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Foreword

ISO (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
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Introduction

This International Standard is one of a series of standards produced by ISO/TC 214 as part of its programme
of work regarding standardization of terminology, ratings, general principles (technical performance
requirements and risk assessment), safety requirements, test methods, maintenance and operation for
elevating work platforms used to raise (elevate) and position personnel (and related work tools and materials)
to a wark pasition where a task is to be performed

The ¢xtent to which hazards are covered is indicated in the scope of this International Standard. In addition,
ISO 12100-1 and 1SO 12100-2 address lifting equipment hazards which are not covered' by this|International
Standard.

© 1SO 2007 — All rights reserved \4
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Elevating work platforms — Mast-climbing work platforms

1

This

which

one

NOTH The vertical-moving components (work platforms) are also used to move those same pers
equipment and materials to and from a single boarding point. These restrictions differentiate, MCWP from bu

This

This

Scope

nternational Standard specifies particular safety requirements for mast-climbing work platfo

qr more persons from which to carry out work.

nternational Standard is also applicable to permanently installed MCWP;

nternational Standard is applicable to work platforms which are’elevated by a drive systen

rms (MCWP)

are temporarily installed and are manually or power-operated, and which are designed t¢ be used by

ons and their
Ider’s hoists.

h and guided

by and moved along their supporting masts, where the masts may ‘or may not require lateral festraint from

sepafate supporting structures.

This

This

nternational Standard is applicable to any combination_of the following alternatives:

@ne or more masts;

mast tied or untied;

mast of fixed or variable length;

masts vertical or inclined between 0*“and 30° to the vertical;

masts which are standing of hanging;

movable or static base'\(chassis or base frame);

manual or power=0perated elevation;

towed or self-powered ground travel on site, excluding road traffic regulation requirements;

driveniusing electric, pneumatic, hydraulic motors or internal combustion engines.

life of such

International Standard identifies the hazards Qricing r'Iuring the various phncnc in the

equipment and describes methods for the elimination or reduction of these hazards and for the use of safe
working practices.

This International Standard does not specify the requirements for dealing with the hazards involved in the
manoeuvring, erection or dismantling, fixing or removing of any materials or equipment which are not part of
the MCWP, nor does it deal with the handling of specific hazardous materials.

This International Standard does not specify the requirements for delivering persons and materials to fixed
landing levels. Such equipment is referred to as lifts or hoists and is dealt with by other International
Standards.

© 1SO 2007 — All rights reserved
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This International Standard does not apply to mobile elevating work platforms (MEWPs) in accordance with
ISO 16368, suspended access equipment in accordance with EN 1808 or lifting tables in accordance with
EN 1570.

2 Normative references

The following referenced documents are indispensable for the application of this document. For dated
references, only the edition cited applies. For undated references, the latest edition of the referenced
document (including any amendments) applies.

ISO 4301-1, [Cranes and lifting appliances — Classification — Part 1. General
ISO 4302, Cranes — Wind load assessment

ISO 6336-1, |Calculation of load capacity of spur and helical gears — Part 1: Basic principles,\ihtroductioh and
general influgnce factors

ISO 6336-2, |Calculation of load capacity of spur and helical gears — Part 2: Calculation of surface durability
(pitting)

ISO 6336-3, |Calculation of load capacity of spur and helical gears — Part3: Calculation of tooth behding
strength

ISO 6336-5, |Calculation of load capacity of spur and helical gears — Part 5: Strength and quality of matelials
ISO 8686-1, ICranes — Design principles for loads and load combihations — Part 1: General

ISO 12100-22003, Safety of machinery — Basic concepts,“general principles for design — Part 2: Technical
principles

ISO 13849-1t2006, Safety of machinery — Safety-related parts of control systems — Part 1: Ggneral
principles for|design

ISO 13852, Pafety of machinery — Safety \distances to prevent danger zones being reached by the lipper
limbs

ISO 13854, $afety of machinery — Minimum gaps to avoid crushing of parts of the human body
IEC 60065, Audio, video and-similar electronic apparatus — Safety requirements
IEC 60204-112005, Safety-of machinery — Electrical equipment of machines — Part 1: General requiremgnts

IEC 60529, Degrees of protection provided by enclosures (IP Code)

IEC 60947-5t172003, Low-voltage switchgear and controlgear — Part 5-1: Control circuit devices and
switching elements — Electromechanical control circuit devices

EN 614-1, Safety of machinery — Ergonomic design principles — Part 1: Terminology and general principles

EN 953, Safety of machinery — Guards — General requirements for the design and construction of fixed and
movable guards

EN 982, Safety of machinery — Safety requirements for fluid power systems and their components —
Hydraulics

2 © 1SO 2007 — All rights reserved
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3 Terms and definitions

For the purposes of this document, the following terms and definitions apply.

NOTE Elements of MCWP defined below are illustrated in Figures 1 and 2.

31
rated load
load for which the MCWP has been designed for normal operation, as stated in the load diagram

3.2

load diagram
noticé displayed on the work platform showing the permitted number of persons and the mass’and distribution
of materials for the particular configuration

3.3
rated speed
vertidal or horizontal speed for which the MCWP has been designed

3.4
trangfer
any Horizontal movement of the MCWP from one position to another on the same working site

3.5
trangfer condition
conf}uration of the MCWP in which it is moved from one‘position to another on the same Wworking site,
includling any limitation on the weather and the load or persons on the MCWP

3.6
trangport
any movement of the MCWP outside the boundaries of the working site

3.7
trangport condition
configuration of the MCWP in whichiit is moved outside the boundaries of the working site

EXAMPLE Road transport.

3.8
trangfer [transport] interlocks
any design features on the MCWP which prevent unsafe transfer [transport]

3.9
base|frame
part of the MEWP which provides support for the mast and elevating assembly

3.10
chassis
part of the MCWP which provides mobility and support for the mast and elevating assembly

3.1
rail-mounted chassis
chassis designed to transmit horizontal as well as vertical force to the ground via rails

3.12

outrigger

support at the base-frame level used to maintain or increase the stability of the MCWP within specified
conditions

NOTE Outriggers can also be used for levelling.

© 1SO 2007 — All rights reserved 3
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3.13

outrigger beam

part of an outrigger assembly which moves in an essentially horizontal plane and may be powered or operated
manually

3.14
mast
structure that supports and guides the platform

3.15
fixed-length mast

mast whose fergth-eannetbevariedevenby-theattachmentof-furthermastsections

3.16
variable-length mast
mast whose [ength can be varied by the attachment of successive lengths of prepared sections

3.17
guide
part of the mpst which provides guiding for the work platform

3.18
mast tie
anchorage system used to provide lateral restraint to the mast from a building or other structure

3.19
work platform
vertical travdlling part of the installation upon which the persons, equipment and materials are carried and
from which work is carried out

NOTE THe work platform includes the main platform and any platform extension, in contrast to the MCWP, jwhich
refers to the whole of the installation, including work platform,"mast, mast ties, base and chassis.

3.20
available pl3atform area
area of the work platform, measured at théwwork platform floor level

3.21
main platform
part of the work platform built up*using primary structural elements

3.22
platform extension
additional paft of the'werk platform, built up using secondary structural elements, whose support and logation
is dependenf uponithe main platform

They can form |rregular shapes WhICh conform W|th the work site. They can also extend at a level Just above or below the
main platform level.

3.23

multilevel work platform

two or more work platforms travelling on the same mast or an additional working level attached to and totally
supported by a work platform

NOTE For illustration, see Annex B.
3.24

counter-roller
roller used to counteract the gear-meshing separation forces between a rack and pinion

4 © 1SO 2007 — All rights reserved
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3.25
automatic brake
device to decelerate and stop moving parts in case of interruption of the power supply

3.26
buffer
stop at the end of travel, comprising a resilient means of arrest using fluids, springs or similar means

3.27
overspeed
any speed above rated speed

3.28
overspeed detector
devige which, when the work platform attains a predetermined speed above rated. speed, causes the
overgpeed safety device to be applied

3.29
overspeed safety device
mechanical device for stopping and maintaining the work platform statiofary on the mast in [the event of
overgpeed

3.30
competent person
persan having the practical and theoretical knowledge and the experience of a particular MCWP needed to
carry|out a function satisfactorily

3.31
user
userlorganization

persgn or organization having direct control over-use of the MCWP

3.32
rack fand pinion drive system
drive[system using a gearing arrangement consisting of a cylindrical gear (pinion) which engages|a linear gear
(rack) attached to the mast

3.33
ratcHet drive system
drive[system that operates by attaching a ratcheting device to the rungs or other element of the mast in an
alternating manner and€levates or lowers the platform a predefined distance

NOTH Theplatform can be supported by a pawl or similar device when the drive mechanism is not engpged.

3.34

screw drive system
drive system r‘nncicﬁng of a mast-mounted rack which meshes with a powered drive screw attached to the

platform

NOTE Rotation of the powered drive screw elevates or lowers the platform.

© 1SO 2007 — All rights reserved 5
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Figure 1 — Typical single-mast MCWP
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Figure 2 — Typical twin-mast MCWP

4 List of-hazards

Thel

stof-hazards-accordingtoTablet-is-based-ontSO0-142400-4 anrd+SO12100-2-

Table 1 lists the hazards which have been identified and where corresponding requirements have been
formulated in this International Standard in order to limit the risk or reduce these hazards in each situation.

A hazard which is not applicable or is not significant and for which, therefore, no requirements are formulated
in this International Standard, is shown in the relevant clauses column as NA (not applicable).
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Table 1 — List of hazards

Hazard _ Relevant_ clauses in
this International Standard
1  Mechanical hazards
1.1 Crushing 5.2.1.3;5.3.2;54.1
1.2 Shearing 5.2.1.3;5.3.2;5.41
1.3 Cutting or severing 5.3.2;5.41
1.4  Entanglement 5.4.1
1.5 Drawirlg-in or trapping 5.2.1.3;5.3.2;54.1
1.6 Impac 54.6
1.7  Stabbinhg or puncture NA
1.8 Frictiop or abrasion NA
1.9 High-gressure fluid ejection 5.10.1.7; 5.10.1.8; 5.10.1.9; 5.10./1.10
1.10 Ejectign of parts 52.1.4;521.5
1.11 Loss df stability 5.1.5;5.22.4;5.2.2.5;5.2.5
1.12  Slip, tgp and fall 5.2.21;5.31
2  Electrical hazards
21 Electriral contact 5.8
2.2 Electrgstatic phenomena NA
2.3  Thermal radiation NA
2.4 Externial influences 5.7.15, Annex B
3  Thermal hazards
3.1 Burns [and scalds from possible exposure of persons to flames or 5.9.1;5.9.2;59.3
explosjons and also to radiation from heat sources
3.2 Health-damaging effects of hot or cold-Work environment 59.2
4 Hazardq generated by noise Relevant but not dealt with
5 Hazard4 generated by vibration 51.23.2
6 Hazard4 generated by radiation NA
7 HazardJ generated by materials and substances processed, used or
emitted [by machinery
71 Contagt with oriinhalation of harmful fluids, gases, mists, fumes and 5.9.2;5.10
dusts
7.2 Fire o explosion 5.9.3;594
7.3  Biological and microbiological hazards NA
8 Hazards generated by neglecting ergonomic principles in machine
design
8.1 Unhealthy postures or excessive effort 5.2.1.6;5.2.5.2;5.6.2; 5.13; 5.13.8
8.2  Inadequate consideration of human hand/arm or foot/leg anatomy NA
8.3 Neglected use of personal protection equipment 5.13.8
8.4  Inadequate area lighting 7.1.21)
8.5 Mental overload or underload, stress NA
8.6  Human error 5.2.21;5.13

8 © 1SO 2007 — All rights reserved
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Hazard _ Relevant_clauses in
this International Standard

9 Hazard combinations 51.11;51.1.2;51.3
10 Hazards caused by failure of energy supply, breakdown of 5.1

machinery parts and other functional disorders
10.1  Failure of energy supply 5.2.21;5.6;5.8.1.2;5.12.7
10.2 Unexpected ejection of machine parts or fluids 5.10.1.7; 5.10.1.8; 5.10.1.9; 5.10.1.10
10.3 —Faifure ormatfunctiorrof comntrotsystem 52715
10.4| Errors of fitting 5.1.54.5
10.5| Overturn, unexpected loss of machine stability 51.1.2:16.1.5; 5.7
11 Hazards caused by missing and/or incorrectly positioned safety-

related measures/means
11.1] Guards 521.3;53.2;54.1;5.9.1; 7.1.2 1),
7.1.2i0);71.21);1.2.2;

11.2| Safety-related (protection) devices 5.7
11.3| Starting and stopping devices 51.1;5.12
11.4| Safety signs and signals 5.227;7.2
11.5| Information or warning devices 7.2
11.6| Energy-supply disconnecting devices 5.2.1.2;5.8.2[1
11.7| Emergency devices 5.5;5.6
11.8| Means of feeding/removal of work pieces NA
11.9| Essential equipment and accessories for.safe’adjustment and/or 5.2.3.1;5.4.29;54.31|2;5.4.4.3.5

maintenance
11.10 Equipment for evacuating gases 5.9.1;5.9.2;5.9.3

HAZARDS INVOLVING THE MOBILITY AND LOAD-LIFTING ABILITY OF MCWP

12 [nadequate lighting of moving/working area 7.1.21)
13 Hazards due to sudden movement, instability, etc. during handling 5.1.5;5.2.2.1;5.2.2.3;52.2.4;5.45
14 [nadequate/non-ergonomic design of operating position
14.1| Hazards due‘to’dangerous environments (contact with moving parts, 5.2.2;59.1;59.2

exhaust gases, etc.)
14.2| Inadeguate visibility from operator's position 5.13.2;5.13.%
14.3| Imadequate seat/seating NA
14.4 L lnadeguate/non-ergonomic-designipositioning-of-controls 513
14.5 Starting/moving of self-propelled machinery 5.13
14.6 Road traffic of self-propelled machinery 7.1.21)
14.7 Movement of pedestrian-controlled machinery 7.1.21)
15 Mechanical hazards 5.1.1.1
15.1 Hazards to persons exposed to uncontrolled movement 5.2.21;5.2.4;53.1.5;54.1;71.2f)
15.2 Hazards due to break-up and/or ejection of parts 521.4;5215;52.23
15.3 Hazards due to rolling over (ROPS) 515
15.4 Hazards due to falling objects (FOPS) 7.1.21)

© 1SO 2007 — All rights reserved
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Table 1 (continued)

Relevant clauses in

Hazard this International Standard
15.5 Inadequate means of access 5.3.3;5.34
15.6 Hazards due to towing, coupling, connecting, transmission, etc. 5226
15.7 Hazards due to batteries, fire, emissions, etc. 5.9.2;5.9.3;5.9.5
16 Hazards due to lifting operations
16.1  Lack of stability 5.1.5;5.1.1.2;5.2.2.4;5.22.5;5.2.51
16.2 Derailrlnent of machinery 52.2.4;54.1.5;54.2,54375.4.4
16.3 Loss df mechanical strength of machinery and lifting accessories 5.1;5.2.1.7;5.2.1.8; 5.2 22)5.2.P.3;

5.2.3.2;5.2.3.3; 5.2.5:2{/5.2.5.3;
5.3.1.4;54.2;543,544;545;54.6
16.4 Hazargls caused by uncontrolled movement 5.2.2.5;5.24;54975.4.3.4;,5.48.5;
5.44;5.12
17 Inadeqqate view of trajectories of the moving parts 5.13
18 Hazard4 caused by lightning 7.1.2
19 HazardJ due to loading/overloading 57
HAZARDS INVOLVING THE LIFTING OF PERSONS.BY MCWP
20 Overloading or overcrowding of the carrier 5.1.2,5.7,5.11, see Annex G
21 Unexpegted movement of the carrier in response to external controls 5.13.7
or othefl movements of the machine

22 Excess gpeed 54.1;55;56.3
23 Personsg falling from the carrier 5.3
24 Falling ¢r overturning of the carrier 5.2.2.3;54.1;5.5;5.11; 512
25 Excess Fcceleration or braking of the carrier. 5224;5451.2;546
26 HazardJ due to imprecise markings 5227;7.2
5 Safety[requirements-and/or measures
5.1 Structural and. stability calculations
5.1.1 Gengral
5 1 1 1 ANl Yande Aand farcnc wwhich ~an An~r e 10 Ay Allavand canfiniiratinn Avirina Arantinys AnArati~ Out_

ot Ao TOTrcT o Wi o Car oo ToTTarty SHoOWea VVIIII:’UIULIVII o Ty~ CTrootoTT;y uy\,nuuun

of-service, dismantling and transfer shall be considered. This shall also include inclined or hanging masts.

5.1.1.2 The manufacturer shall be responsible for

10

stability calculations, in order to identify the various configurations of the MCWP and the combinations of

loads and deflections which together create conditions of instability;

structural calculations, to evaluate the individual forces and to make allowance for deflections. All
combinations of forces shall be considered, including those which produce the most unfavourable

stresses in the components.

© 1SO 2007 — All rights reserved


https://standardsiso.com/api/?name=792898924264c7dfbd3d18b5f166431e

ISO 16369:2007(E)

5.1.2 Loads and forces

The following loads and forces shall be taken into account.

5.1.2.1 Structural loads

The masses of the components of the MCWP when they are not moving are considered to be static structural
loads.

The masses of the components of the MCWP when they are moving are considered to be dynamic structural
loads.

5.1.2|2 Rated load

5.1.2121 The rated load, m, expressed in kilograms, for design purposes is as given in\Equatign (1):

m= (nmp) + Mgy + (2mg) (1)
wherg

My = 80 kg; mass of each person;

Mme =40 kg; mass of personal equipment (for the first two persons only);

Ne+m i the mass, in kilograms, of material and equipment on the work platform (excluging personal
equipment);

] is the number of persons on the work platform.
The hass of persons and the mass of equipmentyand material shall act simultaneously.

The minimum number of persons shall .bé-two (2) for single-mast platforms and four (4) for multiple-mast
platfgrms.

The mass of the personal equipmént, mg, shall be assumed to act on the point coincident with each of the two
persqns who give the highest stresses.

5.1.2|12.2 The mass of each person is assumed to act as a point load on the MCWP at a horizgntal distance
0,1 m from the upper inside edge of the top guardrail. The distance between the point loads shall be 0,5 m
(see the example in Figure 3).

5.1.212.3 The mass T shall be evenly distributed over the entire area of the main platform, givlng a specific
load per length'#

The ¢entre of gravity of the mass T shall be assumed to act on a point 0,15 B (where B is the width of the main
platfa A itudina i 1 3 side-giving-the-highest stresses.
See Figure 4.

Calculations shall allow for the possibility that a reduced load giving an unbalanced load case may result in
higher stresses in some parts of the MCWP than a balanced rated load case would give.

For single-mast machines, the bending moment, M, on masts and platforms shall be calculated according to
the equation in Figure 5, where L., is the greater of the distances L, and L, in Figure 5.

For multiple-mast machines, the bending moment, M, on masts and platforms shall be calculated according to
the equations in Figure 6. The factors 1,15 and 1,2 are used in the equations in Figures 5 and 6 in order to
cover the situations in use where, instead of a uniformly distributed load, a concentration of the same load is
placed elsewhere within that individual length.
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Dimensions in metres

Figure 3

centreline

— Example of the distribution of persons on the main’platform or platform extensiong
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Figure 4 — Eccentric loading normal to the centreline
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Figure 5 — Loading in the longitudinal direction for single-mast machines
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5.1.2.2.4 If the area of the main platform, or part of it, is increased by means of extensions, usually to the
longitudinal edge of the platform, the mass of the number of persons allowed on the platform, according to
5.1.2.2.1, shall be assumed to act on these longitudinal edges according to 5.1.2.2 2.

5.1.2.2.5 In order to provide long cantilever extensions of restricted width to reach more distant work points,
an exception to 5.1.2.2.4 may be made, but shall be clearly explained on a sign easily visible on that particular
extension to the main platform. In no such case shall the load on the extension be calculated for less than two
persons, my, carrying their personal equipment, m,. In order to restrict the available platform extension area,
such extensions shall not be more than 0,6 m wide. See Figure 7.
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5.1.2.3.1
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Horizontal forces

Manual forces
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Figure 7 — Long cantileverextensions

WWhere the manufacturer includes in his design provision for the use of a handling crane, the
crane and the crane's rated load shall together be treated as part of the rated load of the M
of the force resulting from the use of-the crane shall be dictated by the manufacturer's cH
sitions for the crane supports.

h value for the manual force is assumed to be 200 N for each of the first two persons o
100 N for each¢additional person permitted on the work platform.

It is assume
horizontal di

5.1.2.3.2

that the force is applied at a height of 1,1 m above the floor of the work platform and act
ction.

orces from the use of power tools

n the
CWP.
osen

n the

5 in a

Where the manufacturer of the MCWP permits the use of power tools which impose horizontal reaction forces
on the work platform which are in excess of those given in 5.1.2.3.1, then the manufacturer shall specify the
maximum force permitted. Application of the force shall be assumed at a minimum height of 1,1 m above the
floor of the work platform.

Such forces may be caused by the use of, for example:

14

water-jetting equipment;
sand- or grit-blasting equipment;

mechanically assisted drilling machine;
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—  hammer-assisted drill;

— electrically driven hammer/breaker.

5.1.2.3.3 Forces from the use of weather-protection screens on the work platform

If the work platform is designed to permit the use of weather protection in the form of a roof over part of, or the
whole of, the platform, then the resulting wind forces shall be considered to act on walls which reach the full
height, from the work platform floor to the top of the roof. Wind forces shall be calculated according to 5.1.2.5
and 5.1.2.8. For platform regions protected by such weather screens, the wind forces on persons, equipment
and material coming under the protection of these weather screens may be neglected.

The hass of the weather-protection screens shall be treated as part of the rated load.
5.1.2l4 Dynamic forces
Dynamic forces shall be taken into account by multiplying all moving masses by a.dynamic factor|of 1,15.

The {ferm “moving” includes raising and lowering of the work platform andcalso transfer of the [MCWP in its
transfer condition.

5.1.2|5 In-service wind loads

5.1.2|5.1  All MCWP used out-of-doors or otherwise exposed-to wind whilst in service shall be| regarded as
being affected by a minimum wind pressure in accordance with-Table 2.

Table 2 — Minimum design in-service wind data

Installation Wind velocity Wind pressure
m/s N/m?2
Free-standing or MCWP during 12,7 100
erection and dismantling
Tied MCWP 15,5 150

5.1.2|5.2 Wind forces @re assumed to act horizontally at the centre of the windward area of|the exposed
structural parts of the MEWP.

5.1.2|5.3 The.wind force coefficients applied to areas exposed to the wind shall be in accprdance with
ISO 4302. The'wind force coefficient for persons exposed to the wind is 1,0.

5.1.2|5.4¢ \(The full area of one person is 0,7 m2 (0,4 m average width x 1,75 m height) with the centre of
area [1{0-m above the work platform floor.

5.1.2.5.5 The exposed area of one person standing on a work platform behind an imperforate section of
fencing 1,1 m high is 0,35 m2, with the centre of area 1,45 m above the work platform floor.

5.1.2.5.6 The number of persons directly exposed to the wind is calculated as

a) the length of the side of the work platform exposed to the wind, rounded to the nearest 0,5 m and divided
by 0,5 m, or

b) the number of persons allowed on the work platform if less than the number calculated in a).

5.1.2.5.7 If the number of persons permitted on the work platform is greater than calculated in 5.1.2.5.6 a),
a reducing coefficient of 0,6 may be applied to the extra number of persons.

© 1SO 2007 — All rights reserved 15


https://standardsiso.com/api/?name=792898924264c7dfbd3d18b5f166431e

ISO 16369:2007(E)

5.1.2.5.8 The wind force on exposed equipment and material on the work platform is calculated as 3 % of
the mass, T, acting horizontally at a height of 1,0 m above the work platform floor.

5.1.2.6 Loads and forces occurring during transfer conditions

Inertia forces plus any load permitted by the manufacturer on the work platform shall be taken into account
when the MCWP is subject to transfer conditions.

5.1.2.7 Erection and dismantling loads

The load for which the MCWP has been designed during erection and dismantling shall be recorded. Erection
load may be jhigher than rated load.

If a handling|crane, as described in 5.1.2.2.6, is used during erection and dismantling of the MCWP; thgn the
crane's masg and the rated load shall together be treated as part of the erection load.

5.1.2.8 Out-of-service wind loads

The wind pressure used for the calculations for out-of-service condition, with the-work platform in a safe
position, shall be in accordance with Table 3.

The limiting wind pressure shall be considered in the most unfavourable direction.

Table 3 — Design out-of-service wind.pressures

Height of member Wind velocity Wind pressure
above ground level
m m/s N/m?2
0to 20 35,8 800
over 20 to 100 42 1100
over 100 45,9 1300
The values given for wind velocity. and wind pressure are minimum values. Information set out in
specific national standards shall be\used, particularly in special locations.

5.1.2.9 Buffer forces

Buffer forces|shall be calculated taking into account the characteristics of the buffer according to 5.4.6. Where
buffers are npt used, deceleration or impact forces shall be taken into account.

5.1.2.10 Ag¢tion of the safety means according to 5.5

To determinethe forces produced by amoperation of these means, the sum totat of atttravetting masses shall
be multiplied by a factor of 2. A lower factor, but not less than 1,2, may be used if it can be verified by test
under all conditions of loading up to 1,5 times the rated load.

5.1.2.11 Inaccuracies in setting-up

For the purposes of calculation, an allowance of an additional 0,5° shall be made to allow for user inaccuracy
when erecting the mast.
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5.1.3 Load combinations and safety factors

The load combinations to be taken into consideration shall be as follows:

— load combination A1:

— load combination A2:

— load combination B1:

— load combination B2:

MCWRP in service without wind, static;
MCWP in service without wind, dynamic;
MCWP in service with wind, static;

MCWP in service with wind, dynamic;

ISO 16369:2007(E)

bad combination B3:

bad combination B4:

pad combination C1:

bad combination C2:

pbad combination C3:

MCWP during erection or dismantling;
MCWP during transfer condition;

MCWP striking the buffer whilst in service;

MCWP during action of the safety means whilstin-service;

MCWP out of service.

The gbove load-combination references (A1, A2, B1, B2, etc.)<are’used in Annex A as load fase A, load
case|B and load case C as appropriate.
In edch load combination, the loads and forces acting on/the MCWP shall be in accordance with Table 4.
Safety factors for structural steels and aluminium alloys ate given in Table 5 and Table 6 respectiyely.
Table 4 — Load combinations'that shall be taken into consideration
Ref Load combination
Loads bel ’
stbclause | ‘a1 | A2 [ B1 | B2 | B3 | B4 | C1(| c2|c3
Strudtural loads 5.1.2.1 X X X X X X X X X
Ratefl load 51.2.2 X X X X X X
Horizontal forces 51.23 X X
Dyngmic forces 51.24 X X X X
In-service wind loads 51.25 X X X X
Loads and forces dudring transfer 5.1.2.6 X X
Erecfion and dismantling loads 5.1.2.7 X
Out-¢f-service wind loads 5.1.2.8 X
Buffdr forces 5.1.2.9 X
Action-efsafeby-means 54240 X
Inaccuracies in set-up 5.1.2.11 X X X X X X
Table 5 — Safety factors for structural steels
Load case Safety factor
A1, A2 1,5
B1, B2, B3, B4 1,33
C1,C2,C3 1,25
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Table 6 — Safety factors for structural aluminium alloys

Load case Safety factor
A1, A2 1,7
B1, B2, B3, B4 1,55
C1,C2,C3 1,4

5.1.4 Structural calculations

See Annex A

5.1.5 Stabllity calculations

5.1.5.1

5.1.5.1.1
factor of 1,1
an inclination
travels upwa

Calculation of forces

Forces causing overturning moments shall, when created by structural masses, be multiplied
hnd when created by rated loads be multiplied by a factor of 1,2. It shall-be_remembered her
of the mast from the vertical will result in an increasing overturning mement as the work pl3g
ds.

All forces calising stabilizing moments shall be multiplied by a factor of 1,0

5.1.5.1.2

5.1.5.1.3
acting in the

5.1.5.1.4
5.1.5.1.2 and

5.1.5.1.5
calculation.

5.1.5.2

The maximd
unfavourablg

The calculati
allowable ind
inaccuracy in

In each case

Vind forces shall be multiplied by a factor of 1,2 and assumed to be acting horizontally.

Horizontal forces as detailed in 5.1.2.3 shall be multiplied by a factor of 1,2 and assumed
direction creating the greatest overturning moment.

5.1.5.1.3 as appropriate.

Calculation of overturning and stabilizing moments

m overturning and_corresponding stabilizing moments shall be calculated about the
tipping lines.

ons shall be made with the MCWP in the most unfavourable configurations, with the max
lination of the chassis defined by the manufacturer. Every load and force combination, incl
setting-up, shall be taken into account in their most unfavourable combinations.

the calculated stabilizing moment shall be greater than the calculated overturning moment.

by a
b that
tform

Forces in accordance with 5.1.2.6 shall be-treated in the same way as specified in 5.1.p.1.

naccuracies in setting-up in accordance with 5.1.2.11 shall be taken into account in the stability

most

mum
Liding

5.2 General requirements for machine, base frame, chassis and mast

5.2.1 General machine requirements

5.21.1

5.21.2

The MCWP and all parts belonging to it shall be calculated in accordance with 5.1.

the work platform and secure it against unauthorized use whilst out of service.

MCWP shall be equipped with a permanently installed device on the work platform to switch off

Similar devices shall be permanently installed at the chassis of self-propelled MCWP which isolates all
movements of the MCWP.

Such devices shall be secured by a padlock or similar device.

18
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5.21.3 Trapping and shearing points between the chassis and work platform shall be avoided by
providing safe clearances or adequate guarding in accordance with ISO 13854 and EN 953.

If safe clearance or adequate guarding is not possible, then an acoustic warning device, which at least gives a
continuous warning when the work platform is moving within 2,5 m of the chassis, shall be fitted to the work
platform.

Trapping, crushing and shearing points need only be considered at those areas within reach of persons on the
work platform or standing adjacent to the MCWP at ground level, or at other points of access.

5.21.4
and |

| disengagement
provided with

OV OT—a v, v, O O Cl O O cl

mear

5.2.1
ends

5.21
platfg

s to secure against unintentional loss when out of use, e.g. by means of a captive chain.

5 Where compression springs are used for a safety function, they shall be guided
Their design shall be such that if they break then the parts cannot coil into eachcother.

6 The design of all components that have to be handled during erection, e.g. m
rm components, erection cranes, shall have their masses assessed against manual handlin

with secured

Ast sections,
g. Where the

permjssible mass for normal handling is exceeded, the manufacturer shall give recommendgtions in the
instrdction handbook concerning suitable lifting equipment.

5.2.117 Where components are erected by means of lifting¢equipment, provision shall pe made for
adeqpate attachment of the lifting equipment. This shall ensure that'the component is securely gpttached and
lifted|in the correct attitude for assembly.

5.2.1|8 Any dedicated lifting equipment shall be designed in accordance with ISO 8686-1 angl ISO 4301-1
and ghall not impose loads on the MCWP structure for which the MCWP was not designed.

5.2.2

5.2.2

If chains or belts are used in drive systems, inadvertent movements of the chassis shall be

Base frame and chassis

1 General

hutomatically

prevégnted if failure of a chain or belt'\occurs.

If poyvered and manual drive‘\systems are provided for the same movement, interlocks shall [prevent both
systgms from being engaged at the same time.

After|failure of the power’supply, no inadvertent movement shall occur.

Walkways on the\base frame or chassis shall be equipped with a slip-resistant surface.

5.2.2|12 , Base frame

The baseframe—shall be—eqguipped—withfixings—{forsafe—and—secure—attachmentof otherlparts of the

construction, such as mast and outriggers.

5.2.2.3 Chassis

The chassis shall be equipped with fixings for safe and secure attachment of other parts of the construction,
such as mast and outriggers.

Means shall be provided to ensure, or at least to give proper warning, that the MCWP is in the proper transfer
(or transport) condition.

If the platform must be locked at a position on the chassis during transport, then transport interlocks shall be
provided.
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Means shall be provided to prevent instability of the MCWP due to failure of any tyre of the chassis, for
example by the provision of foam-filled tyres or by giving instructions in the user manual regarding use of
outriggers.

5.2.2.4 Drive to wheels (excluding road transport)

The chassis shall be capable of being stopped and held stationary with a braking device under all ground
conditions and also the worst combination of horizontal speed and maximum gradient specified by the
manufacturer. The brakes shall only be released and kept released by an intended action. Under all other
conditions, the brake shall apply automatically. After being applied, the means of braking shall not depend on

an exhaustible energy source.

Acceleration
disengage th

For rail-mounted chassis, means shall be provided to stop the machine safely at the limits of trayel.

If axles are d
when they ar

5225 O

Outriggers shall be capable of carrying all loads permitted by the manufagturer. Maximum allowable inclir

and operatio

The feet of the outriggers shall be designed to swivel in all directions by an amount equal to the max

gradient spe

A notice on
ground presq

Movement o

at least in their extreme positions.

and retardation shall be within the manufacturer's stability criteria. It shall be paessik
e drive to the wheels before towing the MCWP.

etachable, the chassis shall be equipped with fixings for safe and secure attachment of the
e in use.

itriggers

n on the maximum gradient permitted by the manufacturer.shall also be considered.

cified by the manufacturer plus at least 10°.

the outriggers shall refer the user to the instfuction handbook for information on the aj
ure resulting from the outrigger feet.

the outrigger beams shall be limited by mechanical stops. It shall also be possible to lock

le to

axles

ation

mum

plied

hem,

The outriggers shall be designed and manufactured so that unintentional movement is prevented.

Any hydraulic outrigger shall be equipped with a load-holding valve, mounted directly to the cylinder| This
valve, e.g. gl pilot-operated check'valve or brake valve, shall prevent unintended flow of oil to or from the
cylinder, eveh in case of pipe oriese rupture. The closing of this valve shall not cause a dangerous situation.
Power-operalted outriggers shall be fitted with a device to prevent power-operated movement of the outriggers
unless the work platform\is-in its intended position.

Outriggers rglyingen-a permanent pneumatic pressure to provide support during use of the platform sh3all not

be used.

Where central supports are provided directly beneath the masts, these shall also comply with the relevant
requirements of this clause.

5.2.2.6 Towbar

If towbars, when not in use, are left in a raised position, an automatic device shall be provided to hold the
towbar in this position. Unintentional release shall not be possible.

Towbar and steering mechanisms shall be designed to prevent handling hazards to the user.

20 © ISO 2007 — All rights reserved


https://standardsiso.com/api/?name=792898924264c7dfbd3d18b5f166431e

ISO 16369:2007(E)

5.2.2.7 Warning marks

Outriggers, outrigger beams and other parts of the base frame or chassis protruding from the main outline of
the platform shall be marked with warning colours.

5.2.3 Mast structure

5.2.3.1 General

Structural components of the mast required for the drive system for elevation (e.g. rack, drive tracks, rungs)
shall be visible for detailed examination without dismantling.

5.2.3]2 Racks and similar devices

The facks and similar devices shall be securely attached to the mast. Joints between adjacent s¢ctions of the
rack ghall be accurately aligned to avoid faulty meshing or damage to teeth or similaf’components.

5.2.3|3 Tie attachment points
If thg MCWP is to be tied into a separate supporting structure, the imast sections shall be|designed to

accommodate the attachment of ties at appropriate intervals. Attachment points shall be [designed in
accordance with 5.1.

5.2.3]4 Marking

All mast sections shall be marked with an individual sidentification or serial number, enablind the date of
manyfacture to be determined.

5.2.4] Mast design with regard to erection

Effective means shall be provided to ensure; so far as practicable, that only correctly interchargeable mast
sectipns can be connected together.

The design of the mast shall ensure effective load transfer between adjacent mast sectiohs, and that
aligniment is maintained.

Whefe the vertical members-of the mast sections are used as guides for drive frame guide rollerd, the joints of
adjagent sections shall-provide a continuous path.

MCWP with masts wvhich are tilted to the working position for use shall be equipped with a dev|ce to ensure

that the mast is.mechanically locked in the working position automatically. It shall not be possiblg to raise the
work |platformiunless this lock is engaged.

5.2.5| (Mast ties

5.25.1 General
The mast requires lateral restraint from an adjoining separate supporting structure when erected above the

manufacturer's specified maximum free-standing height. This restraint will normally be in the form of mast ties
attached at intervals between the mast and the supporting structure.

5.25.2 Design

Mast ties shall be designed for manual handling and ease of assembly using hand tools, and shall provide a
degree of adjustment to accommodate tolerances between the mast and the supporting structure. They shall
provide sufficient torsional rigidity to the mast.
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5.2.5.3 Attachment to the supporting structure

The attachment of the mast ties to the supporting structure shall be designed to resist all forces generated,
both in and out of service.

Sufficient information shall be provided in the instruction handbook to enable the forces applied to the
supporting structure to be calculated.

5.3 Work platform

5.3.1 General

5.3.1.1 he work platform shall remain horizontal, + 2°, during normal movements of the platformp and
under the application of the rated load and other forces exerted during normal operation. During operatfon of
the means {lescribed in 5.5 and the emergency lowering/raising device in 5.6, the maximum perritted
variation from horizontal shall be + 5°.

5.3.1.2 rapdoors in the work platform shall be securely fastened and shall not open downwards.
5.3.1.3 he floor material shall be slip-resistant. The floor shall be easy to clean‘and shall be self-drajning.
Any opening|in the floor or between the floor and toeguards or access gates shall be dimensioned so|as to
prevent the passage of a sphere of 15 mm diameter. The floor material shall be securely fixed to the|work
platform. Any extensions shall be prepared for fixing of the floor material.

5.3.1.4 he work platform floor shall be designed to withstand<without permanent deformation a [static
load of at least 200 kg exerted on the least favourable area of 0,1.tax 0,1 m.

5.3.1.5 ny extensions of the main platform shall be-able to be secured to prevent their inadvértent
movement.

There shall He a clear indication of the maximum permitted extended position. The platform extension shgall be
designed to prevent extension beyond this maximum permitted position.

5.3.1.6 Platform extensions shall not be more than 0,5 m above or below the level of the main platfofm.

5.3.2 Guargding

5.3.21 Al sides of the main(platform and any platform extension shall be designed to be equipped Wwith a
guardrail which can be securely-fastened in position.

5.3.2.2 Except for thecases given in 5.3.2.4, the guardrails shall be at least 1,1 m high and the toebpards
0,15 m high, |with intermediate guardrails not further than 0,5 m from the top guardrail or from the toeboarnds.

5.3.2.3 The<guardrails shall be constructed to withstand concentrated forces of 300 N for each pgrson
permitted on|theyplatform, applied in the outwards horizontal direction at 0,5 m intervals.

The top of each guardrail shall also be constructed to withstand a single vertical load of 100 kg applied in the
least favourable position but not simultaneously with the horizontal load.

5.3.24 If the platform is erected towards a wall and the distance is more than 0,3 m but not more than
0,5 m, a guardrail of minimum 0,7 m height (without intermediate rail but with toeboard) shall be provided to
prevent persons from falling between the wall and the platform. If the distance is more than 0,5 m, a normal
guardrail of 1,1 m height in accordance with 5.3.2.2 shall be provided.

When it is possible to have a horizontal distance between the wall and platform of not more than 0,3 m, then a
guardrail is not necessary. See 7.1.2 ).

5.3.2.5 Chains or ropes shall not be used as guardrails.
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If the movement or speed of the main platform and any extensions exceed 0,06 m/s, or the

clearance between the platform and the mast is less than 150 mm, guarding shall be installed to a height of at
least 2,0 m to prevent access to the mast.

A toeboard 150 mm in height shall be provided at the edge of the platform at the mast.

Apertures shall comply with ISO 13852.

5.3.2.7

shall

5.3.2
betw

5.3.3

5.3.3
be cg
the w

be provided to prevent travel of the work platform with the extension in place.

2

If extensions of the work platform are positioned between the mast and the building,

then means

ALl £l lotf 4 H H 4 L1 o HT N P Y Y H lotf o s
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ben the two levels shall be guarded at least with a toeboard of 0,15 m height located on the.|

Access

1 At least one access gate shall be provided and it shall not open outwards. All acces
nstructed so as to either close automatically or be electrically interlocked, in order to preven
ork platform unless they are closed. Inadvertent opening of the access gate shall not be pos

or ropes shall not be used as access gates.

5.3.3|2 When the distance between the access level and the floor of the work platform i
position exceeds 0,5 m, the MCWP shall be equipped with an aceess ladder or stairs symmet
accegs gate. The steps or rungs shall be divided equally over the{distance between the access
floor pf the work platform, and in no case shall the step rise be more than 0,3 m.

The front of the steps or rungs shall be located to give atleast 0,15 m toe clearance.

5.3.3|3 Handholds, handrails or similar adequate devices shall be provided to facilitate
access ladder to the work platform.

5.3.4

For

into 4

Multilevel work platforms
multilevel work platforms, the special requirements given in Annex B for options A and B s
ccount. In addition the following'shall apply.

Al additional components‘that are used with multilevel MCWP shall be calculated in accorda
A
o 5.1.

Suarding shall-be in accordance with 5.3.2.
Roof protection shall be arranged for the lowest platform in option B to protect persong
bjects. The roof construction for the lowest platform shall

ted opening
bwer level.

s gates shall
operation of
sible. Chains

h the access
rical with the
evel and the

climbing the

hall be taken

hce with 5.1.

\ll additional forces\imposed upon the main platform and the mast structure shall be calculated according

from falling

be designed to withstand a load of 100 kg distributed on any area 0,1 m x 0,1 m, and

be designed so as to prevent the passage of a sphere of 15 mm diameter.

In option A the two work platforms shall not be separated by more than 3 m between platform floor levels.
If the area under the upper platform is a working area, the clearance between the platforms shall be at

least 1,5 m.

The separation distance between work platforms in option B shall be controlled by safety con

tact switches.

This distance shall not be less than 2,5 m in normal operation taking into account levelling inaccuracies.

© 1SO 2007 — All rights reserved
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f)

provided within the platform guarded area. Trapdoors shall comply with 5.3.1.2.

For option B, direct access between work platforms shall not be provided.

)]

Ladders for option A shall comply with 5.3.3. Fixed access between the two work platforms shall be

For option A, with multiple mast applications, platform levelling shall be in accordance with 5.3.1.1. The

design shall ensure that clearance remains between the subsidiary work platform and the mast over the
full levelling range.

Controls

For optid
subsidia|

For opti
with 5.11

5.4 Drive

5.41
5.41.1

5.41.2
any part of th

5.41.3
device which

5414

5415

guides durin
including erq
mechanical s

5.4.1.6
failure of any

5.41.7

Gengdral

The maximum rated speed when raising and lowering the platform shall be no more than 0,2

shall be in accordance with 5.13.

bn A, travel limit switches shall be in accordance with 5.12, taking into account the position
ry work platform.

bn B, separate travel limit switches shall be provided for each work platform, all in accorg
P, making allowance for the separation distance required in 5.3.4 e).

systems for elevation

Fixed guarding shall be provided to prevent the ehtry of any material that might cause dama
e drive system and to protect persons from injury.

Chains or belts shall only be used in drive mechanisms in conjunction with an electrical s
stops the work platform and keeps it.stopped as soon as failure of a chain or belt occurs.

Manual drive systems shall be designed and constructed to prevent kick-back of handles.
Measures shall be taken to prevent the uppermost guide rollers or shoes running off the top
j normal operation. Further measures shall be taken to ensure that under no circumsta
ction and dismantling,-can any safety device pinion come out of mesh with the rack o
afety device designed to prevent uncontrolled descent become inoperative.

Measures shall-be taken to ensure the continued stability of the work platform in the ca
guide rollenodr shoe.

Any hydraulic drive shall conform to EN 982 and to the applicable requirements in 5.10.

pf the

ance

m/s.

ge to

afety

Df the

hces,
[ any

se of

5.4.1.8

hen mare than one drive unit is used on the same mast_it shall be pprmiQQthp to _shar

the

design loads between the drive units only if a self-adjusting measure is provided to ensure load-sharing under
all normal running conditions.

5.4.2 Rack

and pinion drive system

This subclause applies to a MCWP elevated by a power-operated rack and pinion drive system.

5.4.2.1

Means shall be provided to maintain the rack and the driving or any safety gear pinion constantly

in mesh under all conditions of load. Such means shall not rely upon the platform guide rollers. The devices
used shall restrict movement of the pinion on its axis such that at least two-thirds of the tooth is always in

engagement

24

with the rack.
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In addition it shall not be possible for the pinion to move out of its correct engagement with the

rack by more than one-third of the tooth height, even in the event of failure of a counter-roller or other mesh-
control feature or local bending or deflection of the mast.

5423 The rack-and-pinion tooth module shall not be less than

5.4.214 Any safety gear pinion shall be situated lower than the drive pinions.

5.4.2|5 The drive pinion shall be designed in accordance with ISO 6336-1, ISO 6336-2, 1S(

ISO
that,

accoyint the actual stress induced in the teeth under the total suspended static load per pinion.

5.4.2|6 The rack shall be made from material having properties matching those of the pinig
wear|and shall be designed according to 1SO 6336-1, ISO 6336-2, 1SQ.6336-3 and 1SO 6334
tooth|strength, for a minimum of 104 load cycles representing static strength.

The

for topth-strength for the actual stress induced in the teeth.

5.4.2{7 When more than one drive pinion is meshing-with the rack, it shall be permissible
design loads between the pinions only if a self-adjusting measure is provided to guarantee load-s
all ngrmal running conditions.

5.4.2|8 A pinion shall never be used as a'guide roller.

5.4.2|9 Visual examination of all the pinions shall be possible without removal of the pini
disagsembly of structural components of-the MCWP.

5.4.3| Ratchet drive systems

This

5.4.311 General requirements

543|111 The\maximum rated speed when raising and lowering the platform shall be n

0,06

5.4.3|12 . 'Means shall be provided to ensure the proper engagement of the drive system ¢
devicean the rungs or other elements of the mast Such means shall not rely on the plmfnrm guid

54313

four (4) for drive systems in which the counter-roller or other mesh-control feature reacts directly on the

rack without the interposition of any other mast profiles, and

six (6) for drive systems in which the reaction of the counter-roller or other mesh-control
means of another element of the mast, which is then in immediate contact with the rack.

feature is by

$336-5 regarding tooth strength, for a minimum of 108 load cycles. The pinion $hall be so
based on ISO 6336-5, there shall exist a minimum safety factor of 1,5 for.tooth strengt

ffack shall be so dimensioned that, based on ISO 6336-5, there shall exist a minimum safety

subclause applies to alMCWP elevated by a power-operated ratchet drive system.

Mm/s.

) 6336-3 and
dimensioned
h taking into

n in terms of
-5 regarding

factor of 1,5
to share the

haring under

bNs or major

b more than

r any safety

e rollers.

5.4.3.1.4 A drive mechanism shall never be used as a guide roller.

5.4.3.2 Design requirements

5.4.3.21

5.4.3.2.2 The drive system shall be designed in accordance with 5.1.

© 1SO 2007 — All rights reserved

Visual examination of the drive mechanism shall be possible without major disassembly.

The drive system shall always have at least one contact point fully engaged with the mast.
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5.4.3.2.3 The ratchet drive mechanism shall be designed in accordance with generally accepted
engineering principles using a minimum fatigue safety factor of 1,5, taking to account the actual stress
induced under the total suspended static load. The fatigue load cycles shall be 108 for the dynamic
component of the drive mechanism.

5.4.3.2.4 When more than one drive unit is used on the same mast, it shall be permissible to share the
design loads between the drive units only if a self-adjusting measure is provided to ensure load-sharing under

all normal running conditions.

5.4.3.3

Safety devices for ratchet drive systems

5.4.3.3.1
and that will

5.4.3.3.2
5.4.3.3.3

on the ultimg
possible spe

5.4.3.4 Lg

he MCVVP shall be provided with a saiety device that meets the applicable requirements g
brevent the platform from free falling in the event of a failure of the drive system.

The safety device shall be situated lower than the drive system.

The components of the mast supporting the safety device shall have a safetyfactor of 2,5 &

te strength of the material and the highest force that can occur at the rated\load and max
bd.

wer travel limit switches

Ratchet driveé systems need not be provided with lower travel limit switches if the drive unit cannot in

uplift forces i

5.4.3.5

Upper travel
with the mas

5.4.4 Screy

hto the mast or base. The base may act as the buffer if thexrequirements of 5.4.6.2 are met.

Upper travel limit switches

limit switches are not required where the ratchet-drive system cannot disengage the guide r|
, and the upper guide roller of the platform cannot disengage the guide rollers with the mast

v drive systems

f 5.5,

ased
mum

duce

Dllers

This subclauge applies to an MCWP elevated by.a power-operated screw drive system.

5.4.41 General

The screw dfrive components shall be designed using a fatigue safety factor of 1,5, taking into account the
rack

actual stress|induced under the.otal suspended static load. The fatigue load cycles shall be 10 for the
component gnd 108 for the dyframic components of the drive mechanism.

The rack or gimilar;support device shall be securely attached to the mast.

Adjacent sedti
meshing or damage to the drive system.

5.44.3 Screw drive unit

5.4.4.3.1 Means shall be provided to maintain the rack and any screw drive unit constantly in mesh under
all conditions of load. The guide rollers used shall restrict movement of the screw system on its axis, such that
there is adequate engagement with the rack and screw drive unit to ensure its safe operation.
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5.4.4.3.2 It shall not be possible for the screw drive to move out of its correct engagement with the rack by
more than one-third of the contact surface, even in the event of failure of a counter-roller or local bending or
deflection of the mast.

5.4.4.3.3 When more than one drive screw is meshing with the rack, it shall be permissible to share the
design loads between the drive screws only if a self-adjusting measure is provided to guarantee load-sharing
under all normal running conditions.

5.4.4.3.4 The safety device shall be situated lower than the drive system.

5.4.4.3.5 Visual examination of the drive screw shall be possible without removal of the drive screw or

Hay 2= ==Y rabbrof-qbciiat ool meanand £ il o NAO\AID
maJO UTodooTITIVTYy UT otrutLiurar CUTNTTPUTITTIS UT UG Vil Vvt .

5.4.4|4 Lower travel limit switches

Lowgr terminal stopping and lower final limit switches need not be provided if all of the following gonditions are
met:

a) the maximum speed of descent does not exceed 0,2 m/s under all circumstances, including operation of
the safety system (5.5.1.1);

b) huffers are provided which have no moving parts and are designéd for repeated use without wear;

c) e buffer is designed according to 5.4.6, taking into account the possibility that the platjorm may be
riven into the buffer;

d) e drive system is designed with a load-limiting device that limits the strain on the drive in the event the

latform can be driven into the buffer, and the_drive system is designed taking into congideration the
sulting forces.

5.4.4l5 Upper travel limit switches

Screyv drive systems are not required to be provided with upper terminal stopping or upper final limit switches
all of |the following conditions are met:

a) the MCWP is designed so-that the uppermost guide rollers or shoes cannot run off the top pf the guides
dluring normal operation;

b) the work platform cannot be driven off the top of the mast under any circumstances;

c) the platform rémdins stable in the horizontal position according to 5.3.1.1 under all conditigns, including
grection and\maximum unbalanced platform loading.

5.4.5| Braking system

5.4.5.T General Tequirements

5.4.51.1  Every work platform shall be provided with a brake system which operates automatically
a) inthe event of loss of the main power supply, or

b) in the event of loss of the supply to control circuits.

If two or more masts are used, there shall be a braking ability for each mast.

Belts or chains for coupling a drive pinion to the component on which the brake operates are not permitted.
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5.4.5.1.2 The braking system on its own shall be capable of stopping the platform travelling at rated speed
and with 1,25 times the rated load with a retardation between 0,2 g and 1,0 g. In addition, the braking system
on its own shall be capable of stopping the machine when travelling at the triggering speed of the overspeed
detector with the rated load.

5.4.5.1.3 In the case of only one brake, all the mechanical components of the brake which take part in the
application of the braking action on the drum or disc or the drive pinion shall be constructed and installed in
such a way that if a failure in one of them occurs, sufficient braking shall remain to bring the work platform with

rated load to

5.4.5.1.4

a stop.

ar dAavian
rTar T vIcCs

The components on which the brake operates shall be positively coupled to a sprocket, drive

pinion or simj

5.4.5.1.5

A\ny machine fitted with an emergency lowering or raising device according to 5@ sha

capable of having the brake released manually and shall require a constant effort to keep the brake,open

5.4.5.1.6
supported arf

5.4.51.7
shallbe so s

Brakes shall

The braking
least IP 23 in

5.4.5.1.8

5.4.5.2

5.4.5.21

The action of the brake shall be exerted by compression springs. The springs shall be adeq

d shall not be stressed in excess of 80 % of the torsional elastic limit of the material.

Brake blocks and linings shall be of incombustible material (the use of ‘@sbestos is forbidden
bcured that normal wear does not weaken their fixings.

be provided with means of adjustment.

system shall be protected against ingress of lubricants, water, dust or other contaminants
accordance with IEC 60529.

Band brakes shall not be used.

Special requirements for electromechanical-brakes

n normal operation, a continuous flow of-current shall be required to hold off the brake.

The interruption of this current shall be effectedby at least two independent electrical devices, whether

integral with

If, when the

hose which cause interruption ‘of the power supply of the drive motor.

movement shall be prevented at the latest at the next change in direction of motion.

5.45.2.2
the electric d

Braking shal
capacitor cof

5.4.5.3
54531 |

5.4.5.3.2
position befo

Special requirements for hydromechanical brakes

When the motor_.ofthe work platform is likely to function as a generator, it shall not be possil
pvice operating the brake to be fed by the driving motor.

becometeffective without delay after opening of the brake-release circuit (the use of a dig
nected-directly to the terminals of the brake coils shall not be considered as a means of dela

Il be

ately

) and

to at

br not

work platform is stationary, one of the contactors has not opened the main contacts, flirther

le for

de or
y)-

n normal operation, a continuous oil pressure shall be required to hold off the brake.

re the normal operating torque for the drive is attained.

5.4.6 Buffers

5.4.6.1
exceed 1,0 g

28

, buffers shall be provided.

When the motion of the platform is initiated, the braking system shall not reach the hold-off

If the deceleration of the work platform at the bottom limit of travel of the work platform could
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The total possible stroke of the buffer(s) shall be at least equal to the stopping distance

corresponding to the work platform with rated load being arrested by the buffers from its maximum possible
speed at a deceleration of 1,0 g. The maximum possible speed to be considered shall be that which can occur
in service, or the tripping speed of the overspeed safety device or speed-limiting system, whichever is greater.

5.4.6.3

5.5

Means to prevent the work platform from falling with overspeed

5.5.1 General

If the buffers travel with the work platform, they shall strike against a clearly recognizable pedestal.

5.5.11 All MCWP shall be equipped with a device or means which prevents the work pIatfonIn from falling
in thg event of any failure (other than a structural failure of the mast/work platform) and which op
a speed of 0,5 m/s is exceeded. This device, or means, shall automatically arrest and;-sust
platfgrm with 1,1 x the rated load.

Thesg devices or means shall, when tripped, cause a deceleration not less than(0,05 ¢ and n

10¢g

This
a)

b)

5hall be achieved by one of the following systems:
an overspeed safety device as specified in 5.5.2, or

multiple drive units as specified in 5.5.3.

5.5.1|2 Adjustable components which have a safetyfrelated function shall either require t
adjugtment or be capable of being sealed against unauthorized adjustment.

5.5.1|3 These devices or means shall be desighed to ensure that environmental conditions

their

safe operation.

5.5.2| Overspeed safety devices

An oyerspeed safety device shall censist of an overspeed detector and a mechanical device for
mainjaining the work platform in a-stationary position on the mast.

5.5.2]1 Design requirements

The

gverspeed safety.dévice specified in 5.5.1.1 a) shall
e independent of the drive machinery, other than the rack or rungs,

e always fully operational in normal use, erecting, maintenance and dismantling,

nnotbe dependent on energizing or maintaining an electrical or other auxiliary circuit,

brates before
hin the work

bt more than

pols for their

cannot affect

stopping and

be accessible for inspection, maintenance and testing without major dismantling,

be designed using a safety factor of 2,5 based on the ultimate strength of the material and the highest
force which can occur in the device with rated load and maximum possible speed (see 5.5.1.1),

be able to be tested by a competent person remote from the work platform so that persons are not

exposed to danger,

not be used for guidance of the work platform,

positively actuate on the masts or racks and be tripped by an overspeed detector (see 5.5.2.2),
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k)

be designed so that all control circuits for normal operation are automatically interrupted by a safety
switch before or at the time the overspeed safety device is applied,

be designed so that the method of release of the safety device requires the intervention of a competent
person in order to return the MCWP to normal operation,

be designed such that the braking effect of the overspeed safety device increases progressively from the
point of tripping of the overspeed detector to the point of bringing the platform to rest.

5.5.2.2 Overspeed detector

5.5.2.2.1 he overspeed detector shall trip at a speed defined by the manufacturer, but in no case shall the

work platformp exceed the speed stated in 5.5.1.1.

5.5.2.2.2 Dverspeed detectors shall operate mechanically and shall be driven either by (the”overdpeed

safety devicqg or by wire rope.

5.5.2.2.3  If wire ropes and pulleys are used for overspeed detectors, then

5.5.3 Multiple drive units

If multiple drive units are used to meet the requirements of 5.5.1.1 b), the following shall apply.

a)

b)

c)

d)

e)

f)

30

the wire|rope diameter shall not be less than 6 mm,
the ratio|between the diameters of the ropes and the rope pulleys shall not be less than 20,

the ratio| between the highest pull force which could occur in the rope*and the minimum breaking force of
the ropelshall not be less than 8, and

the minimum generated force shall not be less than 300 N ‘and not less than twice the force necessary to
engage fhe overspeed safety device.

The MCWP shall have at least two independent direct-drive units of identical capacity fitted to each mast.
Each drjve unit shall have its own brake, and each brake unit shall be completely independent apd be
positivelly but separately connected to’'the mast.

In the ejent of the failure of.a-drive unit or its braking system, the remaining braking system shall be
capable|of stopping andcCsustaining the work platform when carrying 1,1 x the rated load, from the
maximuim possible spe€d)éven under emergency lowering conditions (see 5.6).

In additipn, each brake shall have a minimum capacity of twice the design load of each drive unit.

Each drive unit’shall always be fully operational in normal use, erection, maintenance and dismantling.

kLl
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The brake system shall be accessible for inspection, maintenance and functional testing of the system
without major dismantling.

Each drive unit, including the rack where applicable, shall be designed using a safety factor of 2,5 based
on the ultimate strength of the material and the highest force that can occur in the drive at the rated load
and maximum possible speed.

The load on each drive unit shall be determined considering the failure of at least one drive unit.
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The drive system shall detect any malfunction in a drive unit that impedes its proper function, and when
such malfunction is detected, the brakes shall be automatically applied and normal operation of the drive
system prevented.

Electrically powered drive systems shall at least indicate loss of mechanical integrity which results in a
differential in the current demand between each drive unit exceeding 25 % of the full-load current.

Hydraulically powered drive systems shall at least indicate a loss of mechanical integrity which results in
a differential in the torque demand between each drive unit exceeding 25 % of the full-load torque.

The drive system shall have a speed-limiting system that automatically prevents the work platform from

V3 Aiaa—a-—d o AdAafO 4 ol
e/\uccullly A UCOoLUTIU OPCTU UV, TTINOo.

The speed limiting system shall be capable of carrying the work platform and its rated\load in the most
disadvantageous configuration, and shall have a safety factor of at least 2,5 based on|the ultimate
strength of the material and the highest force which can occur in the event of the’failure ¢f a brake or
mechanical failure occurring in a drive unit.

Means for emergency lowering and raising the work platform

5.6.1| The MCWP shall be fitted with means which permit the manually-controlled emergency lgwering of the
work |platform under certain circumstances. Such circumstances shallrinclude power system failtires but may

exclude those mechanical failures which would prevent the safe movement of the work platform.

It is iptended that such means shall offer the possibility of the.emergency lowering of the work pjatform, such

that persons can leave it, dependent upon suitable site conditions being available.

5.6.2] The means shall:

a)

b)

e operated from a safe but easily accessible*location on the work platform, which also permits the best
ossible view of the travel area;

Iave controls which are adequately~shrouded or otherwise arranged to prevent, as far|as possible,
ccidental operation from any cause;

only be operable by a hold-fo3run control which permits lowering of the work platform only ag long as the
¢ontrol is manually held in.a’set position by a manual force of no more than 400 N;

flequire the temporaryrelease of the braking system (see 5.4.5);

permit the immediate automatic re-application of the braking system upon release of th¢ emergency
Ipwering controls;

permitlowering whilst the work platform is carrying 1,1 x the rated load;

allow that no part of the work platform shall exceed + 5° from the horizontal, in accordance|with 5.3.1.1,
during emergency lowering.

5.6.3 The emergency lowering means shall not prevent the operation of the devices in accordance with
5.5.1.1 a) and b).

5.6.4 Means for emergency raising of the work platform may be fitted, in addition to the means for
emergency lowering. When fitted, the emergency raising means shall comply with 5.6.1 and 5.6.2, as well as
5.6.3, with the word “raising” substituted for “lowering” in all cases.
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5.7 Overload/moment device

5.71

exceptions, see 5.7.16.

The MCWP shall be provided with an overload- and moment-detecting and -indicating device. For

5.7.2 This device shall detect the total load due to persons, equipment and materials on the work platform.
It shall also detect those moments, due to these loads, that are likely to lead to overturning or failure of the

MCWP. This

bending

device shall at least detect:

and torque moments on cantilevered main platforms;

bending

bending

5.7.3 Ovelload/moment detection shall be capable of being carried out at least whilst the(work platfg

stationary.

574 The
described on

5.7.5 The

a) automat

b) if autom

configur
compari

1)
2)

acl

a cq
sep

5.7.6 The
configuration

5.7.7 The

5.7.8 The
load/momen
has been ren

5.7.9 The
need to test
detector or ir

e 4 41 | IR S ! el H Ll
daltu turgquc Trormerits U uic Letitral pdait U SHmTipty sSUppuOrtcyu miairt giaduoritis,

moment on the mast.

pverload/moment detector shall be consistent with the rated loads and their locations sho
the rated load chart(s) for the MCWP.

bverload and moment detection and indication shall function

cally for the different possible platform configurations, or

rm is

vn or

atic detection and indication are not possible for different configurations, then a work plgtform

btion selector shall be provided which allows a clear classification of the chosen setti
on with actual work platform configuration, by either:

bar sign of the respective platform configuration, or

de at each setting; in this case, clear reference shall be given to the explanation of the codg
hrate code or configuration sign.

humber of possible selections permitting use of the work platform shall not exceed the num
s for the work platform.

selector shall be so sitdated or protected so as to be inaccessible to unauthorized persons.
overload/moment-detector shall be triggered before reaching a load/moment of 1,1 x

, and once triggered shall continuously isolate the controls concerned until the overload/mg
nhoved.

ng in

ona

per of

rated
ment

design“and installation of overload/moment detectors and indicators shall take into account the

thel MCWP with overloads without dismantling and without affecting the performance ¢
dieator.

f the

5.7.10 The overload/moment indicator shall continuously, visually and audibly warn the operator and other

persons in th

5.711 Nop

e vicinity of the work platform when the overload/moment detector is activated.

rovision shall be made for the user to cancel the warning.

5.7.12 Visual warnings shall be positioned in full view of persons on the work platform.

5.7.13 The overload/moment detector and indicator shall be arranged so that their operation (but not
necessarily their accuracy) can be checked without applying loads to the work platform.

5.7.14 The overload/moment detector and indicator shall comply with 5.11.

32
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5.7.15 The electrical and electronic requirements for overload-detection devices are given in Annex C.
5.7.16 Devices in accordance with 5.7.1 to 5.7.15 are not required if the following requirements are met.

— All design calculations are based on the loads m,, my and T that are related to the rated load, m, defined
in 5.1.2.2.1 increased by a further factor f'as a function of, m, in accordance with Figure 8.

— Brakes and safety devices/means are calculated with the same loads as mentioned above.

— For stability calculations, the increased loads shall be considered in case they result in overturning

moments.
Y A
1,3
1,15
500 1500 X
Key
X rated load, m, in kilograms
Y fgctorf
Figure 8 — Factor fas a function of rated load

5.8 | Electrical systems
5.8.1| General
5.8.11 Electrical and( electronic installations and their appliances shall be in accqrdance with
IEC §0204-1, which applies)in full.
5.8.1{2 Safety~and control circuits shall be in accordance with IEC 60204-1. The safety and control
circuits shall be electrically separated from all other circuits.
5.8.113 Transformers shall be used for supplying control circuits. Such transformer shall have separate

winding,<and one side of the control circuit shall be connected to the protective bonding circuiit (PE) (see
IEC §0204-1).

5.8.1.4 All safety contacts shall be of the positive-opening operation type complying with the
requirements of IEC 60947-5-1.

5.8.2 Electrically powered drive systems

5.8.2.1 At the chassis or base, a main switch shall be mounted in accordance with IEC 60204-1 at an
easily accessible position.

5.8.2.2 Any drive system shall have, within a distance of not more than 2 m from the drive, a supply-
disconnecting device able to separate the energy supply from the drive in all poles of phase.
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5.8.2.3 In the event of failure of one phase of the supply to the directional control device, the machine
shall stop.
5.8.24 Precautions shall be taken to ensure the free and safe movement of any trailing cable throughout

the full range of travel of the work platform. If the mast is inclined or multilevel work platforms to option B
(Annex B) are used, additional precautions are necessary, for example by making the cable follow the incline

of the mast by the use of guides or the use of automatic cable-reeling drums.

5.8.3 Safety switches

The operation of a safety switch shall be by positive separation of the contacts, even if the contacts have

welded together. Safety switches shall comply with 5.8.1T.4 and the conditions set out in Table 7.

Table 7 — Conditions for use of electric switches

Category of control
Subclause Devices checked Switch? | system according to
1SO.13849-1
5.34¢€) Separation distance switch sc 1
5.5.2.11) Operation of overspeed safety devices sC 1
5.12.1 Terminal stopping switch ssr B
512.2 Final limit switch SC 1
@ | sc = safety switch in a safety circuit; ssr = safety switch, self-resetting.

5.8.4 Contfol system

The control §
includes any

In redundand

ystem shall comply with category 1 of ISO-13849-1:2006 unless otherwise stated in Table 7

control system using electrical or hydraulic power.

y-type circuits and diversity-type circuits, measures shall be taken to limit as far as possib

risk of defects occurring simultaneously in‘more than one circuit arising from a single cause.

5.9 Drive

5.9.1 Gualds shall be provided-to protect persons at control positions, or standing adjacent to the MCV

ground level,
5.9.2 The
5.9.3 The

systems powered by internal combustion engine

or at other points of access, against thermal or mechanical hazards.

bxhaust from internal combustion engines shall be directed away from control positions.

filling 'points of gas and fluid reservoirs (other than for fire-resistant fluids) shall be position

avoid any firef from spillage onto very hot parts (e.g. engine exhaust).

This

e the

VP at

ed to

5.9.4 A fire extinguisher shall be provided with the MCWP in a suitable location where flammable fuels are

used.

5.9.5 Batteries and containers shall be constrained to prevent displacement which could create a hazard.

5.9.6 Suitable ventilation holes shall be provided in the battery container, compartment or cover to prevent
the accumulation of gases.

34
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5.10 Hydraulic system

5.10.1 General

5.10.1.1 The hydraulic system shall be designed so that the safety requirements for fluid power systems
and components in EN 982 are met.

5.10.1.2 It shall be the responsibility of the manufacturer to determine, by calculations and test, the
working pressures which can occur in any part of the circuit.

5.10.1.3 Each hydraulic circuit shall be provided with a sufficient connection for a pressure gauge.

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

5.10./1.5 Any hydraulic tank open to atmosphere shall be equipped with an air-breathingfilter.

5.10.11.6 Each hydraulic tank shall be equipped with a device indicating the fluid-level and marked with the
maximum and minimum levels.

5.10.11.7 The hydraulic system shall be fitted with a pressure-relief yalvé in order to provigle protection
agairlst excess pressure. It shall be adjustable, sealed and designed so(that the setting shall only be possible
with fhe aid of special tools. The valve shall be adjusted for a pressufe which is no more than 20|% above the
presgure in operation with the rated load. If different maximum pressures are used in the hydraulic system,
then p corresponding number of pressure-relief valves shall be provided.

5.10./1.8 Pressurized parts of the hydraulic system which' may be subjected to the maximym pressures
permijtted by the pressure-relief valve shall be designed“to withstand at least twice that pregsure without
permanent deformation.

5.10./1.9 The bursting pressure of hoses, including fittings, which may be subjected to the maximum
presqure permitted by the pressure-relief valve‘shall be not less than four times that pressure.

5.10.1.10 All other parts of the hydraulic system shall be designed to withstand at least the maximum
presqure to which they will be subjected:

5.10.1.11 Pilot-operated control valves shall be so designed and installed that they fail to safety in the event
of power failure.

5.10.2 Hydraulic cylinders

5.10.2.1 Hydraulic’cylinders shall be designed and installed in accordance with the applicablg standard for
fluid power systems and components (EN 982 or equivalent).

5.10.R.2 The design of threaded joints subjected to varying tensile loads shall take into account the effects
of fatigueand prevent inadvertent separation (unscrewing). The visible threaded joints shall be nrarked with a
line af_paint for easy checking of unscrewing

5.10.2.3 Load-holding cylinders shall be fitted with a device to prevent unintended movement caused by
failure of an external pipe until they are opened by an external force.

The device shall be either
a) integral with the cylinder, or
b) directly and rigidly flange-mounted, or

c) placed close to the cylinder and connected to it by means of rigid pipes (as short as possible), having
welded or flanged connections and being calculated in the same way as the cylinder.
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5.11 Special requirements for safety devices depending on auxiliary circuits, and for
overload/moment detection devices

5.11.1 The device shall be compatible with the designed use of the MCWP.

5.11.2 Devices shall be in accordance with IEC 60204-1. Systems shall enable periodic functional checks to
be carried out to verify that all functions are operating correctly.

5.11.3

If interruption of the power occurs, all data and calibration of the indicators shall be retained.

5.11.4 Limiting- and indicating-device systems shall fail to a “safe” condition, in which any fault results in a

shutdown of

5.12 Trave

ne control CIrCults 1or normal operation.

| limit switches

5.12.1 Terminal stopping switches with contacts in accordance with chapter 3 of IEC 6094725-1:2003

be provided
and lowest |
before conta
with the final

5.12.2 An U
come to a ¢
downward n
possible unti

A lower final
not powered
shall be prev|

5.12.3 Sep{
switches and

bnd positioned so that they automatically stop the work platform from rated,speed at the hi
bvels. At the lowest level, initiation of stopping shall occur before contact with the buffe
Ct with the final-limit switch. At the highest level, initiation of stopping shall occur before cq
limit switch.

pmplete stop before reaching the top of the mast. After triggering the upper final-limit s
corrective action has been taken by a competent person.

limit switch shall be provided. It shall interrupt the<glectric supply such that the work platfg

ented until corrective action has been taken by'@ competent person.

rately mounted actuating and control devices shall be used for the terminal stopping (travel
the final-limit switches.

It is permitted to have one final-limit switch to serve both the upper- and lower-limit switch functions.

5.13 Contr

5.13.1 On
simultaneoug

5.13.2 The
control devic

5.13.3 If mg
a way that cq

pls

self-propelled MCWER-it” shall not be possible to operate horizontal and vertical mover
ly for the transfercontrols.

control device for normal vertical movement shall be situated on the work platform only
b for horizontal movement of the MCWP chassis shall not be situated on the platform.

vement-can be controlled from different control positions, the controls shall be interlocked in
ntrolis only possible from one pre-selected control position.

shall
Dhest
F and
ntact

pper final-limit switch shall be provided. It shall be positionedsuch that the work platforqn will

witch,

ovement of the work platform may be permitted but ne_further upward movement shall be

rm is

into the buffers. After triggering the lower final-limit switch, all movements of the work plgtform

limit)

nents

The

such

5.13.4 Platforms shall be provided with hand-operated controls such that all movement of the platforms can
only take place whilst the control is being actuated. When released, the controls shall automatically return to
the neutral position. All controls shall be arranged to prevent inadvertent operation.

5.13.5 Whilst moving the platform vertically, the control station shall be positioned to provide the operator
with the best possible view of the travel area and to ensure safe movement of the platform. A warning sign
shall be mounted on any movable station stating that vertical operation of the work platform from places other
than the work platform itself is forbidden.

5.13.6 Emergency-stop controls shall be arranged on the platform in accordance with IEC 60204-1.
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5.13.7 On starting or restoration of power after failure of the power supply, no further movement shall occur
without the intervention of the operator.

5.13.8 Controls shall conform to EN 614-1, taking into account the possibility of the operator wearing gloves.

6 Verification of safety requirements and/or measures for each new model
of MCWP

6.1 Design check

The iesign check shall verify that the MCWP is designed in accordance with this International’Standard. It will
includle inter alia verification of the following documents:

a) drawings containing the main dimensions of the MCWP;

b) description of the MCWP with necessary information about its capabilities;
¢) ipformation about the materials used,;

d) diagrams of the electrical, hydraulic and pneumatic circuits;

e) ¢perating instructions.

The gbove documents shall give all necessary information to'ehable
— the stability calculations to be checked (see 5.1.5),,and

— the structural calculations to be checked (see-5.1.4).

6.2 [Practical tests

6.2.1| General

Pracfical tests shall be made to-verify that

— the MCWP is stable,

— the MCWP is stfucturally sound, and

— all functionsywork correctly and safely.

Thesp tests’shall be made:

| - £ £ s n AAO\ALD CPTRET) s P WY : £ 4 L } .
a) IITUTe Cds€ O a ITeC=3dl Uiy WiLVVE, WILUT U TTTdsU €TeCLleU 10 1S TTTIaxITiarm imee=stariditig 1ie ght,

b) in the case of a tied-in MCWP, with at least two ties in position at their maximum permitted spacings with
maximum permitted top overhang.

MCWP which are capable of operating in both free-standing and tied-in conditions shall be tested in both
configurations.
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6.2.2 Stabi

6.2.2.1

lity tests

General

The MCWP shall be set up on the maximum allowable inclination of the chassis defined by the manufacturer
plus 0,5°, with outriggers (if fitted) used as specified by the manufacturer. Test loads shall be applied to

represent all

the most unfavourable load and force combinations specified in 5.1.5.

The test may be carried out on level ground if the test loads are recalculated to include the effects of the
maximum allowable inclination of the chassis defined by the manufacturer plus 0,5°.

The test load
MCWP.

The test sha

The untied N
test load and

6.2.2.2 Bi

All MCWP fi
worst transfe
Application ¢

6.2.2.3 Oy

The test loa
carried out a

When, due t
necessary, 4
conditions cs

During the o
load-carrying

During the ¢
removing theg

The overload

6.2.2.4 Fu

S may be applied at any suitable strong point, It necessary, to avold overstressing any part

| be repeated in all the most unfavourable extended and/or retracted positions.

ICWP is stable if it can come to a stationary condition without overturning while supportin
force combination(s).

aking test of the chassis
ted with wheeled chassis shall be subjected to a brake testwith the unloaded platform

r condition. The brake shall be able to stop and hold the MCWP in the worst transfer cong
f the brake shall not induce instability.

verload test

accelerations and decelerations appropriate to safe control of the load.

p the various combinations of load or outreach of a MCWP, tests with different test load
I movements shall be carried out-with all test loads except where the most unfavol
n be sufficiently simulated by one performance test.

verload test, the test load shall be put into each position which creates maximum stress i
part of the MCWP.

verload test, the brakes shall be capable of stopping and sustaining the test load(s).
test load(s), the MCWP shall show no permanent deformation.

/moment device, if provided, shall be checked for compliance with 5.7.3 to 5.7.14.

nctionaltests

bf the

g the

n the
ition.

i shall be 125 % of the rated load. All movements of the MCWP with the test loads shall be

5 are
rable

N any

After

6.2.241 (

Seneral

Functional te

38

sts shall demonstrate that

the MCWP can operate smoothly for all motions whilst carrying the rated load at the rated speeds,
all safety devices work correctly, and

maximum permitted speeds are not substantially exceeded.
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5.5.1.1 a)

Test of the systems to prevent the work platform from falling with overspeed according to

Functional tests of the safety gear shall be carried out with the platform carrying 1,1 x the rated load. The work
platform shall be allowed to overspeed to the governor-tripping speed in order to determine that

a)

b)

6.2.2[4.3 Test of the systems to prevent the work platform from falling with overspeed ad
5.5.1]1 b)

Functional tests of the independent drive units shall be carried out with the platform carryirg 1,1
It shgll be determined that

a)

b)

c)

6.2.2]4.4 Test of the means for emergency lowering (and raising) of the work platform

7.1.1] Comprehensive information

the overspeed device operates as specified by the designer, and

the safety gear is capable of arresting the motion of the work platform, without the assistance of motor

brakes, within the designer's quoted stopping distance.

the work platform can be stopped and sustained from rated speed by each of the drive un
intentional release of the motor brake of each one of the drive units in turn.during the test,

the platform can be stopped and sustained from rated speed by intentional activation of the s
in accordance with 5.5.3, and

in each case, the stopping distance is within the quoted desigh specification.

For work platforms equipped with an overspeed-safety device in accordance with 5.5.1.1 g
the controls comply with 5.6.1 and 5.6.2, and\that the work platform speed with 1,1 x rated
¢ontrolled according to the user instructionsy Whilst lowering, permit the speed to increase
point where the overspeed safety device operates, in accordance with 5.6.3.

with 5.6.1 and 5.6.2, and that the‘lowering (and raising, if applicable) speed does not exceed
1,1 x rated load on the work platform.

Information to be-provided

Instruction handbook

cording to

x rated load.

its in turn by

afety system

), check that
load can be
further to the

fFor work platforms equipped with (mgans in accordance with 5.5.1.1 b), check that the comntrols comply

0,3 m/s with

ry where the

7.1.2 Content of the instruction handbook

ntation of this

The manufacturer and/or importer/supplier shall make available to the user an instruction handbook containing
the following information, as a minimum:

a)

General information
Manufacturer's or supplier's name and address,

country of manufacture,
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— model designation,

— serial or fabrication number,

— year of manufacture,

— vertical travel speed, in metres per second,

— horizontal transfer speed, in metres per second,

— outdoor/indoor installation,

— maximu]n allowable free-standing height, in and out of service, in metres,

— maximum allowable wind speed during erection and dismantling, in metres per second,
— maximum allowable wind speed, in and out of service, in metres per second,

— hydrauli¢ supply information if an external hydraulic power supply is used,

— pneumatic supply information if an external pneumatic power supply is used

— electrical supply information if an external electric power supply is used,

— warninglsign required regarding movable control stations.

b) Capacity information

The following information shall be made available, -both for MCWP with non-varying work plgtform
configurationss and for MCWP with varying work platform configurations. In the case of variable configufation
designs, the [rated loads for particular main platformand platform extension configurations, and any limifation
as to load digtribution shall be displayed each time.the MCWP is installed (see 7.2.3):

— maximum platform dimensions (length % width, including platform extensions, in metres);
— rated logd, in kilograms;

— maximun lifting height, untied'mast, in metres;

— maximufn lifting height; tied mast, in metres;

— tie distafice, in métres;

— top overhang.in operation, in metres;

— maximum permitted force, in newtons, applied to tools (manually or mechanically assisted) that is to be
resisted by the work platform;

— maximum rated load on platform extensions, in kilograms;

— any load, including persons, permitted on the work platform during transfer condition.

Sufficient information shall be given in the instruction handbook provided by the manufacturer to permit the
owner can derive the particular details for each configuration. These particular details shall then be

augmented by the name of the erection site and a reference to the relevant chapter in the instruction
handbook, such that the user can display this load diagram on the MCWP.
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Dimensions and masses

Height from the ground to the work platform in its lowest position for access, in metres,
platform section: length x width x height, in metres,

platform section: mass, in kilograms,

mast section: length x width x height, in metres,

mast section: mass, in kilograms,

drive unit: length x width x height, in metres,

drive unit: mass, in kilograms,

¢hassis: length x width x height, in metres,

¢hassis: mass, in kilograms,

outrigger spread and configuration: length x width, in metres,

:tase unit (specified transport configuration): mass, in kilograms, and dimensions of leng
eight, in metres,

MCWP installed by crane: mass, in kilograms,

MCWP installed by crane: max. height of mast, ifi-metres,

inimum area required for installation: length x width, in metres.
lectrical data

ower for lifting machinery, in kilowatts,

ower for transfer machingéry;in kilowatts,

supply voltage/frequéncy, in volts per hertz,

¢ontrol voltage/frequency, in volts per hertz,

maximum¢starting current, in amperes,

maximum power consumption, in kilovolt amperes,

th x width x

rrimmonTpower-suppty; i kitovottamperes;
main power supply fuses and type, in amperes,
outlets for portable tools: voltage and current, in volts and amperes respectively.

Safety equipment

Type of safety equipment (e.g. safety gear, terminal stopping switches and final-limit switches),

additional safety equipment for erection and dismantling,

emergency lowering equipment.
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f) Additional technical information

This shall include the following:

— outrigger arrangements;

— ground-bearing pressure and hazards associated with changing ground conditions;
— tie arrangement and forces imposed on the supporting structure, for given wind zones;

— free-standing arrangements for given wind speeds;

— need for| protection regarding hazardous areas around the MCWP;

— provisiof of adequate lighting for safe operation;

— precautipns about platform extension between the building and the mast;

— informatjon regarding any lifting points;

— considetfation of the possible requirements for lightning protection;

— considefation of the effects of any item which significantly increase the wind area (see 5.1.2.3.3);
— considefation of any effects which significantly increase the wind'speed, e.g. adjacent tall buildings, ¢tc.;

— where apy non-standard configurations are required, these shall be agreed between manufacturer, qwner
and usef, and this information shall be added as an addendum to the instruction handbook;

— transport procedure to and from site, including the.fieed for meeting traffic regulations;
— transfer pf the MCWP around the site, including’maximum gradient;

— instructipns with regard to the use of slightly raised outriggers during transfer conditions in order to pvoid
instability from, for instance, failure of\one tyre.

g) Operating instructions
These shall ihclude the followihg)information:

— operatinf procedures, including information on safe distances, such as the clearance to power cableg and
other overhead sttuctures and between the platform and the building;

— emergency-procedures, including the operation of safety devices, resetting by a competent persof and
action tq be taken in case of power loss, including safe use of the means for emergency lowerind; this
shall include clear instructions regarding safe Towering-distance incremenis and any rest periods needed
in order to avoid overheating of brake linings;

— that travelling controls cannot be operated with any other movement unless the MCWP is in transfer
condition;

— use of relevant personal protective equipment, such as hard-hats, protective shoes and eye protection.
h) Requirements for operating personnel

The instruction handbook shall state to the user the minimum qualifications of operating personnel.
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i) Operating procedure requirements

These shall include the following points:

— each day before the MCWP is put into use, check the operating devices, brakes and emergency stops.
Also check the condition of all trailing cables, travel limit switches, guardrails, structural connecting mast
ties, cables and information plates;

— keep the work platform free from waste, building materials and debris, snow, etc.;

— before any work is begun, visually check the outriggers and any timber or other packing on the ground to
gnsure that TS in good order,

— ensure that tools and other objects do not project outside the perimeter of the MCWP;
— during the work, carefully follow the operating instructions;

— It the end of the work period, bring the platform into the “out-of-service” position and isolatqg it to prevent
nauthorized operation;

— ip the event of a fault with the MCWP which can jeopardise safety;)immediately immobilise the MCWP
and notify a responsible person;

— ih case of emergency, follow the relevant instruction in the .user's manual.
j) Maintenance instructions
Thesp shall include the following points:

— gchedule of regular maintenance and the jntervals required, together with requirements fon] adjustments
and tolerances, and for personnel skills;

— ipformation and precautions to be taken regarding hazards during maintenance;

— negular replacement of specific:parts, including discard criteria;

— ipformation on the replaeement of safety-critical parts by identical components;

— ipformation on how o seal adjustable components which have safety-related functions;
— frouble-shoating information;

— e¢lectrical/hydraulic/pneumatic schematic diagrams;

— ;Parts lists/diagrams;

— list of maintenance work to be carried out only by specially trained persons, together with a definition of
that training.

The manufacturer shall stress that regular maintenance shall include visual inspection and necessary
functional test and maintenance measures. Special attention shall be given to the inspection of load-bearing
parts with attachments, driving and stopping devices, operating and safety devices, racks and pinions, etc.

k) Periodic examinations and test on MCWP

The instruction handbook shall state that the frequency and extent of periodic examinations and tests depend

on national regulations, manufacturers' requirements, operating conditions and frequency of use. It is normally
not necessary to dismantle parts at periodic examinations, unless there are any doubts in relation to reliability
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and safety. The removal of covers, the exposure of observation apertures, and bringing the MCWP to the
transport position are not considered to be dismantling.

The instruction handbook shall state the maximum interval between periodic examinations and tests. Such
examinations and tests shall at least consist of the following:

— visual examination of the structure, with special attention to corrosion and other damage of load-bearing
parts and welds; and

— examination of the mechanical, hydraulic, pneumatic and electrical systems, with special attention to
safety devices.

1) Instrucilons for erection and dismantling

These shall i

— detailed
tie syste

— mention

additional safety equipment and how this can be used to reduce these hazards; the use of per

protecti

— preparatfion of the site with special regard to the load-bearing capacity of the foundation, gantry, as

etc.;

— preparafion of the site so that under no circumstances<can instability occur during transfer @

equipms
— if platfor|
reach th
material
— specific
— suitable
— thatthe
— precauti
range of
Annex B

incline o

Where the p

hclude the following information:

explanation of erection and dismantling procedure, with special attention to mast assembly,
m, platform and extension assembly;

of special hazards which can arise during erection and dismantling;. with a description o

e equipment shall be mentioned in this connection;

nt when using movable chassis;
M travel must be limited due to obstructions_in' the travel path and the platform therefore doe
e normal limit switches, additional travel-limiting devices shall be installed to protect person
on the platform or the platform itself from hazardous situations;

brocedures to be observed when-preparing the MCWP for transport;

loading procedures, if the MCWP can be loaded onto a vehicle for transport or transfer;
Clear gap between the‘ends of adjacent MCWP shall be not less than 0,5 m;

bns to be takento“ensure the free and safe movement of any trailing cable throughout th
travel of the<werk platform. If the mast is inclined or if multilevel work platforms to option B

) are used,\additional precautions are necessary, for example by making the cable follo
f the mast\by the use of guides or the use of automatic cable-reeling drums.

atform is erected towards a wall, the mstructlons shaII furthermore contain information regd

mast

f any
sonal

bhalt,

f the

s not
5 and

e full
(see
v the

the required

and the wall in accordance with Figure 9 and Table 8.
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Figure 9 — Distance between platform and'wall

Table 8 — Height of guardrails

Dimensions in metres

d <03 03<d<05 >0,5
h 0 =072 >1,1°

a8 Without intermediate raibout with toeboard.

b With intermediate rail and toeboard according to0 5.3.2.2.

m) [Examination and test after-major alterations or major repairs to MCWP already in use
Thesp shall consist of the following:

— design check (seel6;1);

— practical tests(see 6.2),

to an|extentcorresponding to the type of alteration or repair.

For thé-purposes of this International Standard, “maijor alterations” are modifications of the wholg or part of a
MCWPwhich affect stabifity, strength or performance.

n) Check list
A list shall be provided in the instruction handbook which contains all safety-relevant parts of the MCWP to be

checked after each erection. The result of the checks after each erection, and the name and address of
person(s) making the checks, shall be recorded in a signed report.
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7.2 Marking

7.21 General

The manufacturer shall provide the following information on one or more durable signs or plates mounted in a
prominent place on the MCWP, in the official language of the country in which the MCWP is to be used.

7.2.2 Information, permanent

— Manufacturer's or supplier's name and address,

— country

— model d
— serial or
— yearof 1
— vertical t
— transfer

— outdoor

bf manufacture,

bsignation,

fabrication number,

nanufacture,

ravel speed, in metres per second,
fravel speed, in metres per second,

ndoor installation,

— maximum allowable free-standing height, in metres, in- and,sut-of-service,

— limiting V

vind speed during erection/dismantling,

— maximum allowable wind speed in-service/out-of-service, in metres per second,

— hydrauli
— pneuma
— electrica

— notice tH
level.

7.2.3 Infor

C supply information, if an externaldydraulic power supply is used,
ic supply information, if an external pneumatic power supply is used,
| supply information, if an“external electric power supply is used,

at all guardrails are.to be in place at all times, except for loading and unloading at the a

mation, variable

7231 C

pacity

LCess

A load diagram showing the rated loads for particular main platform and platform extension configurations and
any limitation as to load distribution. This shall be derived from information presented by the manufacturer in
accordance with 7.1.2.

The load diagram shall take the form of a durable sign or plate and its preparation shall be the responsibility of

the user.

The manufacturer shall provide a means of mounting the load diagram.

7.2.3.2 Additional technical information

Outrigger arrangements and required ground-bearing pressure shall be provided.
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Structural calculations

Struc
stren
Othe

A.2

A.2.1

In th
calcu

A.2.}

A.2.2.

]

]
1

A.2.2

See

Steel structures

General

» Permissible stresses

1 Symbols

Tables'A.1 and A.2.

=0,3 Poisson's ratio;

safety factor on yield strength.

b absence of an international standard for design calculationsy the general permissible
lations given in A.2.2 to A.2.5 may be applied for the design.of steel structures.

yield strength, in newtons:per square millimetre;
ultimate strength, in.néwtons per square millimetre;
=210 000 modulus of elasticity, in newtons per square millimetre;

;=E/[2x(1+v)] shear modulus, in newtons per square millimetre;

.2 Non:alloy structural steels in accordance with EN 10025-2

tural calculations for MCWP should conform with the rules and principles of applied michanics and
hth of materials. If special formulae are used, the sources should be given, if they are gene
wise the formulae should be developed from first principles, so that their validity can'be che¢ked.

rally available.

btresses and

D elongation at failure on gauge length of 5 times the diameter of the ofiginal cross-
section, expressed as a percentage;

©I1SO

Table A.1 — Nominal values of material properties

Yield strength @ Ultimate strength P
Type Iy Ju
N/mm?2 N/mm?
S235 (Fe360) 235 360
S275 (Fe430) 275 430
S355 (Fe510) 355 510

Minimum.

@  Standard value for smaller thickness.

2007 — All rights reserved
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Permissible stresses for non-alloy structural steels are calculated using the following formula:

o :fy/S
Table A.2 — Permissible stresses for non-alloy structural steels
Forces in newtons per square millimetre
Load case
A B Cc
S 1,5 1,33 1,25
Steel ¢ 235 275 355 235 275 355 235 275 355
Basic|material and butt weld
o, = 0 157 183 237 176 206 266 188 220 284
7, = O 90 106 137 102 119 154 109 127 164
Fillet weld
0y = 157 183 237 176 206 266 188 220 284
7, = O 111 130 167 125 146 188 133 156 201

corres(

The inglicated permissible stresses are valid up to a thickness of 40 mm. InthewcCase of larger thicknesses, the
onding value ofj;, should be taken into consideration.

When selecting the materials, any special requirements should be taken into account, e.g.:

— weldabil

— use of th

ty;

A.2.2.3 Other steel grades

e appliance in extreme climatic zones.

Depending op the minimum strength, f,, and'the elongation at failure Js, the following condition exists:

510 < £, |< 590

590 < f,

S5 . f,210'800

S5+, > 9 800

It these condijtions are fulfilled, the following applies: f)', =0,8x f,

If the conditipns are not fulfilled, a reduced yield strength, f)',, should be defined with the factor », wh
applied to thT ultimate strength f:

ch is

26000 - /, (6 +J5)

1,28 <r< 1,44

fy =Ly

7

Values of r to be used should be not less than 1,28 and not more than 1,44.

Based on the lower value of the yield strength f,, or f{,, the permissible stresses should be calculated with the

safety factors given for non-alloy structural steels.
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A.2.2.4 Bolts

A.2.2.4.1 Black and fitted bolts

ISO 16369:2007(E)

The permissible stresses in Table A.3 are derived from X, which is the lower value of f;, and 0,7 x f,,.

o, =XIS Ty = O'a/\/2
Table A.3 — Permissible stresses in bolts
Forces in newtons per square millimetre
Grade

4.6 5.6 6.6 6.8 8.8 0.9

Load case S fy 240 300 360 480 640 D00

X 240 300 360 420 560 700

A 1,5 o, 160 200 240 280 373 167

7, 113 141 180 198 264 330

B 1,33 o, 180 225 270 315 420 625

7, 127 159 191 223 297 371

C 1,25 o, 192 240 288 336 448 60

A 136 170 204 238 317 BO6

A.2.24.2 Preloaded bolts

Gradps 8.8 and 10.9 only. Grade 12.9 may be used, however, if the conditions stated below are fulfilled. (See

Euro¢ode 3 — EN 1993-1-1.)

Symbols:
4 tensile-stress area-of-bolt, in square millimetres;
I, preload, in newtons;
q nominal-bolt diameter, in millimetres;
M, tightening torque, in kilonewtons per metre.

Bolts|used:once

Bolts|lused several times

F, =08 (f, Ag)

F,=07x08 (f 4,)

Tightening torque

0,18(d-F,)
t” 1000

The applied load, F, in relation to the preload, F),, should be:

FIF,, < 0,67
FIF, < 0,75

FIF,<0,8

© 1SO 2007 — All rights reserved
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A.2.2.4.3 Bearing pressure

The permissible bearing pressure, oj, (see Table A.4) depends on the basic material and is valid for bolted
connections and also for pins.

Loose connection o =13x g,
Low accuracy, fixed connection o, =15x%x g,
High accuracy, fixed connection o, =2,0x o
—————————Tabte Ad—Permissible bearing pressure
Forces in newtons per square millimetre
Load case
A B C
Steel grade Steel grade Steel grade
235 | 275 | 355 | 235 | 275 | 355 | 235 | 275 | 355
Loose|connection 204 | 238 | 308 | 229 | 268 | 3467244 | 286 | 369
Low agcuracy, fixed connection 235 | 275 | 335 | 264 | 309 4,399 | 282 | 330 | 426
High accuracy, fixed connection 313 | 367 | 473 | 352 | 442 )| 532 | 376 | 440 | 568
A.2.2.5 Combined stresses
Load-carrying parts and butt welds:
2 2 2
0':\/0' +0,"-0,-0,+3r
Bolts, pin and fillet welds:
2 2 2
GZ\/G to,”-o,-0, + 27
A.2.2.6 Elastic stability
A.2.2.6.1 Crippling
Symbols:
A Slenderness;
A specific slenderness;
w crippling factor;
F compressive force, in newtons;
A area, in square centimetres;
M bending moment, in newton centimetres;
We section modulus; compressive edge, in cubic centimetres;
/4 section modulus; tensile edge, in cubic centimetres;
o4 permissible stress, in newtons per square centimetre.
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The crippling factor is defined in the following way:
A= 2. [fylE
Tc y

For 0<A' <1195, 0 = L

1-0,1951' —0,1854' %°

For 2'>1195, @=14651'2

The ¢-factor is already calculated for non-alloy structural steels (see Tables A.5 to A.7).
The highest permitted slenderness is 4 = 250.

The fpllowing conditions should be fulfilled:

). L 09 M <o,
A W

Cc

F 300+21 M
- —+ — —<
A 1000 W,

Oa

A.2.26.2 Buckling

Symbols:

1 thickness of plate, in centimetres;
1 width of plate, in centimetres;
) factor depending on the stress conditions;

e Euler's buckling stress; in newtons per square millimetre;

D ideal buckling stress, in newtons per square millimetre;

ki ideal combined buckling stress, in newtons per square millimetre;

Dk redused combined buckling stress, in newtons per square millimetre;
o] Righer stress, in newtons per square millimetre;

2 lower stress, in newtons per square millimetre.

Ok = ks % Og
T =k, x O

Y= 0'1/0'2
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The reduced

buckling stress, o, is defined in the following way:

if Oyki < 0,7fy then Oyk = Oyki

if oy >

The required minimum safety factor, v, depends on the load combination:

4 14
0.7/, then o = 1y§1- 0,461/ (o 1y

— Load case A v>1,71+0,180 (v - 1,0)
— Load cage B v>=1,50+0,125 (- 1,0)
— Load cage C v>1,33+0,075 (- 1,0)

For further information, refer to accepted buckling calculation methods.

A.2.3 Limit

The deflectig
important wh

-state method

n of a structure should be taken into consideration when calcdlating the stresses. This i very
en calculating a slender design or using materials with a low. modulus of elasticity, and cé@n be
done by using the second-order theory. The safety factors, S, againstfy or f{, should be at least the folloying:

— Load cage A: S=>1,50
— Load cage B: S$>1,33
— Load cage C: §$>1,25
A.2.4 ©-vdlues for non-alloy structural steels

See Tables A.5to A.7.
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Table A.5 — w-values for S 235
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8 235 — Yield strength f, = 235 N/mm?2
A 0 1 2 3 4 5 6 7 8 9
20 1,05 1,05 1,05 1,06 1,06 1,06 1,07 1,07 1,07 1,08
30 1,08 1,08 1,09 1,09 1,10 1,10 1,10 1,11 1,11 1,11
40 1,12 1,12 1,12 1,13 1,14 1,14 1,14 1,15 1,16 1,16
50 1,17 1,17 1,18 1,18 1,19 1,19 1,20 1,21 1,21 1,22
60 123 | 123 | 124 | 105 | 126 | 405 | 127 | 428 | 129 | 439
70 1,31 1,31 1,32 1,33 1,34 1,35 1,36 1,37 1,39 140
80 1,41 1,42 1,43 1,45 1,46 1,47 1,49 1,50 1,52 1,53
90 1,55 1,56 1,58 1,60 1,61 1,63 1,65 1,67 1,69 1,71
100 1,74 1,76 1,78 1,81 1,83 1,86 1,89 1,92 1,95 1,98
110 2,01 2,05 2,08 2,12 2,16 2,20 2,24 2,27 2,31 2,35
120 2,39 2,43 2,47 2,51 2,55 2,60 2,64 2,68 2,72 2,76
130 2,81 2,85 2,89 2,94 2,98 3,03 3,07 3,12 3,16 3,21
140 3,26 3,30 3,35 3,40 3,44 3,49 3,54 3,59 3,64 3,69
150 3,74 3,79 3,84 3,89 3,94 3;99 4,04 4,09 4,15 4,20
160 4,25 4,31 4,36 4,41 4.47 452 4,58 4,63 4,69 4,74
170 4,80 4,86 4,91 4,97 5,03 5,09 5,15 5,20 5,26 5,32
180 5,38 5,44 5,50 5,56 5,62 5,69 5,75 5,81 5,87 5,93
190 6,00 6,06 6,12 6,19 6,25 6,32 6,38 6,45 6,51 6,59
200 6,64 6,71 6,78 6,85 6,91 6,98 7,05 7,12 7,19 7,26
210 7,33 7,40 74T 7,54 7,61 7,68 7,75 7,82 7,89 7,97
220 8,04 8,11 8,19 8,26 8,33 8,41 8,48 8,56 8,63 8,71
230 8,79 8,86 8,94 9,02 9,10 9,17 9,25 9,33 9,41 9,49
240 9,57 9,65 9,73 9,81 9,89 9,97 | 10,05 | 10,13 | 10,22 | 10,3
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Table A.6 — w-values for S 275

8 275 — Yield strength £, = 275 N/mm2

A 0 1 2 3 4 5 6 7 8 9

20 1,05 1,06 1,06 1,06 1,07 1,07 1,07 1,08 1,08 1,08
30 1,09 1,09 1,10 1,10 1,10 1,11 1,11 1,12 1,12 1,13
40 1,13 1,14 1,14 1,15 1,16 1,16 1,16 1,17 1,18 1,18
50 1,19 1,20 1,20 1,21 1,22 1,22 1,23 1,24 1,25 1,25

60 1726 1727 1728 1729 1730 731 1732 733 734 1735
70 1,36 1,37 1,38 1,40 1,41 1,42 1,44 1,45 1,46 1,48
80 1,49 1,51 1,53 1,54 1,56 1,58 1,60 1,62 1,64 1,66
90 1,68 1,70 1,73 1,75 1,78 1,80 1,83 1,86 1,89 1,92
100 1,95 1,99 2,02 2,06 2,10 2,14 2,18 2,23 2,27 2,31
110 | 2,35 | 2,39 2,44 2,48 2,53 2,57 2,62 2,66 2,74 2,75
120 | 2,80 | 2,85 2,89 2,94 2,99 3,04 3,09 3,14 3,18 3,23
130 3,29 | 3,34 3,39 3,44 3,49 3,54 3,60 3465 3,70 3,76
140 3,81 3,86 3,92 3,97 4,03 4,09 4,14 4,20 4,26 4,32
150 | 4,37 | 4,43 4,49 4,55 4,61 4,67 44578 4,79 4,85 4,91
160 | 4,98 | 5,04 5,10 5,16 5,23 5,29 5,36 5,42 5,49 5,55
170 5,62 5,68 5,75 5,82 5,89 5;95 6,02 6,09 6,16 6,23
180 | 6,30 | 6,37 6,44 6,51 6,58 6,65 6,72 6,80 6,87 6,94
190 7,02 7,09 7,17 7,24 7,32 7,39 7,47 7,55 7,62 7,70
200 7,78 | 7,85 7,93 8,01 8,09 8,17 8,25 8,33 8,41 8,49
210 | 8,57 | 8,65 8,74 8,82 8,90 8,99 9,07 9,15 9,24 9,32
220 9,41 9,49 9,58 9,67 9,75 9,84 9,93 | 10,02 | 10,10 | 10,19
230 (10,28 | 10,37 | 10,46 | 10,55 | 10,64 | 10,73 | 10,83 | 10,92 | 11,01 | 11,10
240 | 11,20 | 11,29.,.41,38 | 11,48 | 11,57 | 11,67 | 11,76 | 11,86 | 11,96 | 12,05
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