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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 proce@lures used to develop this document and those intended for its further maintenance
described In the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed forj
different types of ISO documents should be noted. This document was drafted in accordance 'with
editorial ryles of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).
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A list of all

pants in the ISO 11228 series can be found on the ISO website.

Any feedback or questions on this document should be directed to the user’s national standards body. A
complete listing of these bodies can be found at www.iso.org/members.html.
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Introduction

0.1 General

The ISO 11228 series establishes ergonomic recommendations for different dynamic manual handling
tasks. It provides information for designers, employers, employees and others involved in work, job and
product design. The ISO 11228 series provides information on the evaluation of static postures.

Disorders of the musculoskeletal system are common worldwide and one of the most frequent
disorders in occupational health. The risk-assessment model in this document allows the estimation
of tfie T13K oCla T4 manual material nanding task. A TTO COT ration the hazards
(unfavourable conditions) related to manual handling tasks and the time spent perforthing them.
hvourable conditions can include factors such as the size and mass of the objeet.beirlg handled,

a o W a 0 5 » o O

s handling
considered

ntegration
hechanical,
the

rformance.
5 is achieved through contributions to the .design and evaluation of tasks, jobs, production,

ironment and systems in order to make thefn: compatible with the needs, abilities and

range of people in order to meet the needs of workers with various characteristics, includ
with special requirements. Thus, the devélopment of special solutions for individuals can be

[imitations
le, a broad
ing people
minimized.

Achjieving these goals also contributes:te organizational sustainability and social responsibillity.

Factions of
htion when
nt manual-
S, systems
lered.

Matual handling tasks in the workplace occur within the context of work systems. Inte
humans with items, informatien;‘environment and other people must be taken into consider
des|gning or modifying tasks.and work areas. The ergonomics approach can be used to preve
handling-related injuriesfrom occurring by being used proactively in the design of process
or work organization, imaddition to when modifications to existing systems are being consic

bf relevant
vironment

The ergonomic approach considers tasks in their entirety, taking into account a range

factors includingthe nature of the task, the characteristics of objects handled, the working er
and the individuals performing the task. It considers environmental conditions (e.g. lighting, noise,
temperature); as well as an individual’s characteristics and experiences. An individual’s chayacteristics
include¢physical and mental capabilities, skills, work techniques, behaviour and their perception of the
wotklenvironment and its social characteristics.

0.2.2 Organizational considerations

Work organization (e.g. task duration, job duration, recovery time, shift patterns) is a contributing
factor in the prevention or development of musculoskeletal disorders. For example, recovery periods
help to mitigate possible muscular fatigue and help to avoid the overuse of similar muscle groups over
the duration of the work shift. Job rotation, job diversification and job enlargement are all methods of
structuring the work to facilitate variation and recovery within the work period.

Work organization includes appropriate training of workers, including how to safely perform tasks,
how to recognize and respond to hazardous conditions in workplaces, and which procedures and
communication channels to use to report and correct hazards. Regularly and properly maintained
equipment and facilities contribute to safer work, including manual handling tasks. The selection of
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equipment and supplies which are appropriate for the workplace and task conditions helps to make
work demands safer.

0.2.3 Psychological health and safety and the ergonomics approach

The ergonomics approach considers the cognitive or psychological demands on humans, as well
as the psychosocial environment in which work takes place. Psychological response to work and
workplace conditions (psychosocial factors) has an important influence on mental, physiological and
musculoskeletal health. Psychosocial factors in the workplace include the design, organization and
management of work, work content, job complexity, job demands (cognitive and physical), job content
and the overall social environment (i.e. the context of work).

Undesirable psychosocial aspects of a job can include:

— little o

no control over work methods or organization;

— high lgvels of attention and concentration required;

— poor u

— little o

Se of skills;

I no involvement in decision-making;

— repetitive, monotonous tasks only;

— machine- or system-paced work;

— work demands perceived as excessive;

— payment systems which encourage working too quickly-ofwithout breaks;

— work gystems that limit opportunities for social interaction;

— high Iqvels of effort not balanced by sufficient.reward (e.g. resources, remuneration, self-este

status];

— no training and skill enhancement encguraged or supported;

— poorc

b-worker or supervisory support.

Many of the effects of these factofs;oh workers occur via stress-related processes, which can in t
have a dir¢ct effect on biocheniical and physiological responses, which can increase the likelihoo

experienci

hg musculoskeletal“injury. Thus, for the prevention of musculoskeletal disorders (MS

these psychosocial stressdrs should be controlled in addition to the biomechanical risk factors.

more infor

mation on the effects of the psychosocial stressors on MSDs, see References [63] to [66].

further infprmation on-psychological health and safety in the workplace, see References [1] to [42]

Vi

em,

urn
d of
Ds),
For
For
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Ergonomics — Manual handling —

Part 1:
Lifting, lowering and carrying

1

Thi
acc

Thi
wal

Thi

12 h. It also addresses the analysis of combined lifting, loweringrand carrying tasks in a sh

day|
Thi

or thanual handling while seated. The pushing and pulling of objects are covered in the oth

the
Thi

refdr to ISO/TR 12296.)

Thi
exo

Thdre are no normative references in this document.

For

ISO

31

Scope

5 document specifies recommended limits for manual lifting, lowering and carryingwhile

5 document applies to manual handling of objects with a mass of 3. kg or more and tq
[king speed, i.e. 0,5 m/s to 1,0 m/s on a horizontal level surface.

5 document is based on an 8 h working day, but also covers mere prolonged working t

5 document does not cover the holding of objects (witheut walking), the pushing or pullin

[SO 11228 series.

5 document does not cover handling people or,animals. (For further information on handl

5 document does not address the manual lifting of objects while using lift-assistive devi

Normative references

Terms and.définitions
the purposes’of this document, the following terms and definitions apply.

and IE€ Mmaintain terminological databases for use in standardization at the following ag

Kkeletons and does not address the\néeds of pregnant women or persons with disabilitie§

taking into

unt the intensity, the frequency and the duration of the task. It is designed to previde requirements
and recommendations on the assessment of several task variables, allowing the/health ri
wortking population to be evaluated.

ks for the

moderate

mes, up to
ft during a

b of objects
er parts of

ing people,

res such as

P

dresses:

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

IEC Electropedia: available at http://www.electropedia.org/

manual handling
activity requiring the use of human force to lift, lower, carry or otherwise move or restrain an object

3.2

lifting
manually (i.e. without using mechanical assistance) moving an object from its initial position

© IS0 2021 - All rights reserved
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3.3
lowering

manually (i.e. without using mechanical assistance) moving an object from its initial position

downward

S

Note 1 to entry: Included in lifting.

3.4
carrying

manually (i.e. without using mechanical assistance) moving an object which is held with either one or

two hands,

or positioned on one or two shoulders or on the neck, by walking one metre or more

Note 1 to er]try: Does not include the use of backpacks.

3.5
risk asses
overall pro

3.6

reference
set of col
considered

Note 1 to enftry: See 4.2.1, 4.2.3.2, A.4 and H.1 for detailed definitions of liftifig'and carrying conditions.

3.7
repetitive
lifting an o

Note 1 to enftry: Infrequent lifting at one lift every 10 min is défined in Reference [57], where a multiplier of 1

applied for §

3.8
mid-sagitt
vertical pla
into equal

Note 1 to entry: See Figure C.1

Note 2 to eq
of the body.

3.9
plane of a:
vertical pl:
of gravity
plane

sment
cess comprising a risk analysis and risk evaluation

conditions
ditions (environmental, physical, biomechanical and task-design-related) which
to be the ideal conditions for safe manual handling to take place

lifting
bject more than once every 10 min

1l duration scenarios at a frequency of 1 lift per.20 min.

al plane
ne in the anterior-posterior direction that divides a person assuming a neutral body post
eft and right halves

try: A neutral body poSture is an upright standing posture with the arms hanging freely by the

S ymmetry.

are

L0 is

ure

side

ine passing‘through the midpoint of the line between the inner ankle bones and the ceptre

pf the load when the load is at its most extreme displacement from the neutral, mid-sag

ttal

3.10

angle of asymmetry
angle formed between the lines that result from the intersections of the mid-sagittal plane and the
plane of asymmetry

Note 1 to entry: If the feet are repositioned during the lift or lower sequence, the referent planes shall be
determined at the point in the action sequence where the largest degree of asymmetrical twist is encountered

(see Figure C.1).

3.11
reference

mass

mass considered appropriate for use with an identified user population during the application of the
risk-assessment method described herein

© IS0 2021 - All rights reserved
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3.12
cumulative carried mass
product of the carried mass and the carrying frequency

Note 1 to entry: The cumulative mass for carrying is defined in kilograms per minute to represent the risk for
short-term carrying, in kilograms per hour to represent the risk for medium-term carrying and in kilograms per
8 h to represent the risk for long-term carrying.

3.13
recovery time
time used for determining the work/recovery pattern, which is the period of light work activity Note 1

to 4
lim
pul

4

4.1

Ris]
of
red
rela

ntry: LIght work activity can Imclude monitoring activities, light assembly work using
bs, work not involving lifting or lowering or carrying > 3 kg, and work not involving
ing.

Risk reduction for manual lifting or carrying tasks

General

x assessment is the overall process of risk identification, risk analysis and risk evaluation,
Uhich are ultimately used in the effort to reduce risk. The godDin manual materials ha
iction is to take measures to improve the design of the task;the object and the working er
tive to the characteristics of the individuals performing£he‘work.

In those cases where manual handling cannot be avoided, a risk assessment shall be co

det
acc
the

The

brmine if, and to what extent, modifications arezecommended. The risk assessment
unt the mass of the object, the grip on the object, the position of the object relative to the
body, and the frequency and duration of a spectific task.

modlel). With each successive step, the evaluator analyses the interrelated aspects of the tas

If rq

bcommended limits are exceeded, the task shall be adapted in such a way that all quest

step-by-step approach are satisfied.

Em
how
ens
and

4.2

4.2
Thd

bloyees engaged in manual handling should be provided with adequate information and
' to perform these tasks safely. The provision of this information and training does not, i
ire safe manual handling in all cases. However, it is an integral part of the ergonomics
the risk of injury <dn be reduced by adopting safe ways of manual handling (see A.6).

Risk asséssment (step model)

1 Using the step model

ari

inued.

the upper
pushing or

the results
hdling risk
vironment

mpleted to
takes into
position of

risk assessment is accomplished using the step-by-step approach illustrated in Figure 1 (step

KS.
ions in the
[raining on

In isolation,
approach,

sfep model illustrated in Figure 1 describes the steps involved in beginning, and working through,
mmmmmmg‘mrkﬂmmw i g tifti ' itiatty; ass of the

object being handled is determined; if it is more than 3 kg, the risk assessment is cont

The task is

further analysed to determine if the mass exceeds recommended limits for handling (step 1).

The user shall make modifications where limits are exceeded. In those tasks where lifting and carrying
is repetitive, the assessment is continued using the quick assessment procedure (step 2). Based on the
outcome of step 2, the task will possibly:

©IS

require immediate modifications for safety (see Annex A for further information);
be determined to be acceptable; or

need further, more detailed, risk evaluation (step 3).

02021 - All rights reserved
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Step 3 is also used for evaluating tasks which take place using non-ideal postures.

The reference condition of manual lifting and lowering posture for manual handling is:

an upright symmetrical trunk posture (no twisting or lateral bending);

sagittal trunk inclination of no more than 15° (the minimum inclination observable with the human
eye) from the vertical to accommodate the natural posture of the back;

the horizontal distance between the object being handled and the centre of mass of the worker as
close as possible;

the grip height lying within knuckle and elbow height for lifting or between knuckle and shou|der
heightffor carrying (for anthropometric measurements see ISO 7250-3).

Steps 4 and 5 assist with the further evaluation of the task for cumulative mass for lifting and carryfing.

© IS0 2021 - All rights reserved
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An object of 3 kg or more is lifted or carried? |[No Skip considering
this document

\ 4

Yes
Step 1-4.2.2.2 No
m < M, ? (see Annex B) g
Yes
Ilifting and carrying are ACCEPTABLE Step 2 - 4.2.2.3 CRITICAL Adaptption
acceptable; < {both) Quick assessment for both neceskar
no further lifting and carrying (one or bo Conside¥.
action necessary NOT ACCEPTABLE priotfities
v NOT CRITICAL (see AH%X A for
approjpriate
Step3-4.2.2.4 No P ctigns)

m < limits Formula C.1
or LI <1 (Annex D)

¥ Yes

\

Lifting is acceptable

Llifting and carrying are
acceptable under
existing conditions

ifting is@cceptable but
carrying is present
(distance > 1 m)

Step 4 -4.2.3.2 No
Meum carried in the >
shift <6 000 kg?

lYes

Step5-4.23.3
Meym and d_< limits of Table 5, No
adjusted considering carrying
distance, height of hands
and other influencing factors
(Annex H) ?

¢Yes

Lifting and carrying are acceptable;
no further action necessary

A\ 4

Key

m mass of object to be lifted

M.  reference mass for identified user population group
M, cumulative mass (carried)

d, duration (of carrying)

LI lifting index

Figure 1 — Step model

© IS0 2021 - All rights reserved 5
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4.2.2 Re

commended limit for manual lifting, lowering and carrying

4.2.2.1 Weight of the object

Whenever an object of 3 kg or more is lifted or carried, a risk assessment shall be performed, beginning
with the initial screening, step 1. Note that throughout the text whenever the term “lifting” is used the
act of “lowering” is implied.

4222 (

Step 1) Initial screening

An initial

place) requ
the object,
in Annex B

4223 (

Screening
assessmen

The quick
opposite e

accept

critica

When eith
the exposu
Table 1 ang

SCTEETTNg of TIoTrrepetitive Hftingamd tarryingtperformed-witir referencecomdition
ires the determination of the object's mass (step 1). The recommended limit for the aas
referred to as the reference mass, m_..;, and based on population characteristics, ispreser
For general guidance for designers and additional information related to step 1,see’Anne

Step 2) Quick assessment of repetitive lifting and carrying

bf repetitive lifting and carrying tasks of objects of 3 kg or more is performed using the q
L procedure.

issessment procedure aims to identify, without the need for caleulation, the presence of
(posure conditions:

hble condition, where unacceptable risk has not been identified;
condition, where unacceptable risk has been identified.

br of these conditions is met, it is not necessary'to perform a more detailed evaluatio
re level. Instead, either no further modifications need to be considered (acceptable risk,
Table 2) or modifications should be made immediately (see Annex A for guidance) due to

presence o

the preserfce of any unfavourable working environment or object circumstances which can furt
increase the risk of the task (additional factoxrs)-

When neitlper of the two extreme conditions is met, it is necessary to conduct further risk evaluatio

methods p
Table 1 and

a critical condition (see Table 3). In either case, Table 4 shall also be referenced to iden

resented in step 3 (see 4.22:4).

| Table 2 are used for,establishing the acceptable risk condition. If all of the listed condit

are presen
with a risk
conditions

modificati¢pns are madé«

In either c

working efvirofiment or object characteristics which will potentially further increase the risk of

task. Thes

evaluation. If apy answers are no, then Table 3 shall be used to confirm if there are crit
If any of these conditions is met (a yes response), the task shall not be performed be

hse, Tablev4 shall also be systematically used to identify the presence of any unfavour

e factors can be related to the work environment or to the object characteristics, and {

in
s of
ted
x A.

hick

fwo

h of
see
the
tify
her

L by

ons

[ (yes for each conditien), the examined task is acceptable and it is not necessary to continue

ical
fore

hble
the
hey

shall be ad

Hraccaod ta haln raduca micly
aFeSSea+te-erpreatee+Hi5k

Table 1 — Lifting and lowering — Quick assessment — Acceptable condition

3 kgto

Lifting and lowering
Asymmetry (e.g. body rotation, trunk twisting) is absent No |Yes
Load is maintained close to the body (e.g. where space between the body and|No |Yes
5kg the item is minimized)
Load vertical displacement is between hips and shoulders No |Yes
Maximum frequency: less than five lifts per minute No |Yes

© IS0 2021 - All rights rese
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Table 1 (continued)

Asymmetry (e.g. body rotation, trunk twisting) is absent No |Yes

Load is maintained close to the body (e.g. where space between the body and|No |Yes
>5kgto 10 kg |the item is minimized)

Load vertical displacement is between hips and shoulder No |Yes
Maximum frequency: less than one lift per minute No |Yes
More than 10 kg |Loads of more than 10 kg are absent No |Yes

If all of the questions are answered yes, then the examined lifting task is acceptable and it is not necessary to
continue the risk evaluation, except to review Table 4 for other factors to be considered.

If af least one of the questions is answered no, the evaluation shall continue (see Table 3 and Table 4].

Table 2 — Carrying — Quick assessment — Acceptable condition

Carrying

Calfulate the cumulative mass (total kg carried during the given durations for the given distance below).

Isthe carried cumulative mass less than or equal to recommended cumulative masses values considerinjg distances
(5/m) and duration (1 min; 1 h; 4 h; 8 h)?

Duration Distance 1 m_to <5 mper Distance> 5.m to 10 m per action
action
6 hjto8 h 4800 kg 3600 kg No |Yes
4 h| 4000 kg 3000 kg No | Yes
1h| 2000 kg 1500 kg No |Yes
1njin 60 kg 45 kg No  |Yes

Acceptable conditions for carrying: carry with two hands over a maximum
distance of 10 m, picking up-and setting down the object at height, where the
pick-up and set-down height ranges between 0,75 m and 1,10 m, with the full
cycle including returningback to the start point empty-handed over the same
distance. The carrying exercise is performed in a comfortable indoor envi-
ronment, on a hard)flat, non-slip floor, without any obstacles in the way, and
in a workspace allowing free body movement and posture. No constraints are
placed on the'subject. Awkward postures during the carrying are not present.

No | Yes

If a|l of the questions are answered yes, then the examined carrying task is acceptable and it is not necessary to
corftinue the risk evaluation except to review Table 4 for other factors to be considered.

If af least one of the queStions is answered no, the evaluation shall continue (see Table 3 and Table 4].

Table’3 — Lifting or carrying— Quick Assessment — Critical condition

Critical condition for lifting: task layout and frequency conditions exceeding the maximum syggested

Vertical Jocation The hand location at the beginning and end of the lift is No Yes
higher than 175 cm or lower than the surface at the feet

Vert a I T Theverticaldistance betweenthe nrigin andthe destination N Y

ertical displacemen of the lifted object is more than 175 cm ° es

Horizontal distance The horizontal distance between the body and load is greater No Yes
than full arm reach (>63 cm)

Asymmetry E)ftreme bod_y twisting (to either side by more than 45°) No Yes
without moving the feet

©1S0 2021 - All rights reserved 7
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Table 3 (continued)

Frequency of lifts[>¢] More than 15 lifts per min of short duration (manual han-
dlinglasting no more than 60 min consecutively in the shift, No Yes
followed by at least 60 min of recovery time)

More than 12 lifts per minute of medium duration (manual
handling lasting no more than 120 min consecutively in the No Yes
shift, followed by at least 30 min of recovery time

More than 10 lifts per minute of long duration (manual han-

dling lasting more than 120 min consecutively in the shift) No Yes

Critical copditionfg ceeding e-B.2
for further information)

Females (40 to 45 years) 20 kg No Yes
Females (420 or > 45 years) 15 kg No Yes
Males (20 fo 45 years) 25 kg No Yes
Males (<20 or > 45 years) 20 kg No Yes

Critical copdition for carrying: presence of cumulative carried mass greater than those indicated dlso
with acceptable conditions for carrying

Carrying distance (per
action) 1mto5movera [6000kgin6hto8h No Yes
6 h to 8 h geriod?

Carrying distance (per

action) 5mto 10 movera [3600kgin6hto8h No Yes
6 h to 8 h geriod?

Carrying distance (per

action) 10 m to 20 mover |1200kgin6hto8h No Yes

a6 hto8hperiod?

Carrying distance (per
action) mgre than 20 m

Carrying distance is usually more than 20 m No Yes

If at least ohe of the conditions has a yes responsestlien consider risk as high and a critical condition is presgnt.
Proceed wilth task redesign and continue to Table4 to identify additional factors to be considered, and then don-
tinue to Anpex A for identifying urgent corrective actions.

Table 4 — Lifting and carrying — Additional factors to be considered

Is the working environment unfavourable for lifting and carrying?

Presence offextreme (low or highJthermal stress (e.g. temperature, humidity, air movement) |No Yes
Presence of slippery, uneyén,unstable floor No Yes
Presence of insufficientspace for lifting and carrying No Yes

Are there unfavourable object characteristics for lifting and carrying?

The size of the object reduces the worker’s view and hinders movement No Yes
The load centre of gravity is not stable (e.g. liquids, items moving around inside of object) |No Yes
The object shape or configuration presents sharp edges, surfaces or protrusions No Yes
The contact surfaces are too cold or too hot No Yes

Improper handholds or coupling

Does the lifting or carrying task(s) last more than 8 h a day? No Yes

Ifatleast one of the questions is answered yes, the specified condition shall be addressed and the risks minimized.

4.2.2.4 (Step 3) Recommended limits for mass, frequency and object position

When none of the two conditions identified in step 2 is met, it is necessary to conduct a risk evaluation
(step 3) to determine the recommended limits for the task.
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To determine the recommended mass limit (RML; Annex C) while taking into account working posture,
object position and lifting frequency and duration, use Formulae (C.1) to (C.5). These formulae take
into account task variables (characteristics of the task). A lifting index (LI; Annex D) is also calculated
for further risk exposure information. The analyst first checks if the RML for lifting is exceeded and,
if so, checks if the LI exceeds appropriate limits (Table D.1). If both are exceeded then the task shall
be adapted by changing the mass, the lifting frequency, the lifting duration or the object position.
Table D.1 provides interpretation of the results and consequent measures. Annex E reports a simplified
model for RML and LI calculation. Annex F reports procedures for analysing multiple manual lifting
tasks (composite, variable and sequential lifting tasks), Annex G reports examples of analysis of simple
and variable lifting tasks. Annex I reports a brief review of the relevant literature regarding the

intrvnvn{—r\i—;nn afthoa Lftinginday o d ic+babhocic fo T ) 1
9T Pttt U T Tt I I 5 I T T AT T T I oo ST TOT TOUTC LT

4.2]13 Cumulative mass of carrying

4.2)3.1 General

For
for

an object to be carried once for a modest distance (one or two steps or less.than 1 m), only the limits

ifting shall be applied as per steps 1, 2 and 3.

b in 4.2.2.
2.3.2 for

2
a

For
and
refq

screening the cumulative mass per day for carrying (step 4), the-tecommended limit
4.2.2.3 shall initially be used. Once this has been completed, dimits recommended in 4
rence carrying condition shall be applied.

For
infl

4.2

The
The
ma
car
tim

Ref
up d
and
dist
non
pos

Ref
be

sho
exa

determining the cumulative mass of carrying related to distance, time patterns
llencing factors, refer to 4.2.3.3 (step 5).

3.2 (Step 4) Recommended limit for cumulative mass per day

cumulative mass in a certain period is calc@lated as a product of mass and frequency d
se two values are limited in steps 1, 2.and 3. In this way, the reference mass canndg
kimum of 25 kg (i.e. mass shall decreasefrom 25 kg as the frequency increases) and the f7
'ying should never exceed a maximum of 15 times per minute (i.e. frequency shall decred
bs per minute when the mass being'carried is increased).

brence conditions are described as carrying an object with two hands over a distance of 2
nd setting down the objectat height, where the pick-up and set-down height ranges betw
1,10 m, with the full cyele including returning back to the start point empty-handed ove
ance. The carrying exercise is performed in a comfortable indoor environment, on a
-slip floor, without.ahy obstacles in the way, and in a workspace allowing free body moy

ture. No constraints are placed on the subject.

brence conditions regarding distance, way back and environmental and workspace cond
hdopted\for carrying on shoulder(s) or neck. The height of picking up and object relea
hldersheight (125 cm to 155 cm). Alternatively, these actions are performed by a co-
ple.a co-worker placing a load on the shoulder of another worker who then carries it.

and other

f carrying.
t exceed a
equency of
se from 15

m, picking
een 0,75 m
r the same
hard, flat,
ement and

fitions shall
e is about
worker, for

With reference conditions in place, the recommended limit for cumulative mass of carrying is 6 000 kg

per

4.2,

8 h.

3.3

distance and other influencing factors

(Step 5) Recommended limit for cumulative mass of carrying related to time patterns,

For carrying with reference conditions in place, the recommended limits for cumulative mass
considering the different duration scenarios for carrying are presented in Table 5[111.[28].[36],[38],
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Table 5 — Recommended limits in the carrying reference conditions for cumulative mass
related to carrying duration during the shift (for general working population)

Carrying dis- kgpermin | kgperlh kgper2h | kgper3h kgper4h kgper5h | kgper6h
tance>1mand<2m to8h

Recommended limits
for cumulative mass 75 2500 3400 4200 5000 5600 6000
for manual carrying

To evaluate the cumulative mass carried, the duration of the carrying tasks in a period of time shall
be considered. Table 5 provides recommended limit values of cumulative mass based on time devoted
to manual pramdting{imctodingtoadsthatare bothrtiftedamd-themr carred) i theshiftamd represents
the produdt of handling different possible masses at different frequencies. For example, the limitjof a
cumulativg mass of 75 kg for a single minute can be achieved by a mass of 12,5 kg x 6 times/niin.

When carifying conditions differ from the reference condition, recommended limits in Table 5 shall
be adjustefl by applying correction ratios (multipliers) into the calculation. The multipliers represent
true conditions of the task as observed (e.g. carrying distance, height of pick up orsetzdown and other
relevant cdnditions). Multipliers are provided in Annex H.

4.3 RisKreduction

Risk reduction can be achieved by minimizing or excluding hazards resSulting from the task, the object,
the workplace, the work organization or the environmental conditions; examples are given in A.B to
A5,

4.4 Addjtional considerations
Health suryeillance should be provided by the employerwith respect to work-related risks.

Health sunveillance is preventive in nature and should ensure, before starting the job and ther] on
an ongoing basis, that the relationship between the individual’s health status and his or her working
conditionslis satisfactory.

More specifically, health surveillance aims to:
— identifly any negative health conditions at an early enough stage to prevent them from worsening;

— identifly people who require’greater protective measures in addition to those adopted for other
workers;

— contribute, based oh, appropriate feedback, towards enhancing the accuracy of collective pnd
individual risk assessments;

— monitgr preventive measures to ensure their continuing adequacy;

— collect] exposure or injury data in order to compare different groups of workers and different
scenaries;

— collect data on absences caused by specific disorders so as to estimate the cost of non-prevention.

Health surveillance related to manual handling should be focused both on the spine and on other
parts of the body, especially considering the involvement of the shoulders and the upper limbs.
Personal mental health (e.g. depression) and work-related psychosocial factors (e.g. job satisfaction,
supervisory support) should also be considered in health surveillance for comprehensive prevention of
musculoskeletal injuries or disorders in the workplace.

Technical or mechanical means of reducing risk should be provided and complemented with information
and appropriate training on how to use manual materials handling aids appropriately (see A.6). All
workers should be provided with information regarding work-related hazards, their risks and how to
safely minimize exposure.
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Annex A
(informative)

Ergonomics approach to the design of lifting and carrying

A.1

General
=enera:

Scigntific knowledge stresses the importance of an ergonomic approach in removing or reduc
of nanual-handling-related injury. Ergonomics focuses on the design of work and its accomn
human needs and physical and mental capabilities.

In seeking to avoid injury from manual handling, it is pertinent to ask whethét manual hanc
is hpzardous or presents a risk of injury can be eliminated altogether. Those designing new
wortk, or installing new plants, should consider introducing an integratedyhandling system ¢
appropriate, fully utilizes powered or mechanical handling rather than a manual system
however, be remembered that the introduction of automation or fmechanization can creat
risis. Mechanization, for example, by the introduction of a lifttruck, hoist, trolley, sack t
or pallet inverter, needs to be well maintained and a defect-réporting and -correction sys
be jmplemented. All handling aids should be compatible with the rest of the work systen|
appopriately designed and easily operated. Training cohcerning handling aids should

ap
Tra
Ope

If npanual handling cannot be avoided, technical aids should be available. Handling devig

han|

opriate usage, and knowledge of safe storage and procedures to be used in the event of b
ning should also include techniques on appropriate body positioning when using the
rating instructions and safety concerns should be clearly placed on the equipment.

d-held straps, slide mats, hooks or suction pads can simplify the problem of handling an

tasks

ng the risk
nodation of

ling which
systems of
hat, where

It should,
e different
ruck, chute
em should
, effective,
fover their
reakdown.
bquipment.

es such as
bbject.

A.2 Design of the work: task, workplace and work organization

A.2l1 Task

Strgss levels on the bagk, increase substantially as the distance between the object and the body
incrreases. Therefore, in-the planning of tasks it is relevant to avoid long reaching, twisting, stooping,
bending and awkward 'movements or postures. Being able to gain secure and close footing t¢ the object
is cpntral to designing for good posture. Often obstacles that prevent this can be avoided;|a common
example is long feaches across to an object from the far side of a pallet, which can be resolved by the

use
are
roll

of palletfrotating equipment. Another example where awkward postures are seen and aflternatives

achievable is retrieving objects from the rear of deep shelves or racks less stressfully b
brsThe best height for storage is between the mid-thigh and chest height of the worker

i installing
s involved,

wit

hlighter items being stored above or below this region.

A good grip is essential for avoiding accidents with respect to handling and is often determined by the
characteristics of the object. This means that the object should normally be equipped with suitable
handles, cut-outs or finger slots. Objects with large dimensions should have two handles. The handles
should be of sufficient dimensions and should be placed so that the centre of gravity falls at the midpoint
of the line between the two handles.

A.2.2 Workplace

The work area should be designed to minimize the amount of manual effort, thus reducing the need
for twisting, bending, reaching and carrying. The distance that both typical and infrequently handled
objects have to be moved should be taken into account, together with the heights between which objects
can be transferred.
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Gangways and other working areas should be large enough to allow adequate room to manoeuvre.
Sufficient space is a prerequisite for efficiently carrying out work in appropriate working postures.
Also, the use of suitable mechanical devices often requires more room than manual lifting.

A person carrying an object should have a clear view ahead, unobstructed by the object. Lifting and
carrying on stairways and on ladders should be avoided.

It is important to provide adequate space around the object and in the gangways, as well as sufficient
headroom to avoid stooping postures while handling an object.

Floor or ground surfaces should be level, well maintained, not slippery and clear of obstacles to avoid
potential sfipping or tripp ase
the risk of [njury by adding to the complex1ty of movement when handling objects. Debris and matetrjials
(e.g. used Wrapping materials) can also pose tripping and slipping hazards and should be cleared.

A.2.3 Work organization

The amourlt of work undertaken in fixed postures is also an important consideration~xRécommendatjons
on this issye are made in ISO 11226. The frequency of handling an object can influerice the risk of injury.
Particular [care is necessary where the handler cannot control or vary the rate-ef work. Consideration
should, therefore, be given to whether there are adequate opportunities for rest (i.e. momentary pauses
or breaks from work) or recovery (i.e. changing to another task which uses'a different set of muscles).
Job enrichimnent, job enlargement and job rotation have a key role to play(in countering potential fatigue
and maintgining levels of safe production output, though this issue’isxcomplicated by a large variafion
in individupl susceptibility to fatigue.

Handling by two or more people can render possible an operation that is beyond the capability ofone
person or reduce the risk of injury to a single person. Thecgbject that a team can handle safely is [less
than the sym of the masses that the team members cant¢ope with individually. Additional difficulties
can arise if team members impede each other’s visiom0t movement and if the object offers insufficjent
suitable handholds.

should be ysed only as a last resort. Advance planning is especially important in dealing with hazardous
materials gr other potentially dangerous loads. It can be necessary to give special attention to hand|ing
methods and provision made for dealing with an emergency, including emergency equipment and clear
instructior}s. Where the wearing of personal protective equipment cannot be avoided, its implicatjons
for the risk of manual handling.injury should be taken into consideration. For example, gloves [can
impair mahual dexterity; otherclothing, such as uniforms, can inhibit free movement during manual
handling. Personal protective-€quipment, such as gloves, aprons, overalls, gaiters or safety footwlear,
should be vell fitting. Fogtwear should provide adequate support, be stable, have a non-slip base, Have

When engiheering or other controls do not provide adequate protection, personal protective equipn:{ent

The object ) ) ent,
size, shape, rigidity or the absence of handgrlps In determmmg if a load represents a risk, proper
account shall also be made of the circumstances in which the load is handled. For example, postural
recommendations, frequency and duration of handling, workplace design and aspects of work
organization, such as incentive schemes and piecework, should be considered.

The shape of an object affects the way in which it can be held. In general, if any dimension of the object
exceeds about shoulder width or if it is not a compact object, its handling is likely to pose an increased
risk of injury. This is especially the case where this size is exceeded in more than one dimension. The
risk is further increased if the object does not possess convenient handholds.

If the centre of gravity of the object is not positioned centrally within the object, an inappropriate
handling style can result. Sometimes, as with a sealed and unmarked carton, an offset centre of gravity
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is not visibly apparent. In these circumstances, the risk of injury is increased since the handler can
unwittingly hold the object with its centre of gravity further from the body than is necessary.

Consideration should be given to using pack filling for objects liable to shift when being handled. Equally,
greater care is needed when handling objects which are inherently difficult to grasp. In addition, there
can be physical or chemical hazards which should also be indicated, for example the object can have
sharp edges, be too hot or too cold to touch, or contain materials or substances which can be hazardous
if spilled.

A.4 Design of the working environment

Gerjeral environmental conditions, including illumination, noise and climate, should be within tolerable
levgls. It is recommended to apply ISO 7730 for thermal comfort requirements. Extra.carg should be
taken if work has to be done at extremes of temperature. For example, high temperattires dr humidity
can| cause rapid fatigue; work at low temperatures can require gloves to prevent numbness of the
hands but can also lead to a loss of manual dexterity. Air circulation (indoor land outdoof) is also a
factor that influences body temperature. Rapid air circulation cools the body-and should be|avoided as
far ps possible. In very hot climates or working conditions, rapid air cireulation can be degirable. It is
important that there should be sufficient light to enable the workers to-se€e clearly what they are doing
and| also prevent poor working postures. High noise levels can lead to reduced vigilance. Hor outdoor
work, account needs to be taken of the effects of changing weather'conditions. Extra care i§ needed in
strgng winds or where gusts are likely, for example around buitdings. Assistance or mechanical devices
can|be especially necessary when carrying large sheets or bilky objects in such conditions.

Refgrence conditions for manual materials handling include the following criteria:
— |moderate ambient thermal environment;

— |two-handed operation only;

— |unrestricted standing posture;

— |handling by one person only;

— |smooth lifting;

— |good coupling betweenthe’hands and the objects handled;

— |good coupling between the feet and the floor;

— |manual handling-activities, other than lifting, are minimal;

— |the objects.to be lifted are not cold, hot or contaminated;

— |vertical:displacement of the load is less than or equal to 0,25 m and does not occur below|knuckle or
abgveshoulder height;

— Whé trunkis nprighf and not rnfafnr‘;

— theload is kept close to the body;

— theload is carried less than 20 m.

A.5 Individual considerations

Manual handling injuries are associated with the nature of the operations, the way they are organized
and variations among individual physical capabilities. It is a fact that the ability to lift and carry does
vary among individuals.

In general, the lifting strength for women as a group is up to two-thirds that of men. However, the
range of strength and ability among individuals is large and means that some women can deal safely
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with heavier objects than some men. In those cases where neither manual lifting nor carrying can be
eliminated in the short term, special demands on the physical capability of the worker, regardless of
gender, can be necessary.

Young and old workers can have particular needs. For example, younger people are likely to be less
skilled. Older people are more susceptible to sudden strains due to a decreasing elasticity of parts of
the musculoskeletal system. With age, there is a reduction in physical capability, which becomes more

significant

after the age of 45.

There is good evidence that an individual with a medical history of a back disorder is more susceptible
to recurrent episodes of back pain. Workers with a history of back disorders should be assessed and

monitored
back probl

Workers w
both work
exposed to
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protective
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equal to 1.
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Eventually, it can become necessary to make modifications to prevent further recurrend
bms.

ho suffer from spinal pathologies (Table A.1), both malformative and degenerative.in nat
Lrelated and not work-related, that are influenced by biomechanical overload, should
a lower level of manual handling than the general healthy populationl 1,

nodate these workers in workplaces, the reference masses given in Table B.1 which
for almost 99 % of the population (10 kg or 15 kg) can be used for caleulating the appropr
I. This results in lifting conditions where the RML is not exceeded-or the LI is less tha

hr, also considering the type and severity of spinal patholdgies reported in Table A.1:

es with pathologies of medium severity, the RML and the LI are calculated using 15 kg as

ales with medium to severe pathologies and males with severe pathologies, the RML and
ralculated using a reference mass of 10 kg;

only be lifted vertically between the height of the knees and the shoulders, and the freque
bn of time assigned to lifting in the shift'shall be limited.

tant to recognize that these praovisions for defining “acceptable” weights for lifting
th spinal pathologies, be used with caution and using a practical approach, possibly involy
monitoring where appropriate. They are based on research-derived conclusions. Howe
reness of individual measures to restrict exposure to risk on a case-by-case basis is requ
(through close follow-up-of individual health and working conditions).
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Table A.1 — Classification of moderate and severe spinal pathologies!1°.[25].[61],[62]

Sch

Cer

Grad

“Moderate” pathologies
Significant scoliosis (20° Cobb with torsion 2; 30° Cobb with torsion 1+)

Baastrup syndrome

euermann disease (with structured curving of the spine)

Klippel-Feil syndrome (even with only one synostosis)

vical and/or dorsal hernia

Sad
Spi
Sev
Inv|
Slig
Lur

Sur

de-+-spondretsthesisspondytolysis

ralization (fully or partially fused or articulated)

hal canal stenosis without neurological signs

ere lumbar disk disease (spondylodiscopathy)

erted lumbar lordosis with disc disease

ht vertebral instability (10 % or 15 % in the presence of certain pathologies)
hbar protrusion with dural sac impingement

gically reduced lumbar disc herniation without adverse outcomes

“Sel
Her
Sun
Spi
Gra

Sig
Sch

Sev
slip

Deg
Sys|

vere” pathologies

niated disc

gically reduced lumbar disc herniation with adverse outconies
hal canal stenosis with root or dural sac impairment

de 2 spondylolisthesis (>25 % slippage)

Klippel-Feil syndrome (cervical or dorsal synostosisiwith vertebral instability)

hificant scoliosis (at least COBB 30° and torsion 2)

page of 25 %)

temic disease with severe'spinal impairment

euermann disease with approximately,40° structured curving of the spine and lumbar disc disegse

ere vertebral instability (i.e. spondylolisthesis, Klippel-Feil syndrome, disc disease, fractures with vertebral

enerative or newly formed lesions of the bones and joints (e.g. severe osteoporosis, vertebral angioma)

A.6

As ¢
and|
reg

Informatieand training

hlar intervals.

Elements within a training program can include:

compleméntto a safe system of work, effective training has an important part to play in preventing
reducing manual handling injuries. To be effective, training shall be work-related and reiinforced at

how to recognize potentially hazardous handling operations, how to advocate improvements, how

to deal with unfamiliar handling operations;

the appropriate use of handling aids and personal protective equipment;

ergonomic principles of task, object and working environment design;

safe handling techniques, including practical training elements.

Additional elements to be included within a training program are anatomy and physiology of the
back, body mechanics and proper lifting techniques, and exercises to stretch and strengthen the back
muscles.
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A good technique is one where the person is balanced, in complete control throughout the task, and
uses the minimum amount of effort to achieve, where possible, a smooth, uninterrupted movement.
When lifting or carrying the object, it should be kept as close to the body as possible and both hands
should be used. When applying effort, jerky or twisting movements and stooped postures should be
avoided.
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Annex B
(informative)

Reference mass determination

1 of the determination of the RML for manual handling involves an initial screening.of

al weight being handled (or planned to be handled) can be compared to a reference ma

Table B.1 — Reference mass, m_;, for different populations

ref?

an object's
estion, the

5S, M. fOr

population. Table B.1 gives the reference masses, taking into considerationdifferent populations.

Fidld of li m Percentage of user popula-
1¢1¢ ol appll- ref tion protected Population group
cation
kg |FandM | F | M
Npn-occupa- 5 Data not available Childzén‘and the elderly
ional use 10 99 99 99 General domestic popu- Total popylation
lation
15 95 90 99 General working popu-
Ptofessional 20 90 to 95 85 99 lation . .
Working population
use 23 90 75 99 . .
Adult working population
25 85 70 to 75495 to 99
Key
F fpmale
M male
NOTE 1 The reference mass of 23 kg has been used most often in the NIOSH lifting equation and has been| found to be
profective for at least 99 % of héalthy male workers and at least 75 % of healthy female workers at LI = 1,0.
NOTE 2 Data on the percentage of user population protected derive from different studies they represent as representative
medn resultsl10],[14][24]-[26}]31] [42],

B.2

In ¢rder_fo-lower the risk for people at work, particularly those with less physical cap,

rec
affo

Special-considerations

mmended limit for mass should not exceed 15 kg. This increases the level of health

ability, the
protection

rded to the working population by up to 95 %. In this instance, a reference mass of 15 kg

25 kg should be used in Formula (C.1) (see C.1.3.3).

F instead of

As workplaces are expected to be accessible to everyone within the working population, exceeding
the recommended limit mass of 25 kg should be regarded as an exception. When exceeding the
recommended limits, working conditions must remain safe. In these cases, it is especially important
that workers are well trained and instructed for these specific tasks.

B.3

Age and gender considerations

In circumstances where age and gender need to be more specifically considered (beyond the intent of
Table B.1) in the general healthy working population, the reference masses in Table B.2 can be adopted.
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Table B.2 — Suggested reference masses, m,., considering gender and age, in the general
healthy working population[18].[311.[38].[39],[42],[43]

Working population by gender and age Reference mass
Myef
Females (aged 20 to 45) 20 kg
Females (aged < 20 or > 45) 15 kg
Males (aged 20 to 45) 25 kg
Males (aged < 20 or > 45) 20 kg
NOTE TableB-2isincludedinstep1
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Annex C
(informative)

Assessment method for recommended limits for mass, frequency

and object position

C.1
po

C.1
The

a sybstantial period of time without an increased risk of developing lifting-related lower

Thd
con
det

C1

Thd
can
pos

To

ass
far
tru

C1

C.1
The

sition
1 Recommended mass limit

RML is the mass of a load that nearly all people in a specific population of people can h

formula used to derive the RML [Formula (C.1)] is a product of-multipliers assigned
ditions (variables) present in the handling task. Formula (C.1) dnd the multipliers are d
il in this annex.

2 Non-repetitive lifting tasks

mass of an object or the working postures used to maiipulate the load in non-repetitive |
lead to health risks. Masses which are higher than‘the reference mass (Annex B), and un
fures like a bent or twisted trunk or a far reach, should be avoided.

essment model formula [Formula (C.1)]. The horizontal multiplier indicates the severity o
reach; vertical, distance and asymmetry multipliers show the negative influence of a twig
nk.

3 Repetitive lifting tasks

3.1 Assumptions

recommended limits are derived from a model assuming that:

they are only,valid for smooth lifting with no sudden acceleration effects (i.e. jerking);
they cannot be used for tasks where the worker is partly supported (e.g. one foot not on

the-width of the object 0,75 m or less;

Assessment method for recommended limits for mass, frequency amll object

andle over
back pain.
to various
bscribed in

fting tasks
favourable

pstimate the influence of an unfavourablé ‘posture, use a frequency multiplier of “1” in the risk-

f a possible
ted or bent

the floor);

thév are anlu valid for unrestricted liftino nostures:
J J or 4

— they are only valid when good coupling exists (i.e. hand holds are secure and shoe or floor slip

C.1.

potential is low);

they are only valid under favourable conditions (see Table 4 for details).

3.2 Primary task variables

The primary task variables include the following information (see also Table C.1):

©IS
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— horizontal distance, h, in metres, measured from the mid-point of the line joining the ankles to the
centre of gravity of the object grasped.

NOTE The location of the centre of mass of the object is approximately the vertical projection of the
midpoint of the line between the hands at the grasping location in a two-handed operation or by the vertical
projection of the hand grasping the object in a one-handed operation. The location of the centre of the mass
of the worker is approximately the midpoint of the line between the inner points of the ankles.

— vertical location, v, in metres, determined by measuring the distance from the floor to the point at
which the hands grasp the object;

N VertiC"] fravuan ldicnlacarannt J 10 poantenc o aigin 0 doactipmatios 16,
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— frequency of lifting, f, expressed as average number of lifts per minute;
— duratign of lifting, in hours or, alternatively, in minutes;

— angle ¢of asymmetry, , in degrees;

— quality of gripping, ¢;

— one-hgnded operation, o;

— two-pérsons operation, p;

— extended (more than 8 h) manual handling time, e, in hours.

C.1.3.3 Recommended mass limit formula and multipliers

The first sfep towards the assessment of the acceptability-(safety) of a lifting task is to compare|the
mass of th¢ object being handled, m, with the RML.

If m < RML] it is a recommended condition.

If m > RML) it is not a recommended conditionIn these cases, calculate an LI (Annex D), assess the lgvel
of exposurg and establish priorities according to Table D.1.

The RML if derived using Formula (G:1)>which considers the impact of each task variable. These|are
represented in the formula by “multipliers” () as follows:

RML = m,op x hyg x vy % dy xlay % fy %y % [0y % Py % €l (oY
where
m is the lifted object mass;

m..¢ | istheé reference mass for the identified user population group (Tables B.1 and B.2);

hy isthe horizomtatdistanmce muttiptier, derived from Formuta (€:23;

VM is the vertical location multiplier, derived from Formula (C.3);

dy is the vertical-displacement multiplier, derived from Formula (C.4);

ay is the asymmetry multiplier, derived from Formula (C.5) (see also Figure C.1);
fm is the frequency multiplier (see Table C.2);

M is the coupling multiplier for the quality of gripping (see Table C.3);
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b are provided inG14 to C1.6.

Table C.1 — Main task variables in the RML formula

oM is the one-handed operation additional multiplier, to be used for lifts performed with only
one hand; if true, oy = 0,6; otherwise, oy, = 1,0 (see also C.1.4);

Pm is the two or more person additional multiplier to be used when two or more persons perform
the same lift; if true, py = 0,85; otherwise, py; = 1,0 (see also C.1.5);

em is the extended time additional multiplier to be used when manual handling is performed for
more than 8 h per shift; if true, see C.1.6 and Table C.5; otherwise, ey = 1,0.

Table C.1 for an illustration of the factors and multipliers.

1 multipliers for Formula (C.1) are obtained from Formulae (C.2) to (C.5) and Tables G.2|to C.5. If a
multiplier in Formulae (C.2) to (C.5) exceeds a value of 1, its value should be taken as 1,

hy = 2 ;5 (C.2)

< 0,25, then hy; = 1.

> 0,63, then hy; = 0.

vy =1-0,3x%[0,75-v| (C.3)

> 1,75, then vy = 0.

< 0, then vy, = 0.

dyg = 0,82+ 204 (C.4)

> 1,75, then dy = 0.

< 0,25, thendy = 1.

oy =1-0,003 2xo (C.5)

> 135, then ap; = 0.

itional multipliersccoricerning frequency, one-handed lifting, team lifting and extended handling

[ask Task variable Task variable description
variable
symbol
Mot Reference mass Maximum recommended mass under reference con-
ditions for manual handling
VM Vertical multiplier §d Distance of the hands from the floor at the start or
?.5 end of lifting (A)
1
(L
dy Distance multiplier Vertical distance of the load between the beginning
and the end of lifting (B)
©1S0 2021 - All rights reserved 21
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Task Task variable Task variable description
variable
symbol
hy Horizontal multiplier Maximum distance between the load and the body
during lifting (H)
ay Asymmetry multiplier Angular measure of displacement of the load from
the mid-sagittal plane (angle @)
M Coupling multiplier Assessment of grip of the object (fjom Table C.3)
fm Frequency multiplier Frequency of lifts per minuterand duration (fjom
Tables C.2 and C. 4)
oM One-hand multiplier Lifting by only one hand-(from C.1.4)
Pm Team lifting multiplier Lifting by two or mofe operators (from C.1.5)
eym Extended time multiplier Manual handlingdasting more than 8 h per shift (ffom
C.1.6 and Tabl€ (\5)
22 © IS0 2021 - All rights reserved
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Key

vertical

mid-sagittal plane

asymmetry angle (a)

asymmetry line along the plane of asymmetry
projection from centre of gravity of load
mid-point between inner ankle bones

N O U W

horizontal distance (from 6 to 5)

Figure C.1 — Angle of asymmetry
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The RML formula needs to be calculated for the start-point of each task. If there is a definite precision
placement involved at the end then end-point calculations will possibly be necessary. In these cases,
the lower RML value (between the start and end points) should be used in the analysis and for the
computation of the LI (Annex D). If the item is thrown or dropped into place without undue stress on
the body in the extended position, then calculating the end-point value is not strictly necessary.

C.1.3.4 Asymmetry multiplier

To decide if an asymmetry multiplier < 1 should be assigned, observe the “primary” working position
of the worker both at the orlgln and the destlnatlon of the hft If the m1d saglttal plane c01nc1des with
the plane gfasy . sHatraatHre—des . v the
body in the¢ primary posmon and the worker uses thelr feet to change the prlmary posmon from orlgm
to destination), then there is no asymmetry (ay = 1). If the worker cannot use their feet toychange
the primaiy position (for lack of adequate space or for high frequencies), then consider,the’angle of
asymmetry both at origin and destination.

C.1.3.5 equency multiplier
The appropriate frequency multiplier, fy, is determined first by considering-the continuous duration
of the repetitive lifting task and then considering the duration of the recovery-period that immediaftely
follows thd repetitive lifting task. The recovery period is defined as the duration of light physical wWork
following 4 period of continuous lifting. Examples of light work includé activities such as sitting pt a
desk, moniftoring operations and light assembly work. Manual handting activities other than lifting|(i.e.
whole body pushing and pulling) should not be considered as recqvery periods.

The categdries of continuous, repetitive lifting tasks, their durations and the required duration off{the
recovery period that is to immediately follow the lifting task are provided in Table C.2.

It is criticql to note that the combination of the work@eriod and the recovery period shall be joiptly
considered to be a work-recovery cycle, wherein the‘recovery period provides sufficient opportuhity
for the wolrker to recover following a continuous-period of lifting-related work. Accordingly, if fwo
successive|work periods are separated by a re¢overy period of inadequate duration, then the worker
cannot adgquately recover and the entire period (the two work periods plus the recovery period) shall
be treated |as if it were a single, continuous wWork period. The impact of such circumstances is to make
the resultgnt work period substantiallyilonger, resulting in the value for the frequency multiplier} fy,
being lowefed.

The value pf f); is then determinéd from Table C.3 The use of Table C.3 requires three components of
informatiop:

— the frequency of lifting’ (number of lifts per minute);

— the dyration, ,)of the continuous, repetitive lifting task (note that the determination of|the
frequency multiplier is based on the three duration categories: <1 h, 1 hto 2 h and > 2 h);

— the verticalllocation, v, of the hands on the object to be lifted at the beginning of the lift.

C.1.3.6 Coupling multiplier
Coupling, or the quality of gripping (Table C.4), is defined as follows:

— Good: ifthe object can be grasped by wrapping the hand comfortably around the object or handles or
hand-hold cut-outs of the object, or the object itself, without significant deviations from the neutral
wrist posture. An optimal handle design has a diameter of 1,9 cm to 3,8 cm, a length of 2 11,5 cm, a
cylindrical shape and a smooth, non-slip surfacel=¢l,

— Fair: if the object has handles or cutouts that do not fulfil the criteria of good quality of gripping or
if the object itself can be grasped with a grip in which the hand can be flexed by about 90°.
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— Poor: if the criteria of good or fair quality of gripping are not fulfilled or the object is bulky, hard to
handle or has sharp edges.

Table C.2 — Continuous lifting tasks and their required recovery periods

Categories Duration, t Required recovery period
Short duration t<1lh 100 % of duration of the continuous, repetitive lifting task[>]
Medium duration lh<t<2h 30 % of duration of the continuous, repetitive lifting task
Long duration 2h<t<8h No amount is specified; normal morning, afternoon and lunch
breaks are presumed
NOTE For respective frequency multipliers see Table C.3.
Table C.3 — Values of frequency multiplier, f;, of Formula (C.1)
Flequency of lifting Values of fy;
Number of lifts per t;<1h l1h<¢t <2h 2h<t; <|8h
minute v<0,75m | v20,75m | v<0,75m | v=20,75m | v<0,75m | 4Y=0,75m
<0,2 1,00 1,00 0,95 0,95 0,85 0,85
0,5 0,97 097 0,92 0,92 0,81 0,81
1 0,94 0,94 0,88 0,88 0,75 0,75
2 091 091 0,84 0,84 0,65 0,65
3 0,88 0,88 0,79 0,79 0,55 0,55
4 0,84 0,84 0;72 0,72 0,45 0,45
5 0,80 0,80 0,60 0,60 0,35 0,35
6 0,75 0,75 0,50 0,50 0,27 0,27
7 0,70 0,70 0,42 0,42 0,22 0,22
8 0,60 0,60 0,35 0,35 0,18 0,18
9 0,52 0,52 0,30 0,30 0,00 0,15
10 0,45 0,45 0,26 0,26 0,00 0,13
11 0,41 0,41 0,00 0,23 0,00 0,00
12 0,37 0,37 0,00 0,21 0,00 0,00
13 0,00 0,34 0,00 0,00 0,00 0,00
14 0,00 0,31 0,00 0,00 0,00 0,00
15 0,00 0,28 0,00 0,00 0,00 0,00
>15 0,00 0,00 0,00 0,00 0,00 0,00
Table C.4 — Coupling multiplier (cy) for the quality of gripping
Values of ¢,

raY | S £ 3 3
\‘ualll._y OT sTIPPTITS

h<0,75m h=0,75m
Good 1,00 1,00
Fair 0,95 1,00
Poor 0,90 0,90

C.1.4 Lifting one-handed

When the lifting is performed one-handed, add the one-hand multiplier (oy) to Formula (C.1) to
calculate the RML.

0y = 0,61101,[141,[18],[281, 331, [36]

© IS0 2021 - All rights reserved
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C.1.5 Lifting by two or three people

When the lifting action is performed by two or three people, the RML for each person should be derived
by using the true lifted mass, m,, dividing by two or three (according to the number of people lifting)
and adding the persons multiplier, py;, to Formula (C.1). Adding this multiplier allows the RML for each

person in a lifting team to be calculated.

C.1.6 Handling for more than 8 h per shift

When manjal handling activities are performed for more than 8 hours per shift, another multiplier| e,

should be 3dded to Formula (C.1) using the information provided in Table C.5.

Table C.5|— Extended time multiplier, ey, for manual handling tasks lasting more than 8 h per

shift[18].[43]

Hours (with MMH) in the shift

<8

8to9

9to 10

10to 11 11to 12

ey (extend¢d time multiplier)

1

097

093

0,89 0,85

(from Table [.2).

NOTE Only|lapply to RML calculation when the frequency is = 0,2 lifts per minute and a long-duration scenario is pregent

26
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Annex D
(informative)

Lifting index

Calculating the lifting index and its derivatives
A EHaH R H} nalss-aerivat

The

acti

If L
IfL

Thd
(CL
cald

D.2

The
for
LI v
rec

Dep
low]
tasl

0]

CTITCITITCIEY 1) A3 ~—>2 - v vy TV SO

vities. It can be used to compare risks across different lifting tasks.

LI = m/RML

<1, itis an acceptable condition.

> 1, assess the level of exposure and establish priorities (see Table D.1).

), the sequential lifting index (SLI) and the variable lifting index (VLI) (see Annex F f
ulation methods).

Interpretation of the LI and its derivatives

LI and its derivatives (CLI, SLI and VLI) indicate the level of exposure to overall physic:
repetitive lifting activities. Table D.1 provides information on exposure levels related {

mmended actions. See Annex I fora-discussion on exposure and risk[61],

back loading. This can be-desirable where extreme postures or movements are used i
(s, or for establishing metabolic demands of all of the tasks involved.

Table D.1 — Interpretation of LI (m,/RML) values

LI is the ratio of the object mass (m) to the RML for a particular lifting condition [see Forfula (D.1)].
It provides an indication of the level of exposure to overall physical demands for kepet

ive lifting

(D.1)

above equation for the LI is derived to include three additional metrics: the composite lifting index

br detailed

1l demands
o different

alues, as well as their interpretation (based on current scientific literature) and sonpe possible

ending on task specifics, theanalyst can supplement the lifting analysis with additional analyses for

the lifting

LI value Exposure Recommended actions?
level/risk im-
plication
LI<1,0 Very low None in general for the healthy working
population.
1,0<LI<1,5 Low In particular pay attention to low frequen-

©IS

cy/high load conditions and to extreme
or static postures. Include all factors in
redesigning tasks or workstations and
consider efforts tolower the LI values < 1,0.

1,5<LI<2,0 Moderate Redesign tasks and workplaces according
to priorities to reduce the LI, followed by
analysis of results to confirm effectiveness.

2,0<LI<3,0 High Changes to the task to reduce the LI are
a high priority.

a2  To be used in conjunction with considerations outlined in the Introduction and
Annex A regarding general use of ergonomics principles and approaches that should
be used at all workplaces.
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Table D.1 (continued)
LI value Exposure Recommended actions?
level/risk im-
plication
LI>3,0 Very high Changes to the task to reduce the LI are

needed immediately.

For any level of
risk or exposure

Identify any workers who have special needs or vulner-
abilities in lifting tasks and assign or design the work
accordingly. Training workers on safe manual handling
methods and recognizing material handling hazards is

beneficial. Limiting the weight to be lifted to less than the

reference mass may also be considered.

a2  To be used in conjunction with considerations outlined in the Introduction and
Annex A regarding general use of ergonomics principles and approaches that should

be used at all workplaces.
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Annex E
(informative)

Simplified model for RML and LI calculation

E.1

Thg RML and LI can be calculated using a simplified approach (pen and paper) witheu

For| this simplified risk evaluation, the procedure shown in Figure E.1 provides the q
valyes for each influencing factor, next to the relative multiplier. When the fiumerical valy
corfespond to the one indicated in Figure E.1, use the closest number and corresponding
Alt¢rnatively, find the closest interpolation. By applying the procedurein Figure E.1 to all
(angl multipliers) considered, it is possible to determine the RML for eaehjob.

The next step is to enter the weight actually lifted (numerator) versus the RML (denominato
the|LL

The LI is obtained by calculating the RML first [i.e. entering the appropriate reference m
23 kg, 20 kg or 15 kg) and the various multipliers]. The:actual weight of the object being lif
divided by the RML, thereby showing the LI.

NOTE See Table C.5 for discount factors for working durations of over 8,0 h.

index

E manually

caldulating the main multipliers with Formulae (C.1) to (C.5), but by deriving them from tablEs instead.

antitative
e does not
multiplier.
the factors

) to obtain

hss (25 kg,
ted is then
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CALCULATION OF THE RECCOMMENDED MASS LIMIT AND OF THE LIFTING INDEX
COMPANY DATE
AREA
WORKPLACE OBSERVER
TASK
MALES FEMALES INIOSH ORIGINAL mref
REFERENCE MASS 20-45 YEARS 25 20
(kg.) <20 and >45 YEARS 20 15 23 X X
Distance of the hands from the floor at the start of lifting
height (cm) 0 10 20 30 70 50 60 70 75 80
MULTIPLIER 0,78 0,81 0,84 0,87 0,90 0,93 0,96 0,99 1,00 0,99 M
height (cm) 90 100 110 120 130 140 150 160 175 >175
IA MULTIPLIER 0,96 0,93 0,90 0,87 0,84 0,81 0,78 0,75 0,70 0,00
Vertical distance of the load between the beginning and the end of lifting ) )
distance (cm) <25 40 55 70 85 100 170 |
3 MULTIPLIER 1,00 0,93 0,90 0,88 0,87 0,87 0,86 | M
B distance (cm) 115 130 145 160 175 >175
MULTIPLIER 0,86 0,86 0,85 0,85 0,85 0
X X
Horizontal distance between the load C. of G. and the body C. of G. during lifting
distance (cm) <25 28 30 32 34 36 38 40 42 44
B MULTIPLIER 1,00 0,89 0,83 0,78 0,74 0,69 0,66 0,63 0,60 Q,57 M
c i distance (cm) 46 48 50 52 54 56 58 60 63 >63
G{( MULTIPLIER 0,54 0,52 0,50 0,48 0,46 0,45 0,43 0,42 0,40 0,00
X X
Angular measure of displacement of the load from the sagittal plane
[ angleindegrees | 0° [ 15° [ 30° | 45° | 60° | 75° | 90° [ 1052 [Ni135° [ >135° ] | | M
[ MULTIPLIER [ 1,00 T 095 [ 090 [ 086 [ 081 ] 076 [ 071 [ o6 057 ] o000]
X X
Assessment of quality of grip of the object (coupling)
[ Assessment [ GOOD FAIR | POOR | M
[ MULTIPLIER | 1,00 0,95 | 0,90 |
X X
Frequency of lifts per minute in relation to duration N
FREQUENCY LIFTING TASK DURATION (CONTINUOUS)
LIFTS/MIN. <8 HOURS <2 HOURS <1 HOUR
(LONG) (MEDIUM) (SHORT)
<0,1 1,00 1,00 1,00
<0,1t0<0,2 0,85 0,95 1,00
0,2 0,85 0,95 1,00
0,5 0,81 0,92 0,97
1 0,75 0,88 0,94
2 0,65 0,84 091
3 0,55 0,79 0,88
4 0,45 0,72 0,84
5 0,35 0,60 0,80
6 0,27 0,50 0,75
7 0,22 0,42 0,70
8 0,18 0,35 0,60
9 0,00 0,30 0,52
10 0300 0,26 0,45
11 0,00 0,00 0,41
12 0,00 0,00 0,37
13 0,00 0,00 0,00
14 0,00 0,00 0,00
15 0,00 0,00 0,00
>15 0,00 0,00 0,00
MULTIPLIERS FOR AREAS < 75 CM
NO YES X
LIFRWITH ONE ONLY UPPER LIMB [ 1,00 ] 060 ] | [ qm
NO YES X
MFT BY 2 OR MORE OPERATORS | [ M
WEIGHT
EFFECTIVELY | RECCOMMUNDIDD i 1
LIFTED(Kg.) Kg. MASS LIMIT | | Kg.
LIFTING INDEX (LI)
LIFTED WEIGHT
RECOMMENDED MASS
Figure E.1 — Simple model for the RML and LI evaluation in single lifting tasks
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Annex F
(informative)

Multi-task manual lifting

which involve single-task lifting are different from multi-task lifting jobs. The task v
le-task lifting jobs do not vary significantly from task to task or from lift to lift,"where4
lifting jobs they do.

i-tasklifting jobs are more difficult to analyse than single task jobs, as eachtask needs to k
hrately and as a group. The method used to study tasks as a group shall‘avoid averagin
bad task variables and other potential inaccuracies. There are additignal analysis comp
multi-task job involves the lifting of a large variety of objects or iftheére is a sequential
cts due to job rotation or other variations in work patterns.

following criteria are to be used when defining task charatteristics for the purpose o
Ing tasks:

Single (or mono) tasks are defined as tasks involving the lifting of only one kind of o
the same load) using always the same postures (body geometry) in the same layout at
destination. In this case, or if only one lift is of\interest, the traditional LI calculation ¢
(Annex D). Although this type of lifting task-is'not common, it is the basis for the calcu
procedures used for more complicated andwariable lifting or lowering tasks.

Multiple composite tasks are defined astasks involving lifting objects (generally of the|
and mass) and collecting and positioning them from or to various different heights, dept
Object location is one of the vafiables considered in the analysis of a lifting task. Pract
individual location of the object’s placement is a new task variant and is considered to b

more than 10 subtasks-should be used in this calculation (Figure F.2). The variable 1j
(VLI) is suggested forassessing jobs with more than 10 subtasks.

Multiple variable‘tasks are defined as lifting tasks in which both the locations and load
in different lifts,performed by the worker(s) within (or during) the same period of time (|
The VLI is sGggested for assessing these complex types of lifting tasks[181.[25],

A sequential task (Figure F.4, Table F.1) is defined as a job in which the worker rotates bg
or more mono tasks, composite tasks and/or variable tasks during a work shift (each
no less than 30 min consecutively). For these work scenarios, the sequential lifting

ariables in
s in multi-

eanalysed
g out good
lications if
handling of

f analysing

bject (with
origin and
an be used
ations and

same kind
hs or both.
ically each
b a subtask

in this type of analysis. In‘this case, the composite lifting index (CLI) calculation is apgllied[=¢l. No

fting index

mass vary
Figure F.3).

tween two
ask lasting
ndex (SLI)

calculation can he nsed(18l.[53]

Figure F.1 gives criteria for the use of the different approaches outlined here when analysing different
handling tasks.

NOTE

The interpretation criteria for LI reported in Table D.1 are also valid for interpreting CLI,

results.
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Lifting of only one kind of object (with the same
load) using always the same postures (body
geometry) in the same lay-out at origin and

destination.

Use the basic approach
(Annexes C and E)

Lifting objects (generally of the same kind and
mass) and collecting and positioning them

from/to various different heights and/or depths
(geo atrine) Avirina tha cnman nAariaA D Ao~y

Use the CLI approach
(Annex F; F.2)

SALSISFASAIRLELS BURASIE= A= LR R AN A= R ASA- ERLINASZSAC LA I RS |

sultasks or variants are no more than 10.

Lifting objects (generally of the same kind and
mass) along different geometries with more
than 10 variants or lifting objects of several
diffgrent weights along different geometries

during the same period.

Use the VLI gapproach
(Annex F; F.3)

Lifting job where the worker rotates between
two gr more lifting tasks (Mono, composite or
variable) in subsequent different periods of time

during the shift

Use the SLI approach
(Annex F, F.4)

Figufe F.1 — Different types of lifting tasks andiconsequent computation approaches
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Figure F.2 — Single and composite tasks
S g g p

© IS0 2021 - All rights reserved

33


https://standardsiso.com/api/?name=da51868e6c834e861e58c457a06def75

ISO 11228-1:2021(E)

45 cm
35 cm

L

I 3

Skg 10 kg
3kg 6kg
3k 4—kg

[ 9kg UJ| 8ke ﬁ
| 6kg iil 6 kg Ij

ke | 4kg |
X

0Ocmtp 160 cm

L

Key
X  origin
y  destination

Figure F.3 — Vari
N
xO
O
o

34

© IS0 2021 - All rights reserved


https://standardsiso.com/api/?name=da51868e6c834e861e58c457a06def75

35cm

|

10,5 kg,

1SO 11228-1:2021(E)

100 cm

a) Single task

45 cm

-

.

-

35 cm

-—
5k

3 kg

" 3kg MML_*ke
|

w
| 9kg | 8 kg

10 kg 10 k

| 6kg |J]| 6ke

5kg 4 kg

O

.08 OF

NS
’\()

p/.
0 cm to 168gn

100 cm

!

|

r\q’q’

N
b) posite task
%@‘

Key

c¢) Variable task

0 cm to 160

X Oorigin

y  destination

Figure F.4 — Sequential task as a combination of a single, composite and variable task

Table F.1 — Sequential task: example of duration and distribution of tasks of Figure F.4 in a

480-min shift

Single | Compos- Compos- | Variable Variable Compos- | Single
task ite task Break ite task task Lunch task Break ite task task
45 min 75 min 10 min 45 min 65 min 65 min 125 min 10 min 60 min 45 min
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F.2 Composite lifting tasks and CLI

Where composite lifting tasks are performed, i.e. tasks where the weights are the same but they are
moved to several different locations (e.g. height, depth) (Figure F.2) or where few different weights are
moved over a variety of heights, depths or both, every variant of location is defined as a subtask.

In such cases, it is recommended that the CLI[52] is calculated using Formula (F.1), which represents the
collective demand for that task or job. It is equal to the sum of the largest single (sub)task lifting index
(STLI) and the incremental increase in the CLI as each subsequent subtask is added. The incremental
increase in the CLI for a specific subtask is defined as the difference between the STLI of that subtask
at the cumulative frequency for all the subtasks and the STLI of the same subtask at its own acfual
frequency.

CLI=Lj, + X ALI F.1)

1 1
ALY, =(FILI,X -——
D ALk, =(FILI, (Fa; Tt

1 ) 1
FM;,s; FM;,

1 ) 1
FMj 55,4 FMj; 3
1 i 1
FM; 534,00 FMpo3 o1

+ (FILI;X ( )

+ (FILI,X (

)

+ (FILI,X (

)

NOTE1 The numbers in subscript refer to the new Ll task in order of relevance.
NOTE 2  The FM values are determined from the-frequency Table C.3.
Steps for the CLI calculation:

— Calculate the frequency-indepéndent recommended mass limit (FIRML), i.e. the RML without
considering the frequency/duration multiplier, and the single task recommended mass lmit
(STRML) for each subtask-ds.in single task analysis.

— Calculate consequentlythe frequency-independent lift index (FILI) and single task lift index (STLI)
for eadh subtask.

— Renumnber the.Subtasks in order of decreasing STLI values.

— Calculatethe composite lifting index (CLI) for the overall lifting task or job.

Subtasks aredefined-inretationto-varitantsof vvcisht atrd 5:\)111:‘(1 tes (c.s. verticat }u:ight, horizonhtal
distance). Consider a task where a worker removes objects of the same weight from three shelves
of different heights and places them on a conveyer belt of constant height. At each of the three
shelf heights, there are two different distances from the body. Therefore, there are six subtasks
(three heights x two horizontal distances) which are treated like six single tasks. Each single task shall
first be evaluated separately and then the CLI is estimated.

To accurately calculate the CLI, there shall not be more than 10 subtasks, since the overall frequency
has to be divided by the number of subtasks. If there are more than 10 subtasks, the final result can
be unreliable[4ZL[48], In cases where the number of subtasks exceeds 10, it is recommended that the
simplified procedures of the variable lifting task are used to calculate the VLI.
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F.3 Variable lifting tasks and VLI

F.3.1 General

A variable task is defined as a lifting task in which both the geometry and load mass vary in different
lifts performed by the worker(s) during the same period of timel18].[55],

Examples of this category of task can include lifting in warehouse operations, baggage handling and
small lot material delivery in assembly line manufacturing operations.

The variables that increase the number of subtasks in composite or variable tasks can be large and lead
to lpng analysis times and errors. The original formula for composite lifting tasks discourages the use
of more than 10 variables (subtasks). Hence, simplifications are needed for allowing analysis of such
conpplex lifting tasks.

The concept for the VLI is similar to that of the composite lift index (CLI). Howeveryin the VLI ¢alculation,
indvidual lifting tasks (subtasks) are grouped together into defined frequency-independent lift index
(FILI) categories. These FILI categories are then treated as if they were ‘individual lifts|in the CLI
calqulation. Although as many as nine FILI categories can be used, it is suggested that six cafegories be
usefl for ease of use.

F3{2 Calculating VLI

The following general procedure for calculating VLI is suggeSted.

Whhtever the number of potential individual lifting tasks'in the job, compress them into 4 structure
that considers up to a maximum of 30 subtasks (and €erresponding FILI and STLI) for diffgrent loads
(wefight categories) and geometries using the following approach:

— |Aggregate up to five object (weight) categories.
— |Classify the vertical location into two‘categories (good; bad).
— |Classify the horizontal location into-up to three categories (near; medium; far).

— |Assess the presence or absence of asymmetry for each weight category (by threshold vfalue for all
the lifts in the category).

— |Classify the daily duration of lifting as in Table C.2.

— |Determine or estimate the frequency of lifts for each subtask and FILI. Determine the frequency
multipliers (fg;),as in Table C.3.

— | Consider both vertical displacement (DM) and coupling (CM) as a constant.

In the end it is possible to calculate individual FILI and STLI for up to 30 subtasks.

The fesulting FILIs are then fitted into six FILI categories.

The average values for each FILI category and the corresponding frequency of lifts in each category are
then used as input into the CLI to obtain the VLI for a variable lifting task. The procedure maintains the
original criteria reported in Annex C via simplifications in data collection.

F.3.3 Calculating CLI (for a composite task with more than 10 subtasks) and VLI for
variable tasks

The procedure is based on a systematic assessment of the job using existing job and task data (for
durations, weights, workstation design and overall and partial frequencies) or probability distribution
data (for geometries and sub partial frequencies). The assessment requires knowledge of the total
duration of the lifting tasks during the work shift, number and weight of the different objects lifted,
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number of workers who do the lifting, total and partial frequency of lifts and the work/recovery pattern
for the job.

a)

Identify the mass (from 3 kg up to maximum, by increments of 1 kg) and the number of objects
lifted in a shift. The recorded weight of the masses is aggregated into a maximum of five weight
categories by dividing the span of weight values (i.e. maximum value - minimum value) by five to
determine the minimum and maximum for each category. A representative average (by frequency)
mass is selected for each category.

From the data collected (e.g. number of workers involved in the task(s), net duration of lifting in the
shift, total number of objects lifted during a shift, number of objects within each mass category lifted

during a srljift), one can determine the net manual handling duration, the overall lifting frequency (per
worker) a

b)

d the lifting frequency per each mass category.
Simplify the geometry variables according to these criteria:
Verticdl location (height of hands atlifting origin or destination). This variable is réduced to 2 arpas:

— id¢al area (good): hands are between 51 cm and 125 cm vertical height. The vertical multiplier,
vy is equal to 1;

— naon-ideal areas (low or high): hands are at or below 50 cm or above 125 cm (up to 175 fcm)
vertical height. The vertical multiplier, vy, is equal to 0,78.

In casg¢s where the vertical height exceeds the maximum recotimended vertical height (>175 ¢m),
the liftis considered unsafe.

Horizdntal location (maximum hand grasp point away fragm the body during lifting). The horizoptal
distanfes are simplified into 3 areas:

— nefr: horizontal distance is within 25 cm to 40¢m. The representative horizontal multiplier| hy,
is pqual to 0,71 (for a representative valueof 35 cm);

d: horizontal distance is within 41 ¢gimito 50 cm. The representative horizontal multiplier] hy,
is pqual to 0,56 (for a representatiye value of 45 cm);

: horizontal distance is within 51 cm to 63 cm. The representative horizontal multiplier] hy;,
is pqual to 0,40 (for a representative value of 63 cm).

In cas¢s where the horizontal-distances exceed the maximum recommended value (>63 cm),[the
lifts arje considered unsafe-{no calculation is possible).

Asymipetry (angulaf. displacement of loads off to the side of the body): asymmetry is considgred
collectiively for each weight category. An asymmetry multiplier, a);, of 0,81 is assigned to all|the
subtasks in a weight category if asymmetry of 45° or more is observed for over 50 % of liffing
actions$ in that-eategory. Otherwise, the asymmetry multiplier is set to 1.

Verticglaravel distance (vertical distance between the height of hands at origin and at destinati

oo tsfacte asbeenconsideredasnon-infiaent: e-corresponding-muttiplier,
dy, has thus been taken as a constant, equal to 1. Even if the vertical distance multiplier, dy, is set
as a constant, the height of the hands at both the origin and destination of the lift should always be
measured and considered.

Coupling (quality or type of grip): the contribution of this factor has also been defined as constant.
Experience has taught that ideal couplings are very rare, so the corresponding multiplier, ¢y, is
defined as a constant equal to 0,90.

By adopting these simplifications and procedures, it is possible to analyse a variable lifting task scenario
and produce up to (and no more than) 30 sets of FILI and STLI values, one for each of 30 different
subtasks (five weight categories x two vertical location x three horizontal areas x one asymmetry

condition) (Figure E.5).
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For each of these subtasks, an individual frequency of lifting is calculated or estimated by a statistical
approach and the subsequent frequency multiplier, fy, is derived from Table C.3.

Horizontal distance 1 1 asymmetry \
Vertical location
or.1g1n./ Horizontal distance 2 1 asymmetry
destination
Good
Horizontal distance 3 1 asymmetry
y L?lﬁe ght
ategries
Horizontal distance 1 1 asymmetry
Vertical location
or}gm./ Horizontal distance 2 1 asymmetry,
destination
Bad
Horizontal distance 3 Lasymmetry j

2 (vertical areas) x 3 (horizontal areas) x 1(fasymmetry) x 5 (weight categories) =
30 subtasks and corresponding FILI/STLI values

Higure F.5 — The result of the adopted-simplifications: a maximum of 30 potential subtasks

c) |Aggregate the resulting LI and“calculate the final VLI (or CLI with more than 10| subtasks).
30 subtasks with correspondingFILI and STLI is still too many. For correctly applying the variable
task analysis, it is necessary to further reduce and group the number of subtasks to six L] categories
(each with a representative FILI and STLI value) and then to apply the traditional CLI formula.

To this end:
— |the entire set of FILI values are assigned into six LI categories;

— |the LI categbries are defined by assigning the FILI values according to “sextiles” of the corfesponding
FILI distribution (16,66th, 33,33th, 50th, 66,66th and 83,33th percentiles values);

— |consequently, the cumulative frequency oflifting for each of those six LI categoriesisalso determined;

— |once the LI categories have been aggregated, a representative FILI and STLI value is chdsen within
each category and the categories are reordered (mean value for categories 2 to 6; highest value for
the first category).

The final VLI can then be calculated using Formula (F.2), similar to the traditional CLI formula applied
to the six LI categories.

VLI = STLI, + YALI_ (F.2)
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where

N ALI=(FILI,X (
+ (FILI;X (

+ (FILIX (

11
-——))
FM;, FM,

1 ) 1
FM;,s; FM;,

1
FM; >34 FMj )3

)

)

The VLI ¢
software. |

F4 Seq

When a jo
and worke
shift, a cle
the seque

1 i 1
FM;;345 FM;534
1 1

FM; 53456 FMj23.45

FILI;X ( )

FILI X ( )

hlculation is very difficult to complete manually and is best completed using dedicd
ree downloadable software is available at various websites[59],

hential lifting tasks and SLI

b is characterized by several different lifting tasks (mono, composite, variable) in a s
s rotate between a series of single or multiple lifting task rotation slots during a w
hr multitask job is presented. In this case, the recommended method to assess the ris
ial lifting task techniquel18l[51], The SLI allows.the calculation of the final LI for multi

t
jobs, consirliering the sequence of lifting tasks, the different intrinsic duration of each task and the t

duration o
The main s
a) Step1l
b) Step2
c) Step 3

descril
d) Step 4

and to
e) Step5

exposure to manual handling during the shift.
teps for obtaining the SLI are:

define the tasks present in the shiftand their time sequence.

define the duration and time.distribution of the lifting tasks present in the shift.

for each lifting task, as per the procedures previously given for CLI and VLI calculat
be the number of objectsTifted and geometry of the objects per shift.

for each task, calculate the respective STLI by considering both intrinsic duration (LI i
fal duration (all hifting tasks) (LI max) scenarios.

use Formula(F.3) to obtain the SLI.

The SLI calculation is:

ted

hift,
ork
k is
ask
ptal

ion,

htr)

;mtr + (LIymax - LIjintr) x K

F.3)

SLI=L
where
LI;intr

is the STLI of the most stressful task considering its continuous duration;

LI;max is the STLI of the most stressful task considering overall duration of all lifting tasks;

K= X% ((LIjmax x FT,)+(LI,max x FT,)+...+ (LI max x FT,))/ LI;max;

FT;

is the time (in min) in task j during the shift/480 min (i.e. 60 min x 8 h)

The SLI approach can be used for analysing lifting tasks that vary along periods longer than a day (a
week, a month or also a year). In such cases, the approach should be properly adjusted considering the
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effective and proportional duration of each rotating task within the whole considered period as well as
the duration of tasks not involving manual handling activities.
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G.1 Rev

Annex G
(informative)

Examples of manual handling of objects

After per
full evalua
collecting {

ftrming the quick assessment procedure (step 2), if the lifting task is found to regui

ion (Step 3: 4.2.2.4), this should be performed as described in Table G.1, begihhing
he fundamental data required to calculate the RML and the LI.

Table G.1 — Steps for risk evaluation of lifting

‘e a
vith

Ident

ification of types of lifting tasks Simple (or(composite or variabls

sequentiatl) task

P oI

Desc

"iption of the workers involved in lifting tasks Numper, gender, age

Orga

hization analysis - shift schedule Evaluation of lifting duration

Ident]

ification of the number of objects lifted in a shift Evaluation of lifting frequency

m|go|O|w™

Analy

sis of geometries at the origin and destination of the lifted objects | Study of the layout risk factors

G.2 Exal
hands

A worker |
boxes in a
almost 60

Figure G.1
risk associ

Lifting is p
boxes havg
the desting

Figure G.1
and the ot

from the f]
of the lift.

mple 1: A simple lifting task performed-by one worker lifting with two

as to lift boxes weighing 10,5 kg each«from a conveyor belt to a shelf. He or she lifts 1

min of light work. Practically, heorshe devotes 240 min in the shift to lifting.

Kets out the data concerning the organization and layout of the task required to calculate
hted with the given task

erformed using both-arms. There is no trunk twisting during the lifts (no asymmetry).
no handles, so the@eupling is poor and there is significant control when placing the boxsg
tion.

shows two different distances from the body (horizontal locations): one at the origin (35

por (vertical locations): one at the origin (100 cm) and the other at the destination (140

In general

200

shift but continuous periods of lifting-last no more than 60 min systematically followed by

the

The
sat

cm)

ner at thedestination (40 cm) of the lift. There are also two different heights of the hands

cm)

it acnancially vay haontharaic cigraficant ~opten] Attt dactin bty +hn Ariginal DN

E (o
T T eV

sed

)

Fay
DOUTCopPTTTITOrTy vy ITCIT CIICT O TS SIS Tt COTIC CUTTTT OT O €t e O T S tITIo T O, CIrCOT TS TiTo T TX LY o7

NIOSH lifting equation) method proposes calculating an LI both at the origin and at the destination, with
the risk being represented by the worst of the two. In this example the worst condition is at destination.
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Other ? aan ‘|0ther|Push|Other r aan ‘|0ther|Push|Other ? aan i Other|{Push|Other ll\:[ aan |Other
taskor|;.. . |taskor|pulling|taskor|,.. . |taskor|pulling|taskor|,.. . |taskor|pulling|taskor|,.. . |taskor
lifting lifting lifting lifting
breaks breaks|task |breaks breaks|task |breaks breaks|task |breaks breaks
task task task task
60 60 60 60 60 60 60 60 60
Short duration
Shift duration: min. 480 N
MMH duration (including transport): min. K
Totpl number of lifted objects
Lifging frequency: actions per min.
X
=
S}
o
S
i
Key
X |origin
y |destination O :
2)
Figure G.1 — %@ple 1: Data concerning the organization and layout required to calgulate the
v LI in a simple task
Accor@@ data in Figure G.1, one can derive the multipliers from tables or calculate them using
Forxg:l (C.1) to (C.5).

In this example, the reference mass was set to 25 kg.

By applying the simplified procedure in Annex E, the model in Figure G.2 can be used for the worst
condition at destination. The resulting LI is 1,23.
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CALCULATION OF THE RECCOMMENDED MASS LIMIT AND OF THE LIFTING INDEX

COMPANY DATE
AREA
WORKPLACE OBSERVER
TASK
MALES FEMALES INIOSH ORIGINAL 25 mref
REFERENCE MASS 20-45 YEARS 25 20
(kg.) <20 and >45 YEARS 20 15 23 X X
Distance of the hands from the floor at the start of lifting
height (cm) 0 10 20 30 70 50 60 70 75 80
MULTIPLIER 0,78 0,81 0,84 0,87 0,90 0,93 0,96 0,99 1,00 0,99 081 M
height (cm) 90 100 110 120 130 140 150 160 175 >175 !
IA MULTIPLIER 0,96 0,93 0,90 0,87 0,84 0,81 0,78 0,75 0,70 0,00
Vertical distance of the load between the beginning and the end of lifting
distance (cm) <25 40 55 70 85 100 170 |
3 MULTIPLIER 1,00 0,93 0,90 0,88 0,87 0,87 0,86 | 593 M
B distance (cm) 115 130 145 160 175 >175 ’
MULTIPLIER 0,86 0,86 0,85 0,85 0,85 0
X X
Horizontal distance between the load C. of G. and the body C. of G. during lifting
distance (cm) <25 28 30 32 34 36 38 40 42 #“
4 MULTIPLIER 1,00 0,89 0,83 0,78 0,74 0,69 0,66 0,63 0,60 Q,57 063 M
c i distance (cm) 46 48 50 52 54 56 58 60 63 >63 !
G}( MULTIPLIER 0,54 0,52 0,50 0,48 0,46 0,45 0,43 0,42 0,40 0,00
Angular measure of displacement of the load from the sagittal plane X 8
= [ angleindegrees | 0° [ 15° [ 30° | 45° | 60° | 75° | 90° [ 1052 [Ni135° [ >135° ] | 1 | M
Dy [ MULTIPLIER [ 100 T 095 [ 090 [ 086 [ 081 [ 076 [ 071 | 06~ 057 [ 0,00]
Assessment of quality of grip of the object (coupling) X 8
[ Assessment [ GOOD FAIR [ POOR | | 0.9 | v
[ MULTIPLIER | 1,00 0,95 [ 0,90 | '
X X
Frequency of lifts per minute in relation to duration
FREQUENCY LIFTING TASK DURATION (CONTINUOUS) | 08 | M
LIFTS/MIN. <8 HOURS <2 HOURS <1 HOUR
(LONG) (MEDIUM) (SHORT)
<0,1 1,00 1,00 1,00
<0,1to <0,2 0,85 0,95 1,00
0,2 0,85 0,95 1,00
0,5 0,81 0,92 0,97
1 0,75 0,88 0,94
2 0,65 0,84 091
3 0,55 0,79 0,88
4 0,45 0,72 0,84
5 0,35 0,60 0,80
6 0,27 0,50 0,75
7 0,22 0,42 0,70
8 0,18 0,35 0,60
9 0,00 0,30 0,52
10 0300 0,26 0,45
11 0,00 0,00 0,41
12 0,00 0,00 0,37
13 0,00 0,00 0,00
14 0,00 0,00 0,00
15 0,00 0,00 0,00
>15 0,00 0,00 0,00
MULTIPLIERS FOR AREAS < 75 CM
NO YES X
LIFFWITH ONE ONLY UPPER LIMB [ 1 Tdm
NO YES X
MFT BY 2 OR MORE OPERATORS [ 1 g™
WEIGHT
EFFECTIVELY | RECCOMMUNDIDD i
LIFTED(Kg.) 10,5 | Kg. MASS LIMIT | 6,04 | Kg.

LIFTING INDEX (LI)

LIFTED WEIGHT

RECOMMENDED MASS 1,23

Figure G.2 — Example 1 — Calculation of RML and LI by a simplified procedure at destination of
the lift

Otherwise, always considering destination, the RML can be calculated with Formula (C.1) with:

mref = 25
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hy = 0,25/0,40 = 0,625
vy =1-0,3x (0,75 - 1,40) = 0,805
dy = 0,82 + (0,045/0,40) = 0,932 5
ay=1-0,0032x0=1

£ 0.0 L ralala)
M~ U, 0 (ITUIII tdUIT]

cy = 0,9 (from table)

It gjves: RML = 25 x 0,625 x 0,805 x 0,932 5 x 1 x 0,80 x 0,9 = 8,44.
Singe the mass actually lifted is 10,5 kg, the resulting LI can be calculated using Formula (D.[1).
It gjves: L1 = 10,5/8,44 = 1,24.

Theg mass actually lifted is higher than the corresponding recommended mass and the resplting LI is
caldqulated to be 1,24. Based on Table D.1, this corresponds to alow level of exposure.

G.3 Example 2: Analysis of a variable lifting task

In ajmetal-working plant, workers load and unload plastic containers of in-process materials §o and from
ass¢mbly lines for processing. The task is organized in cycles. During each cycle, the worljer handles
varjous containers in different body postures\due to different heights (of the hands) at the|origin and
destination and different horizontal distances. The shift lasts 480 min (from 8 am to 5 pm). Work starts
at 0i8:00. There is a 10-min break at 10:00. Eunchtime is at 12:10 (it lasts 60 min, out of officlal working
timg). In the afternoon, the activity is;the same as in the morning with a 10-min break at 03}10 and the
lasf40 min are devoted to light work (nho manual handling). Hence, the total manual handling duration
durfng the shift is 420 net minutes.

Tabje G.2 shows the sequenee.of lifting tasks, breaks and light work during the shift.

Taple G.2 — Sequence and duration of lifting tasks, light work and breaks for the cas¢ study in
an 8 h shift
Other Other Other Other
Lifting light Lifting light Lifting light Lifting light
task task or task task or task task or task task or
break break break break
Minutes 120 10 120 60 120 10 60 40
. Start: End:
Shift starts/ends at 08:00 17:00
Notes Break Lunch Break
Time in the shift 08:00-{10:00-{10:10-{12:10-{13:10-{15:10-{15:20-(16:20-
10:00 10:10 12:10 13:10 15:10 15:20 16:20 17:00

The containers have three different weights (6 kg, 8 kg and 13 kg.); the respective number of pieces
lifted during the shift is shown in Table G.3.
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Table G.3 — Type of weights and number of cartons lifted by the worker during an 8 h shift and
consequent lifting frequency per type of weight

No. of containers Weight Frequency of lifts per minute

494 6 kg 1,18

1235 8 kg 2,94

123 13 kg 0,29

1852 All containers 4,41
Since 1 852 containers are lifted during a 420-min period, the overall lifting frequency is 4,41 lifts per
minute. Thie partial lifting frequencies for each type (weight) of container are as follows: 1,18 lifits|per
minute for|6 kg containers, 2,94 lifts per minute for 8 kg containers and 0,29 lifts per minute for,13 kg
containers
The duration for the job is categorized as long duration (continuous period of manaal handling of
120 min + p break of only 10 minutes + 120 min of manual handling).
The liftingfactivities are performed at different heights (of the hands) at the origin‘and destination and
different hprizontal distances. There is minimal lift asymmetry for all lifts (i-e..all objects are lifted in

front of thg

t body resulting in an asymmetry multiplier of 1,0), and the hand-te-object coupling is f

oor

for all lifts|(the coupling multiplier is 0,9). A significant control is present for almost all lifting actiogs.
Data regarding the geometry characteristics at the origin and destination of the lifts, by wejght
category, i shown in Table G.4.
Table G.4 — Data regarding load and geametry characteristics
Load characteristics Origin Destination Number d¢f
Number | Weight | Vertical height | Horizontal _\\Vertical height | Horizontal potential sub-
g above floor distance, above floor distance tasks derived
8 levels from 35 cm, 45.cm,
494 6 kg 14 cm to 84 cm 5e G 80 cm 30 cm 24
4 levels from 8 levels from 35 cm, 45 cm,
1235 8kg 80 cmto 110 cm 30 cm 14 cm to 84 cm 55 cm 96
123 13kg |2levels,at30cmy 5g ) 80 cm 30 cm 2
and 50 cm

In this scenario, it is not possibile to use the traditional multitask CLI approach since there would b¢ up
to 50 diffefent individual FIDI values (or about 122 if one considers both origin and destination). Also,
the mean ffequency of each type of lift would be very low (about 0,030 to 0,036 lifts per minute).

Since the traditiondl €LI approach cannot work, the proposed VLI approach (see E.3), using weight and

geometrieg simplifications, should be used to assess the task.

The reference-mass for this example was set to 23 kg.

In the presented example we have only three weight categories (6 kg, 8 kg and 13 kg). Each of them can
have two simplified variants for height of hands (good; bad) at the origin or destination. In turn, each
of them can have one, two or three simplified variants for horizontal distance (near; mid; far). Since
different horizontal distances per weight category are clearly identified at origin and at destination,
this results in a total of 14 individual subtasks, as shown in Table G.5. Table G.5 also displays the
corresponding weights, geometries, partial frequency and frequency multipliers, FILI and STLI values
for each of the 14 identified subtasks.

For determining partial frequencies of individual subtasks, a special procedure has been adopted
that takes into account, for each weight category, how many times the height of hands starts or ends
respectively in a good or bad area, considering small height intervals of 10 cm and then considering
how many times each height of hands (good; bad) at the origin or destination corresponds to different
variants for horizontal distance (near; mid; far) at both origin and destination.
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The resulting frequencies of lifts for the various combinations of vertical height and horizontal reaches
(14 in this example) are reported in Table G.5.

Since 14 subtasks is still too many to use in the CLI formula, it is advisable to use the VLI concept and
approach.

To apply the VLI approach, subtasks and corresponding data (FILI, frequencies and STLI) are distributed
into six LI categories. These six categories are determined according to the distribution of the
individual FILI values (in this case 14 values) using preferentially the sextile distributions as key points
for grouping (in other terms, the values corresponding to the 16,6th, 33,3rd, 50th, 66,6th, and 83,3rd
percentile of the resulting FILI distribution). As a simpler alternative, six key points can be obtained
by dividing the range of FILI values (i.e. maximum FILI - minimum FILI) divided by six. However, this
simpler option has some disadvantages (i.e. some LI categories can be empty, the distfibution of FILI
valyies can be not well represented).

In any case, the original frequencies of individual subtasks (14 in this case) are grouped intp the six LI
catggories. Single (category) LI values can consequently be calculated and used for reorddring (from
highest to lowest) within the six LI categories.

Within each resulting LI category, a representative FILI value is chosen./In category 1 (the highest LI
catg¢gory), the representative value chosen shall be the highest FILI irnthat category. The representative
valuies in each of the other five LI categories are the average FILI walues. This ensures that/the worst-
cas¢ (least-safe) scenario is included in the analysis.

Tables G.6 and G.7 display details of this procedure according to the previous example.
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Table G.6 — Identification of key points by the sextile approach using the FILI data distribution

from Table G.5

First key Second key Third key Fourth key Fifth key Sixth key
point point point point point point
16,66th per- | 33,33th per- | 50th percen- | 66,66th per- | 83,33th per- Maximum
centile centile tile or median centile centile value
FILI
Key value 0,527 0,672 0,711 0,885 0,960 (FlLlnay)
1,239
I]:.;nC;;CGgOI“ U,408t0 U,526 | U,527t0 0,671 | U,672%t0 0,710 | U,7ITto U,884 | U,855 to U,959 | 0,960 to 1,239
Key
FILI frequephcy independent lift index
LI lifting inflex
Table G.7|— Relevant values for each FILI category using the key points from Table G.6 and the
consequent cumulated frequencies derived from Table(G)5
FILI cate- FILI cate-
Cat 1at FILI category FILI category | FILI category gory gory FILI categpry
ategory|data - -
gory (<16,66th) (;??'ggttll:) (326335" (50fhS" | (66,66th- | (>83,33th)
’ 66,66th) 83,33th)
Range of [FILI 0,711 to 0,855 to
valuek 0,408 to 0,526| 0,527 to 0,671 | 0,672 to 0,710 0,884 0,959 0,960 to 1,239
Representfative
category|FILI 0,483 0,604 0,694 0,805 0,907 1,239
value
Numbeq of
subtask inleach 3 2 2 2 2 3
category
Cumulativg fre-
quency (lifts per 0,66 1515 0,82 0,26 0,50 1,02
minute) wlithin
the category
FMvalyes 0,791 0,735 0,772 0,842 0,810 0,748
(long durdtion)
STLI (category) 0,611 0,822 0,899 0,956 1,12 1,656
value
Order by FTLI 6 5 4 3 2 1
value
Key

FILI freque

hcy independent lift index

FM frequency multiplier
STLI single task lifting index

Using these data, organized in six FILI categories, it is possible to calculate the VLI by means of the
traditional CLI formula.

Based on the data presented for this example, the relevant data for calculating the VLI [with
Formula (F.2)] are reported in Table G.8.

50
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Table G.8 — Relevant data for calculating final VLI derived from Table G.7

Connotation of
cumulative fre-

Cumulative
frequencies of

Corresponding FM

Partial value

FILI

STLI; and AFILI;

FIL] frequency independent lift index
FM| frequency multiplier

STYI single task lifting index

VLI| variable lifting index

quencies by STLI | categories (lifts (long duration) [(1/51\1\:1) - (1/
order per minute) J1

FM; 1,02 0,748 1,239 1,656
FM, , 1,52 0,698 0,096 0,907 0,087
FM, , 5 1,78 0,672 0,055 0,805 0,045
FM{ 534 2,60 0,590 0,207 0,694 0,144
FM} 2345 3,75 0,475 0,410 0,604 0/248
FM} 5346 4,41 0,409 0,340 0,483 0j164
Key

Using data reported in Table G.8, the VLI for this job can be calculated with Formula (G.1):

STLI, = 1,656

VLI =STLI1 + ) A LI

AFILL, = 0,907 x [(1/0,698) - (1/0,748)]) = 0,907 x (0,096) = 0,087
AFILI, = 0,805 x [(1/0,672) - (1/0,698)]< 0,805 x (0,055) = 0,045
AFILI, = 0,694 x [ (1/0,590) - (1/0,672)] = 0,694 x (0,207) = 0,144
AFILI; = 0,604 x [(1/0,475)) (1/0,590)] = 0,604 x (0,410) = 0,248
AFILI, = 0,483 x [(L/0;7409) - (1/0,475)] = 0,483 x (0,340) = 0,164
VLI = STLI, €’AFILL, + AFILI, + AFILI,+ AFILI + AFILI,

VLI = 1,656 + 0,087 + 0,045 + 0,144 + 0,248 + 0,164 = 2,34

G.1)
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The exposure level is considered as high.

NOTE

software. Free downloadable software is available at various websites[52],

© IS0 2021 - All rights reserved
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The VLI calculation is very difficult to complete manually and is best completed using dedicated
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