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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 non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.

The proceglures used to develop this document and those intended for its further maintenanege|are
described In the ISO/IEC Directives, Part 1. In particular the different approval criteria neededfot|the
different types of ISO documents should be noted. This document was drafted in accordance'with|the
editorial ryles of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

Attention is drawn to the possibility that some of the elements of this document may'be the subjeqt of
patent rights. ISO shall not be held responsible for identifying any or all such patentrights. Details of
any patent|rights identified during the development of the document will be in the Introduction and/or
on the ISO |ist of patent declarations received (see www.iso.org/patents).

Any trade hame used in this document is information given for the convenience of users and does|not
constitute pn endorsement.

For an explanation on the meaning of ISO specific terms and €xpressions related to conforrhity
assessmenf, as well as information about ISO’s adherence te.the WTO principles in the Techrlical
Barriers tg Trade (TBT) see the following URL: Foreword - Supplementary information

The commyjittee responsible for this document is ISO/TE€ 110, Industrial trucks, Subcommittee SC 4,
Rough-terrpin trucks.

ISO 10896 consists of the following parts, undép the general title Rough-terrain trucks — Safety
requiremer|ts and verification:

— Part 1:|Variable-reach trucks

— Part 2:|Slewing trucks

— Part 4|Additional requirementsfor variable-reach trucks handling freely suspended loads

— Part 5)|Interface between.rough-terrain truck and integrated personnel work platform

— Part 6 Tilting operator’s cabs

— Part 7:|Longitudinal load moment systems

Safety requirements and verification of lorry-mounted trucks is addressed by ISO 20297-1.
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Introduction

Variable-reach trucks are known by a variety of terms, including “telehandlers” and “multi-purpose
handlers”.

The rough-terrain variable-reach trucks covered by this part of ISO 10896 are designed to transport
loads to and place them on elevated work areas and can be driven on unimproved or disturbed terrain.

They can also be equipped with a variety of attachments (e.g. mowers, sweepers).
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Rough-terrain trucks — Safety requirements and
verification —

Part 2:
Slewing trucks

1 (Scope

Thip part of ISO 10896 specifies general safety requirements for slewing rough-terrain var
trug¢ks (hereafter known as “trucks”), consisting of a lower chassis with a_slewing uppel
equlipped with a telescopic lifting means (pivoted boom), on which a load handling device (e.
and fork arms) is typically fitted. Fork arms and other integrated attachments are consig
parts of the truck.

ot
atts

Thi
a)
b)
‘)
d)

e)

f)

Thd
doe

r standards, in addition to the relevant provisions of this part of ISO 10896, can aj
chments.

5 part of ISO 10896 is not applicable to the following:

rough terrain variable-reach trucks covered by [SO*10896-1 (non-slewing);
industrial variable-reach trucks covered by IS0:3691-2;

mobile cranes;

machines designed primarily for earth>moving, such as loaders, even if their buckets a
by fork arms (see ISO 20474);

trucks designed primarily with-wariable-length load suspension elements (e.g. chain, r
which the load may swing freely in all directions;

NOTE Additional requiréments for trucks intended for freely swinging load applications,
devices and attachments, and personnel/work platform applications on trucks, are being d
ISO/TC 110/SC4.

trucks designed primarily for container handling.

significanthazards covered by this part of ISO 10896 are listed in Annex A. This part of
s not address hazards that can occur

dutring manufacture,

able-reach
" structure
b., carriage
ered to be

bply to the

‘e replaced

ppes) from

their lifting
bveloped by

ISO 10896

when handling suspended loads, which may swing Ireely,
when lifting personnel,

when using trucks on public roads,

when operating in potentially explosive atmospheres, or

with a battery, LPG or hybrid as the primary power source.
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2 Normative references

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

[SO 2328, Fork-lift trucks — Hook-on type fork arms and fork arm carriages — Mounting dimensions
[SO 2330, Fork-lift trucks — Fork arms — Technical characteristics and testing

ISO 2867:2011, Earth-moving machinery — Access systems

ISO 3449, |Earth-moving machinery — Falling-object protective structures — Laboratory tests)land
performange requirements

ISO 3457, Harth-moving machinery — Guards — Definitions and requirements

ISO 3471:2008, Earth-moving machinery — Roll-over protective structures — Labbpratory tests [and
performange requirements

ISO 3795, Road vehicles, and tractors and machinery for agriculture and forestry — Determinatiop of
burning behaviour of interior materials

ISO 4413, Hydraulic fluid power — General rules and safety requirementsfor systems and their compongnts
ISO 5053-1| Powered industrial trucks — Terminology and classificationh — Part 1: Types of industrial tryicks

ISO 5353, [Earth-moving machinery, and tractors and machinery for agriculture and forestry — $eat
index point

ISO 6292, Rowered industrial trucks and tractors — Brakeperformance and component strength
ISO 6682, Earth-moving machinery — Zones of comfort and reach for controls

ISO 6683, Earth-moving machinery — Seat belts-and seat belt anchorages — Performance requiremgnts
and tests

ISO 7000V Graphical symbols for use on.equipment — Registered symbols
ISO 7096, Earth-moving machinery\— Laboratory evaluation of operator seat vibration
ISO 9244, Farth-moving machinery — Machinery safety labels — General principles

ISO 9533, Earth-moving madchinery — Machine-mounted audible travel alarms and forward horns — [lest
methods and performance criteria

ISO 10263}3, Earthmoving machinery — Operator enclosure environment — Part 3: Pressurizafion
test methofl

ISO 1026344, F'nrl‘h-mm/ing machinery — npprnfnr enclosure environment — Part 4.: Heating ventila ing

and air conditioning (HVAC) test method and performance
ISO 11112, Earth-moving machinery — Operator’s seat — Dimensions and requirements
ISO 12508, Earth-moving machinery — Operator station and maintenance areas — Bluntness of edges

ISO 13284, Fork-lift trucks — Fork-arm extensions and telescopic fork arms — Technical characteristics
and strength requirements

ISO 13732-1, Ergonomics of the thermal environment — Methods for the assessment of human responses to
contact with surfaces — Part 1: Hot surfaces

1) The database on Graphical Symbols for Use on Equipment contains the complete set of graphical symbols
included in IEC 60417 and ISO 7000: http://www.graphical-symbols.info/.
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[SO 13849-1, Safety of machinery — Safety-related parts of control systems — Part 1: General principles
for design

[SO 13850, Safety of machinery — Emergency stop — Principles for design

ISO 13857, Safety of machinery — Safety distances to prevent hazard zones being reached by upper and
lower limbs

ISO 15817, Earth-moving machinery — Safety requirements for remote operator control

[SO 15870, Powered industrial trucks — Safety signs and hazard pictorials — General principles

[SO|16528-1, Boilers and pressure vessels — Part 1: Performance requirements
ISO|16528-2, Boilers and pressure vessels — Part 2: Procedures for fulfilling the requirements of {SO 16528-1
1SO|21507, Earth-moving machinery — Performance requirements for non-metallic(fyel tanks

1S0|22915-10, Industrial trucks — Verification of stability — Part 10: Additional stability test for trucks
opelating in the special condition of stacking with load laterally displaced by pewered devices

1S0|22915-20, Industrial trucks — Verification of stability — Part 20~Additional stability tes} for trucks
opelating in the special condition of offset load, offset by utilization

[SO| 22915-24, Industrial trucks — Verification of stability < Part 24: Slewing variable-reach rough-
ternain trucks

IEC|60529, Degrees of protection provided by enclosures (1P-Code)

3 |Terms and definitions
Forfthe purposes of this document, the terms-and definitions given in ISO 5053-1 and the following apply.

31
rough-terrain variable-reach truck
var|able-reach truck intended primarily for operation on unimproved natural terrain gnd on the
disflurbed terrain of, for example} construction sites

[SOPRCE: ISO 5053-1:2015,:3221]

3.2
slewing rough-terrain variable-reach truck
rougih-terrain variable-reach truck (3.1) with an upper structure which can rotate around a vertical axis
of the chassis in-a circular motion greater than 5° either side of the longitudinal axis of the tfuck

[SOPURCE: 15O 5053-1:2015, 3.22]
3.3

actuatcapacity
maximum load, established by the manufacturer based on component strength and truck stability, that
the truck can carry, lift, and stack to a specified height, at a specified load centre distance and reach, in
normal operating conditions

Note 1 to entry: The actual capacity depends on the configuration of the truck in terms of such variables as the
following:

— lift height;
— reach of the boom (measured from the centre of slewing of the rotating upper structure);
— slewing position;

— actual load centre;
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— load handling device (fork arms or attachment fitted);

— stabilizing devices.

Note 2 to entry: This actual capacity defines the load handling ability of the particular truck as equipped.
Additional actual capacity ratings with removable attachments may also be established where permitted by the
appropriate stability test or by calculation verified by empirical data.

3.4
reach

d

normal di
perpendic

Noteltoe
Note2toe

3.5
rated cape

Q1

<truck> m

truck is capable of lifting and transporting on fork arms (3.13) in normal conditions with the boom f]

retracted

Note 1 to enftry: See Figure 1.

3.6
rated cape
<attachme

ry: See Figure 1.

ry: The centre-of-gravity of the load (G) is defined in Table 1.

lcity

hximum load permitted by the manufacturer at the standard leadcentre distance that

Icity

operation':[nder specified conditions

Noteltoe

3.7
lift height
H

height fronmp the ground to the upper face of the fork arms or underside of the load, whichever is the lo

3.8
standard |
D

distance fr
and verticg

ht> maximum load that the attachment is perniitted by its manufacturer to handle in nor

ry: The rated capacity of the attachment ¢an’be associated with the load centre distance. See Tah

oad centre distance

lly downwards to the upper faces of the fork arms (3.13)

Note 1 to enjtry: See-Figure 1.

Note 2 to enftpy: Table 1 gives standard load centre distances in relation to their rated capacities.

the
ully

mal

Wer

om the centre\of gravity of the load, horizontally rearwards to the front of the fork shanks

3.9

effective thickness

ET

horizontal shift in the standard load centre that may occur when removable attachments are added

to a truck

Note 1 to entry: Effective thickness is also known as lost load (LL) or lost load centre (LLC).
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)
9
N - X |
g
g
Q1 S
Q3 \

Key)

QU

reach

D |standard load centre distance

o)

centre of gravityof the load
vertical proejection of the centre-of-gravity (G) of the load onto the plane of the top surface of the fgrk arms
Q1 |rated capacity

Q2 |actual capacity at maximum height

Q3 actual canacitv at maximum reach
r A

Figure 1 — Parameters for the designation of the actual capacity of the truck with fork arms
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Table 1 — Standard load centre distances and rated capacities

Rated capacity Standard load centre distance
Q1 D
kg mm
400 500 600 900 1200
0 <1000 X Xa
=21 000 <5000 Xc Xb
25000 <10 000 X
>10 00§ <20 000 X X X
=220 00 <25000 X X
225000 X

a 600 mmis used in the USA.

¢ 500 mmis typically used in Europe.

b 600 mnis used in Asia, Australia, and the USA.

NOTE Trucks may be rated for special applications with load centres related to those applications.

3.10

axle oscillation locking-mechanism
mechanism designed to lock oscillation of an axle to improve truck stability

3.11
stabilizing devices

extendabld and/or pivoting mechanical supports used :to“improve the stability of a truck when

stationary

3.12
adjustable levelling

setting the|plane inclination angle between the'chassis and the ground to ensure the boom operatg

a vertical glane when the truck is positioned on a slope

3.13
fork arms

device con]prising two or more solid fork arms, each consisting of a shank (vertical portion) and bl

which is hqok- or shaft-mounted, fitted on the carriage

3.14
boom

pivoting sypport member that permits horizontal and vertical placement of the load or attachment

3.15
crab steerjingamode

steering mpdeywhere all wheels of the truck steer in the same direction

hde,

3.16

normal operating position

position specified by the manufacturer in which the operator is able to control the truck operations,

including load-handling functions

Note 1 to entry: Other positions may be necessary if it is not possible to control all the functions of the truck from

a single position.

3.17
attachment

component or assembly of components which can be mounted on the quick coupler (3.18) for a specific use

© ISO 2016 - All rights reserved
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3.18

quick coupler

device fitted at the end of the boom to connect and lock interchangeable attachments (3.17) without the
use of a tool to facilitate quick interchange of attachments

3.19

forward aligned position

configuration of the truck in which the longitudinal mid-axis of the slewing upper structure is aligned
with the longitudinal mid-axis of the chassis and where the telescopic boom is oriented toward the
front of the truck as defined by the manufacturer

Note 1 to entry: See Figure 2.

Figure 2 — Forward aligned position

3.2p
rearward.aligned position
configurgtion of the truck in which the longitudinal mid-axis of the slewing upper structure¢ is aligned
with gherlongitudinal mid-axis of the chassis and where the telescopic boom is oriented towafd the back
of t j j

3.21

forward position

configuration of the truck in which the longitudinal mid-axis of the slewing upper structure is rotated
at an angle between -90° and +90° to the forward aligned position

3.22

load indicating device

LID

device that warns the operator when the truck load moment limits, pre-determined by the manufacturer,
are approached/reached as a consequence of a change to the load handling geometry, and/or warns
when overloading

© IS0 2016 - All rights reserved 7
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3.23

load limiting device

LLD

device that prevents the operator changing the load handling geometry in direction(s) which would
increase the load moment beyond the limits permitted by the manufacturer, and/or prevents

overloadin

3.24

g

load handling geometry
relationship of points, lines, and angles, described by the position of the load centre of gravity (the

position of
wheels or 5

3.25

boom floa
control mo
(e.g. the gr

3.26
maximum
highest pre

3.27
level grou
ground wif

3.28
hybrid
truck powse

4 Requ
4.1 Gen

4.1.1 Sh

Sharp edgs
operator c4

4.1.2 St

Components that store energy and can cause a risk of injury during removal or disassembly,
hydraulic gccumuldtors and spring-applied brakes, shall be provided with a means to release the ene
before removal or disassembly and shall be clearly marked.

4.1.3

Visual indi

4.2 Star

the boom, carriage and attachment, and slewing angle where applicable) and tipping line

(on

tabilizers)

k
de that uses gravity to allow an attachment (3.17) at the end of the boom to-fallow a cont
bund)

working pressure
ssure at which a hydraulic circuit is intended to operate under norinal operating conditi

nd
h a gradient of (0 + 2) %

red using two or more distinct power sources

irements
bral

Arp edges and acute angles

s and acute angles shall- meet the requirements specified in ISO 12508 in areas to which|
in be exposed durifigoperation, access, egress, and daily maintenance.

red energy . components

our

DN s

the

e.g.
rgy

Boom extension and angle indicators

cation shall be given to the operator on actual boom angle and extension.

ting/moving

4.2.1 Unauthorized starting

All trucks shall be provided with a device (e.g. key, key pad, magnetic card) that prevents starting

without th

e use of such device.
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4.2.2 Unintended movement

Trucks shall be fitted with a device which prevents the engine being started while the drive system is
engaged.

When the drive system direction control is in neutral, provisions shall be made to locate and maintain
itin its neutral position.

4.2.3 Uncontrolled motion

The truck shall not move from rest, on level ground, until the drive system has been engaged.

4.214 Powered travel movement

Meadns shall be provided to prevent powered travel when the operator is not in the.hormal operating
posijtion.

Powered travel shall not occur automatically when the operator returns.to the normal operating
posjtion without an additional operation, e.g. by reset of the direction control to neutral.

Application of the parking brake shall apply neutral travel control except on trucks with lydrostatic
trapsmission.

NOTE On trucks with hydrostatic transmission, the transmission’system achieves the same objdgctive.

4.2|5 Non-activation of the parking brake

Megns shall be provided to warn the operator, if he/shie leaves the normal operating position when the
parking brake is not applied.

4.2|/6 Inching pedal

If ap inching pedal is fitted, it shall.bedepressed to modulate the transmission and may apply the
seryice brake. It shall be capable of being operated by the operator’s left foot. If there is rjo separate
medns of applying the service brake, the inching pedal shall be a single pedal capable of beinjg operated
equially by either foot.

4.3| Brakes

4.3]1 General

Trufks shall-bé-equipped with service brake(s), secondary brake(s), and parking brake systems,
conplying with the requirements in ISO 6292 and with the following requirements.

NOTE Local road regulations apply when trucks are used on roads.

— Where electromechanical parking brake systems are fitted, the braking device shall be applied
mechanically and released electrically.

— Where hydromechanical parking brake systems are fitted, the braking device shall be applied
mechanically and released hydraulically.

— When the operator manually releases the parking brake from the normal operating position, it shall
not disable the service brakes.

4.3.2 Failure of energy supply

Failure of the energy supply shall not result in loss of braking for automatically applied brakes.

© IS0 2016 - All rights reserved 9
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4.4 Electrical and electronic systems

4.4.1 General

Electrical components and conductors shall be installed in such a way as to minimize damage from
exposure to environmental conditions (corresponding to the use of the truck intended by the
manufacturer) that can cause deterioration.

Electrical component insulation shall have flame-retardant properties. Means to prevent abrasion of
electrical component insulation shall be provided, e.g. when routed through frames and bulkheads.

Electrical ¥

contact wi

4.4.2 De

Depending]

of protecti

a)

all co

vires/cables not protected by over-current devices shall not be routed such that theyar
h pipes and hoses containing fuel.

gree of protection

on the location/installation of electrical and electronic components, the'following degi
bn are required:

ponents installed on the truck’s exterior or directly exposed to théenvironment shall ha

minimum degree of protection corresponding to IP55 (according to IEE 60529);

b) allco

have a

4.4.3 Ele

Electric wi

using IEC 6

This requil

ponents installed in the operator’s enclosed cab or protected against the environment s
minimum degree of protection that corresponds to IP 43 (according to IEC 60529).

ctrical connections

Ires and cables used to connect components in ele€tric circuits shall be marked and identi
0204-1as guidance.

ement does not apply to electrical circuits used for anti-theft systems when fitted.

4.4.4 Over-current protective devices

Electric eq|

by an over:

pipment, except the starter motor, alternator, and combustion pre-heater, shall be prote
current device (e.g. fuse) or other device giving the same protection.

4.4.5 Baltteries

Batteries s

Batteries

hall be securely. mpunted in a ventilated location that provides access for maintenance.

d/or battery Iocations shall be designed and built or covered to minimize any hazard to|

operator caused bydbattery acid or acid vapours in the event of overturning the truck.

Electrically energized wires and cables (not connected to the frame) and connectors shall be cove
with insuldtion ‘material.

ees

vea

hall

fied

ted

the

red

4.4.6 Battery disconnection

Means shall be provided to disconnect batteries without the use of a tool, e.g. by a quick coupling or an
accessible isolator switch.

ISO 7000:2014, symbol 2063 can be used for identification.

10
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Controls

1 General

The controls (hand levers, joysticks, pedals, switches, etc.) and indicators of the truck and attachment
shall be as follows:

, graphical

r’'s manual

rresponds

ssibility of

a) designed, constructed, and so arranged to be accessed from the normal operating position in
accordance with ISO 6682;
b) clearly identified, indelible, and visible in the normal operating position: if appropriat
symbols in accordance with ISO 7000 may be used and shall be described in the operatg
(see 6.2);
c) |designed such that movement of the controls to activate the functions and indicators c
to the intended effect or common practice whenever possible.
Where controls are accessible from the ground, means shall be provided to@inimize the pq
actyiating them from the ground or from the chassis (e.g. protection by,door, guard, or by ipterlocking
devijices).
[S0|6682 and ISO 10968 may be used as guidance for the design ofcontrols.

For
foll

Ren
ISO

4.5
Wh

4.5

Co

gu
acti

safety-related functions of the control system(s), the pringiples outlined in ISO 13849
pwed, or methods providing similar protection shall be applied. See also 4.4.1.

hote-operator-controlled systems fitted to the truck-shall comply with the relevant pr
15817.

1.1 Multiple operating positions
en more than one operator’s position isprovided
each operating position shall be.provided with an emergency stop complying with I1SO 1

the use of the controls at one-operating position shall preclude the use of the contrd
operating positions, and

the emergency stop shall be operable from all active operating positions.

1.2 Inadvertent activation

rols that can cause a hazard due to inadvertent activation shall be so arranged, deac
ded as tominimize the risk. A deactivation device shall either be self-acting or acting by g
vationwofithe relevant device.

-1 shall be

pvisions of

3850,

Is at other

tivated, or
ompulsory

4.5

20 Differential locking

If the truck is equipped with a pedal-operated differential lock, depressing the pedal shall lock the
differential.

If the truck is equipped with a differential lock that is engaged by other means (e.g. switch or hand
lever), the engaged positions shall be clearly marked according to ISO 7000:2014, symbol 1662.

©IS

02016 - All rights reserved
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4.5.3 Steering controls

4.5.3.1 Steering direction

In the forward position, the following requirements shall be met:

a)

b)

b)

d)

for trucks with a steering wheel control, clockwise rotation of a steering wheel shall steer the truck

to the right when the truck is travelling in the forward direction;

on trucks with a crab-steering mode, clockwise rotation of the steering wheel shall move the truck

to the right when the truck is travelling in the forward direction and to the left when travellin

in

the reverse direction;

on trugks in which the steering is controlled by means of a single lever control, moving theleve
the right shall cause the truck to be steered to the right when the truck is travelling in"the forw
direction;

when the upper structure is slewed more than 90° to either side of the longitirdinal axis of]
chassis from the forward aligned position, a visual indicator shall warn the operator that stee
controls are reversed compared to a) or b), if automatically reversing contrels are not fitted;

two different means shall be provided to indicate to the operator in*normal operating posi
when the truck is in forward or rearward aligned configuration.

4.5.3.2 Hailure of power supply

For trucks|with a maximum speed of less than or equal to 200km/h, in the event of an interruptio
the power pupplied to the steering system (including a dead engine), it shall be possible to maintain|
path being|steered until the truck is brought to a stop.

Trucks with a maximum speed greater than 20_.km/h shall be tested according to the follow
condition gnd shall meet the following requirements.

rto
ard

the
ing

fion

h of

the

ring

The tryuck shall be tested with the load and-operating condition which produces the greatest loagl on

the stdered axle(s).

The trifick shall travel in a spiral pathata speed of 10 km/h, starting from the straight ahead posit
on a diy, flat road surface offeting good tyre adhesion.

The steering effort on_ the steering control shall be measured until it reaches the posi
corresponding to the truek entering a turning circle of 12 m radius (considering the outermost |
of the steering wheels))

The dyration of\the manoeuvre (time between the moment when the steering control is f
operated and:thé moment when it reaches the position where the measurements are taken) s
not ex¢eed 85

ion,

Fion
bart

irst
hall

One mbRoewEe-s (‘]'\'\]] ]r\o mqflc. to thaolaft and anataotha wight
BRo-eve-5H tHe-1ett a-ohHe

Fa
T TITT TTC—co—TITCTTIoTres

The emergency steering effort required to achieve a turning circle of 12 m radius, starting from
straight ahead position, shall not exceed 600 N.

Verification by type-test.

NOTE For the purpose of this Clause, ISO 5010 gives guidance.

4.5.3.3 Strength of components

the

The steering control and its support members shall be capable of withstanding a force of 900 N in any
direction at the actuating means (e.g. steering wheel) without any functional damage or permanent
deformation.

12

© ISO 2016 - All rights reserved


https://standardsiso.com/api/?name=3fa140ed32080b70848b8b58ed4a0257

ISO 10896-2:2016(E)

4.5.3.4 Steering knobs

Steering knobs (if installed) shall be capable of being reached by the operator’s hand from the top, and
shall be within the periphery of the steering wheel.

Steering knobs shall meet the requirements of 4.5.3.3.
4.5.4 Load-handling controls

4.5.4.1 General

CorJtrols shall return to neutral when released and shall stop load movements, except whérg otherwise
spefified in this part of ISO 10896.

The controls for the load-handling functions shall be separate from the driving ‘controls,|except the
trayel direction control, which may or may not be separate.

4.5/4.2 Controls with detents or maintained engagement

4.514.2.1 General

Thg boom float control and the auxiliary hydraulic control(s) (efg. for concrete mixers, brooms, augers)
may be equipped with detents or other devices to maintain engdgement of the function.

A visual indication that the detent is activated shall be provided to the operator.
The detent mode shall either

a) |be automatically deactivated when the truck is switched off and not be automatically activated
when the truck is switched on, or

b) |prevent the truck from being restarted until the detent mode is deactivated.

4.54.2.2 Boom float control

On [trucks equipped with bgom®float control, unintended lowering of the boom shall b protected
agajnst.

In addition to the provisions of 4.5.4.2.1, the boom float control mode shall be automatically deactivated
wheén the boom-raising/-lowering control is operated.

4.5)5 Multi-function controls

If a| control-is designed to perform more than one function, each separate function shall be clearly
identified’in accordance with ISO 7000 in the normal operating position and explained in thd operator’s
mamual (see 6.2).

Visual indication shall be provided to inform the operator of the selected mode(s) of operation.

4.5.6 Stabilizing device control

On trucks equipped with stabilizing devices, controls for deployment and retraction of such devices
shall be clearly marked in accordance with ISO 7000.

Means shall be provided to unequivocally identify at all time (day and night) the stabilizing device
operated by each control, regardless of the truck slewing angle.

Where independent or selectable controls for stabilizing devices are provided, the left control shall
operate the left stabilizing device, and the right control shall operate the right stabilizing device with
the truck in forward aligned position.
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If selectable controls are provided, a centre position may operate both stabilizing devices.

4.5.7 Sway/levelling control

On trucks equipped with operator-controlled lateral levelling, operating the control to the left shall
cause the truck to sway to the left, and operating the control to the right shall cause the truck to sway to
the right with the truck in forward aligned position.

Means shall be provided to unequivocally identify at all time (day and night) the levelling direction

operated by each levelling control, regardless of the truck slewing angle.

4.5.8 Axle oscillation locking

When opeitfating on wheels, means shall be provided to automatically lock the oscillating axle/when|

slewing u
greater the

On trucks
marked in

A visual in
position.

4.59 Au

On trucks §
with ISO 7

The contrdl may be equipped with a detent or other deyice to maintain engagement of the function.

4.5.4.2.
4.6 Pow

4.6.1 Ex

Exhaust sy
position(s)
non-flamm
the exhaus

4.6.2 Co

Cooling sy
normal op
are shielde

per structure is not in the forward aligned position and when the boom is lifted at he
n the one corresponding to the travel position as defined by the manufacturer:

equipped with manual axle oscillation locking, the lock/unlock control{(s) shall be cle
hccordance with ISO 7000, i.e. ISO 7000:2014, symbols 2872 and 2873

Hication that the axle oscillation lock has occurred shall be provided at the normal opera

xiliary hydraulic control

bquipped with auxiliary hydraulic control, this controlshall be clearly marked in accordd
00.

er systems and accessories

haust systems

stems shall be designed.to direct engine exhaust emissions away from the normal opera

able and shall be chosen and protected so that they are not adversely affected by heat f
t system.

pling systems$

stems shall be designed to prevent air flow through the system from being directed at
brating-position(s) and any passenger position(s), or so that the operator and passenge
ddrom airflow through the system. The surface temperature of any shielding within read

the
ght

hrly

[ing

nce

See

[ing

and any passenger position(s). Materials used in the vicinity of an exhaust system shalll be

fom

the

r(s)
h of

the operat

L) 41 H 1 s L) 1 1l 4= 1 000 - b 4]
UL PJdSSTIIETT(S) HIT LTI TTUT AT JUSIUIUIIS ) SIIAIT TTUL TALTTU UU L dUJdLTIILU LU LT UpPTI

and passenger position(s).

4.6.3 Tanks and pressure vessels

4.6.3.1 General

ator

Fuel and hydraulic tanks shall be provided with fluid level indicators. Pressure in the tanks exceeding
the pressure specified by the manufacturer shall be automatically compensated by a suitable device
(vent, safety valve, etc.).

14
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4.6.3.2 Filler openings
Filler openings of tanks (except window washer and brake fluid reservoirs) shall

a) have provisions for lockable filler caps (filler caps located inside lockable compartments, e.g. the
engine compartment, or those caps that can only be opened with a special tool, do not require a
lockable provision), and

b) belocated outside the operator’s station.

4.6.3.3 Fuel tanks

Fue] tanks shall be securely mounted. The installation arrangement and construction shall¢nsure that
any|fuel leaking from the tank, its filler, or its connections shall not collect in poolsmithoyt a passive
means for drainage and shall not drain onto unprotected electrical or hot parts.

If the tank is to contain gasoline, the tank installation shall be designed and installed in the|truck such
that any ignition hazard due to static electricity is avoided.

If the filler is located on the side of the truck, the filler cap shall not, when closed, project peyond the
exteérnal envelope of the truck.

Fue] tanks shall withstand an internal pressure of 0,03 MPa (0,3 bar) without permanent deformation
or leakage.

NOTE 1 bar =0,1 MPa=0,1 N/mm2 =105 N/m?2.

Fue] spillage shall not be possible during normal operating conditions, as specified by the mapufacturer,
excluding refuelling and fuel filter replacement.

If constructed with non-metallic materials, the-fuel tank shall comply with ISO 21507.

4.6{3.4 Air pressure vessels

Simpple air pressure vessels shall(bé designed and tested in accordance with ISO 14528-1 and
[SO[16528-2.

4.7| Stabilizing devices
When stabilizing deviées are provided,

a) [they shall be fitted with means, e.g. locking valves, to keep them in position in case of Hose failure
or oil leakageg,

b) |means-shall be provided to the operator to indicate that the stabilizing devices are posjtioned in a
safe travelling position when moving the truck,

c) each chhi|i7ing device shallbe pr}nipppd witha anfpl:n'p thatis cplf-q]igning in atleastone p]ane’ and

d) avisualindication (e.g. painted marks or other suitable means) shall be given to the operator when
each stabilizing device is deployed to level and/or support the truck in conformity with the load
chart(s).

4.8 Design requirements for maintenance purposes

4.8.1 General
Trucks shall be designed such that routine lubrication and maintenance operations can be performed

safely, using ISO 11525-2 as guidance on the safe maintenance of trucks and ISO 2860 for openings
intended for maintenance purposes.
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Where the maintenance procedures described in the operator’s manual can only be performed with
a component (e.g. boom, tiltable cab) in a position that could cause injury, the component shall be
mechanically secured with a device(s) provided with, and permanently affixed to, the truck, or stored
in a secure place on the truck.

The mechanical boom support device shall be designed to withstand at least 1,5 times the mass of the
boom and the carriage with forks.

4.8.2 Tiltable cab support device

When a cah is designed to he tilted for maintenance servicing or other non-operational purpose, a
means of lpcking the controls shall be provided. If daily maintenance is required below a tilted c¢alj, an
automaticdlly acting support device shall be provided.

4.9 Systems for lifting, tilting and reaching
4.9.1 Chpins and wire ropes

4.9.1.1 (hains

When the lifting or reaching mechanism includes one or more chains, the truck manufacturer shallluse
only leaf or roller chains. These chains shall provide a factor, K1, with'the minimum values specified in
Table 2. THe calculation of K7 shall be related to the maximum stati¢ load Q (Q calculated assuming no
friction in the boom structure or lifting /reaching mechanism), that would exist in a single or more than
one equally loaded chain when the truck and boom are stationary in the least favourable position.

1l xn
K — _|¢ (1)
) + w

L¢ is|the minimum breaking load for iew chain;
n is|the number of chains;
is[the maximum static loaddn)chains;

w is|the friction load in lifting/telescoping mechanism carried by the chains, and where L, Q
and w are expressedusing the same unit.

Pulley diarheters shall folew’the chain manufacturer’s recommendations.

Table 2 — Factor K;

Trucks <19 000'kg rated capacity K125
Trucks >1¢ 000 kg rated capacity K125-0,2 (Q1-10)
K1 shall ne\ller be less than 4.

Q1 is expressed in tonnes (t).

4.9.1.2 Wireropes

When the lifting or reaching mechanism includes one or more wire ropes, the truck manufacturer shall
use only wire ropes with a factor, K3, of at least 6. The calculation of K7 shall be related to the maximum
static load Q (Q calculated assuming no friction in the boom structure and in the lifting/reaching
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mechanism), that would exist in a single or in equally loaded wire ropes when the truck and boom are

stationary in the least favourable position.
K. - L, xn
;=
Q+w
where

Lwr is the minimum breaking load for new wire rope;

n is the number of wire ropes;

(2)

Pul
4.9

4.9
Hyd

Hos
bur
pre
and
per
vib}

4.9
Hyd

pre
avo

4.9
The

hydiraulic oil, e.g-by/means of magnet(s), filter(s), etc.

4.9

The
low]

Q isthe maximum static load in wire ropes;

w is the friction load in lifting/telescoping mechanism carried by the wire ropes, and
Lwr, Q and w are expressed using the same unit.

ey diameters shall follow the wire rope manufacturer’s recommendations.
2 Hydraulic system

2.1 Hydraulic circuit

raulic circuit shall comply with ISO 4413.

sting or permanent deformation, a pressure equal ¢o)at least three times the maximu

other damage-causing sources. The hydraulic system shall be designed and installed s
formance and reliability are not reduced or itsicomponents damaged as a result of extern
ation, or movements of the truck or its components.

2.2 Pressure control

raulic systems shall include dévices that prevent the pressures in the systems from
bet levels. The devices shall be designed and fitted so that unintentional loosening or ad
ded and a tool or key is requiired to alter the pressure setting.

2.3 Oil purification

hydraulic systém(s) shall be continuously protected against the risk of contamina

3 Maximum load-lowering speed

maximum permissible lowering speed shall be such that in the event of a sudden

where

es, piping, and connections subject to internal pressuge ‘shall be capable of withstandipg, without

m working

tsure. Pipes and hoses shall be so located and restrained as to minimize deterioration, sharp edges,

ich that its
hl stresses,

exceeding
ustment is

ion of the

top of the

erifig means (e.g. a hose burst or trigger of LLD), at the maximum reach for any load zope with the

specified load, the wheels, or stabilizers of the truck are only able to leave the ground momentarily and
shall return to the ground unassisted.

The test to verify this requirement is defined in 5.4.

4.9.4 Limitation of stroke

Any mechanism on the truck with movement requiring limits to prevent over-travel shall be provided
with means for positive stops. Hydraulic cylinders can fulfil this requirement if designed for that

pur

©IS

pose.
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4.9.5 Fork arms, attachments, and quick couplers

Fork arms,

attachments, and quick couplers shall be in accordance with Annex B.

4.9.6 Slewing brake

Slewing mechanisms shall be provided with an automatic holding brake or a locking mechanism to hold
the superstructure during operation with load and during out-of-service condition in a safe position.
The holding brake/locking mechanism shall withstand a torque moment at least 25 % above the
torque requlred for holdlng the actlng torque derlved from w1nd loads combined w1th the 1nc11nat10n

4.10.2 Stgrage of operator’s manual

A means sk
the norma
the manua

4.10.3 Ha

All parts d
within the
accordancg

The tempe

all be provided within the cab to store the operator’s mantral and it shall be accessible f

(s) from climatic conditions (e.g. sunlight, rain, snowy:

t parts

f the truck within the zones of comfort-and reach of controls, as defined in ISO 6682
reach of the operator when entering ef.exiting the operating position, shall be designe
with ISO 13732-1.

Fature of the air at the heater outlét, where fitted, shall not exceed 60 °C.

4.10.4 Pipes and hoses

Pipes and |
pressure e

Guards (in
stream in (

Any part of

An encloss

noses located within(IT'm of the DLV (deflection limiting volume, see ISO 3164) and havi
kceeding 5 MPa oratemperature of 60 °C shall be guarded.

Cluding flexible hose coverings) shall be sufficiently sturdy to stop, disperse or divert a f
ase of hose, pipe or component failure.

compehent that diverts a fluid stream can be regarded as a sufficient protection device

d-cab may be considered as a guard when hoses are located outside the enclosed

for

fom

operating position. If the truck is not fitted with an enclosed cab, such means shall profect

, or
d in

g a

Juid

rab,

provided it

meetsthe abhave reauirement
* v "

NOTE

requirement.

If possible,

pipes and hoses should be placed outside the enclosed cab.

4.10.5 Normal operating position equipped with enclosed cab

4.10.5.1 Heating and ventilation system

Ventilation system shall comply with ISO 10263-4.

18

Enclosed cab doors or windows able to be opened during truck operations do not satisfy this
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If a heating system is fitted, it shall either
a) comply with ISO 10263-4, or

b) have the capability of increasing the temperature of the air inside the enclosed cab and of
maintaining a temperature of 18 °C at the minimum ambient temperature in which the truck
is intended to operate, with the minimum capacity of the heating system having a temperature
variation of AT of 25 °C within 30 min.

The test shall be run starting with the engine at working temperature, as specified by the manufacturer.
Measurement of the system capacity shall be made at three points located in a vertical plane through
the [Feat index point (SIPJand parallel to the fongitudinal axis of the truck (see Figure 3J as ipllows:

— 1660 mm above the SIP and 20 mm in front of it;
— |at the SIP, as defined by ISO 5353;
— [100 mm above the floor plate and 600 mm in front of the SIP.

Dimensions in millimetres
20

Al
Jd
%

660

SIP

100

600

Figure 3 — Location of measuring points

Altgrnatively, the ieating capacity may be determined by calculation.

NOTE Filterelement selection depends on the intended operating environmental conditions.

4.10.5.2  Demisting and defrosting systems

Trukcksishall be prnvidnd with facilities for r]nmicfing and r]nf‘rncfing infnrn:\”y the front redr, side, and
top window(s), for example, by means of a heating system or particular defrosting device.

NOTE A method for testing windscreen defrosting system is given in ISO 10263-5.

4.10.5.3 Wipers and washers
The front and rear window(s) shall be fitted with motorized window wiper(s) and washer(s).

Wiper(s) and washer(s) shall be provided for the roof window if it is necessary for the operator to view
the attachment or load through the roof window.

Wiper(s) shall clear a sufficient area to allow the operator to view the attachment or load through the
entire lift zone.
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The tank of the window washer(s) shall be easily accessible.

4.10.5.4 Pressurization system

Where an enclosed cab is provided with a pressurization system, it shall provide an interior relative
pressure of at least 50 Pa tested according to ISO 10263-3.

4.10.5.5 Doors and windows

Doors, w1ndows and flaps shall be securely held in thelr functlonal posmons measures shall be taken
for preven ' erting: e e ' onts) by
a positive ngagement device. The door- open lockmg dev1ce for the normal opening shall be reledsgable
from the nprmal operating position.

It shall only be possible to open the boom side window if additional protection is provided’to preyent

the operatpr being injured by the boom and/or the opening is small enough to prevett the operator
accessing this area from the cab.

If such protection depends solely upon the glass, the truck shall be so designe@ythat, in the eventjof a
missing or[broken boom side window, the operator is not at risk of injury.

Windows ghall be made of safety glass or other material that provides similar safety performance (see,
for examplE, ECE R43).

4.10.5.6 Ipterior lighting system

When the fruck is intended and equipped to operate in darknéss, the enclosed cab shall be fitted With
a fixed innpr lighting system. This system shall be able tg function with the engine stopped, making it

possible to|
4.10.6 Op

4.10.6.1 (

illuminate the normal operating position sothat the operator’s manual can be read.
erator’s seat

feneral

Trucks shalll be fitted with an adjustable seat that supports the operator in a position that allows

operator tq

control the truck under-the intended operating conditions.

All seat adjustments shall be-possible without the use of tools and shall be clearly described in

operator’s

The seat d
following 1

manual.

mensions and adjustments shall comply with ISO 11112. The operator’s seat shall meet]
equirements:

the

the

the

a) ifawelght-adjustable seatis fitted, the adjustment shall accommodate a minimum range of operator
weights, ffom 55 kg to 110 kg;

b) swivellimgseatsshallbe provided witira mechanism (€.g- Spring or fatch) To [ock the seat i position,
and the swivel shall be possible in all positions of adjustment;

c) theseatmounting shall be able to withstand the forces that can occur during operation, e.g. braking.

4.10.6.2 Suspension seat vibration

An operator’s seat fitted with suspension shall meet the requirements of the following input spectral
classes, according to ISO 7096, with regard to its ability to reduce the vibration transmitted to the

operator:
— fortru

— fortru

20

cks with an operating mass greater than 4 500 kg, EM 3;

cks with an operating mass less than or equal to 4 500 kg, EM 8.
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4.10.6.3 Operator restraint

Trucks shall have an operator restraint system that is in accordance with ISO 6683.
4.10.7 Control panels and symbols on displays

4.10.7.1 Control panels

The operator shall be able to see, from the normal operating position, in daylight and, if need be, in
darkness, the indicators necessary in order to be able to check the proper functioning of the truck.
Glarestattbemmimimmized:

4.10.7.2 Symbols on displays
Synpbols for use on displays shall be in accordance with ISO 7000.

NOTE Other International Standards dealing with symbols on machines are 1S@-3287, [SO 3767-1} ISO 6405-1
and|ISO 6405-2.

4.190.7.3 Load limiting devices (LLD)

4.19.7.3.1 General

Trufks shall be fitted with a load limiting device, in order to prevent instability and/or gqverloading
whichever is the attachment fitted.

Theload limiting device shall stop movements of theload handling geometry which would ejther

a) |increase the load moment beyond the limit$/determined by the stability verification (se¢ 5.4), or
b) |exceed the structural limits determined’according to 4.19 and structural tests (see 5.3).
Arrgsting the movement shall not in itself give rise to instability.

The LLD shall operate automatically and without the need for resetting when triggered. Th¢ LLD, once
triggered, shall remain triggered until the overload condition has been removed or the oyverturning
moiment has been lessened within the limits permitted by the manufacturer.

Where a truck can be-operated in different configurations of wheels, stabilizing devices, [or slewing
angle range, the properselection of correct LLD settings for the actual configuration shall bg automatic
and| their modifieation by the operator shall not be possible. This requirement does not cover the
intdrchange of attachment fitted on the load carriage.

When the trirek is intended to be used with a range of attachments, an attachment selector may allow
theloperater to set the LLD with reference to the attachment used.

4.16:7-3:2Overrideof the £ED
It shall not be possible to override the LLD other than with a 2-action operated hold to run control.
The overriding function shall be automatically cancelled after not more than 30 s or at engine stop.

The design and installation of LLD shall be able to withstand overloads during test and verification
without affecting their performance.

4.10.7.4 Load indicating device (LID)

Trucks shall be fitted with a load indicating device, in order to warn the operator of instability and/or
overloading whichever is the attachment fitted.
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The LID shall warn the operator

a)
by the

b)

manufacturer,

the manufacturer, and

c) visually when the override function of the LLD has been activated.

both visually and audibly when the truck is approaching the stability and/or load limits permitted

both visually and audibly when the truck has reached the stability and/or load limits permitted by

Warnings for a) and b) shall be different from each other both visually and audibly. Warnings for a), b),

and c) shalpb
There shal
The LID sh

The design
without aff

4.11 Ope

4.11.1 Ge

An access 3
maintenan,
shall not b
steps shall
the wheels

4.11.2 Enclosed cab openings

4.11.2.1 N

A normal access opening shall be provided. The dimensions shall be in accordance with ISO 2867:2

Table 1.

4.11.2.2 A

An alternat
shall comp

In order tg
easy to opg

Latches m4

11l PREEYY £ £ L. £l
TV Aouau_y UuIilriciI UllL ITUIIT CAUIT ULIICT.
be no provisions for the operator to cancel a warning.
hll not be deactivated when the LLD has been overridden.

and installation of the LID shall be able to withstand overloads during test-and verifica
ecting their performance.

Fator access

neral requirements

ystem shall be provided for access to the normal operating position and areas where rou
ce has to be performed. This shall be in in accordance with ISO 2867, except that the first
e more than 550 mm above the ground (measured with the truck on tyres) and succes
not be more than 350 mm apart. The values spe€ified in ISO 2867 are to be considered y
on the ground and in forward aligned position:

[ormal access opening

lIternative opening (emergency exit)

ive opening shallbe provided on a side other than that of the normal opening. The dimens
y with ISO 2867:2011, 5.3.2.

n or remove without the use of keys or tools.

ywbe'used if they can be opened from the inside without the use of keys or tools.

fion

fine
tep
sive
vith

D11,

ons

be acceptable for use as an alternative opening, a window panel or another door shalll be

The breaking of a suitably sized window panel is considered equivalent to an alternative opening, if the
necessary pane hammer, immediately accessible to the operator in the enclosed cab, is provided.

When a window panel is used as an emergency exit, it shall bear an appropriate marking. See, for
example, IEC 61310-1:1995, Figure 8.
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4.12 Protective measures and devices

4.12.1 Hot parts

Parts that are hot in operation shall be designed, positioned, or provided with a thermal guard to
minimize the risk of contact with such parts and surfaces in close proximity to the normal opening,
normal operating position, or daily routine maintenance areas, according to ISO 13732-1.

4.12.2 Protection against crushing, shearing, and trapping

Parfstitat move Tetative to OMe anotier and are Wit Teacit of the Operator 1 the normaj operating
posjtion shall be designed, positioned, or provided with protective devices, thereby minimiz|ng the risk
of cfushing, shearing, and trapping.

Distances shall be in accordance with ISO 13857.

If hazards still exist, they shall be identified on the truck in accordance with 4/h2.4.

4.12.3 Guards

Gudrds, which shall comply with ISO 3457, shall be designed to be\securely held in place, [restricting
access to dangerous areas and parts where a hazard exists.

Moyable guards shall, if possible, remain attached to the triek when open. When unintentiopal closure
cou]d cause injury, movable guards and engine panels shall\be fitted with a support system (q.g. springs,
gas|strut) to secure them in an open position for a wind speed up to 8 m/s.

4.12.4 Safety signs
Safe¢ty signs shall be affixed to the truck and attachments in accordance with ISO 15870 or I$0 9244.

Trugks intended for lifting material only~shall bear clear and indelible safety sign(s) proHibiting the
lifting of personnel.

4.12.5 Engine compartment
Thg engine compartment shall be protected against unauthorized access by means including either
a) |locking,

b) |installation réguiring the use of a tool or key, or

c) |alatch inside a lockable compartment (e.g. enclosed cab).

4.12.6<Fenders

Theoperatorimthe ormmat operating positiomand the criticatinformmatiomr disptaysstattbe protected
from debris ejected by the tyres or tracks, if the risk exists, in any steered position.

4.12.7 Roll-over protective structures (ROPS) and falling object protective structures (FOPS)
Trucks other than fitted with a tiltable cab shall be equipped with the following:
— ROPS in accordance with ISO 3471:2008, Table 1, third list item;

— FOPS level Il in accordance with 1SO 3449, and with openings in the top of the overhead guard not
exceeding 150 mm in one of the two dimensions, i.e. width or length.
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4.12.8 Tiltable cab

Trucks fitted with a tiltable cab shall comply with ISO 10896-6.

4.12.9 Audible warning devices

Trucks shall be equipped with an audible warning device (e.g. a horn) operable from the operator’s
station and an audible reversing alarm, both complying with [SO 9533.

4.13 Stability

Trucks shalll meet the requirements of ISO 22915-20 and ISO 22915-24.

Additionally, for trucks fitted with power devices having the capability of stacking laterally ldisplgced
loads, the dtability test of ISO 22915-10 shall also apply.

4.14 Visibility

Operator yisibility during travel and manoeuvring shall be taken into consideration during|the
truck design.

4.15 External lighting devices

[SO 12509 jmay be used as guidance for trucks fitted with externallighting devices.
4.16 Fire|protection

4.16.1 Fine resistance

The interipr, upholstery, and insulation of thexénclosed cab, and other parts of the truck where
insulation jmaterials are used, shall be made of:flame-retardant materials, the burning rate of which
shall not exceed 200 mm/min, as tested in accordance with ISO 3795.

4.16.2 Fire extinguisher

Trucks shdll have space for installation of fire extinguisher(s), easily accessible to the operator, pr a
built-in extlinguishing system to.permit the operator safe exit from the truck.

4.17 Retifieval, transportation, lifting, and towing

4.17.1 Gelneral

Attachmenft peints for tying-down, lifting, retrieval and towing of the truck, and their correct use shall
be describg¢d-in the operator’s manual.

These attachment points may be the same if allowed by the manufacturer.

If a pin is part of the retrieval, tie-down, lifting, or towing device, provision shall be made to retain the
pin in place during use and to prevent it from being lost when not in use.

4.17.2 Retrieval
Retrieval points shall be provided at the front and/or rear of the truck.

The capacity of the retrieval point, expressed in N, shall be equal to 1,5 times the machine mass
multiplied by the acceleration due to gravity.

The retrieval point shall withstand the above capacity at the maximum pull angle.
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4.17.3 Tie-down

Tie-down points shall be provided and shall be clearly identified on the truck, according to

ISO

7000:2014, symbol 2069.

4.17.4 Lifting

When provided, lifting attachment points shall be clearly identified on trucks and subassemblies that

are

4-1”-5 TUWills

Trul
to ¢
use

If a
dev

Spe

4.1

to be lifted separately, according to ISO 7000:2014, symbol 1368.

nsure easy and safe connection and disconnection, and to prevent accidental disconnec
They shall be identified according to ISO 7000-2014, symbol 2686.

pin is part of the retrieval, tie-down, lifting, or towing device, it shall bé{securely atta
ice. The securing device for the pin (if needed) shall not be detachable.

cific road and agricultural requirements may apply. See, for example, TSO 6489.

/.6 Transportation

ks with provision for towing shall be fitted with towing or coupling devices designed and arranged

ion during

thed to the

A pin securely attached to the truck, designed and arranged @ prevent accidental disengagenjent during

use

4.1

Noi
acc

Sonie major sound sources of trucks‘dre power generation and transmission equipme
conjbustion engines, cooling, electrie*drive and hydraulic systems.

Megsures for noise reductiontinclude enclosing power generation, transmission and,
equlipment, capsulated coolingsystems, and exhaust silencers.

NOTE ISO/TR 11688-}-and ISO/TR 11688-2 give further information on noise generation me
madhinery.

4.1

4.1
Ver

simultaneously on the truck to ensure that limit states of materials are not exceeded.
NOTE

shall be provided to lock the slewing upper structureto the chassis in forward aligned j

8 Noise

e reduction shall be an integral part of the design process for trucks, specifically 1
punt technical progress and measurements‘at source.

0 Structural'calculations

D.1 General

osition.

aking into

nt such as

hydraulic

Chanisms in

fication shall be provided for loads and load combinations according to 4.19.2 and 4.

19.3 acting

strain gauge) can be used.

4.19.2 Loads and forces

4.19.2.1 General

The following loads and forces shall be taken into account:

a)
b)

©IS

actual load (see 4.19.2.2);

structural loads (see 4.19.2.3);

02016 - All rights reserved
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c¢) wind load (see 4.19.2.4);

d) dynamicloads (see 4.19.2.6);
e) additional loads (see 4.19.2.7).

Load effects shall be determined based on an elastostatic/rigid body kinetic model of the truck and

load models.

Loads acting on the truck at the same time shall be combined as given in 4.19.3.2.

4.19.2.2 Actualload

The actualfload shall be considered as a solid cube of 2 x D side, D given in Table 1.

4.19.2.3 Structural loads

The massds of the components of the truck when they are not moving shall be taken to be st
structural Joads.

atic

The massds of the components of the truck when they are moving shall be taken to be dynamic

structural Joads.

4.19.2.4 Wind load

To calculate the wind loads, it is assumed that the wind blows henizontally from the most unfavour
direction, ut at an elevation-related speed.

The speed|of a 3 s wind gust v(z) [m/s] acting on an elevated point z [m] and decisive for calculat
is based o a mean wind speed determined over 10 miin v [m/s] at 10 m above ground or sea levg
not otherwise specified, trucks are regarded as being affected by wind at a wind speed v of 14,3
(Beaufort §cale 7 - normal in-service wind).

v(2)=[(#/10)"0,14 + 0,4] * v

The quasi-$tatic impact pressure q [V/m?2] is as a result of:

q(2)=0}625 * v(2)"2

To calculate the wind load-conservatively, the wind gust speed determined at the highest elevated p
vi (max. z) kan be assunted/to act all over the boom structure and load.

4.19.2.5 $Yhape factors

hble

ons
1. If
/s

(3)

(4)

Dint

Shape factTrs applied to areas exposed to wind are as follows:

a) L-, U-, T, I- sections 1,6;

b) box sections 1,4;

c) large flatareas 1,2;

d) circular sections, according to size 0,8/1,2.

If additional information is needed, especially concerning shielded structural areas, see 1ISO 4302.

4.19.2.6 Dynamic loads

Additional loads due to abrupt decelerations in sudden stopping of movements of the truck (travelling

forward/rearward) or the load (lifting/lowering, slewing) shall be considered (kinetic energy).
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These dynamic effects shall be covered by calculation considering an additional dynamic force
component calculated by multiplying the related mass weight by a dynamic factor ¢i of 0,1 for lowering,
telescoping and travelling or 0,5 for slewing and taken to be acting in the direction of movement.

4.19.2.7 Additional loads

Additional effects due to elastic deformation of tyres or raised by the use with particular attachments
shall be considered to determine adequate stability of the truck.

Where relevant, local temperature variation shall be specified and taken into account.

4.19.3 Calculations

4.19.3.1 General

The following structural analyses shall be carried out on all load bearing compoenents and joint of the
trug¢k according to relevant clauses of this part of ISO 10896:

— |general stress;
— [fatigue stress;
— |elastic stability.

The limit states method shall be used for the load combinations given in Table 3.

4.19.3.2 Load combinations

Forfes to be used in structural calculations shall*be derived by multiplying each load for its relevant
factor ¢i and combined according to the load\combinations given in Table 3 using the releyant partial
safgty factors ypi.

Fable 3 — Load combinations

Load combinations
Loads
A B
ypi Pi ypi Pi
Mass of the Lifting/Lowering 1,34 1+0,1 1,22 1+0,1
structurgs,
actual )
loadand Slewing 1+0,5 1+0,5
dydamics
Wind — — 1,16
Temperature variations — — 1,16
NOTE In general, the Toads are combined to reflect the events during acceleration, deceleration, and

positioning of the load and/or the truck. Load combination A covers regular loads under normal operation. Load
combination B covers regular loads combined with occasional loads. List of regular and occasional loads is given
in Annex C.

4.19.3.3 General stress analysis

The general stress analysis is the proof of safety against attaining the yield point. EN 13001-3-1 may be
used as a guidance.

© IS0 2016 - All rights reserved 27


https://standardsiso.com/api/?name=3fa140ed32080b70848b8b58ed4a0257

ISO 10896-2:2016(E)

4.19.3.4 Fatigue stress analysis

The fatigue stress analysis is the proof against failure by fatigue due to stress fluctuations.
EN 13001-3-1 may be used as a guidance for analysis of all load bearing components and joints which

are critical

NOTE

to fatigue taking into account the constructional details and a class S3.

Appendix B.

NOTE

1 Class S3 is an intermediate value between classes S2 and S5 which are provided in EN 13001-3-1,

2 A Class S3 is given because a reference distribution of stress fluctuations during operations cannot

be calculated with any degree of accuracy due to the versatility of these trucks. If the manufacturer is able to

provide mo C dcta;}cd ;llfUl lllat;Ull abuut Dtl COoOo f}ubtuatiuuo thCDC call bc uocd ;ll fat;suc Dtl COoOo aua}_y D;D-

EN 13001-3-2 for a class SR3 may be used as a guidance for the fatigue stress analysis of wire rope dfive

systems.

4.19.3.5 Hlastic stability

The elasti¢ stability analysis is the proof against buckling of linear members,“The principle$ in

EN 13001-8-1 may be used as a guidance.

NOTE ISO/TS 13725 providing a method for evaluating cylinder buckling load.is'under preparation.

5 Verification of requirements and safety measures

5.1 General

The manuffacturer shall verify that each individual requirement of this part of ISO 10896 has been et

by the design and manufacture of the truck, for example; by the following:

a) design| e.g. verification of drawings and documents, or calculation;

b) measurement, e.g. tests of travelling and:lowering speeds and lift and tilt leakage;

c) visual|lexamination, e.g. no permanent deformation after tests, verification of the marking of
the truck;

d) specific tests, e.g. type tests.,

5.2 Fungtional verification

Functional| verification‘shall be performed on each truck to verify that it is able to perform the tgsks

for which |t was designed, e.g. travelling, braking, steering, slewing, load-handling, warning, safety,

lighting (iffany), and' femote control (if fitted).

5.3 Structural verification

5.3.1 Testloads

The test loads are as follows:

Q1 therated capacity of the truck;

— Q2 the actual capacity at maximum lift height;

Q3 the actual capacity at maximum reach.

See Figure 1.
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a)
b)
‘)
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r different Q7 and Q3 values may be specified as follows:
with truck on tyres and the boom in aligned position;
with truck on stabilising devices (if fitted) and the boom in aligned position;

with truck on tyres and the boom slewed in the less stable position;

d) with truck on stabilising devices (if fitted) and the boom slewed in the less stable position.

5.3.

2 Static test

5.3

The
con

5.3

WA
ove

Trul
pos

5.3
Thd
wit

5.3

5.3

The
con

5.3

WA
ove

Trul
cyc
retr

2.1 Purpose

purpose of this test is to demonstrate the overall structural integrity of the loadéd trul
ditions. It shall be applied to each representative type of truck.

2.2 Test procedure

RNING — For this test, it is advisable to secure the truck to_theground to avoid
rturning.

ks shall be type-tested on firm, level ground at 125 %,-0of Q1, Q2, and Q3 at the cor
tions.

2.3 Acceptance criteria

truck shall be considered as complying with this'test if the test load is safely supported|
hout permanent deformation or component failure.

3 Dynamic testing

3.1 Purpose

purpose of this test is to demonstrate the overall structural integrity of the loaded truck
ditions. It shall be applied.to each representative type of truck.

3.2 Testprocedure

RNING — Forthis test, it is advisable to secure the truck to the ground to avoid
rturning.

cks shall'be tested at 100 % of each of the three capacities, Q1, Q2, and Q3, in a complet¢
e, attthe maximum engine speed specified by the manufacturer, and from a statid
acted'and lowered boom position to each of the positions specified below, and back agai

ck in static

the risk of

responding

for 10 min

n dynamic

the risk of

b operating
nary, fully
1.

At the maximum engine speed specified by the manufacturer,

a)
b)

c)

5.3.

bring Q1 to the fully retracted and maximum lifted position,
bring Q2 to maximum height (first lifting and then telescoping), and

bring Q3 to maximum reach.

3.3 Acceptance criteria

The truck shall be considered as complying with this test if the test is completed without permanent
deformation or component failure.
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5.4 Maximum load-lowering speed verification

WARNING — In order to perform this test safely, it is advisable to secure the truck to prevent
overturn whilst permitting the rear wheels to leave the ground.

Compliance with the requirements in 4.9.3 shall be checked starting with Q1 and Q3 from the following
positions, with the truck on tyres and slewed in the least stable position:

— with Q1 at the fully retracted and maximum lifted position;

— with Q7 at the maximum boom extension and maximum height.

The lowering control shall be fully actuated and the engine accelerated to the maximum recomnie
rpm. When the position of the maximum forward reach for the relevant load zone is reache
lowering dontrol shall be suddenly released or the LLD shall be triggered whichever,_is [the

unfavourable.

5.5 Loa
Means sha
supply, fail
systems.

The descern
oilin the h

The averag

6 Infor

6.1 Gen
Manual(s)

holding
1 be provided to maintain the load in the event of leakage, a fault orinterruption of the po
re in the hydraulic circuit of the load lifting, tilting, reaching, stabilizing, or lateral level
t of the rated load in its least favourable position shall notexceed 150 mm in 10 min with

bdraulic system at normal working temperature.

e forward tilting of fork carriage speed with the ratedload shall not exceed 0,5° per min

mation for use

bral

hall be supplied with each truck-and include information for use and information for rou
ce.

In for use and routine maintenance shall comply with ISO 12100:2010, 6.4.5.2.
rator’s and maintenance manuals

e following inférmation covering use of the truck shall be provided:
bd and prohibited uses of the truck;

\pproyved attachments;

c eonditions for which the truckis designed;

:ldost

ed

d,|the

wer
ling

the

fine

personal protective equipment (PPE) to be provided;

maintenan
Informatio
6.2 Ope
6.2.1 Th
a) intend
b) listof
c) climat
d)
e)
f)
g)

operating method to be followed in the event of breakdown;

prohibition of operation in hazardous atmospheres for which the truck is not designed.

6.2.2 The following information covering the truck shall be provided:

a) business name and full address of the manufacturer or authorized representative;

30

instructions on the protective measures to be taken by the user, including, where appropriate, the

conditions in which the truck meets the requirement for stability during use and transportation;
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description of the truck and approved attachments for use with the truck;

description of the safety systems and warning signs;

description of authorized tyres (including solid, foam, and water-filled), information on their

required size, design, and inflation pressures;

capacity of, and performance data on, the truck and the combination of truck a
attachments;

truck weight, dimensions, and turning radii;

nd related

adjustment of the operator’s seat and use of the seat belt.

3 The following information covering operational use of the truck shall be provided:
required competencies of the operator;

measures necessary to control residual risks;

ground-bearing pressure (wheels and stabilizing devices) unloaded,ahd loaded in static
daily checks before operating the truck;

instructions for access and egress;

operating controls and operating displays;

starting, driving, and braking of the truck;

handling of loads and use of the different attachments and warning about the hazards
action of wind forces;

information on possible displacement of the centre of gravity;
lift height for travelling;

travelling on gradients;

safe parking of the truck;

instructions for dé-energizing stored energy components;
use when the®©perator’s direct visibility is limited;

instructions-for towing with the truck.

4 The following information relating to internal combustion (IC) engine trucks shall be

position;

due to the

provided:

nnnnnnnnnnnnnnn

apPPTOvVETTUCTS,

safe handling of fuels;
refuelling operations;
warning of the effect of exhaust emissions in confined spaces;

warning of the effect of exhaust emissions on the operator.

5 The following information on transportation and storage of trucks shall be provided:
loading and unloading of trucks;

restraint of the truck during transport using tie-down points;

© ISO 2016 - All rights reserved
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towing the truck and moving inoperative trucks;
storage of trucks for extended periods of time;

instructions for transport in the operator’s manual.

6.2.6 The following information covering inspection and routine maintenance:

a) training and competencies required for inspection and routine maintenance operations;

b) information covering routine maintenance that can be performed by the truck operator;

c) information covering operations to be performed by a competent person;

d) type and frequency of inspections and maintenance operations, with particular attentien to|the
replacement and durability of wear parts;

e) specifications of consumables and quantity required;

f) infornjation covering approved spare parts;

g) filling pnd handling of battery, oil, diesel, or other fuels, as applicable;

h) instrugtions for the verification of marking;

i) warnings of particular hazards and the correct procedure to bedollowed during maintenance;

j) instrug¢tions for de-energizing stored energy components;

k) access|to inspection, service and maintenance at height,;and under or in the boom;

1) drawings, diagrams, descriptions, and explanations necessary for use and routine maintenande of
the tryck;

m) instrugtions for disposing of waste material‘(e.g. oils and battery);

n) infornjation for checking the proper functioning of any additional protective devices, e.g. overload
indicators, and the frequency of‘\these checks, if fitted by the manufacturer or authorjzed
representative;

0) instrugtions for changing wheels.

6.3 Marking

Trucks shalll be markéd-legibly and indelibly with the following minimum details. This information|can

be provided on oneer¥ more labels:

a) busingss rtame and full address of the manufacturer or authorized representative;

b) designafion of Series or type;

c) serial number;

d) year of construction;

e) rated capacity;

f) net power of engine expressed in kilowatts (kW);

g) mass of the unladen truck, fully fuelled and serviced, without the operator and without the mass of
any removable attachment;

h) if necessary, the maximum vertical force and the drawbar pull on the tow-hook in N.
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a warning, visible to the operator in the normal operating position, stating that the truck is to be

level before lifting or extending the boom.

Information from a) to h) may be provided in a language different form the one of the country in which

the

6.4

truck will be used for the first time.

Load charts

6.4.1 Trucks with load-carrying attachments

Wh

s shall be

fitt¢d with appropriate load charts related to the load-carrying attachment. The load)chgrt shall be

legi
ope

See

For
the

le and durable, affixed in a prominent position, and easily readable by the operatop in
rating position.

Figure 4 for an example.

load chart shall provide information on

the type of attachment to which it applies,

applicable load centre distances,

actual capacities at lift heights and reach,

slewing angle range applicability,

applicable limitations on the attachment use,

model of truck to which it applies,

type of tyres,

use with and without stabilizing device, if applicable, and
use with and without ballasted tyres and optional counterweights, if applicable.

trucks equipped with stabilizing devices, load charts shall be provided showing capac
stabilizing devices are deployed and when not deployed.

the normal

ities when
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Q.Q Figure 4 — Load chart
6.4.2 Trpck h non-load-carrying attachments
Non-load-ca%/ing attachments, e.g. hvdraulic-breakers and brooms, which normally operate nearjthe

ground and comply with the stability criteria given in ISO 22915-24, do not require a load chart to
be installed on the truck. If necessary, specific operating instructions for the limits on the attachment
position, i.e. lift height or reach, shall be provided.
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List of significant hazards
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be adjusted

cen by the

properly design a product and cover all specific safety requirements, the manufacturer should

identify the hazards that apply to the product and perform risk assessmentsjand

design and construct the product taking into account these assessments,

aim of this procedure is to eliminate or reduce the risk of accidents throughout the foreseeable

ime of the machinery, including the phases of assembling and ‘dismantling, in which
dents can also arise from foreseeable abnormal situations.

electing the most appropriate methods, the manufacturef, should apply the following p
following order given:

eliminate or reduce risks as much as possible by désign (inherently safe machinery
construction);

take the necessary protection measures in relation to risks that cannot be eliminated by
inform users of the residual risks due te~any shortcomings of the protection measures a
indicate whether any particular training is required;

specify any need to provide personal protection equipment (PPE).

truck should be designed to prevent abnormal use, wherever possible, if such use woul
. In other cases, the instructions should draw the user’s attention to ways in which exp
ivn the truck should fiotbe used.

following haza¥ds may be applicable and could involve risks to persons if not addy
‘esponding requirements offer guidance to limit the risk or reduce these hazards.
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Table A.1 — List of significant hazards

Hazard Related subclause of this part of ISO 10896/aspect of
machine
1 Mechanical hazards
1.1 Crushing, shearing, cutting, severing, |4.3 Brakes
entanglement, drawing-in, trapping 4 Controls
hazards :
4.12.5 Access to engine compartment and other
compartments
412 Fenders
4.12.2 Protection against crushing, shearing, and
trapping
10.6 Operator restraint
12.7 ROPS and FOPS
4129 Audible warning device
414 Visibility
4.10.5.5 |Doors and windows
4.17.6 Transportation
4.17.5 Towing
411 Sharp edgesyand acute angles
4.8 Design requirements for maintenance purposgs
1.2 Impact hazards
From mechanical failure 49.1.1 Chains
49.2 Hydraulic system
409. Fork arms, attachments, and quick couplers
4.8 Design requirements for maintenance purposgs
From unstable load 55 Load holding
4127 ROPS and FOPS
From road debris 4.12.6 Fenders
From lifting or transporting a ttuck 417 Retrieval, transportation, lifting, and towing
1.3  |Stapbing or puncture hazards 411 Sharp edges and acute angles
4.8 Design requirements for maintenance purposgs
1.4 High-pressure fluid €jection or ejec- 4.1.2 Stored energy components
tion hazard 49.2 Hydraulic system
49.2.2 Pressure control
2 Th¢rmal hazards
Buijns, sedlds, and other injuries by a 4.6.1 Exhaust systems
posgible contact of persons with an 4403 Hetparks
extreme high or low temperature, by 4121 v
flames or explosions, and by radiation — . _
from heat sources 4.16 Fire protection
Damage to health by hot or cold working |4.10.5.1 |Climatic conditions
environment
3 Hazards generated by noise 4.18 Noise
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