport

periods of

maintenance information for use by trained personnel — instructions for maintenance operations to be

carried out only by specialist maintenance personnel shall be separate from the other instructions;

parts that are detachable for functional reasons (see 6.4.9);

ble ambient temperature range;

in familiarisation;

6.2 Ope
6.2.1 Co
6.2.1.1 T
a) operat
b) transp
c) anysp
d) lift po
vehiclg;
e) precay
f) checks
storag
g) inform
h) testsb
i) theres
j)
k)
1) allowa
m)
n)

travell

ing) and the applied forces created by the stabilising devices/wheels;
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o) location, purpose and use of all normal controls, emergency lower and emergency stop equipment;

p) prohib
q) prohib

ition of overloading the work platform;

ition of use as a crane;

r) national traffic regulations (where applicable);

s) keeping clear of live electrical conductors;

t) avoidance of contact with fixed objects (for example, buildings) or moving objects (for example, other
vehicles, cranes);

pment, (for

u) prohibition of any increase in reach or working height of the MEWP by use of additional equi
examplle, ladders);
V) prohijlition of any addition that would increase the wind loading on the MEWP;
w) maxinfum allowable wind speed, in metres per second, or where the MEWP is deSigned for
wind gonditions, a warning to that effect;
x) important daily checks on the safe condition of the MEWP;
y) installption of removable guardrails (where applicable);
z) for MEWPs with retractable guardrail system(s),
1) operating instructions pertaining to the proper installation or retraction or rer
ingtallation of the retractable guardrail system(s);
2) operating instructions that are unique to the conditions of use of a MEWP for which th
syptem(s) are permitted to be retracted;
3) manufacturer’s fall restraint system equipment requirements (for example, maximu
lemgth);
aa) precaytions on getting on and off the work-platform when elevated;
bb) precaytions for travelling with elevated work platform;
cc) precaytions for travelling with-ctawler machines;
dd) precaytions for when inspection or filling access points cannot be reached from the ground;
ee) guidar]ce on personalfall protection systems;
ff) auxiliqry lowering.instructions;
gg) instrugtions enshow to use the overriding emergency system;
hh) descriptions, specifications and ratings of the MEWP;

lise in non-

noval, and

b guardrail

m lanyard

ii) tyre specifications.

6.2.2 Modification or repair

The operator's manual shall state that modifications or additions to a MEWP shall be made in accordance
with the relevant requirements of ISO 18893.

6.3 Parts and service manuals

The responsible entity shall make available parts and service manuals.

NOTE [

SO 18893 and ISO 18878 can be used for guidance.
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6.4 Marking

6.4.1 Responsible entity's plate

6.4.1.1 Symbols used for marking shall comply with ISO 7000.

6.4.1.2 One or more durable responsible entity's plates giving the following information indelibly shall be
permanently attached to the MEWP in an easily visible place:

a) responsible entity's or supplier's name;

y of manufacture/remanufacture;

b) countr
c¢) model
d) serial

e) yearo
f) yearo

g) unload
h) rated]
i) theall

j) for wd

allowaple number of persons and rated load, in kilograms;
k) maxin]
1)  maxinm

m) maxin]

n) hydrat
0) pneun

p) electri

q) name ¢f the installer ofthe’vehicle-mounted MEWP (if applicable);

r) the rat

s) maxim

6.4.1.3 T

designation;

r fabrication number;
Fmanufacture;
fremanufacture (if applicable);
ed mass, in kilograms;

pad, in kilograms;

bwable number of persons;

rk platforms that have different specified rated 16ads, each rated load shall be gi

um allowable manual force, in newtons;

um allowable wind speed, in metres persecond;

um allowable chassis inclination, indégrees;

lic supply information, if an external hydraulic power supply is used;
atic supply information, if an external pneumatic power supply is used;

cal supply information, if an external electric power supply is used;

ed load capacity, including platform capacity and lifting attachment capacity (if applic

um workplatform height, in metres.

he capacity rating shall be designated with extending structure and load-carrying af

ven as the

hble);

tachments

extended t

D fho nosition of Mmavimum rnrorfnrnlnn‘ momentattainahle flnrr\nn'hr\nf full rotation r‘
PO O - O a - O v et R T O R Sttt B et O g Ot o Ottt o

hpacities of

the MEWP in other positions shall be specified separately The respon51ble entity shall state all applicable
ratings in the manual and on placards affixed to the MEWP. If these capacity ratings are based on some fixed

conditions

6414 P

of the load-carrying attachments, this shall be stated.

ortions of this information may be repeated at other appropriate places on the MEWP.

6.4.2 Work platform

6.4.2.1 Symbols used for marking shall comply with ISO 7000.
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6.4.2.2 The following information shall be clearly marked in a durable manner at or on each work platform
in an easily visible place:

a) therated load, in kilograms;

b) the allowable number of persons;

¢) the maximum allowable manual force, in newtons;

d) maximum allowable wind speed, in metres per second;

e) allowable special loads and forces, if applicable (see 4.2.3.3);

f) information indicating “non-insulated”; except if equipped with a work platform designed for work near
live elgctrical conductors (see ISO 16653-2);

g) informlation related to the use and load rating of the equipment for material handling;

h) information related to the use and load rating of the MEWP for multiple configurations;

i) anchorage markings for fall restraint only;

j) anchofage markings for fall arrest only;

k) anchorage marking for fall restraint and fall arrest;

1) anchorage marking for the maximum number of persons allowed\to attach to the anchorage;

m) on MEWPs with retractable guardrail system(s), information regarding the requirement tofutilize the
fall reqtraint system when the guardrail system(s) is retracted;

n) clearance requirements for energized electrical lines\or apparatus, in accordance with ISO 18893 or by
a governing authority if more stringent.

6.4.3 Muyltiple rated loads

If more thgn one rated load is designated, theloads shall be tabulated in relation to the configuration of the

MEWP. MHWPs with a work platform which can be extended, enlarged or moved relative to thg extending

structure ghall be marked with the rated load that can be carried in all positions and configurations of the

work platfprm.

6.4.4 Auxiliary systems

6.4.4.1 The location and,instructions for operating the auxiliary system(s) at the base of the MEWP shall

be marked|on the MEWP near the relevant controls.

6.4.4.2 The location for the auxiliary system(s) at the platform (if equipped) shall be markgd near the

relevant platform controls.

6.4.5 Overriding of functions

The location and instructions for operating the controls required to override functions (see 4.7.8) shall be

marked on

the MEWP near the relevant controls.

6.4.6 Work platform rated loads

MEWPs with main and secondary work platforms shall be marked with the total rated load as well as the
rated loads of each work platform.
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6.4.7 MEWPs designated for indoor use

MEWPs designed for indoor use where wind loads have not been taken into consideration during the design
shall be clearly marked in a durable manner to that effect, including zero allowable wind speed in an easily
visible place.

6.4.8 External power supply connections

Points for connection of external power supplies shall be clearly marked in a durable manner with the
essential power supply information (see 6.4.1).

6.4.9 Detachable parts

Parts which can be detached for functional reasons (e.g. work platforms, stabilising devices) shalll be clearly
marked in p durable manner in an easily visible place with

a) theregponsible entity's or supplier's name,
b) the mddel designation of the MEWP,

c¢) the partnumber.

6.4.10 Instructions

A durable label referring the operator to the manuals shall be clearly.affixed in a durable mannfer and in a
suitable logation.

6.4.11 Prpjecting extremities

All projectiing, movable extremities of MEWPs shall betmarked with hazard colours in accordlance with
ISO 3864.

6.4.12 Wheel/stabilising device load

Each stabilising device/wheel shall be marked in a durable manner in an easily visible place with the
maximum pxerted load.

6.4.13 Tyre pressure

The pressyre for pneumatic tyres shall be indicated on the MEWP.

6.4.14 Clearances

Where saf¢ clearances or adequate guarding are not possible, warning notices shall be fitted (se€ 4.4.3).

6.4.15 Mgintenance

MEWPs shall be clearly marked, in a durable manner, warning persons not to enter the space beneath a
raised work platform and an extending structure during maintenance unless a means of structure support
is in place.

6.4.16 Stabilising device use

MEWPs requiring the use of stabilising devices shall be clearly marked in a durable manner with a warning
at the operator's position to alert the operator of the need to position the stabilising devices.
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6.4.17 Levelling instructions

For MEWPs with flexible chassis or suspension acting as part of the stabilizing medium, instructions
detailing the necessary criteria (for example, chassis inclinations) to achieve stability shall be provided.

NOTE For examples, see Figure 20.

ﬂ 1 Q 3
) — :
T L

a) front b).rear

c) side

Key
1  support surface

2 maximpm inclination on tyresyin degrees

3  maximpm inclination on stabilising devices, in degrees

Figure 20 — Examples of levelling criteria

6.4.18 Pressurized vessel

Hydraulic systems with a gas-loaded accumulator shall have an appropriate warning label on the gas-loaded
accumulator. Duplicate information shall be provided on the circuit diagram in the service manual.

6.4.19 Annual Inspection

A means shall be provided on the MEWP to mark the date on which each annual inspection was performed
and the interval at which inspections are required.
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Annex A
(informative)

Use of MEWPs in wind speeds greater than 12,5 m/s — Beaufort scale 6

A.1 Beaufort scale 6 was adopted for this document after examination of a number of previously existing
standards and the experience of users of MEWPs. A significant reaction from users was that Beaufort Scale 6
represented a natural limit at which operators became aware of the effects of wind speed and were reluctant

to use the machines.

A.2 The

considered
readily rec
the wind s

A.3 Itwa3g
could be d¢

a) bythe

b) by me
condit

A.4 Most
manuals.

occasional, or locally regular, occurrence of higher wind speeds was recognized,
unreasonable to expect all MEWPs to be designed for exceptional circumstances V
ognizable by operators. This took into account the fact that wind forces intrease by th
beed.

s agreed that higher wind speeds are in the category of special loads and forces (see 4
alt with

responsible entity's specification that higher wind speeds@pne acceptable [see 6.4.1.2 1

hsures such as a reduction in the number of persons:allowed on the work platform
ons.

responsible entities use procedure b), givingappropriate details in their operating

but it was
vhich were
e square of

.2.3.4) and

.

inder such

nstruction
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Annex B
(normative)

Additional requirements for wireless controls and control systems

B.1 Gen

eral

B.1.1 Wi
in this ann

B.1.2 Th

B.2 Con

B.2.1 Act
movement

B.2.2 Th
receiving f]

B.2.3 Th
one correc

B.2.4 To
power sup|
commands

1 1 1 111 1 . 1 1. A mVal FataVWaWi (aTalaVata¥al - L el 1 1.1
CICSS CUIILT OIS SIl4all DE UCSIgHCU dCCOTUITE LU 1EG OULZUT=04.4U40, 7.4.7, WILIL LIIC dUU1
EX.

ions given

e transmitter shall not transmit while the means to prevent unauthorized uséjis-activated.

trol limitation

ivation of the transmitter shall be indicated on the transntitter and shall not i
of a MEWP.

e receiver shall provide output operating commands to the control system only
Fames containing the right address and correct command.

e MEWP contactor shall only be energized (in other words, controlled to the “on” state]
Lly received frame without any operating comintands but containing a start command.

avoid inadvertent movements after any(situation having caused the MEWP to stop (fq
ply fault, battery replacement or lost-signal condition), the system shall only output
resulting in any MEWP movement after the MEWP driver has returned the cont

“off” position for a suitable period of time,(in other words, it has received at least one frame w

operating

B.2.5 W}
from the r¢

B.3 Stoy

B.3.1 Th
MEWP's cg

ommands).

hitiate any

when it is

by at least

r example,
operating
rols to the
rithout any

enever the MEWP switch’'is de-energized, all operating command outputs for MEWP movements

ceiver shall cease.

e part efithe wireless control system to perform the stop function is a safety-related
ntrol\system.

part of the

B.3.2 The control system shall initiate a stop of all MEWP movements when no valid frame has been
correctly received within 0,5 s.

B.3.3 Unless the receiver monitors that the state of the control system corresponds with the state of the
receiver outputs, the stop specified in B.3.2 shall also de-energize the MEWP switch. If the receiver monitors
that the state of the control system corresponds with the state of the receiver outputs, the de-energizing of

the MEWP

B.3.4

switch may be delayed by up to a maximum of 5 min.

additional risk, the stop function can be of category 1.
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B.4 Serial data communication

B.4.1 The frame shall be sent repeatedly during operation.

B.4.2 The system shall provide a transmission reliability to a hamming distance of the total number of bits
in a frame divided by 20 and at least 4, or other means which ensure an equal level of reliability such that the
probability of an erroneous frame getting through is less than 10-8.

B.5 Use of more than one operator control station

B.5.1 Transferral of control from one transmitter to another shall not be possible until the first transmitter
has been dg-activated by a deliberate action, specifically designed for this purpose.

B.5.2 A nmpeansshall be provided to enable several transmitter/receiver pairs to operate.in the tragnsmission
range without unwanted interference with each other.

B.5.3 The means provided in B.5.2 shall be protected from accidental or unintentional change.

B.6 Battery-powered operator control stations

After the Warning and the period required in IEC 60204-32:2023,19,2.7.6 (when the transmitfer battery
voltage becomes so low that a reliable transmission cannot be“guaranteed) the transmitt¢r shall go
automaticdlly to the locked-off condition (in other words, the.receiver stops all MEWP motions and de-
energizes the MEWP switch).

B.7 Receiver

The receiyer shall withstand the vibration, random wide band test, Test Fh, in accordance with
[EC 6006812-64.

B.8 Warnings

B.8.1 Wlere persons can be expected to be in the vicinity of the MEWP or a part of the MEWP (fir example,
in the case|of a travelling MEWR or slewing MEWP) and the risk exists (for example, persons being trapped,
run over), then warnings in-addition to those specified in 6.4 shall be provided.

B.8.2 The MEWP shall’be provided with a marking at the access onto the MEWP stating that tHe MEWP is
provided with a cableless control system, and either a continuous visual warning while a wireless control
system is gngaged-61"an automatic acoustic and/or visual warning prior to movements of the MEWP.

R

B.9.1 The manufacturer's instructions shall include installation information to ensure that when a
wireless control system is in use, it shall not interfere with, or be interfered by, other systems in use at that

location.

B.9.2 The manufacturer shall state the actual delay for the stop function specified in B.3.2.
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Annex C
(normative)

Calculation of wire-rope drive systems

C.1 General

C.1.1 A wireT Opt€ drive SYStenT COmpTiSes the—wire TOPES TUIIIIE OIT TOPT drumTsamnd o oT over rope
pulleys as well as any associated rope drums, rope pulleys and compensating pulleys.

C.1.2 Compensating pulleys are rope pulleys over which the wire rope normally rufis during operation
over a segrent not exceeding three times the diameter of the wire rope.

C.1.3 The categories of running time are given in Table C.1.

C.1.4 This annex does not address wire ropes which do not run on rope\drums and/or over r¢pe pulleys

(carrying 1

C.2 Cald

C.2.1 W}
of awirer

opes and tensioning ropes) or sling ropes.

ulation of wire-rope drive systems

en calculating the wire-rope drive systems, thefollowing factors which influence the
pe shall be taken into consideration:

a) mode ¢f operation (drive group);

b) wire-r
c¢) diame

d) ropeg

C.2.2 Th
group” in &
according

ppe diameter (coefficient c);

ers of rope drums, rope pulleys and compensating pulleys [coefficient (h; - h,)];
Fooves.

e mechanical compohnerits shall be graded according to their mode of operation in

ccordance with Tablé C.1, in order to achieve an adequately long service life. The grad
[0 running-time.cdtegories, which take the average running time of the wire-rope dn

service life

o a “drive
ng is made
ive system
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