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CONSTRUCTION & MINING EQUIPMENT INDUSTRY GROUP

ADVISORY NOTICE

Disclaimer: CMEIG is a non-profit organisation sponsored by companies involved in the supply of products
and services in the construction and mining equipment supply industry in Australia. This document has been
prepared by members of CMEIG and is distributed by the Association. This information is provided for
guidance only and no legal liability can be accepted by the Association for its use. CMEIG advises that you
should seek appropriate specialist advice for your solution.

RISK ASSESSMENT OF EARTHMOVING MACHINERY (EMM)

From time to time, CMEIG members have been asked to supply information on risk assessments
conducted on earthmoving machinery (EMM). The aim of this paper is to clarify the risk assessment
and reduction process conducted by the manufacturer, and the potential obligations of the end user
and third party assessors in conducting and managing risk based on site-specific risk, application,
operating practices and risk associated with locally fitted components/options/attachments.

Table 1 provides information on typical hazards and how they are addressed by the manufacturer.
CMEIG notes the following:

e Manufacturers have conducted risk assessments and reduction process in accordance with
ISO 12100- Safety of machinery-General Principles for Design — Risk assessment and Risk
reduction (identical to AS 4024.1201) for the design and development of EMM. Procedures
are described for identifying hazards and estimating risks during relevant phases of the
machine life cycle, and for the elimination of hazards or sufficient risk reduction.

e International standards (ISO) are structured into hierarchy such as Type-A (basic safety
standards) giving basic concept and principles for design; Type-B (generic safety standards)
dealing with one safety aspect or safeguard to use across a wide range of machinery; and
Type-C (machine safety standards) dealing with detailed safety requirements for a specific
machine i.e.. EMM. Consistent with this hierarchy, in addition to ISO 12100, manufacturers
use Type-C safety standards in addressing hazards and reducing risks stipulated in these safety
standards specific to EMM. Refer to CMEIG Advisory Notice on Australian and International
Standards https.://www.cmeig.com.au/wp-content/uploads/CMEIG-Advisory-Notice-
Australian-and-International-Standards-for-Earthmoving-Machinery-March-2022.pdf for a
list of Type-C safety standards including guidelines, codes of practice, recognised
standards from States and local authorities applicable to EMM.

e Manufacturers have also used their own proprietary engineering or safety standards
developed over years of experience of the design, manufacture and operation of machinery,
and the risks including historical incidents associated with the use and maintenance of
machinery. Consequentially, these proprietary engineering standards have addressed gaps
not covered by existing industry standards (i.e. ISO, JIS, EN, SAE and etc.) in addressing hazards
and risks.
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e The outcome of the manufacturer’s risk assessment process is provided through the
machine’s operation, maintenance or assembly manuals which provide sufficient information
for the safe operation and maintenance of the machine, identification of hazards or risks
typically common at work sites and protective measures/safeguards or warnings/precautions
which are only effective when implemented by the user. In some cases, manufacturers may
provide additional risk assessment (i.e. task-based risk assessment etc.) reports to
supplement the information provided in the machine manual.

e End users have obligations under applicable Occupational Health and Safety (OHS), or
Work Health and Safety (WHS) legislation to carry out their own risk assessment taking
into consideration their site risk profile, machine use-case or application, aftermarket
or non-OEM attachments, operating and servicing practices. Subsequently, end users
have implemented additional safeguards which are protective measures required due
to a specific process/application not envisaged in the intended use of the machine, or
to address specific conditions for installation that cannot be controlled by the
manufacturer.

e Where a third party modifies machinery, the third party risk assessor, in accordance
with WHS legislation including associated guidance (e.g. Safe Work Australia’s
“Managing the Risks of Plant in the Workplace — Code of Practice”), may be taking on
designer/verifier responsibilities. These may include assessing the impact to the entire
EMM due to any local components or locally fitted options to the EMM.
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Table 1 — Some of the common hazards, protective measures and corresponding machine-specific
safety standards used by the manufacturer to eliminate, if not reduce the associated risks.

Note: Manufacturers may design EMM components to their own internal safety standards that are
used in mitigating these hazards and risks.

Note: This list is derived from the list of hazards addressed in:

e ISO 12100 — Safety of Machinery — General Principles for Design — Risk assessment and risk
reduction
e ISO 20474-1 — Earth-moving Machinery — Safety — Part 1: General Requirements

Some measures used to mitigate the hazard/risk
No. Hazard / Risk including the machine-specific Type-C safety standards
for EMM

Hazards, hazardous situations
and hazardous events

Mechanical hazards due to Guards to 1SO 3457.
Fully enclosed pressurised cabin to ISO 10263-3.

Fluid power systems (i.e. hydraulic lines, hose
assemblies, pneumatic system etc.) designed with
reference to I1SO 4413 or ISO 4414.

machine parts and workpieces,
(e.g. shape, location, mass and
stability, mass and velocity,

1 mechanical strength) or due to
accumulation of energy inside
the machine (e.g. elastic
elements such as springs,
liquids and gases under
pressure, effect of vacuum).

Crushing, shearing, cutting or Guards to 1SO 3457.
severing, stabbing or puncture, | Safety distances to prevent hazard zones being reached

abrasion, friction drawing-in or | bY upper and lower limbs to 1SO 13857.
trapping hazards Bluntness of edges to ISO 12508.

11 ROPS to 1SO 3471 or 1SO 12117.
FOPS to I1SO 3449 or ISO 10262.
Operator restraint system to 1SO 6683.
Support devices designed to ISO 10533.
1.2 Impact hazard FOPS to 1SO 3449 or ISO 10262.

High pressure fluid injection or | Guards to ISO 3457.
1.3 ejection hazard Pressurised equipment designed with reference to

ISO 4413 or ISO 4414.

2 Electrical hazards due to:
Contact of persons with live Battery and starter isolators.
parts (direct contact) Electronic controls, connector in control circuits,
2.1 switches external to cab have minimum protection of

IP55 in accordance with IEC 60529.
Consideration of the principles in IEC 60204 series.
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Electrostatic/electrical
phenomena -

Thermal radiation or other

Critical wires/cables are protected by over-current
devices.
EMC requirement to ISO 13766.

2.2 phenomena such as the . . I . ,
- . Consideration of the principles in IEC 60204 series
projection of molten particles . . ;
and chemical effects from short Where applicable, machine with on-board voltages 50V-
circuits. overloads. etc 36KV AC or 75V-36KV DC are designed in accordance
’ T with 1SO 14990 series.
3 Thermal hazards, resulting in:
Burns, scalds and other injuries Guards to 1SO 3457
by a possible contact of persons Fluid power systems (i.e. hydraulic lines, hose
with objects or materials with assemblies, pneumatic system etc.) in accordance with
3.1 an extreme high or low IS0 4413 or IS0 4414.
temperature, by flames or
explosions and also by radiation
of heat sources
Damage to health by hot or cold | HVAC and defrosting systems to ISO 10263 series.
3.2 working environment Most EMM have fully enclosed cabin.
a Hazards generated by noise,
resulting in:
Hearing loss (deafness), other Sound emissions are set in accordance with I1SO 6393,
4.1 physiological disorders (e.g. loss | 150 6394, 150 6395 and I1SO 6396 where applicable.
of balance, loss of awareness)
Interference with speech Audible warning devices to ISO 9533.
4.2 communication, acoustic, Safety signs and hazard pictorials to 1SO 9244.
signals etc.
Hazards generated by vibration | Suspended operator’s seat in accordance with ISO 7096.
5 Machine vibration characteristics and spectral
performance consistent with ISO/TR 25398.
6 Hazards generated by radiation
Low frequency, radio frequency | EMC requirement to ISO13766 series.
radiation, microwaves Consideration of the principles in IEC 60204 series
6.1 Where applicable, machine with on-board voltages 50V-
36KV AC or 75V-36KV DC are designed in accordance
with 1SO 14990 series.
Infrared, visible and ultraviolet | Work lamps and reflex-reflector devices designed to
6.2 light meet 1SO 12509.
Hazards generated by materials
7 and substances, processed or
used by the machinery
Hazards from contact with/or HVAC system and cabin pressurisation to I1SO 10263
7.1 inhalation of harmful fluids, series.

gases, mists, fumes and dusts
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Fire or explosion hazard

Flame-retardant materials used in interior, upholstery
and insulation materials in cab and other parts of the

7.2 machine where insulation materials are used.

Fire extinguishers or fire protection system where
applicable are installed, consistent with 1ISO 3795.
Hazards generated by

8 neglecting ergonomic principles
in machinery design, e.g.
hazards from:

Unhealthy postures or excessive | Seat dimension and adjustment to ISO 11112.

8.1 offort Seat vibration to 1SO 7096.

Inadequate consideration of Safety of machinery to ISO 12100.
8.2 hand-arm or foot-leg anatomy | Access system to ISO 2867.
Zones of reach to ISO 6682.
Neglected use of personal Warnings from Operator’s Manual to ISO 6750.

8.3 protection equipment Appropriate signage in machines.

Inadequate local lighting Cabin lighting, work lamps, signalling and marking lights

84 and reflex-reflector devices to 1ISO 12509
Mental overload and underload, | Ventilation and defrosting system to ISO 10263 series.
stress Operator’s field of view to ISO 5006. Operator controls

8.5 consistent with ISO 10968. Visual displays consistent

with 1SO 6011.

8.6 Human error, human behaviour | Safety of machinery to 1SO 12100 and ISO 20474 series
Inadequate design, location or | Operator’s controls and indicators to 1SO 10968.
identification of manual Zone of reach to 1SO 6682
controls Safety-related functions of control systems to

ISO 13849 or ISO 19014 series where applicable.
8.7 Starting system to 1SO 10264.
Symbols used on displays/controls to ISO 6405 series.
Steering system of wheeled machines to I1SO 5010.
Brake system of wheeled machines to I1SO 3450.
Brake system of crawler machines to I1SO 10265.
Inadequate design or location of | Control indicators for the safe and proper operation to
8.8 visual display units 1SO 6011.

Visual displays and controls to ISO 6405 series.
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8.9

Neglecting principles of safety
integration

Access system and spacing to ISO 2867 and ISO 3411.
Radius and bluntness of edges to ISO 12508.

HVAC system to I1SO 10263 series.

Operator Protective Structures to I1SO 3471 and

ISO 3449.

Seating to 1ISO 11112.

Operator seat restraint system to I1ISO 6683
Reduction of vibration transmitted to operator in
accordance with ISO 7096.

Operator controls and indicators to ISO 10968,

ISO 6682, ISO 19014 series.

Starting and stopping systems to ISO 10264.

Pedals of an appropriate size, shape, slip resistant and
adequately spaced.

8.10

Inadequate guards and
protection devices

Guarding on hot parts and moving parts including
fenders to I1SO 3457.

Moving parts are designed, positioned or provided with
protection to minimise the risk of crushing, shearing
and cutting to I1SO 13857.

Articulated frame lock to ISO 10570.

Radius and bluntness of edges to ISO 12508.

8.11

Inadequate operating position

Provided with seat system and restraint system
designed to ISO 11112 and ISO 6683 accordingly.
Reduction of vibration transmitted to operator in acc.
to ISO 7096.

8.12

Inadequate design of
adjustment, service and
maintenance places and access
to these places

Designed and built so that routine lubrication and
maintenance can be done safely.

Provided with support devices to ISO 10533 for
machines where required to be held in the elevated
position for maintenance.

Engine compartment has provision to guard against
unauthorised access by one of the following - a locking
device, require the use of tool or key or guard latch
control inside a lockable compartment.

Combination of hazards

Pressurised system designed to with reference to
ISO 4413 or ISO 4414 as appropriate.

10

Unexpected start-up,
unexpected overrun/
overspeed (or similar
malfunction) from:

10.1

Failure/disorder of control
system

Operator controls and indicators to 1ISO 10968,

ISO 6682, ISO 19014 series.

Starting and stopping systems to I1SO 10264.

Pedals of an appropriate size, shape, slip resistant and
adequately spaced.

Provision to failsafe for emergency lowering of
attachment/device and uncontrolled motion.

10.2

Restoration of energy supply
after an interruption

Provision to failsafe for emergency lowering of
attachment/device and uncontrolled motion.
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10.3

External influences on electrical
equipment

Critical wires/cables are protected by over-current
devices.

EMC requirement to ISO 13766.

Where applicable, machine with on-board voltages 50V-
36KV AC or 75V-36KV DC are designed in accordance
with 1SO 14990 series.

Degree of protection against environmental factors to
IEC 60529, minimum IP55 depending on the location of
the electrical/electronic components/ controls
/switches

10.4

Other external influences
(gravity, wind etc.)

Guards designed with reference to ISO 3457.

10.5

Errors in the software

Operator controls and indicators to ISO 10968,

ISO 6682, ISO 19014 series.

Critical wires/cables are protected by over-current
devices.

EMC requirement to ISO 13766.

Where applicable, machine with on-board voltages 50V-
36KV AC or 75V-36KV DC are designed in accordance
with 1ISO 14990 series.

10.6

Errors made by the operator
(due to mismatch of machinery
with human characteristics and
abilities, see 8.7)

Seat design and adjustment to ISO 1112 and vibration
to I1SO 7096.

Operator seat restraint system to ISO 6683.

Operator controls and indicators and zones of reach to
ISO 10968, ISO 13849 or ISO 19014 series and ISO 6682
respectively.

Starting and stopping system to ISO 10264.

Visual displays/control panels, indicators and symbols
to ISO 6011 and ISO 6405 series.

Steering systems to ISO 10968 and I1SO 5010 where
applicable.

Brake systems designed to ISO 3450 and ISO 10265
where applicable.

Operator visibility to ISO 5006.

Warning devices and safety signs to ISO 9533 and

ISO 9244 respectively.

Lowering control device used in lifting application to
ISO 8643.

Guards on moving parts, hot parts and fenders to

ISO 3457.

Articulated frame lock to I1SO 10570.

CMEIG Advisory Notice — Risk Assessment or Earthmoving Machinery — Nov 2023




Copyright © 2023, CMEIG. All rights reserved.

11

Inability to stop the machine in
operating conditions

Operator controls, indicators and zones of reach to

ISO 10968, ISO 13849 or ISO 19014 series and I1SO 6682
respectively.

Starting and stopping system to ISO 10264.

Visual displays/control panels, indicators and symbols
to ISO 6011 and ISO 6405 series.

Steering systems to I1SO 10968 and I1SO 5010 where
applicable.

Brake systems designed to ISO 3450 and ISO 10265
where applicable.

12

Failure of the power/energy
supply

With the engine stopped, the attachment can be
lowered safely to the ground and the residual pressure
released in each hydraulic and pneumatic lowering
circuit where applicable.

EMM is equipped with braking system in accordance
with 1SO 3450 for wheeled EMM or ISO 10265 for
crawler EMM.

Steering systems to ISO 10968 and ISO 5010 where
applicable.

13

Failure of the control circuit

Steering systems to ISO 10968 and ISO 5010 where
applicable.

Brake systems designed to ISO 3450 and ISO 10265
where applicable.

Critical wires/cables are protected by over-current
devices.

EMC requirement to ISO 13766.

Where applicable, machine with on-board voltages 50V-
36KV AC or 75V-36KV DC are designed in accordance
with 1ISO 14990 series.

Safety-related functions of control systems to

ISO 13849 or ISO 19014 series where applicable.

14

Errors of fitting

Fluid power systems (i.e. hydraulic lines, hose
assemblies, pneumatic system etc.) designed with
reference to I1SO 4413 or ISO 4414.

Safe fitting, range of attachments intended to be used
with the EMM are established and defined by the
manufacturer.

15

Falling or ejected objects or
fluids

Fluid power systems (i.e. hydraulic lines, hose
assemblies, pneumatic system etc.) designed to

ISO 4413 or ISO 4414.

FOPS to ISO 3449 or ISO 10262 where applicable.
Where required, operator cabin with safety glass on
windows and doors are fitted.

Guarding on hot parts and moving parts including
fenders to I1SO 3457.
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Loss of stability/overturning of
machinery

ROPS to ISO 3471 or ISO 12117 where applicable.
EMM with equipment and attachments are designed

16 and constructed so that stability is provided under all
intended operating conditions including maintenance,
assembling, dismantling and transportation.

Slip, trip and fall of persons Access system to ISO 2867 or AS 5327.
17 (related to machinery) Openings intended for maintenance purposes to
ISO 2860.
Additional hazards, hazardous
situations and hazardous
events due to mobility
18 Relating to travelling function
Movement when starting the Operator controls, indicators and zones of reach to
engine ISO 10968, ISO 13849 or ISO 19014 series and I1SO 6682
18.1 respectively.
Starting and stopping system to ISO 10264.
182 Movement without a driver at Remote operator-controlled machine to ISO 15817.
) the driving position
Transport without all parts in a Tie-down attachment points to ISO 15818.
183 safe position
Travelling function Remote operator-controlled machine to ISO 15817.
Steering systems to I1SO 10968 and ISO 5010 where
18.4 applicable.
Brake systems designed to ISO 3450 and ISO 10265
where applicable.
Excessive oscillation when EMM and attachment movement from the holding
moving position — other than by actuation of the controls by the

18.5 operator - (due to drift or creep or loss of power) is
limited so that it cannot create a risk to exposed
persons.

Insufficient ability of machinery | Brake systems designed to ISO 3450 and 1SO 10265

18.6 to be slowed down, stopped where applicable.

and immobilised
18.7 Remote control Remote operator-controlled machine to ISO 15817.
Linked to the work position
19 (including operator’s station) on
the machine
Fall of persons during access to | Access system to I1SO 2867 or AS 5327.

19.1 (or at/from) the work positions | Openings intended for maintenance purposes to
ISO 2860.

Exhaust gases/lack of oxygen at | Ventilation and filtration systems designed to 1SO 10263

19.2 o i

the work position Series.
Fire (flammability of the cab, Interior, upholstery and insulation materials of the cab

19.3 lack of extinguishing means) are flame-retardant with burning rate exceed

200mm/min tested to ISO 3795.
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Mechanical hazards at the work

194 -

position:

Contact with the wheels; Fenders designed to ISO 3457.

Rollover; ROPS to ISO 3471 or ISO 12117 where applicable.

Fall of objects, penetration by FOPS to ISO 3449 or ISO 10262 where applicable.

objects.

Insufficient visibility from the Windscreen defrosting system to ISO 10263-5

operator’s/work positions Front windows fitted with motorised windscreen wipers
and washers.
Control indicators for the safe and proper operation are
in accordance with ISO 6011.
Symbols used on visual displays/controls are in

19.5 accordance with 1SO 6405-1 or 1SO 6405-2.

Operator’s field of view is in accordance with ISO 5006.
Rear view mirrors are in accordance with 1SO 14401-1
and ISO 14401-2.
Work lamps and reflex-reflector devices are provided in
accordance with ISO 12509.

Inadequate work/drive lighting | Cabin lighting, work lamps, signalling and marking lights

19.6 and reflex-reflector devices to 1ISO 12509.

Inadequate seating Provided with seat system and restraint system

19.7 designed to 1ISO 11112 and ISO 6683 accordingly.

Seat vibration characteristics consistent with ISO 7096.

1 Noise at the work position Sound emissions are set in accordance with ISO 6395

9.8 and ISO 6396 where applicable.
Vibration at the drive/work Seat vibration characteristics consistent with ISO 7096

19.9 positions Machine vibration characteristics consistent with
ISO/TR 25398.

Insufficient means for Provided with alternative exit in accordance with

19.10 evacuation/emergency exit 1SO 2867.

20 Due to control system

Inadequate design of Operator controls to ISO 10968.

energy/control circuits Steering system of wheeled machines to I1SO 5010.
Brake system of wheeled machines to I1SO 3450.
Brake system of crawler machines to ISO 10265.

20.1 Hydraulic and pneumatic fluid power systems designed
with reference to 1ISO 4413 and I1SO 4414 as
appropriate.

Safety-related functions of control systems to I1SO
13849 or ISO 19014 series where applicable.

20.2 controls Zone of reach to 1SO 6682.

Starting and stopping system to ISO 10264.
Inadequate design of manual Operator controls to ISO 10968.
20.3 controls and their mode of Zone of reach to ISO 6682.

operation

Starting and stopping system to ISO 10264.
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From handling the machine
(lack of stability)

Meeting the requirements for lifting devices used in
object handling.
Lowering control device to ISO 8643.

21 Retrieval points to ISO 10532.
Safe use of retrieval, lifting and tying-down points are
provided in machine manual. Operator’s manual is in
accordance with I1SO 6750.
22 Due to the power source and to
the transmission of power
Hazards from the engine and Guards to 1SO 3457.
the batteries Engine compartments have provisions to guard against
221 unauthorised access by either a locking device, use of
tool/key, or guard latch control inside a lockable
compartment (e.g. cab).
Hazards from transmission of Moving parts that create a hazard are designed,
22.2 power between machines positioned or provided with protection to minimise the
risks of crushing, shearing and cutting to ISO 13857.
Hazards from retrieval, Retrieval device to ISO 10532.
223 transportation, lifting and Tying-down attachments points and lifting attachment
towing points are in accordance with ISO 15818.
23 From/to third persons
23.1 Unauthorised start-up/use Starting system to ISO 10264.
Drift of a part away from its Brake system of wheeled machines to ISO 3450.
23.2 stopping position Brake system of crawler machines to I1SO 10265.
Lack or inadequacy of visual or | Control indicators for the safe and proper operation are
acoustic warning means in accordance with ISO 6011.
Symbols used on visual displays/controls to 1ISO 6405-1
233 or ISO 6405-2.
Audible warning devices to ISO 9533.
Safety signs/labels and hazard pictorials to ISO 9244,
Insufficient instructions for the | Operator’s manual in accordance with ISO 6750.
driver/operator (operation Control indicators for the safe and proper operation are
manual, signs, warnings, and in accordance with I1SO 6011.
markings). Symbols used on visual displays/controls to ISO 6405-1
24 Additional hazards, hazardous | °F 150 6405-2.

situations and hazardous events
due to lifting

Audible warning devices to ISO 9533.

Safety signs/labels and hazard pictorials to ISO 9244,
Retrieval device to ISO 10532.

Tying-down attachments points and lifting attachment
points are in accordance with ISO 15818.
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25

Mechanical hazards and
hazardous events:

25.1

From load falls, collision,
machine tipping caused by:

Lowering control device for machines used in object
handling applications in accordance with ISO 8643.
Lifting devices on EMM used in object handling meet
the strength, assembly and operation requirements in
ISO 20474.1.

Lifting attachment points in accordance with 1ISO 15818.

25.11

Lack of stability

EMM with equipment and attachments are designed
and constructed so that stability is provided under all
intended operating conditions including maintenance,
assembling, dismantling and transportation.

Lifting attachment points in accordance with ISO 15818.
Specific standards also exist for different aspects or
machines e.g. Centre of gravity determination using

ISO 5005, Excavator stability in ISO 10567, Wheel loader
operating capacity in ISO 14397.

25.1.2

Inadequate holding
devices/accessories

Lifting devices on EMM meet the strength, assembly
and operation requirements in ISO 20474.1.

25.2

From insufficient mechanical
strength of parts

Lowering control device for machines used in object
handling applications in accordance with ISO 8643.
Lifting devices on EMM used in object handling meet
the strength, assembly and operation requirements in
ISO 20474.1.

25.3

From inadequate selection of
chain, ropes, lifting attachments
and their inadequate
integration into the machine

Lifting devices on EMM used in object handling meet
the strength, assembly and operation requirements in
ISO 20474.1.
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