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reword

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.

Th

des]ﬁribed in the ISO/IEC Directives, Part 1. In particular, the different approval criteria‘nee
different types of ISO documents should be noted. This document was drafted in ac€ardanc

edi

Att
pat
anyj
on {

Any
conl

For
exp
the
ww

procedures used to develop this document and those intended for its further maintg

forial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

bntion is drawn to the possibility that some of the elements of this documént'may be thg
ent rights. 1SO shall not be held responsible for identifying any or all sueh-patent rights
patent rights identified during the development of the document will be in the Introduct
he ISO list of patent declarations received (see www.iso.org/patents)-

' trade name used in this document is information given for the convenience of users an
stitute an endorsement.

an explanation of the voluntary nature of standardsy the meaning of ISO specific

World Trade Organization (WTO) principles in the Technical Barriers to Trade
w.iso.org/iso/foreword.html.

Thi
Ant

Any

conpplete listing of these bodies can befound at www.iso.org/members.html.

s document was prepared by Technical Committee ISO/TC 159, Ergonomics, Subcomm
hropometry and biomechanics.

r feedback or questions on this document should be directed to the user’s national standa

tnance are

Hed for the
e with the

subject of
Details of
ion and/or

d does not

terms and

ressions related to conformity assessment, as wellvas information about ISO's adherence to

TBT), see

ittee SC 3,

ds body. A

© IS0 2023 - All rights reserved


https://www.iso.org/directives-and-policies.html
https://www.iso.org/iso-standards-and-patents.html
https://www.iso.org/foreword-supplementary-information.html
https://www.iso.org/members.html
https://standardsiso.com/api/?name=4abd08a5d639a284f952fcd1189d7c79

ISO/TR 7015:2023(E)

Introduction

Construction is one of the biggest working sectors in the world. The sector includes an immense
diversity of skill sets and categories of workers. In addition, the size, structure and market of
construction companies can also be extremely variable. The sector employs on average between 5 %
to 10 % of the workforce in most countries, indicating that construction is a significant component of
the global economy and is one of the largest employers in the world. Globally, musculoskeletal disorders
are the major cause of work-related illnesses, accounting for more than 33 % of all occupational
diseases, with the prevalence becoming 65 % for construction workers.[42] There are also indirect
socio-econamic imp]i{‘;\finnc due to jnh loss _absenteeism health costs and even worker hncpifn|i7nf'on_
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is no doubt that the prevention of work-related musculoskeletal disorders (WMSDS)

tion of practical actions in construction settings to help reduce work-related accidents
WMSDs in particular. ISO 11226, the ISO 11228 series and, more recently, [SO/TR12295
176 are useful for this specific scope.

ifferent construction, although the application experiences presefited in this document

also to non-experts. Reference is made to easily applicable, ‘non-commercial online t
Is in spreadsheets) that can be useful for the purposes of this\document, making possible
| of the criteria provided here and therefore the real numerical estimate of the biomechan|
sks.

ly contribute to reduce economic and social impact. Increasing attention is being draw1

s in the application of these documents have been acquired in different{parts of the wg
n construction. This document extends the scope and methods included,in existing standa

ed on the civil construction sector. Special attention is devoted:to- rendering this docun
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D28 series, [SO011226,1SO/TR 12295 and ISO/ TR 23476 establish ergonomic recommendations
ht manual handling tasks, repetitive movements\and working postures. All their parts ag

ply

to occupational and non-occupational activities. The documents provide information for designgrs,
employers| employees and others involved in work, job-and product design, such as occupational health
and safety|professionals.

The ISO 111228 series consists of the followifig parts, under the general title Ergonomics — Manual
handling:

— Part 11 Lifting, lowering and carrying;

— Part 2] Pushing and pulling;

— Part 3] Handling of low loads at high frequency.

[SO 11226|provides recommended limits for static working postures with no or minimal external fqrce
exertion, while taking.into account body angles and duration.

ISO/TR 12pR95 sexves as an application guide of the ISO 11228 series and ISO 11226. It offers a sinjple
risk assesgmentinethodology for small and medium enterprises and for non-professional active.

This docuned

and

ISO/TR 23476, also in the construction sector, where the risk from biomechanical work overload from
repetitive movements, from manual handling of loads, from towing and pushing carts and awkward
postures is universally present.

The OCRA checklist method, in its multi-day cycle risk assessment version,[22] is currently the only
risk assessment method available in literature capable of offering criteria and application experiences
to address multitask analysis (supported by a specific simple tool in the form of free download
spreadsheets for final risk calculation).

ISO/TR 12295 had already adopted this multitask method of exposure analysis.
After all, the development of a method capable of predicting the appearance of pathologies (real risk

assessment method) can be optimized only after years of use and improvement. The development of
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a new TR which, offering evaluation solutions for biomechanical overload study in construction, can
stimulate many more valid epidemiological studies in the future, is therefore desirable. The concept of
doing nothing, while waiting for sufficient and perfect published methods, means not doing prevention.

The National Institute for Occupational Safety and Health (NIOSH) itself, due to the formula for
calculating the lifting index (LI), changed the maximum limit value of its first formula several times
over the years, through years of application experience. Recently the NIOSH added the formula for
calculating the variable lifting index (VLI) for the evaluation of manual lifting tasks of complex loads,
with many different weights and geometries.[21].[67] The gained experience in this type of analysis was
introduced in ISO/TR 12295 and ISO 11228-1.

For]

the study of working postures it is important to point out the new time-based.z

computerized strategy (TACOS)[23] for posture, which adds to all the experience gdihé&q
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LA and REBA methods and from ISO 11226, a more adequate timing assessment (therefo
litative studies of work postures, but also studies of their real duration).

mathematical criterion for the extension of the calculation of any risk‘factors for th
mechanical overload, not only for the working day cycle but also for cyclés-different in du|
ual cultivation cycles), was also discussed within a specifically activated writing group
the preparation of this document. The transition is indispensable forthe extension of the

mo
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Hels already present in the specific International Standards (all us€d in this document)
luation in multitask exposition with annual turnover needed for risk studies in constr
ex B).

r other risk assessment methods that include a multitaskianalysis procedure can adopt
e proposed, extending multitask annual exposure risk study, for instance to:

repetitive movements (e.g. strain index, method(resent in ISO 11228-3);
manual handling of loads (NIOSH formula iSO 11228-1);

application of ISO 11226, the ISO 11228 series and ISO/TR 12295 in the agriculty
(ISO/TR 23476).
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Ergonomics — The application of ISO/TR 12295, ISO
11226, the ISO 11228 series and ISO/TR 23476 in the
construction sector (civil construction)

1 Scope

This document is intended to be used alongside ISO/TR 12295, ISO 11226, the ISO 11228|series and
ISO/TR 23476 in the construction sector.

This document (although the examples shown refer only to the civil construction se¢tor) gives
information on how existing standards can be used in a global sector, such/as‘construction. Where
biomechanical overload is a relevant aspect, albeit with different characteristics, work-related
musgculoskeletal disorders (WMSDs) are common and specific preventive@actions are needed.

Thils document is intended to:
1) |define the user(s) and fields for its application (including non-experts in ergonomics);

2) | provide examples of procedures for hazard identifications/risk estimation or evaluatidn and risk
reduction in different agricultural settings, through:

— more synthetic procedural schemes (main test);

— more analytical explanations of the procedures, through mathematical models and application
examples, and with the use of specificfree simple tools in Annexes A, B and C.
2 [Normative references

Thdre are no normative references in/'this document.

3 | Terms and definitions
No ferms and definitions-are listed in this document.
[SO[and [EC maintainrterminology databases for use in standardization at the following addiesses:

— | ISO Onlinébrowsing platform: available at https://www.iso.org/obp

— | IEC Electropedia: available at https://www.electropedia.org/

4 ~General outline of work processes in an annual mutti-taskamatysistn civil
construction

4.1 General structure of a multi-task analysis

Specifically, this document provides additional information to aid the user in the selection and use of
the appropriate standards. Depending upon whether specific risks are present, it is intended to help the
user to decide which standards to apply. It will include three levels of approach (Figure 1):

— Firstlevel: the participatory approach for pre-mapping of danger and discomfort provides all users,
particularly those who are not experts in ergonomics, with criteria and procedures to identify
situations in which they can apply the ISO 11228 series, ISO 11226 and ISO/TR 12295 as well as in
agricultural settings (ISO/TR 23476): key-enter and key-questions level. Only in the early analytical

©1S0 2023 - All rights reserved 1
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stage is the opportunity offered to map, even if only using subjective data obtained by interviewing
the workers (through the identification of groups of workers, homogeneous for exposure to
occupational risks), all the occupational hazards and not just the risk of biomechanical overload.

Second level: provides a quick assessment method (according to the criteria provided in
ISO/TR 12295 and in ISO/TR 23476) for easily recognizing activities that are definitely acceptable or
definitely critical. If an activity is neither definitely acceptable nor definitely critical, it is necessary
to complete a detailed risk-assessment as set out in the standards, continuing with the necessary
subsequent preventive actions.

Third level: refer to detailed methods for risk assessment set out in the relevant standards when the

quick
(defin

These app
text of ISO

At first the

level. It is
approach i

This involy

tely acceptable or definitely critical).

TR 12295.

user is required to answer a short series of practical questions present incthe first and sec

nvolving workers in the enterprise (homogeneous groups of workers).

hazard andl risk conditions and, where necessary, identifying effective £fisk’reduction measures.

In constru
second lev!

The analyt
in ergonor

Ction, as well as in agriculture evaluation, it can be possible'to limit the study to the first
bls, obtaining sufficient data about occupational risk prierities.

hics, or familiar with the ISO 11228 series, with details and criteria for applying the

assessment methods proposed in the original standards-also to construction.

This analy
and does n

pt introduce any changes in the criteria (mathematical model) for risk calculations, define

the existinig standards (as well expressed inISO/TR 12295) but only adapts the proposed methodol

to the risk
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assessment in construction

sed additional analyses aim:to facilitate the use of the actual standards, making it poss

nlso to construction (Annexes A, B and C present application examples in civil constructi

‘oaches and scopes are illustrated in the flowchart in Figure 1 and are described-in"the n

emphasized that the quick-assessment method is best implemented{using a participat

ement is deemed to be essential for effectively setting prioritiesfor dealing with the differ

ical risk assessment approach (third level) provides all users, especially those experien

Lical risk assessment approach is fully consistent with the methods proposed in the standa

hem to risk assessment-in.agriculture (ISO/TR 23476) and now, with many methodolog

hssessment method shows that the activity risk falls between the two exposure conditions
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Key enters

The first (basic level) involves a quick and overall identification of possible risk inducers through specific key
enters. This level must ensure all users, an overall simple interpretation of the workplace considering each

208 20N 200 20N 2NN 2NN 2N

4.2
hol

4.2

Stu
the
tecl
pre

Manual Repetitive Posture Noise Microclimate Chemical Biological Stress
handling movements lighting tools and pollutants
vibration other agents
No Yes l etc.
\D

Quick assessment (only biomechanical part) q/

The subsequent level (first level) involves quick identification through quick assessment t iques of full
risk acceptability conditions (green code) or very high risk conditions (critical code) reen the rigk
assessment can be interrupted at this level. Q~
Z
Absent (green code) Critical condition To evaluate

\ "

Risk assessment (go to the standards AS
If after quick assessment the workplace is neither at negligible risk (green light) nor in clearly critica

conditions, the risk has to be analytically assessed through ri lysis models as proposed by ISO
standards. Q
N
Manual lifting Manual carrying Pushing - pulling Upper limb repetitive,
1S0 11228-1 1SO 11228-1 IS0 11228-2 movements
[SO 11228-3 and Postufe
[SO 11226

overload estimation

Study of tasks distribution over the year on groups of workers who are
mogeneous in terms(f risk exposure

1 General

dying the organization of work in the construction sector, the basis for comprehensively
study of exposure risk is certainly very complex. In this work, while evaluation c1
hniquesscan be extended to all sectors that characterize construction, the application]
sented-here refer to the civil construction sector.

Tab

Figure 1 — Different risk assessment’levels according to ISO/TR 12295 for biomechanical

hddressing
iteria and
examples

le”) summarizes the main macro-phases that characterize the civil construction sector,

which can

be summarized even more briefly in eight main construction phases: ground preparation, excavation
of foundations and their reinforcement; construction of vertical and horizontal support structures
(pillars and support beams); flooring construction; construction of internal and external walls; re-
embossing and finishing of internal and external walls and floors with mortar; external coatings and
internal whitewashing; laying pipes for electrical systems; roof construction.

The study of the finishes of civil constructions with the installation of all the necessary systems, such
as plumbing, electrical, heating or the laying of interior coverings (wood tiles), has been deliberately
neglected, since each of these works presents its own specific risk professional.

© IS0 2023 - All rights reserved
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Table 1 — Main macro-phases and work phases present in the civil construction sector

Macro-phases

Phases

supplies

cranes
— pallets trucks

— wheelbarrows

work tools

— jack hammer

— planer

—drill

— float

— hammer

— trowel

— screwdriver
— crowbar

— line level

— spade

foundation|
excavation|and
armour

— initial prepara-
tion of the soil

— delimitation

of building site

-excavation and
drilling

— land compac-
tion-position-
ing foundation
armour, beams,

pipes

building ver-
tical suppoprt
supplies

— preparation of
wooden panels

construction and
assembly shapes
and frames in
wood for pilla
and beam;,\%

building hqri-
zontal sup-
ports: floofs/
ceiling

— layin@ﬂport

mat 1?1*
fl@eiling as-

%bly

piping installation

— concrete dis-
tribution-disas-
sembly of wooden
structure

wall con-
struction with
bricks; electri-
cal installa-
tions

external and
internal wall
construction with
bricks

— electrical in-
stallations
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Table 1 (continued)
Macro-phases Phases
mortar ap- facade coating
plication and |- external and
finishing internal wall,

beams and pillar,
window, doors,
ceiling with
mortar

— Finiching: floor
levelling mortar
-waterproofing

externaland |— different exter-
internal coat- |nal coating
ing (painting

or pther) — internal coat-

ing (painting or
other

rodf assembly |roof assembly
-structure

N
In § setting such as construction, before starting a 1‘@ analysis it is necessary to defife a set of
procedures and criteria for estimating risk in CO%@X situations where workers perforin multiple
tasks, variously distributed in qualitative and qu@ ative terms over the year (annual cyclg).

The general risk evaluation process entails a ’@@ain number of steps, beginning with:

a) |identification of the macrocycle of t&é@any different tasks;
b) [analysis of construction site to i ! C’fify tasks performed within the period and obtain a gqualitative
definition of the work during each month of the year;

c) |identification of one or homogeneous groups.

4.2]2 Macrocycle d%®ibn
N\

Task rotation is w; a worker alternates between two or more tasks during a certain peripd of time;
thig situation o quite often in modern work organizations and, if properly designed, can represent
ond of the m Ws fective strategies for reducing the risk of biomechanical overload.

In gituations, such as in construction, where the worker has to perform a large number of tasks and
the task can be distributed asymmetrically over the shift, risk assessments can become|extremely
conp}%x. This is why it is necessary to carry out a thorough preliminary study of how the work is
organized. At any rate, the risk analysis process involves different steps, listed further on.

The first step consists in defining the time required to complete the task rotation schedule; this is the
macro-cycle time, which can be daily, weekly, monthly or yearly.

The types of macrocycles durations are infinite, but if there are no simplification criteria that allow the
risk to be estimated, every risk assessment stops and nothing is done (the excuse being that the mission
is impossible).

The modal macro-cycle periods appear to be, at least in the sectors of agriculture, building construction
and services, accurately representative of job cycles. In civil construction, task rotations are typically
annual, but one can use annual cycles even when multiple cycles of fewer months in each year are
repeated identically. In the construction sector there is generally a yearly cycle for large construction
sites, but a monthly cycle (modal) is more frequent in smaller-scale constructions and civil renovation

© IS0 2023 - All rights reserved 5
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projects. In other sectors (e.g. logistics for retail chains, cleaning services, food preparation facilities),
the most common rotation scenario is monthly, while in yet other situations (e.g. supermarkets) tasks
can be rotated on a weekly or, occasionally, a monthly basis.

In summary, some practical options are provided here for using the predefined macro-cycle (weekly,
monthly, yearly), thus certainly simplifying subsequent evaluations:

used.

If several identical sub-macro-cycles are repeated over the year, the annual macro-cycle can be

If several identical sub-macro-cycles (e.g. week, fortnight) are repeated within the month and if the

follow]

Whichever
biomechar]
is, howeve

4.2.3 Ph

It is not simple to identify farming tasks, which can be very numerous and\performed by differ

workers o]

a)
b)

identif

break
phase,

The same
be viewed
projector,

[t is impor
including 1
regardless

Asitissoi
civil const
organizati
constructi

It consists
example a
excavation
foundation

T

ing months are similarly repeated, the monthly macro-cycle can be used.

macro-cycle duration is chosen, the criteria and procedures for dealing Wwith

, to identify and evaluate representative modal scenarios.

ase and task identification

groups of workers. At the outset, therefore, it is necessary to:
y the specific worksite (e.g. civil and road construction sites] demolitions, renovations);

down the worksite activities into phases; all relevant tasks must be identified inside e

hctivity can be carried out in several different ways; each operating method is intende
as a separate task and listed accordingly (e.g. plastering with short trowel, with spoon, W
vith long level).

tant to note that all the tasks performed at the farm over the year have to be eviden
reparing the soil, applying fertilizersand pesticides and other seemingly ancillary activit
of who performs them.

nherently difficult to identify phases and tasks in the construction sector, a kind of unive
Fuction system has been developed that will enable even beginners to conduct a prelimin
bnal analysis. This universal structure could also be extended to the study of ot
bn sectors, but additiens will certainly be necessary to make it more specific.

of a list of phases, including those ancillary to the actual construction of the building,
| material tramsportation mechanized or not, demarcation of the construction in the ;
with drilling’equipment preparation of wooden panels or removal of wood shapes from
, see Table 2.

able 2 — Principal tasks characterizing a universal civil construction system

the

ical overload risk analysis are the same. Given the extreme activity variability, the procedure

ent

ach

1 to
rith

red,
ies,

Fsal
ary
her

for
ite,
the

Tackc

coc

Macro-p

ACac Pha
TaSCS T TaSCtS TaSITY

all stages

common tasks at

mechanized crane operation - street level

material transportation

(aa)

operation with high cab crane
transport with electric pallet
transport with manual pallet
transport with 4-wheel cart

transport with 2-wheel cart

transport with mason wheelbarrow
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Table 2 (continued)

Macro-phases

Phases

Tasks

manual transportation:
weight per person.

(ag)

manual transportation weight kg = inf. 3
manual transport weight kg =4 to 7
manual transportation weight kg = 8 to11
manual transportation weight kg = 12 to15
manual transportation weight kg = 16 to 25

manual transportation weight kg = 26 to40

manual transport weight kg = 4 to7 (head or shoulder])
manual transport weight kg = 8 tol1 (head or sheuldgr)
manual transport weight kg = 12to 15 (head orishoulder)
manual transport weight kg = 16 to25 (head or shoulder)
manual transportation weight kg = 26 te40 (head or ghoulder)
manual transport weight kg = sup*40 (head or shouldgr)

WO

rk tool

working tools

drill

pneumatic hammer
electric screwdriver
electric cutter
milling machine
hammer

cutter

circulai saws
hand-¢utting saw
alternative saws
screwdriver

manual pliers and other like it

vat

foulndation exca-

ion

delimitation of building
site (plant) with refer-
ence points

initial preparation of the
soil

excavation with drilling
equipment

marking of reference points

manual fixing of the wooden props to the ground
fixing side boards in the jig with nails

plumb line positioning to delimit the foundations

excavation of land with tractors
levelling/ backfilling ground with tractors

positioning drilling equipment

check excavation with rotary drilling tool

manual removal of land near the machine drilling

positioning foundation
armour

positioning of foundation
beams

removal of wood

manual excavation for
pipes
land compaction

positioning of the armour irons inside the holes of the founda-
tion

construction of connection beams with wood and concrete
castings

homogenization of concrete with vibration equipment

manual removal of wood shapes from foundation beams

manual excavation for passage of underground pipe

land compaction with specific vibrating tool
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Table 2 (continued)

Macro-phases Phases Tasks

support supplies |preparation of wooden |receiving and sending spare parts for storage and cutting areas
panels (shapes) align, cut, adjust parts

cut panels according to the project
number of panels according to the project
storage of panels in a clean area

preparation of the pillar forms

preparation of beam shapes
prep. external wooden panels with cutter

waterproofing wood shapes

wood panel (shape) in-  |angular anchorage support for wooden pillars
stallation waterproofing application in pillar forms
installation of wood shapes on the floor
installation of internal forms

installation of external security armour

construction wood placement of armour in the pillar

‘SA}II;FI)SS for pillars (form- assembly of the pillars wooden'form
pillar filling with concrete
homogenization of conierete with vibrator
removal of wood.fefms of pillar

beam assembly placement of atmour within the shape of beams

assembly of béam shapes with wooden form
pillar filling with concrete
homagenization of concrete with vibrator

removal of wooden beam shapes

building flgors/ laying support material * .| placement of punches
ceiling
placement of cross beams

placement of panels, prefabricated beams and special bricks

floor/ceiling-dssembly prefabricated slab positioning

(pre-majufactured) transport and positioning of the electro-welded network

fixing of the electro-welded network

piping installation preparation of cable and tube passage - (electric)

transportation of pipes and cables

pipe cutting and insertion

fixing the tube in the electric passage box

concrete distribution automatic pump driver operator of concrete launch
filling slab with concrete using bucket

filling slab with concrete using pump
homogenization with vibrator

wet concrete with water barrel

spreading concrete with shovel

concrete levelling with metallic ruler

concrete levelling with laser level
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Table 2 (continued)

Macro-phases

Phases

Tasks

disassembly of the struc-
ture

shoring removal

formwork removal with crowbar

wall construction
with bricks

external and internal
wall construction with
bricks

preparation of cement mortar

lift brick wall 0 kg to 3 kg (low-medium-high)
lift brick wall 4 kg to7 kg (low-medium-high)
lift brick wall 8 kg to11 kg (low-medium-high)

lift brick wall 12 kg to 15 kg (low-medium-high)
lift brick wall 16 kg to 25 kg (low-medium-high)
lift brick wall sup 25 kg (low-medium-high)
using plumb-line in the construction of wall
using bubble level tool

side jamb installation

installation jamb to window

mojrtar application
and finishing

facade coating - external

internal wall, beams and
pillar, window, doors,
ceiling mortar

finishing

floor levellingimortar

cement mortar application with projector

external coating and-finishing with trowels and floats
smoothing with rod

cement mortar application - external - with scaffolding

internal wallycovering with projector
external coating and finishing with trowels and floats
smoothing with rod

spreading running pasta (thin) with roller

smoothing with spoon
smoothing with rod

small defects closure with trowel

spreading and flattening cement mortar with hand topl
spreading adhesive mortar with toothed spatula
placement of ceramic on floor

performing joint

waferproofing

waterproofing

waterproofing with liquid blanket

elefrtrical instalas
tions

electrical installations -

electrical installation: piping

electrical cable installations in the slab

external'coating

external coating

adhesive application (special mortar)

laying the coating on the adhesive

other

other external coating application

internal coating
(painting)

internal painting

application of the wall putty

drywall sanding wall putty

application of the sealant or preparatory base
roller paint application

brush paint application

roof assembly

roof assembly -structure

structure assembly
manual parts handling (see manual transportation)

cover assembly (electric screwdriver)
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4.2.4

Identification of the different homogeneous groups

The next step is to assign tasks to an individual worker or group of workers exposed to the same risk,
to identify homogeneous groups. Since the focus of the analysis is the exposure of workers to a set of
conditions determined by the tasks they are assigned to perform, it is first necessary to identify which
homogeneous group of workers are present that need to be examined.

The homogeneous group of workers for risk exposure (as groups of workers homogeneous for working
risks are being defined, not groups of people homogeneous for other factors, such as weight, age,
culture or gender) is the group of workers that performs the same tasks, in the same workplace and
with similar durations (or time patterns) during the selected period (macro-cycle).

Note that p homogeneous group can sometimes be made up of just one person, if no other worlters

perform the same tasks qualitatively and quantitatively.

Moreover, [if two groups of workers perform the same tasks in the same workplaces but with diffeffent

durations jor time patterns (e.g. one group works full-time and the other works pdtttime) the fwo

groups mulst be analysed separately.

The homogeneous groups that can be identified in a construction site can be(very numerous: by way

of examplg, in Tables 3 and Figure 2, three groups are presented, different intérms of tasks performed

and duratipn. Table 3 reports the distribution in % of tasks duration in different months of the yeafr in

different homogeneous groups; Table 4 describes the representation of task duration in % in diffefent

months of the year where grey area indicates when 100 % of the conStant is exceeded.

The assigmment of the tasks to a homogeneous group (or individual worker) even just from |the

qualitative standpoint (or semi-quantitative as here), is not djifficult but it is absolutely essential before

conducting the first levels of risk evaluation (key questions@nd quick assessment level).

To determifine the real risk exposure (risk assessmeng-evel) it is necessary to study a quantitative

description of all active tasks.

Only after|this organizational analysis can the different risk levels be assessed in terms of repetifive

movements, manual load handling, awkward postures and pushing-pulling.

Table|3 — Distribution in % of task duration in different months of the year in different
homogeneous groups
Breakdown of the task duration for each month of the year
All the repetitive tasks o a = - > = _ 60 a © > 9
s 2|2 &2 22|82 4

Homogeneous group'no.1: distribution of concrete (floors, columns, beams)
hours worked pgrimpnth 220 200 220 | 220 | 200 195 220
floor filling with concrete 15 % 15 % 15% | 15% | 15% 15 % 15 %
concrete vibrator homogenization 5% 5% 5% | 5% | 5% 5% 5%
filling with concrete 15 % 15 % 15% [15% [ 15% 15 % 15 %
homogenization with vibrator 20 mm 50 50 59 | 5% | 5% 50 50
-40 mm
pump operator guide launches concrete 10 % 10 % 10% | 10% | 10 % 10 % 10 %
emptying concrete with cement mixer 10 % 10 % 10% | 10% | 10 % 10 % 10 %
spreading concrete with shovel 10 % 10 % 10% | 10% | 10 % 10 % 10 %
homogenization 3% 3% 3% | 3% | 3% 3% 3%
insured vibrator extension 1% 1% 1% | 1% | 1% 1% 1%
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Table 3 (continued)

filling slab with pumped concrete 10 % 10 % 10% | 10% | 10 % 10 % 10 %
concrete spreading with hoe 10 % 10 % 10% | 10 % | 10 % 10 % 10 %
concrete level with metal ruler 5% 5% 5% | 5% | 5% 5% 5%
Li\;etzil)lng with laser (reinforced con- 1% 1% 1% | 1% | 1% 1% 1%
100 % 100 % 100 %100 %100 % 100 % 100 %
Homogeneous group no.2: walls construction
hours werkedpermormtir 220200 200 T 190 155200200200 | 200 200
control drane 5% | 5% | 5% | 5% | 5% | 5% 5%’\‘ 5% 5%
manual ppllet transport (strong force) 5% | 5% | 5% | 5% | 5% | 5% 5'%]:95 %|| 5% | 5%

transpoijt with wheelbarrow (mod- 50 | 5% | 5% | 5% | 5% | 5%

erate forge) AQ'M 5%|| 5% | 5%

. \

‘;;igz)portwnh wheelbarrow (strong 50 | 5% | 5% | 5% | 5% ‘&Q% 50 | 5% | 5% | 5%

preparatjion to block discharge 10% | 10% | 10 % | 10 % 19;\@ 10% | 10% | 109% [ 10 % | 10 %

mortar greparation 10% | 10% | 10% | 10 % q\}ﬂ'ﬂ/o 10% [10% | 10% [ 10% | 10 %

lift wall brick inf 3 kg 10% | 10% | 10 % 1% 10% | 10% |10% [ 10% [ 10% | 10 %
. . \}

{I}fltig‘;gn kg to 7 kg (low - medium 15% | 15 % | 15 O/.QSE % [15% | 15% | 15% | 15% | 15% | 15%
. . \\\

ptwallirick8 kg to 11 kg (low-me- 159 | 159 | 159 | 15% | 15% | 15% | 15% | 159 | 15% | 15%
ium-high) @

use plunfb 10% | 109 | 10% | 10% | 10% | 10% | 10% | 1094 | 10% | 10%

level use| 10 %p10% | 10% [ 10% | 10% | 10% | 10% | 10% | 10% | 10 %

1(,)\0‘%\ 100% (100 % |100 %100 %|100%|100%|100%|100%| 100 %

Homogeneous group no.3: preparation intern: I'wall for painting

hours worked per month ‘\\C)\ 220 | 220 | 220 | 22Q | 200 | 200
transpoilt weight 16 kg to 25 kg . 5% | 5% | 5% | 59 5% | 5%
spread fine mortar witharoller | s\ 10% | 10% | 10% | 10% | 10% | 10 %

fine morfar sanding 10% | 10% | 10% | 10 % [ 10 % | 10 %

Y=

finishing with floats (in instabl@r— 15% | 15% | 15% | 15% | 15% | 15 %

sition)
coating Wwith fln_e _mortat@?ﬂ floats 15% | 15% | 15% | 15% | 159% | 15 %
(in instaple position) %
fine morfar coati Q‘t projector 15% [15% [15% | 15% [ 15% | 15%
coating yith fin%& rtar with floats 15% [15% [15% | 15% [ 15% | 15%
finishing fi’r.a& ortar with floats 15% [15% [15% | 15% [ 15% | 15%
o) 0% [ 0% | 0% | 0% | 0% | 0% [100%[100%[100%{100%|100%| 100 %
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Oct Nov Dec
140 %
120 %
100 %
80 %
60 %
40 %
20 %
0%

a) Homogeneous group no.1: distribution of concrete (floors, columns, beams)
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140 %
120 %
100 %
80 %
60 %
40 %
20 %
0%

b) Homogeneous group no.2: walls construction

140 %
120 %
100 %
80 %
60 %
40 %
20 %
0%

c) Homogeneous group no.3: preparation internal wa]&br painting

NOTE irey area indicates when 100 % of the constant is exceeded. Q<<

Figure 2 — Representation of task duration in % in diffe(t& months of the year where grejy
area indicates when 100 % of the copstant is exceeded

\$\‘°
5 Firstllevels: pre-mapping of danger ancl%iscomfort through key questions and
quick assessment xO
O
5.1 For¢word Q\

One of thg latest developments bei rsued by the World Health Organization (WHO) and other
international organizations (ILO, in relation to preventing work-related diseases and disorders
concerns the creation of toolkits.[2}10] [18] [20] [27] [28]

The main [aim is to rapid%%ﬂt accurately identify the presence of possible sources of risk, uging
instrumenits that can easily-be used by accident prevention officers, occupational physicians, busiriess
owners, workers, trad on representatives and security services.

However, tlhis obj
biomecharjical

e also reflects the criteria set forth in ISO/TR 12295 with respect to the risk of
rload, as mentioned in Annex A. In Annex A, all the criteria and methods used|for
the pre-mgp are presented again but in greater detail and through real examples. The presented
results have been obtained with specifically prepared simple tools. Against this backdrop, the problem
of WMSDs can be considered together with other occupational hazards (e.g. physical, chemical), for the
more general purposes of prevention.

The aim here is to suggest a methodology and some simple tools (free downloadable calculation
sheetsl®4]) to undertake a preliminary mapping of discomfort or danger (i.e. to identify risk sources in
the work cycle), especially in small and very small businesses. The simple tool is not designed to replace
the standard risk evaluation process, but to support such a process in order to identify hazardous
situations in the workplace, to single out emerging problems that need to be submitted to a full risk
assessment, in the appropriate order of priority. The simple tool is primarily designed to be used by
employers and work safety officers, but it can also be useful for:

— medical staff conducting periodical inspections and drafting health surveillance protocols;
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work safety officers periodically monitoring hazardous situations in the workplace;

supervisory bodies (labour inspectors) conducting inspections in the workplace, needing to rapidly

detect potentially dangerous situations requiring specific preventive interventions;

trade union representatives.

The procedure presented here demands a cooperative approach towards assessing and managing risk,
as it also entails interviews with workers.

In accordance with the recommendations of the WHO, three main criteria underpin the methodology:

5.2

Ple
the
occ

Thi

The
loa
of
Wwol
hig

globality: a global approach towards assessing the worker's discomfort, due to either the
workplace;

simplicity: the methodology consists in an easy-to-use model for collecting data;

priority setting: the results obtained automatically via dedicated software\and depicte
bar graphs will not only help to identify problems but also offer a scale‘efpriorities for
subsequent assessments and ergonomic redesign.

The pre-mapping model

hse note that the pre-mapping model (presented in greatepdetail in Annex A) must be us
interview of workers of each homogeneous group (i.€,/gfoups of workers exposed td
upational hazards).

s step entails two levels of intervention (Figure 1):

level one: a rapid and general identificationtef possible risk inducers via the use of sg
enters and key questions.

firstlevel is broken down into several boxes relating to the main types of risks, for examp
s, repetitive movements of the upperlimbs, postures, noise, microclimate, chemicals, or
vork and stress. This preliminary;level ensures that anyone can simply and generally o
'kplace and respond to the expected closed-ended questions by interviewing the workers
hlights of the model are deseribed in Annex A.

level two: quick assessment (only for studying biomechanical overload).

task or the

I clearly in
ronducting

bd through
the same

ecific key-

e handling
ganization
bserve the
. The main

Quilck assessment con'sists in a rapid identification of acceptable risk (using the traffic light colours),

indjcated as green.when risk is absent, red when very high and purple when critical. Quick 4ssessment

procedure producethe following information:

a) |if the situation is code green (green light) the quick risk assessment process can stop hefre because
it means that there is no meaningful occupational risk;

b) |ifa critical code (purple light) is detected, then there is definitely a significant occupdtional risk
and-immediate corrective actiomis required;

c) if the quick assessment finds that the risk level at the work station is neither acceptable (green

light) nor critical (purple light), and therefore the situation is intermediate (potentially c

ode yellow

or red), then the risk assessment has to be carried out, using the analytical methods suggested by

International Standards or the accredited literature (third level).

To simplify as far as possible this kind of approach, the criteria and methodology were included in an
easy-to-use computer-based model (the first specific simple tool) for allowing users to collect data in
the correct way through close questions and to obtain an automatic evaluation of them.

The first specific simple tool for pre-mapping construction with ERGOCHECK can be downloaded free
of charge.[68]
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The compilation has to be done through the answers provided by the workers involved in each
homogeneous group, homogeneous by occupational exposure (one spreadsheet, one homogeneous
group). It is a matter of drawing information on work-related distress through their collective
subjectivity. The study of the results of the collective hardships provides the priorities, emerging from
the level with which the various problems were indicated, useful for the subsequent real evaluative
interventions.

Compared to the concern of not taking into account the different anthropometric parameters[32] that
characterize the different construction populations of the world (e.g. body weights, heights, body
structures from thin to muscular), at this stage of pre-mapping, the reported discomfort for exposure to

us

the variou
working g1

As an example, in a group of workers (homogeneous for risk exposure), both people with(small

lean anthr
workers rd
The result
risk factor,

In this wa
parameter

subsequenit improvement interventions.

The result
is also sum
priorities.

Figure 2 sh
group 1 (a
group 2 (fu
and 3 shoy
possible ri

(PLi/Py
where

1

Py

1

w

These are

srisk factorsis estimated fhrmlgh the chldy ofthe collective cnh}'pr‘fivify ofthe hnmngﬂnn

oup.

bpometric parameters and more robust workers can be present. Only the smallenand lea
port greater discomfort during the lifting of the same load, but not the more tobust work
of the collective subjective study will confirm manual material handling (MMH) as a prio
based on the smaller and leaner worker.

y, through the subjective verification of collective distress, thesefféct of anthropome
s on the work performed is taken into great consideration in determining the priorities|

of the pre-mapping exercises carried out via key-enters, key questions and quick assessms
marized graphically to more comprehensively define the'pre-mapping and corrective acf
The programmed spreadsheet, described previously,generates this summary automaticg

ows an example of a summary of the results obtaihed from the pre-mapping of homogene

full-time and b: part-time 4 hours a day) and\Figure 3 shows the results for homogene|
1I-time), whose job organizations are described in Table 3 and Table 4, respectively. Figur
v the final summary generated automatically by the software, depicting histograms foj
5ks. The height of each histogram corresponds to the percentages resulting from Formula

;x100xW)

s the score for each risk inducer;
s the predefined’mtaximum inducer score;

s the time-wéighted percentage as a proportional time length to estimate the real risk fa
duration/in‘the year compared to a predefined constant. (W = 100 % when the risk factd
present-for 11 months per year, 7 h to 8 h per day, 5 or 6 working days per week).

not define s

hnd
ner
ers.
rity

tric
for

nts
ion
1ly.
ous
ous
ps 2
all
(1).

M

tor
ris

do

acerintivun coalac dacignad haoln nat $31F37

merely descriptive scores, to be used to rank events from the best to the worst. The score$

anlutaidan rahlanac
POt oy tOT16CH TOOTEHS

Iy P

but

also to set priorities for the analyses and evaluations that have to be undertaken to adopt immediate
measures to reduce risk, especially for conditions defined as critical.
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6 Analytical study of work processes in annual multi-task analysis: description
of a typical working day for each month and quantitative task distribution over

the year

6.1 General

To switch from the pre-mapping of discomfort and dangers (first and second levels) to the actual risk
assessment phase (third level) for all risks, it is necessary to undertake in-depth organizational studies,
utilizing not only qualitative data but also quantitative data.

risks (repetitive movements and manual lifting) are explained through the use a realrepresentative
example of wall in civil construction, made up of few tasks (the same homogeneous greup’2 presented in
Table 3). In Annex B, all the criteria and methods, mathematical formulae used for tHeyisk asgessment of
repgtitive movements and manual lifting are presented in greater detail [21].[23].[38},[34],[35],[36}[37].[50].[51]
[63]164].[65].[661.[67] also through real examples derived from a big civil construction worksite.

In 3:5 clause all the procedures necessary for the evaluation of the most typical biomechanicpl overload

The results presented have been obtained with specifically prepared simple tool, which ig discussed
in this clause. In fact, considering the amount of data to be collected andwritten in an ordefly manner
and the number of calculations to be done with the use of complex formulae, another spedific simple
too] was built to make reliably easy and possible such risk assessments and overcome the inherent
diffliculties mentioned,[¢?] available as a free download.

After all, IEA and WHO have been recommending for years to offer those who do prevention, not only
evalluation criteria but also simple tools to simplify the final risk evaluation.

To ¢omplete the risk assessment as level third, threg(phases are necessary.

6.2l Phase A - Description of a typical working day

Thd description of a representative typical or modal working day, representative of each month, is
required to start the analysis (Table 4)Cltis obvious that in construction, the net duration of|a shift can
varly depending on the weather. This;is why the organizational structure of a modal day (i.e. the one
thaf appears most frequently during each month of the year) has to be described. The analydis records,
for [example, the duration of shifts and the number and duration of pauses in order to obtain the net

dutfation of work (net duration-of work in the shift).
>
>l B0 0o, ) [8) [=} = =
oo =i = [=1y] o 5] =
g £ s, & 5 S > 3 g = g £ £ 2
i) 1. 7 — ) = < ] = = =
o = =) 4 3 S = = 2 S 5 =y 3} = 5
G 3 S £ < & 3 = 23] g 9 )
[«

5% 94 %

65 %

56 %

8%  48%

23 %

10 %
0%  bdbd

0% 0%

a) Homogeneous group 1 — full-time (data from Table 3)
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75 %

65 %

50 %

45 %

41% 389, 3809 38 %

16 %

0% 0%

b) Homogeneous group no.1 — part-time only (4 h a day)

9% %

75% 75%

50 %

5%

0% 0%

SO A A A -

c) Homogeneous group no.2 (data fromjFable 3)

Fighire 3 — Final summary of results, depicting histograms for all possible risks for
hompgeneous group no.1: distribution of concreteand homogeneous group no.2: wall
construction (see example'in Table 3)

Table 4 — Description of a typical working dayTrepresentative of each month to study the moldal
net duration of repetitive mevements (homogeneous group no.2)

Jan | Feb | Mar | Apr | May | Jun | Jul | Aug | Sep | Oct | Nov | Dec

Shift duration - - | 480 | 480 | 480 | 480 | 480 | 480 | 480 | 480 | 480 | 480
No. actual brgaks duration of more than 8 min (¢xclud- ) . 2 2 2 2 2 2 2 2 2 2
ing lunch bregk)
Actual duratipn of the pause (excluding lunch break) - - 30 30 30 30 30 30 30 30 30 B0

Duration lundh break if this is inside the shift (the tech-
nical name is|'paid lunch".

Shift is held cpnsecutively (i.e,mithout interruptions, X X X X X X X X X X
for example due to a changeof Workplace)

Number of inferruptionsfnly if the duration is equal to
or higher thap half anhetu”(e.g.: not paid lunch break)

tTi(I)I:z‘:l actual pause duration present in working 90 90 90 90 90 90 90 90 90 bo
Putting on or taking off work clothes - - 5 5 5 5 5 5 5 5 5 5

Cleaning - - 10 10 10 10 10 10 10 10 10 10
Other: time to reach workstation - - 10 10 10 10 10 10 10 10 10 10
Other: - - 20 20 20 20 20 | 20 20 20 | 20 20
Total minutes of non-repetitive tasks in shift - - 45 45 45 45 45 45 45 45 45 45
Net repetitive working time (minutes) - - 345 | 345 | 345 | 345 | 345 | 345 | 345 | 345 | 345 | 345
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6.3 Phase B - Estimation of total number of hours worked every month of the year

In order to make this estimation, the following information is necessary (Table 5): the number of hours
worked every month by the entire homogeneous group for the total number of tasks. This information
is readily available on the farm as it is required to calculate the cost of the active workforce.

Since the aim is to obtain the number of hours worked by each member of the homogeneous group, the
number of workers present in the whole homogeneous group has to be described. Figure 4 provides a
graphic depiction of the hourly distribution of work over the various months of the year.

In the graph (Figure 4), when the threshold of 160 h/month/worker (defined month constant) is passed,

the|ratios enter the critical zone (100 % of the constant is exceeded: grey colour). The e rj:ple shows
an Wineven distribution of working hours over the various months of the year, with so ths where
thelhours are below the constant and others where they are above (these months oft?{ corfespond to
thelharvest). Harvesting requires speed and also the addition of seasonal workers 163) en required.

Table 5 — Estimation of number of hours worked per month and per @ er in homdgeneous

group 2
Tothl working hours per year/worker | Jan | Feb | Mar Apr May Jun ] g Sep Oct Nov Dec
No. pf hours worked per month (by the N
whdle group or individual worker) in- - [ 1100 | 1000 | 1000 | 950 5 | 1000 | 1000 | 1000 | 11000 | 1000
cluding any seasonal or casual workers Q
-
% rgduction, considering the real shift ) o o o o o o o o o
durhtion and the net duration 72% | 72% | 72 /0\4Q§2/0 72% [ 72% | 72% | 72% | 12% | 72 %
N
No.jof hours spent per month/worker | | | 1438 | 143,8 | 1881 | 143,8 | 143,8 | 136,6 | 1402 | 1438 | 1}13,8 | 143,8
performing repetitive tasks
Er" ofhours worked per month/work- - | 220 2{)‘3@“ 200 | 190 | 195 | 200 | 200 | 200 | }0O | 200
™)
: N
Net|duration % based on a constant of ) N o o N o o o or | dno N
40 1| jweek. 160 h/month, 20 days/month 99 /\21)0 % | 99% | 85% | 88% | 90% | 90% | 90% | 40% | 90 %
No. pf workers versus total workers - \@ 5 5 5 5 5 5 5 5 5
No. pf seasonal or casual workers - . (-\’k' - 2 2 4 8 6 3 -
Total working hours/worker 2 0(5)\\'
Constant working hours/worker \1 766'
A
Jan Feb Mar A@)g May Jun Jul Aug Sep Oct Nov Dec Oct Nov Dec

[

10 %
L0 %
D0 %

BO %
b0 %
10 %
L0 %
0 %

o
&
?\

3

NO"F% Grev area indicates when 100 % of the constantis exceeded

Figure 4 — Number of hours worked per month (as net duration of repetitive tasks) and per
worker as a percentage of 160 h/month constant, for homogeneous group no.2

6.4 Phase C - Assignment of tasks to a homogeneous group (or individual worker) and
calculation of proportional tasks duration in each individual month

Before going on to complete the organizational analysis of the risk-exposed worker or homogeneous
group of workers, Table 6 lists the exposure constants to which reference is made for calculating
exposure time prevalence to various tasks and also for reconstructing an artificial working day
representative of the whole year (see Annex B). In construction (as in agriculture), it is quite common
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for work schedules to be irregular, depending on the season. It has been found useful to adopt several
exposure constants representing the typical exposure level for the industry (see Annex B).

Table 6 lists all the constants used. Although expressed in different ways, (e.g. hours, days), they all
reflect the aforementioned criteria.

Table 6 — Predefined exposure time constants

Constant hours/day 8 Constant hours/month 160
Constant minutes/day 440 Constant days/month 20
Constant dhys/week ) Constant months/year 11
Constant njinutes/week (440 min * 5 days) 2200 |Constantdays/year ZZ(I'
Constant weeks/month 4 Constant hours/year 1740

To obtain p quantitative description of the active tasks it is necessary to insert the,following in [the
specific simple tool previously mentioned:

a) The pgrcentage duration per month of each task worked by the homogeneous'group. The sum offthe
percerntages per month in the column has always to add up to 100 % (Fable 3). The proportidnal
description of the tasks does not require extreme precision. The employer, or the members of|the
homogeneous group, can usually provide the information quite easilyt

b) The niimber of hours worked each month of the year by each worker (for homogeneous group|n.2
see Taple 5).

Once percgntage duration per month of each task has been, provided, it is possible to estimate [the
number of hours worked on each task every month (Table 7) by matching the proportional fask
descriptions shown in Table 3 to the total number of hauirs worked per month/worker (Table 5). The
free spreaglsheet automatically estimates this distribution, as shown in the example in Table 7.

After obtajning the duration in hours of the various tasks performed each month, the next step if to
obtain the|critical figure enabling the final riskto be evaluated: the total number of hours worked |per
year on ea¢h task by each member of the hgmogeneous group, and the proportion of these hours versus
both the tqtal number of hours worked and'the constant 1 760 h/year (Table 8).

Table 7 — Calculation of total hours worked, per task, in each month and per year, for
homogeneous group 2 (full-time) and prevalence of worked annual hours in each task versus
both the totalhours worked in a year and constant 1 760 h/year

% of total| Hours % onotl
Alltherepeti- | S b5 | | =2 | 5| ¥| & | £ | 8| § | hours worked | year con-
. = = = o o o stant
tive tasks sV<|=|&|=|<|«w| S| =z | a | worked |Peryear/ (1760 h/
per year task year)
controlcra|ne 11 10 10 10 10 10 10 10 10 10 50 % 100 57 %
manual pallet 11 10 10 10 10 10 10 10 10 10 50 % 100 57%
transport
(strong force)
transportwith | 11 10 10 10 10 10 10 10 10 10 5,0 % 100 57%
wheelbarrow
(moderate
force)
transportwith | 11 10 10 10 10 10 10 10 10 10 50% 100 57%
wheelbarrow
(strong force)
preparation to 22 20 20 19 20 20 20 20 20 20 | 10,0% 201 11,4 %
block discharge
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Table 7 (continued)
% of total| Hours %ona
. ked | year con-
Alltherepeti- | 5 | 5§ | & S|z | ®| 5|8 3| g | hours worke tant
tive tasks S| <|=|&|=|< |« |9 | 2| A | worked |Peryear/ (1760 h/
per year task year)
mortar prepa- 22 20 20 19 20 20 20 20 20 20 10,0 % 201 11,4 %
ration
lift wall brick 22 20 20 19 20 20 20 20 20 20 10,0 % 201 11,4 %
inf3kg
liftfwall4kgto | 33 30 30 29 29 30 30 30 30 30 15,0 % 301 17,1 %
7 kg (low - me-
dium - high)
liftfwall brick 33 30 30 29 29 30 30 30 30 30 15,0 % 301 171 %
8 kg to 11 kg
(low-medi-
um}-high)
us¢ plumb 22 20 20 19 20 20 20 20 20 20 10,0 % 201 11,4 %
level use 22 20 20 19 20 20 20 20 20 20 10,0 % 201 11,4 %
Total 220 | 200200 | 190 | 195 | 200 | 200 | 200 | 200} 200 | 100% | 2005 114 %
Table 8 — Calculation of intrinsic risk indexes for allthe tasks present in farming adtivities,
regardless of who pérforms them
5 | g gz
2|8 3 29
S &% 5 AEREREE:
E S8 |e|e |2 BB |2 58|27
Tasks ° S| 5| 2 5 | 8 = s | S| =||E|=E
BV S| S|P | 2B |2 |25 2||B|c®
> 2 | = v & s ||= | £ s
(=} 7 =% ]
3| & <3
[~ <
2 3*
cornjtrol crane 1,33 4 3 0 |Right| 1 1 3,5 4 1,5 | 5,5 10,64
mahual pallet transport(strong force) 1,33 | 4 | 45 24 |Right| 0 0 0 0 3 3 -
Eg;l 1es)port with wheelbarrow (moderate 1,33 | 4 |45 8 |Right| 1 0 0 0 3 4 21,95
transport withwheelbarrow (strongforce)| 1,33 | 4 | 4,5 24 |[Right| 1 0 0 0 3 -
prejparationto block discharge 1,33 | 4 1 4 |Rightf 6 35 0 35 0 14,63
moltarfpreparation 1,33 | 4 7 2 |Right| 1 1 3 1,5 | 45 17,96
liftjwald brick inf 3 kg 1,33 | 4 |25 1 [Right| 6 0 0 4 0 6 12,64
lift wall 4 to 7 kg (low - medium - high) | 1,33 | 4 | 2,5 6 |Right| 6 1 2 2 0 6 19,29
liftwall brick 8 to 11 kg (low-medium-high)| 1,33 | 4 | 2,5 8 |Right| 6 1 2 2 0 6 21,95
use plumb 1,33 4 0 0 |Right| 1 0 0 4 0 4 5,32
level use 1,33 4 | 4,5 0 |Right| 8 0 0 3,5 0 8 16,63
NOTE Considering the result of the intrinsic values of the OCRA checklist, the colours used for the OCRA checklist
results mean: white = no risk; light grey: borderline risk; medium grey: risk present; dark grey = high risk.
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7 Annual multi-task risk assessment of biomechanical overload for the upper

limbs

7.1 Gen

eral

To obtain the final risk index using the OCRA checklist method (see References [22] and [23] and
ISO/TR 12295:2014, Annex B) for multi-task analysis, the following steps are necessary (the example
refers to homogeneous group no.2).
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the tasks basic risk evaluation for each crop, it is necessary to calculate the intrinsic
1l the tasks present in the crop, that means evaluating each task as if it were the only
by a worker all the time (i.e. for the whole shift and the whole year). To estimate the intril
bf each task, reference is made to a shift constant featuring:

b0 net minutes of repetitive work (modal value = 440, duration multiplier = 1);
min meal break and two 8 min to 10 min breaks (recovery multipliér = 1,33).

sic risk index of each task is calculated by applying the QCRA checklist to all the tg
in the specific crop, for both the right arm and the left arm:The final indexes are entered i
riate areas of the specific simple tool, along with all the'scores for the various risk fact
bncy, force, awkward posture of upper limbs, additional) required by the OCRA checK

e B - Application of mathematical models and preliminary preparation of
working day representative of the whole year and of every month of the samg

s are proposed for calculating the:final exposure risk index for the whole year and for e
he same year [30];

hsed on the time-weighted average, calculation of the average value among the diffef
weighted by their duration:

her based on the MultiGEI based on the most overloading task (calculated with respec
al duration), asrthé’ minimum exposure score that can be increased versus the score of]
asks, taking theirrelative durations into account. The new MultiGEI formula derived dire
hultitask complex formula, used for daily turnover (see Annex B).

modelshave already been used for calculating the daily turnover, i.e. when the task rotat
hin, (time-weighted average) or outside (multitask complex) the 90-min timeframe. B
matical models have been used and adjusted for calculating annual and monthly multi-t
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In order to apply the models to annual and monthly exposure, it has been necessary to convert the data
relative both to the individual months and to the year into an artificial working day representative of
each month of the year first and then of the full year, respectively.

The steps necessary for performing this conversion, staring from data presented in Table 7 for
homogeneous group no.2 (detail in Annex B, also through calculation examples), are summarized as
follows:

— active tasks assessment (tasks actually performed by the homogeneous group) in each month and
over the entire year;

— task duration estimates in hours relative (net duration) to each month and over the entire year;
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— estimate of proportional duration of each task versus the total net number of hours worked each

month and over the entire year;

evaluation of artificial day, or fictitious working day, representative of the year, by dividing the

net hours worked/year (“net” means having excluded pauses, non-repetitive accessory

works) for

220 (predefined constant number of working days per year) and multiplying the result by 60, thus
obtaining the new duration in minutes, to proportionally represent the year. 1 790 h/year (default
constant of working days per year) corresponds to an artificial day of 480 minutes, with a multiplier

duration equal to 1. Reducing the duration of the artificial day, the duration multiplier

(Annex B)

becomes proportionally less than 1. Applied then to the result of the final risk index, it will reduce

it n]umyc in prnpnr‘ﬁnn to the actual duration. In this way the risk can bhe rpdn{‘nd, r

increasing the number of hours worked in the year compared to the default constanh‘/b

Figlire 5 compares the month-by-month results (for the right limb) using the two f lag
weighted average and MultiGEIl, as obtained automatically using the specific si tools.
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Ler interpret the results, the two formulae have been used also to calcula‘g%glje final ris
h month of the year, thus displaying the final risk index trends for each month of the year

ween the two final risk indexes formulae obtained with time-wei average and Mult
work is distributed differently over the various months of the‘yéar, the time-weight
mula tends to flatten the peaks, determining lower risk scores than the MultiTask Complg
ch is never lower than the highest peak, calculated for its % al duration.

h final risk index trends shown on a monthly basis, it is easier g\/{,‘%mprehend the

en a homogeneous group works for half the year but u{gking very few hours and at ve
three out of the six months, the discrepancy between the scores obtained using the timg
rage versus the MultiGEI is quite remarkable. Thefirst formula flattens the peaks for
h low or no exposure, while the second is base the estimated highest risk task, cong
insic duration.
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NOTE Considering the result of the intrinsic values of the OCRA checklist presented in the four fi@% the
colours usefl mean: white = no risk; light grey: borderline risk; medium grey: risk present; dark greypl/ risk.
N
Figure 5 — Exposure index scores (for homogeneous group no.1 in Table 2and for
homogeng¢ous group no.2 in Table 3, full-time) plotted by month over the who&‘)%ear, using both
the recommended formula &

In construction, the above job organization is anything but rare. Wor t\% be organized in mpny
different ways with respect to annual exposure; in Figure 6 some comm@ annual work scenarios|are
representdd.

The aim of{the approach described in this subclause is not to det me the causes and effects of mpny
common musculoskeletal diseases and disorders, but rather fer assessment options for tackling
and discussing the problem at hand.

The use of the OCRA checklist for analysing the risk o @%’mechamcal overload of the upper limbg in
farm work|can still seem very complex or at least tlms\@o suming

Arguably, ;nany farming activities need monitoringall year round in order to analyse and evaluate each
individualtask, and often the number of taskslis extremely high. However, it has been observed that
when the §ame techniques are used for the'sarhe crops, the tasks are always the same, and thus have
the same intrinsic OCRA checklist scores, Q’nce, it is possible to speak of finite variable farm work|i.e.
featuring yniform variables, which ca@g pre-set following an initial evaluation.

Going forward, efforts are being niade to develop a basic software for a specific cultivation with allfthe
specific infrinsic risk values of gach task as pre-set data. To assess risk for a homogeneous group (mpny
cultivations need the same t@ the appraiser has only to enter the farm-specific organizational dpta.

8 Annual multi %f@ risk assessment for working postures

8.1 The m,e{)eﬁg of postural tolerance

The earlie$t‘posture analysis methods[311[391[451[58] were those suggesting a global approach towqrds
analysing working postures. Most of the methods for working posture analysis do a satisfactory job of
identifying and describing which postures to assess and how to work out the final scores, but rarely do
they provide enough practical examples, especially in evaluating risk in complex multi-task activities,
with complex rotation between tasks during the year.

None of the methods deliver a seamless transition from description to assessment.[11].[17].[25].[33],[39] [44
1.146].[52].[55].[571.[59).[62] A meaningful contribution towards developing assessment methods will only be
made when significant certainties are reported in the evaluation of postural tolerance. What criteria
underpin posture evaluation and tolerance analysis? First, there needs to be a consensus that what is
being assessed is not the posture itself but how it is tolerated within a specific time, space and operating
environment. Hence, the question is: what postures can be defined as tolerable?
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The assumption put forward here is that for postures to be tolerable, they must not:

cause discomfort in the short term;

cause MSDs or diseases in the long term.

Short-term discomfort describes a feeling of fatigue, pain or both in a joint or ligament that develops
within the space of minutes, hours or days. However, with regards to this first requirement, preventing
incapacitating injury is not sufficient: complete wellbeing and comfort must be ensured at all times.

There can be no doubt, theoretically or otherwise, regarding the second requirement: postures must

not
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ultimately reach a final risk assessmentithrough a multifactorial approach that includes inj
Anizational aspects (frequency and \duration), awkward postures, subjective force and other factors.
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Analysing the tolerability of working postures for the spine when perfermi
nual lifting tasks, and for the upper limbs when performing repetitivesmoven
1 manual lifting: specific International Standards

specific International Standards applied to the ergonomics of designingand redesigning v
isk of biomechanical overload are ISO 11228-1, ISO 11228-2,1S0 11228-3 and ISO 11226.

se standards show that in order to study biomechanical overloadyand consequently the {
vorking postures (i.e. short- and long-term risk analysis), it is necessary to:

analyse all the risk factors present, including organizational factors; a multifactorial
strictly necessary;

consider the results of epidemiological studies (i,e. analysis and distribution of damage
exposed versus non-exposed workers) to first yalidate and then interpret the resulting

OCRA method for studying repetitive moyéments (see Reference [43] and [SO 11228-
SH method for studying manual load lifting (see References [19], [21] and [53] and ISC
h extensively validated in the literatute and suggested by the specific International

kward postures are therefore iheluded in both these evaluation techniques as one of s
ors

Analysing spinal working postures without manual load lifting and lower Ij
stures (primarily-static)

OCRA and NIOSH methods cannot cover every aspect of biomechanical overload due td
tures; there@ré& many jobs that do not entail lifting loads but still cause biomechanical
spine and lower limbs, primarily due to awkward static postures. Examples include b
‘kers, agricultural workers, kindergarten teachers, physiotherapists, and archaeologists.

b emphasized that the reconstruction of the type and also the duration of exposure f
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[ factors is essential for being able to judge tolerability levels. In fact, before analysing p

sture it is

nec

essary to analyse the tasks involved and how the work is organized.

Reconstructing the work of a homogeneous group of workers (or also of an individual worker) requires
knowing (as already described for the study of the biomechanical overload of the upper limbs):

what kind of task(s) are performed within the cycle (daily, weekly, monthly or yearly);

the duration of each task;

— what postures are adopted during each task and the duration of each of the selected postures.
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Although in the literature it is not difficult to single out which postures require evaluating, there are
major shortcomings regarding:

criteria for adjusting final scores based on task duration (job risk score);

criteria for adjusting scores for the various postures characterizing each individual task (intrinsic
task score), also according to the mutual different duration of each of the postures present in each

task.
Main tasks % distribution over 12 Main tasks % distribution over 12
months months

Wood [structure. Wood Preparation masonry;

cutting, transport, wa- — preparation the mortar, =
1 |terpro fing the wood and G |masonry marking; brick e

assembling boxes for con- transportation; raising ===

creting beams and col- the wall \J

umns.

Steel armour (beams, Internal mortar, trans-

pillars|and slabs) folding port of bricks, mortak
2 and cufting steel bars, po- - and wall mortar apphi- E

sitioning of the steel bars cation

in the box wood, trans- -

porting materials

Structures in concrete Externalmortar. Wall g
3 |(pillar] slab, beam) cast 8 |mortar.application g

concrefe, concrete finish =

Remgving wooden Preparation ceilingand

shapeg, cleaning; perform walls for painting, man- —
4 the sequence of removal of - o ual material transport 7

shapesfand struts; remove — -

shapes|from hard toreach| =~ <l :

places.[(04 people)

Waterproofing beam. Door. remove packaging,

Asphalt paint is applied _ remove wooden locks, _
5 |with two or three coats = 10 |fix the door in the open-

of the product. (02 people) | (FEAESAAS ing and apply expansive =

foam
Figure p — Examples-of different annual work scenarios in10 representative homogeneoug
groups in civilconistructions: tasks durations distribution in the different months of the
year frﬁn January to December (black area when the working time for month is higher than
160 hours)

The aim of the method proposed here is not to decide which posture should be analysed; extensive use
is in fact made of the ones currently featured in the literature and in current standards. The purpose
is rather to suggest how to time them correctly even in very complex scenarios, where workers are
exposed to multiple tasks and work cycles lasting longer than one day.

Since the data management activities and risk score calculations are so complex, a specific simple tool
(in this case the same spreadsheets before presented for repetitive movements, in which a specific
sheet is dedicated to the study of postures) have been developed to gather, condense and automatically
process the data.

This posture sheet, present in this simple tool, helps in implementing the strategy for calculating risk
associated with exposure to awkward postures, i.e. the TACOS model.[24],[25]
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8.4 The TACOS method: contents and criteria for back and lower limb posture analysis

As for the other topics in this clause, the methodological details for this topic are collected in Annex C,
dedicated to the analysis of working postures.

Figure 7 lists the main postures to study, broken down by main segment, and the specific scores
assigned. The postures chosen for this analysis are those used in various methods reported in the
literature and in International Standards; they have only been simplified or regrouped to ensure a clear
understanding.

As to the criteria adopted for assigning scores, note that the exposure scores simply rank postures from
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least to the most uncomfortable (generally from neutral to the most awkward). The risk
gned starting from the most comfortable posture (e.g. seated upright, reclining against3
pllows:

score 0,5 when the worker spends 1/3 of the time (approximately 20 % to 40.%);
score 1,5 when the worker spends half the time (approximately 40 % to60 %);
score 3 when the worker spends 3/3 of the time (approximately 60 Z\to 100 %).

the discomfort caused by the posture increases, the scores increase accordingly, start
ation of 1/3 of the time. The other scores start from this figure,‘which is then doubled or t
Fe tiring postures receive a score even if they are adopted Aot short periods (approximat
time). Scores range from 0,5 (lowest score for comfortable positions lasting up to 1/3 of t]
most awkward positions lasting the whole time).

ther words, these descriptive exposure indexes (a§’in all the other methods found in the
adjusted on the basis of the awkwardness andduration of the task: they cannot yet b
"isk indexes based on which future health isSues can be predicted (no method of ass
n exposure to awkward posture, present_incthe literature, is in fact able to predict the lil
PSS).

in overall approach towards identifying and describing postures and posture duration, th
eral rules were followed:

postures are not identified-and described for each area of the body to aggregate subse
proposed in other ergonémic methods (e.g. RULA, REBA, OWAS);

overall postures for different body segments (e.g. standing, sitting, squatting postures)
defined using sketchies and simple descriptions;

postures have/to be identified by task, and each task will thus be defined by the
characterizing it;

the duration of postures in each task can be readily measured with the help of pie chart
diffexent risk scores in function of the different durations; stopwatches are seldom requ

scores are
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5 depicting
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Thefigures—trelp—togrouppostures—intofive mainm—categortes—standingpostures;—sitting postures,
postures primarily involving the lower limbs, complex (mixed) postures involving many parts of the
body, and postures involving the cervical spine.

Since the maximum score is 14, a series of five categories has been arbitrarily defined, each with a
different colour (from green to violet), indicating the different degrees of awkwardness, also as a
function of the duration of the posture (Table 9).

This approach is adopted intrinsically for each posture and for the final outcome of the total task
analysis.
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Table 9 — Definition of risk areas, with different degrees of awkwardness, as a function of the

duration of the posture

Zone TACOS values Risk classification
Green up to 1,5 Optimal
Green 1,6 to 2,2 Acceptable
Yellow 2,3t03,5 Borderline or very slight
Red-low 3,6 to 4,5 Slight
Red-medium 4,6t09,0 Medium
Red high more than 9,0 High
8.5 Posture analysis of a multi-task job performed on a full-time or part-time basis wjith

yearly job rotation
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Table 7, thd
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In order tq
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for biomechanical overload. The OCRA method![211.[22].[49] for example)does just that.
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to the example of homogeneous group 2, whose organizational data are shown in Table 3

le final task score is about 50 %. As always, these studies featuring multi-task exposure s
f a standard shift, defined as a constant).

k can be characterized hyja single posture or multiple postures, it is important to check th

I

procedure entails the use of the specific sheet present as a simple tool (the Same spreadsh
g all different risk factors that determine the biomechanical overlpad as postures, mar
ushing/pulling).[69]

study biomechanical overload of the upper limbs as a whole| rather than examining d
ostures, itis necessary to apply a method that investigates,allrelated risk factors respons

fboth the left arm and the right arm, defining the awkward postures and assigning differ
ed on the region of the limb involved and the duration of the posture (Figure 8).

g the risk scores for each individual risk facfor, it is clear that the contribution of the post

sessment of the intrinsic risk of each task (as if the duration of the task corresponds to

, the intrinsic values obtained for-each task present in the cultivation and (sign in white |
in the year by homogeneous\group no.2 are provided.
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fures has to be-always be equal to 100 % (except when there are uncomfortable posture
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ic postural score is generated for each task as the sum (horizontal line) of the correspond
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can be used to estimate the risk indexes for the spine and lower limbs, i.e. both the time-weighted
average and the multi-task complex.

As final results (for homogeneous group no.2), the risk scores related to the study of the spine and lower
limbs are evaluated, both as a whole (applying the time-weighted average and the multi-task complex
formulae) broken down by the four main body areas (Tables 10 to 12): spine standing, spine sitting,
lower limbs, head-neck.

Figure 10 shows the proportional distribution of the different postures of the spine and lower limbs
in their entirety and Figure 11, extracted in summary from Figure 10, shows the awkward postures,
indicate as absolutely inadequate according to ISO 11226.
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= ~ @
- _ Arm more or less at
- ' shoulder height AND/OR 10 % 10 % 33% 33%
g { major extension
2 \ "B | Pinch or pal hook
— i - INEE O paimar or hoo 66 % 66 % 66 % 66 %
;@;\ grip (not power grip)
— \\ \
-' ) \‘\'. .“\ "‘,‘\
a g | A = N
7 0 ™ & Extrenmme wristdeviations 5079 5079 1T079% 10 %
l 3 i \\b\
. " 7
* e, Complete object rotation
o (prono-supination) or
8 &“ wide arm-forearm (elbow) 10% 10% 10% 10%
/ flexion-extension
Note Right Left Right Left
% distribution with
intrinsic‘distribution respect tp the
annual corfstant

Higure 7 — Summary of awkward postures as intrinsic values for the upper limbs, o
using the OCRA checklist method (homegeneous group no.2 full-time)
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Figure 8 — Main postures analysed using the TACOS method, indicating pre-aggregated body

postures and specific scores based on duration
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NOTE For estimation of exposure index, when a task is characterized by many postures, the sum, on

horizontal lines, of the percentage duration has to always be equal to 100 %, except when awkward postures of
the head and pedals are used.

Figure 9 — Estimation of intrinsic postural exposure indexes obtained by signing with “X”
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the pre-timed scores (on horizontal lines) for each posture characterizing the task (intrinsic

postures involve in homogeneous group no.2)

Table 10 — Intrinsic awkward posture scores for each task performed by homogeneous

group no.2
Control crane 72 10,5 4%
Manual pallettransport (Strong force) 72 VALY T%
Transport with wheelbarrow (moderate force) 72 8,0 4%
Transport fvith wheelbarrow (strong force) 72 12,0 4%
Preparatiop to block discharge 144 13,7 8%
Mortar prejparation 144 10,0 8%
Lift wall bifick inf 3 kg 144 13,7 8%
Lift wall 4 kg to 7 kg (low - medium - high) 216 13,7 12 %
Lift wall byjick 8 kg to 11 kg (low-medium-high) 216 13,7 12 %
Use plumb 144 13,0 8 %
Level use 144 18,1 8%
Table 11 — Homogeneous group no.2: awkward postures total final exposure scores

MultiGE annual score

Time-weighted average
annual score

13,9 10,7
Table 12— Homogeneous group no.2: awkward postures final exposure scores subdivided py
district
Head and neck Spine 1n_s§andmg Spine in sitting Legs
positien posture

31 % 70 % 0% 1%

2,6 9,8 0 0,3
NOTE The sum of the percentages for scores subdivided by district can be higher than 100 %, as some postures fcan

involve diffdg

rent body areas at theysame time (such as the head-neck).

30
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NOTE

%
Postures Hours .
duration
Ii*; Kneeling, squatting or sitting on the heels 0 0%
1 } N
Work on ladders. (rope, step, extension ladder, etc.), 14 1% |
?J' trees or scaffolding
Lumbar tract fully flexed (trunk flexed >60°) and/or o
?ﬁ(ﬂ trunk twisted 231 12% .
— = Lumbar tract semi-flexed with work area at approx.
{ Knee height with the trunk bent between 30° and 375 19 % ] J
60°) " {
Back in extension with upper limbs over the height 0 )
of the head 79 4% u R l :
A Standing with back straight (<20° of trunk bent): A Q°
- pushing, pulling or transporting (using medium- 144 7 % B %
I high force) X
1 Standing with back flexed (>20°-30° of the trunk N
l‘lﬂf' bent). Pushing, pulling or transporting (applying 187 9 % |
| } medium-high force)
l.'l ll Standing with back straight (<20 ° of the trunk
i1 ‘1 bent),with or without support of foot stool and/or 367 18 % I
! . using pedal
'. e Alternating standing (or using a sit/stand stool) and 0 0%
) ™ sitting, with back fully supported at all times
e
-"_ Seated , back full supported 0 0%
il O Seated back not supported (with or without back:
|_-r rest): lumbar spine kyphotic and / or flexed forward| 0 0%
I and/or twisted
# 9 Seated on low seat, back not supported ‘(with or
)i,? ]‘b'f without back rest): lumbar spine kyphotic and / or 0 0%
I flexed forward and/or twisted
1 . |Use of pedal with 1 or 2 feet (se%ged and/or
R dine: excludi hi . 0 0%
. r' » 1 standing: excluding ve ;c\@drlvmg)
:\\5 Driving with backfull'supported and use of pedal 0 0%
-
J} Use of highstdol (sedinpiedi) 0 0%
: &  |Use aPhigh stool (sedinpiedi) with lumbar spine 0 0%
) ,i{ flexed forward and/or twisted
P L : «|Knee supported on a work plan with trunk bending
)"‘L 4% _V|between 30 ° and 60 ° (or abdomen leaning against 0 0%
1L ,J_} a front support)
~.|'- Transporting objects (weight>15 kg) on head o
) and/or neck and/or shoulders 0 0%
far) L:' ", |Head/neck flexions and/or inclinations> 30 °,
t| i “  mainly static, and/or frequent rotations and/or 627 | 31% 1
+ o w lextensions

When the lumbar tract is kyphotic this means that its normal curve of lordosis straightens or reverses,
causing an increase in overload.

Figure 10 — Proportional distribution of different postures of the spine and lower limbs in

homogeneous group no.2, full-time
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Postures

Hours

%
duration

e
% sl

¥

kneeling, squatting or sitting on the heels

work on ladders (rope, step, extension ladder,

etc.), trees or scaffolding 14

1%

lumbar tract fully flexed (trunk flexed >60°)

and/or trunk twisted 231

12%

4

?

)

4

.

back in extension with upper limbs over the

height of the head 79

4%

transporting objects (weight>15 kg) on head 0 0 SN
and/or neck and/or shoulders )

seated back not supported (with or without back
rest): lumbar spine kyphotic and / or flexed
forward and/or twisted

standing with back flexed (>20°-30° of the trunk &N\
bent). pushing, pulling or transporting (applying | 187 9%
medium-high force)

)
&

seated on low seat, back not supported ( with or
without back rest): lumbar spine kyphotic and /
or flexed forward and/or twisted

Figure 1
limbs that

9 Annu
carrying

In order to
biomechar

out in Claulse 6.

1 — Proportional distribution of different awkward postures of the spine and lowe
are “absolutely inadequate” according to’ISO 11226, in homogeneous group no.2, f|
time

al multi-task risk assessment of manual material handling (MMH) and

study the annual expostre’risk for manual lifting of loads, it is necessary, as for all the ot
ical risk factors mentigned, to start from the quantitative organizational studies already

r
ull-

her
set

5 of

For this tdpic, also, the methodological details are collected in Annex B, dedicated to the analysi
repetitive movements aftd manual lifting, through the use of many applicative examples.

the
are
of

Starting frpm the.consideration that all the tasks that characterize a construction are repetitive for
upper extremities-(change of clothing, travel to reach the place of work and occasional maintenance

all considejred.to be non-repetitive work), the same repetitive tasks can also involve manual handlin|
loads (as tlfe-epefa%evs—ﬁ-ﬁ—aﬁd-ea%w—u&mg—ﬂae—u-pﬁepﬁm-bs).—F

Therefore, a task is not only repetitive for the upper limbs, only with load handling, only involving
incongruous postures or only with pulling and pushing. The evaluation criteria of the risk of
biomechanical overload involves rather the criterion of “... and... and... and...” not “... or... or... or...”.

The definition of repetitive movements and manual lifting or carrying comes from the presence of
positive answers to the specific key-questions according to [SO/TR 12295.

From Table 3 and Table 7 only the manual lifting tasks have extrapolated, by setting them alone in
Table 13 and 14, keeping their durations first in per cent and then in minutes.

Tables 13 and 14 show only tasks featuring MMH, specifically their duration in % and in hours of work
for each month of the year, the total duration of work over the whole year (576 hours only) and, in the
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same year, the % duration of the total hours dedicated to MMH versus the constant 1 760 h worked per
year. The set of tasks with manual lifting accounts for only 33 % of all tasks performed during the year.

Applying the same criteria as for other hazards that can cause biomechanical overload, the intrinsic
risk score for manual load lifting (the intrinsic LI) for each task is evaluated and presented in Table 15,
using the calculation techniques defined in ISO 11228-1 and ISO/TR 12295.[21].[33]-[67]

The manual load lifting work can be characterized as “mono task, composite task, variable task”. There
are no task rotations (sequential tasks) typical of assembly lines or workbenches with up to four tasks
rotated every few hours in the shift, since construction workers generally perform the same tasks for

several days.

long periods, i.e. over 2 h (see ISO/TR 12295 and References [21] and [67])

For|this reason, to calculate the intrinsic risk indexes (due to manual lifting in agriculture) foIr each task
present in a crop, it is important to stress again that the frequency/duration multipliermust

be used for

Taple 13 — Example of quantitative description of tasks with manual load lifting per jnonth for
homogeneous group no.2

Tasks

Jan

Feb

Mar

Apr

May

Jun

Jul

Aug

Sep

Oct

Dec

Confrol crane

Marjual pallet transport
(strpng force)

(mo(derate force)

Trapsport with wheelbarrow

(strpng force)

Trapsport with wheelbarrow

Preparation to block dis-
chafge

10 %

)

10 %

Moiftar preparation

Liftjwall brick inf 3 kg

Liftjwall 4 kg to 7 kg (low -
medium - high)

15 %

15 %

15%

15%

15 %

15 %

15% | 15%

Liftjwall brick 8 kg to 11 kg
(low-medium-high)

15 %

15 %

15 %

15 %

15 %

15 %

15% | 15%

Use|plumb

Levgl use

over the year

Table 14 — Net duration of tasks (hours) with MMH performed by homogeneous grqup no.2

Tasks Jan

Mar

Apr

May | Jun

Jul

Aug

Sep

Oct | Nov

Dec

% total
hours/
year with
MMH

Net
hours/|
year/task

% ona
year con-
stant

Confrol'crane -

Ma

ual pa]]pf

transport (strong | -
force)

Transport with
wheelbarrow -
(moderate force)

Transport with
wheelbarrow -
(strong force)

Preparation to
block discharge

15,8

14,4

14,4 | 13,7

14,0

14,4

14,4

14,4 | 14,4

14,4

25%

144,1

8%

Mortar prepara-
tion

Lift wall brick inf
3kg
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Table 14 (continued)

% total o
hours/ Net % on a
Tasks Jan | Feb | Mar | Apr | May | Jun | Jul | Aug | Sep | Oct | Nov | Dec ear with hours/ | year con-
y MMH year/task| stant
Lift wall 4 kg to
7 kg (low - medi- - - 23,7 | 21,6 | 21,6 | 20,5 | 21,0 | 21,6 | 21,6 | 21,6 | 21,6 | 21,6 | 37,5% 216,2 12 %
um - high)
Lift wall brick
8kgto 11 kg - | - 237|216 216 | 205|210 | 216 | 21,6 | 216 | 21,6 | 21,6 | 375 216,2 12%
(low-medi-
um-high)
Use plumb - - - - - - - - - - - - - - =
Level use - - - - - - - - - - - - - - -
Total - - 63 58 58 55 56 58 58 58 58 58 100 % 57644 33%

Table 15 +— Intrinsic risk indexes of tasks with manual load lifting for homogeneous group np.2
calculated considering different genders and ages

Tasks Acfgi:;tl&f{ks Adult males | Adult females yogxllc,tl;?;?rlllz;iles (;;::;;:ﬂ
emaleg
control crane| - - / - -
manual pallef transport (strong force) - - . - -
transport wiqh wheelbarrow (moderate force) - - - - -
transport with wheelbarrow (strong force) - - - -
preparation tp block discharge 1,%9\@ ) 1,50 1,50 2,00
mortar prepafration - - - -
lift wall brick{inf 3 kg - - - - -
lift wall 4 kg o 7 kg (low - medium - high) 0,80 1,00 1,00 1,33
lift wall brick|8 kg to 11 kg (low-medium-high) 1,36 1,70 1,70 2,27
use plumb 4 - - - -
level use - - - - -
NOTE Considerjing the result of the intrinsic values of the NIOSH method, the colours used mean: white = no risk; light grey: borderline risk; medium grey:
risk present; dgqrk grey = high risk.

Once the intrinsic risk scores, hours and percentage duration of each task have been calculated, both
within eadh month of the yeat_and over the whole year, it is possible, by calculating the artificial
working days representatiye.of'each month and of the whole year, to calculate the final risk indexeg. In
the examples in Tables 13~and 14 the artificial working day representative of the year for manual Ipad
lifting is obptained fromEormula (2).

M qa=Hwy,/Cpy %60 (2)
where

M;,q s the artificial working day in manual lifting in minutes;

Hy,  is worked hours per year with manual lifting;

Cpy is the number of worked days per year (constant: 220).

Assuming Hy,, is equal to 576 hours per year, M, q is 157 min.

Considering an artificial working day representative of the year duration of 157 min, the corresponding
duration multiplier is 0,65. The procedure and formulae [Formula (B.6]] are the same ones used for
calculating exposure to repetitive movements and awkward postures of the spine (without load lifting)
and lower limbs.
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Figure 12 shows examples of manual load lifting risk assessment in homogeneous group no.2, where
manual handling is present but only in some tasks of the crop and not performed for the whole shift
(Tables 13 and 14). The only model used to calculate monthly and annual risk indexes is the MultiGEI. In
fact, the NIOSH method never employs computational models that use the time-weighted average.

Jan Feb Mar Apr May  Jun Jul Aug Sep Oct Nov Dec Oct Nov Dec

0 =g=male

AQ
------ female-older/younger male
&L

= .== older/younger female \

a) NIOSH manual lifting index: distribution of exposure indexe@l the months of the|year ob-
tained with the MultiGEI formula for %ﬁup no.2.

Z
0,76 adult male (19-45 years old NS
( y ) OQ
Y
0,96 adult female (19-45 years old) ‘\0\\
7
0,96 younger and older male (>45 years ols@\

- younger and older female (<19 y‘e®$old)
AN\

b) NIOSH manual lifting indexes for thg‘@?al year, gender and age, in homogeneous group no.2
usipg the multiGEI formula -

NOTE Considering the result of the @}r\msic values of NIOSH method, the colours used mean:{white = no
risk; light grey: borderline risk;&’edium grey: risk present; dark grey = high risk.

Figure 12 — MMC fma(,exposure indexes for gender and age (relative to the homoggeneous
O groups no.2
N

S
10| Annual @%-task risk assessment of pushing and pulling

In grder t dy the annual exposure risk for manual pushing and pulling it is necessary, ds for other
fact or@tart again from the quantitative organizational studies already set out in Clause 6.

: 3 during the year,
only tasks as for the tasks w1th MMH 1nvolv1ng pushlng and/or pulhng are actlvated (deflned by the
presence of positive key-questions, according to ISO/TR 12295).

Tables 16 and 17 show examples of tasks featuring pushing and/or pulling, their net duration in hours
for each month of the year, the total duration of the work over the whole year and, in the same year, the
percentage duration of the total hours dedicated to pushing and/or pulling versus the constant 1 760 h
worked per year.

Applying the same criteria as for other hazards, that can cause biomechanical overload, for each
task intrinsic risk scores are calculated using the calculation techniques defined in ISO 11228-2 and
ISO/TR 12295. Again, the intrinsic risk indexes have to be calculated for each task as if that task lasted
for the entire shift (Table 18).
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Once the intrinsic risk scores, hours and percentage duration of each task have been calculated,
both within each month of the year and over the whole year, it is possible to calculate risk indexes by
calculating artificial working days representative of each month and of the year.

Table 16 — Percentage duration of pruning and harvesting tasks with pushing
and/or pulling per month for homogeneous group 1 - full-time

Tasks Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Control crane - - - - - R R

?/[amaal pallet transport (strong . ) 50 50 50 50 50 50 50 50 50 59
orce

. 4
Transport with wheelbarrow 0
(moderate fofce) - - 5% 5% 5% 5% 5% 5% 5% 5% 5°/<\l}g%

. —
Transport with wheelbarrow : } 50 50, 50, 504 50, 50, 504 504 Gj"% 506
(strong force

Preparation tp block discharge -- - - - - - -

Mortar prepafration -- - - - - - -
Lift wall bricl inf 3 kg -- - - - - - - - s

Lift wall 4 kg[to 7 kg (low - medi-
um - high)

Lift wall brick 8 kg to 11 kg
(low-mediumtrhigh)

Use plumb -- - - - - - -

Level use - - - - - - E

Table 17 — Duration in hours of pruning and harvesting tasks with pushing
and/or pulling per month for homogeneous group 1 - full-time

% of total
hours per
year at
MMH

Hours per
year per
task

% on a ylear

Tasks constapt

Jan
Feb
Mar
Apr
May
Jun
Jul
Aug
Sep
Oct
Nov
Dec

Control crang - - - - 1 - - R - _ - - _ R B

3
Manual palleftransport | | _ | 79 ()72 68|70 |72]72|72]|72]72 33% 72,1 4%
(strong force

Transport with wheel- 2 )7, 726870727272 ]|72]72 33 % 72,1 4%
barrow (modgrate force) |

Transport with wheel- D79 |72 72 68|70 |72 72|72 72] 72 33% 72,1 4%
barrow (stropg force)

Preparation tp block
discharge

Mortar prepajration -- - - - - - - - - - - - - - -
Lift wall briclf inf3kg -- - - - - - - - - - - - - - -

Lift wall 4 kglto Zkg
(low - medium - high)

Lift wall brick 8 to 11 kg
(low-medium-high)

Use plumb -- - - - - - - - - - - - - - -

Level use -- - - - - - - - - - - - - - -
Total - - |22 (22|24 |22 (22|20 |21 22| 22|22 100 % 216,2 12%

This procedure is the same one used for calculating exposure to repetitive movements, awkward
postures of the spine (without load lifting) and lower limbs and MMH [Formula (B.6)].

Figure 13 shows the final risk assessment for pushing and/or pulling in homogeneous group no. In the
graph, for clarity problems, the following values are shown (separately for males and females): the worst
peak value obtained between pulling and pushing (if both are present) and the worst maintenance
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value obtained between pulling and pushing (if both are present). To determine monthly and annual
risk indexes only the MultGEI model is used, as for repetitive movements, awkward postures and MMH.

11

Manual material carrying (MMC) risk assessment

For this risk factor, as there are no computational models that can be applied to multi-tasking at cycles
other than daily, it can be sufficient to identify a homogeneous group and then evaluate it for risk-based

on:

the most representative modal day of the year and its frequency of occurrence, in per cent, during

To iindertake this analysis, ISO 11228-1 is used.

the year; 0.)
the worst day of the year and its frequency of occurrence, in per cent, during the y@/

the easiest day of the year and its frequency of occurrence, in per cent, durng( year.

In thore complex cases, it can be sufficient to use the quick assessment /(Both carrying angl pushing/
pulling, as presented in Annex A and in ISO/TR 12295 and ISO/TR 23
Table 18 — Intrinsic exposure indexes from pushing and{g@ullmg for homogeneous group
no.2
o
Pushing \\}\\ The worst between pulling and gushing
Tasks male mAaf& male male
Peak values ! %Fl; hance Peak values Majntenance
\ ues values
Manual pallet transport (strong force) 3,0 . @* 3,0 3,0 3,0
Matlerial transport with wheelbarrow of 1 A\
15 1,5 1,5 1,5

whdel (moderate strength) \O

Material transport with wheelbarrow of 1 X é% 3,0 3,0 3,0

whdel (strong force) N\

ec

Jan Feb  Mar Aprc)QIay Jun Jul Aug Sep  Oct Nov Dec Oct Nov [

a) Pushing/pulling exposure indices: distribution of exposure indexes in different months of
the year obtained using the MultiGEI formula for homogeneous group no.1, full-time

0,64 Peak -male ——
0,50 Maintenance -male -
0,95 Peak -female —_——

0,90 Maintenance -female

©IS
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b) Pushing/pulling exposure indexes: for total years obtained using the MultiGEI formula for

homogeneous group 1, full-time

NOTE Considering the result of the intrinsic values of pushing/pulling exposure assessment method,
the colours used mean: white = no risk; light grey: borderline risk; medium grey: risk present; dark
grey = high risk.

Figure 13 — Pushing/pulling exposure indexes (relative to homogeneous group no.1
full-time) calculated using the MultiGEI model for each month of the year and the whole year

12 Conc

This docup
which incly

a)

b) manus

repeti

€) pushiy

d) awkw

Criteria and measurement methods already included in International Standards for biomechan

studies (I
ISO/TR 12
to multiplg
cycle).

Considerin
with the u
two free d
and discon
movement

to overconpe the inherent difficulti€s mentioned. The International Ergonomics Association (IEA)

WHO have
methods b

Given the

(using the
risk factor
preliminar

which pridrities-have to be addressed by more precise risk assessments.

usions

hent discusses the complex procedures for addressing biomechanical overload in dgricult
1de analysing the risk of:

[ive upper limb movements, including awkward posture of upper limbs;
] handling of loads and carrying (including awkward posture of sping-during manual lifti
g and pulling;

hrd postures in sitting and standing position for lower limbs’and spine.

50 11228-1, ISO 11228-2 and ISO 11228-3) and ‘static working postures (ISO 112
P95 and ISO/TR 23476) have been proposed and:adapted to agricultural work with exposg
tasks which can change qualitatively and quantitatively over the course of the year (any

g the amount of data to be collected and written up and the amount of calculations to be d
ce of complex formulae, to make reliably easy and therefore possible such risk assessme
pwnloadable simple tools (worksheéts) were created, one for global pre-mapping of dan
hfort and the second to enable the'real risk evaluation of biomechanical overload (repeti
5 of the upper limbs, manual load lifting and carrying, awkward posture, pushing pulling]

been recommending for_years that those who do prevention are offered not only evaluatf
ut also simple tools.to make them easily applicable.

fomplexity of riskiassessments, the suggestion is to start with a simple qualitative anal
approach that\employs key-questions and quick assessments), not only for biomechan
5 but for albrisks, so as to undertake a sort of global risk pre-mapping exercise, and in

y stage-Of the risk analysis highlight the presence of any discomfort and danger and sugg

The two si

hiple tools for dealing with this initial stage of the analysis, free to download, are:

ire,

lical
26,
ure
ual

ne,
nts,
ger
[ive
[64]
hnd
ion

sis
lical
this
rest

— pre-mapping ERGOCHECK for construction;[©8]

— pre-mapping ERGOCHECK for annual cycle.[68]

Figures an

d examples in this document derive from the two worksheets.

In all situations where it is not possible to complete the evaluation phase for real risk (e.g. no experience
in ergonomics field, small businesses), pre-mapping at least generates one document itself sufficient to
indicate the presence of potential risk factors and the priority with which they can be addressed. The
evaluation can stop at this first step.

This document also suggests how to conduct the assessment of real risk, illustrating the relevant

principles and criteria and offering in the annexes examples of applications. It also provides strategies
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for applying risk calculation methods (OCRA multitask for repetitive movements, NIOSH for manual
variable load handling and TACOS for studying and timing awkward postures of the spine and lower
limbs in multitask analysis and pushing/pulling).

The simple tool VINCI Multitask to conduct the assessment of real risk is also available, free to
download.[69]
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Annex A
(informative)

Initial identification and preliminary assessment (pre-mapping)
of potential risks: criteria and presentation of a specific simple
tool that allows its application

A1l Aim

The fact that farm workers often carry out numerous activities on different days or in different morjths
of the year makes risk assessments extremely complex (see References [9], [10], J48]; [20], [27], [[28]
and ISO/TR 12295). This is why it is crucial to conduct an in-depth preliminary apalysis on how work in
constructipn is organized.

The purpoge is to report exposure which, in construction settings, tends towary in duration at diffefent
times of tHe year and therefore to be associated with different risk factors. Without this informatjon,
risk levelsican clearly be regarded as identical regardless of whetheprworkers are exposed to full-time,
part-time ¢r seasonal work.

Given the ¢omplexity of organizational studies in constructionja’simple yet specialized digital tool has
been developed to help operators pre-map the discomfort aid dangers involved in work. This togl is
illustrated|in this annex.

Two simpl¢ spreadsheets models, free to download, arg“available:[68]

— pre-mapping software ERGOCHECK, specificifor construction: this model (no.1) is a universal|list
of the most representative civil constructiofntasks model, already broken down into macro-phdses
and tapks, that can be adapted to otherconstruction sectors and is the easier of the two to use; this
is the model used in all the examples-inthis clause;

— pre-mapping software ERGOCHECK for annual cycle exposition: this model (no.2) uses the same
calculation structure of modelno.1 but the macro-phases and tasks are blank. It can be used not gnly
in all the construction sectors'and in agriculture but also in other working sectors in which many
differdnt tasks are performed at different times throughout the year. (e.g. supermarket, cleaning).

The main flocus is on the first model.

A.2 Gerneral pre-mapping model for civil construction - A facilitated
organizdtienal analysis

A.2.1 General

The general organizational process underlying a pre-mapping analysis, or an actual exposure risk
assessment, requires a step-by-step approach. First of all, the various tasks involved in civil construction
process have to be identified from the qualitative and quantitative standpoint. Next, the distribution of
tasks throughout the year is analysed. Lastly, the tasks are matched to the workers and the workers are
divided into homogeneous groups. This complex study, including the pre-mapping part, is illustrated in
the following subclauses.

A.2.2 Phase 1 - Identification of tasks involved in building construction

As it is so inherently difficult to identify macro-phases, phases and tasks in the construction as well
as in agriculture,[22]-[251[27][28] 3 kind of a universal representative civil construction system has
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been developed that enables even beginners to conduct a preliminary organizational analysis in an
construction setting.

It consists of macro-phases that include a certain number of typical tasks broken down by type,
technique and tool(s) used or load(s) lifted (Table A.1).

Table A.1 — Principal tasks characterizing a universal civil construction form

Macro-phases Phases Tasks

common tasksat |Mechanized crane operation - street level
all gtages

material transportation
(aa) operation with high cab crane

transport with electric pallet
transport with manual pallet
transport with 4-wheel cart
transport with 2-wheel cart

transport with mason wheelbarrow

manual transportation: manual transportation weightkg = inf. 3
weight per person. manual transport weightkg =4 to 7

(ag) manual transportatign weight kg =8 to 11
manual transpottation weight kg =1 to 15
manual transportation weight kg = 16 to 25
manual tpansportation weight kg = 26 to 40
manuaktransport weight kg = 4 to 7 (head or shoulder)
manual transport weight kg = 8 to 11 (head or shoulder)
manual transport weight kg = 12 to 15 (head or shoplder)
manual transport weight kg = 16 to 25 (head or shoplder)
manual transportation weight kg = 26-40 (head or §houlder)

manual transport weight kg = sup 40 (head or shoulder)

work tool working tools drill

pneumatic hammer
electric screwdriver
electric cutter
milling machine
hammer

cutter

circular saws

hand cutting saw

alternative saws
screwdriver

manual pliers and other like it

foundation exca- delimitation of building marking of reference points
vation and armour |site (plant) with reference
positioning points

manual fixing of the wooden props to the ground
fixing side boards in the jig with nails

plumb line positioning to delimit the foundations

initial preparation of the |excavation of land with tractors
soil

levelling/ backfilling ground with tractors
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Table A.1 (continued)

Macro-phases Phases

Tasks

excavation with drilling
equipment

positioning foundation
armour

positioning of foundation
beams

positioning drilling equipment
check excavation with rotary drilling tool

manual removal of land near the machine drilling

positioning of the armour irons inside the holes of the founda-
tion

construction of connection beams with wood and concrete

removal of wood

manual excavation for
pipes
land compaction

castings
(=]

homogenization of concrete with vibration equipment

manual removal of wood shapes from foundation beams

manual excavation for passage of underground pipe

land compaction with specific vibrating toel

support supplies preparation of wooden

panels (shapes)

lation

construction w@od shapes
for pillars (farmwork)

beam assembly

receiving and sending spare parts for storage and cutting
areas

align, cut, adjust parts

cut panels according to the project
number of panel according to-the project
storage of panels in a clean area
preparation of the pillar forms
preparation of bedm shapes

prep. external wooden panels with cutter

waterproofing wood shapes

wood panel (shape) instal-

angulay anchorage support for wooden pillars
waterproofing application in pillar forms
installation of wood shapes on the floor
installation of internal forms

installation of external security armour

placement of armour in the pillar
assembly of the pillars wooden form
pillar filling with concrete
homogenization of concrete with vibrator

removal of wood forms of pillar

placement of armour within the shape of beams

assembly of beam shapes with wooden form

pillar filling with concrete

laying of floors (ceilings)

homogenization of concrete with vibrator

removal of wooden beam shapes

assembly of vertical and horizontal support bridges
panel assembly

assembly of beams and bricks

building floors/
ceiling

laying support material

42

placement of punches

placement of cross beams

placement of panels, prefabricated beams and special bricks
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Table A.1 (continued)

Macro-phases

Phases

Tasks

floor/ceiling assembly
(pre-manufactured)

piping installation

prefabricated slab positioning

transport and positioning of the electro-welded network

fixing of the electro-welded network

preparation of cable and tube passage - (electric)
transportation of pipes and cables

pipe cutting and insertion

concrete distribution

disassembly of the struc-
ture

fixing the tube in the electric passage box

automatic pump driver operator of concrete launch

filling slab with concrete using bucket
filling slab with concrete using pump
homogenization with vibrator

wet concrete with water barrel
spreading concrete with shovel
concrete levelling with metallic ruler

concrete levelling with'laser level

shoring removal

formwork removal with crowbar

wa
wit

| construction
h bricks

external and internal wall
construction with bricks

preparatiofref cement mortar

lift brickswall 0 to 3 kg (low-medium-high)

lift brick wall 4 kg to 7 kg (low-medium-high)
liftbrick wall 8 kg to 11 kg (low-medium-high)
lift brick wall 12 kg to 15 kg (low-medium-high)
lift brick wall 16 kg to 25 kg (low-medium-high)
lift brick wall sup 25 kg (low-medium-high)
using plumb-line in the construction of wall
using bubble level tool

side jamb installation

installation jamb to window

and

rtar application
| finishing

facade coating - external

internal wall, beams and

cement mortar application with projector

external coating and finishing with trowels and flo4

smoothing with rod

cement mortar application - external - with scaffold

ing

internal wall covering with projector

pittar; window, doors,
ceiling mortar

finishing

floor levelling mortar

external coating and finishing with trowels and floats

smoothing with rod

spreading running pasta (thin) with roller

smoothing with spoon
smoothing with rod

small defects closure with trowel

spreading and flattening cement mortar with hand tool

spreading adhesive mortar with toothed spatula
placement of ceramic on floor

performing joint
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Table A.1 (continued)

Macro-phases

Phases Tasks

waterproofing

waterproofing waterproofing with liquid blanket

tions

electrical installa-

electrical installations -  |electrical installation: piping

electrical cable installations in the slab

external coating

external coating adhesive application (special mortar)

laying the coating on the adhesive

other other external coating application
internal copting internal painting application of the wall putty
(painting) drywall sanding wall putty
application of the sealant or preparatory base
roller paint application
brush paint application
roof assemply roof assembly -structure |structure assembly
manual parts handling (see manual transportation)
cover assembly (electric screwdriver)
A.2.3 Phase 2 - Identification of a homogeneous group
The first §preadsheet model mentioned in A.1 (no.1) requires<the completion of an organizatignal
analysis that is presented on spreadsheet page 1 (1-organizatien) and begins with the identificatioh of

homogene

The next s
the homog
workers, a
sometimes
quantitatiy

In the mai(ﬂl

in many
characteri

Dus groups.

tep is to assign tasks to individual workers orgroups of workers exposed to the same r
eneous group. When tasks of the same type<nd duration are assigned to the same grou
homogeneous group can be spoken of in terms of risk exposure. A homogeneous group
comprise one person, if no other workers perform the same task (from the qualitative
re standpoint).

text of this document it has already been noted how a work can be distributed and organi
ifferent ways during an annual cycle. In Figure 6 some common annual work scenar
stic of respective different homogeneous groups, were represented

When usinlg the pre-mapping software ERGOCHECK, specific for construction (no.1) a new file has t

create for

Having op|
necessary
(including

pach homogeneous group assigned to some tasks during the year.

ened the predefined universal civil construction system document page, first of all
to write, for’each worked month, the number of hours worked per person in that m
all the tasks performed that month).

Subsequently.dan{X” has to be placed in the appropriate box to activate the tasks (in columns) perforr

by the hor

isk:
b of
can
hnd

zed
ios,

be

t is
nth

ned

hogeneous group, in each month of the year, for subsequent analytical quantification.

he

various tasks performed during dilferent months of the year are thus recorded qualitatively and
quantitatively (in percentages). The sum of the percentages indicated for each month (at the end of each
column) must always equal 100 %. The percentages need not be perfectly accurate; they only describe
the proportion of time spent each month performing a certain task.

Table A.2 shows an example of a form filled out for the homogeneous group no.2 (wall construction),
This homogeneous group of about 5 male workers performs many tasks that are variously distributed
throughout the year. For reasons of space, only the tasks performed by the homogeneous group no.2 are
here reported, with their proportions of presence in each month of the year.

To report the quantitative data required to define exposure durations, it is necessary to enter the
number of hours worked by each worker each month. As the group is homogeneous, all the members of
the group work the same number of hours.
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A.2.4 Phase 3 - Definition of duration multipliers for adjusting the different risk scores
based on their specific duration

The software (no.1) then converts the total number of hours worked per month, using the specific tasks
duration percentages, into tasks duration hours, with respect to the default constants of 160 h/month,

which corresponds to 8 working hours per day (430 min to 480 min), 5 days a week, 4 weeks a month.
[22]-[27]

Therefore, if the percentage is 100 % that means that the number of hours worked that month is the
same as the constant. If the percentage is higher or lower, it means that exposure to work-related risk is

pr pnrfinnnﬂy greater or lesser: deviations from the exposure constants become the basic criteria for
calqulating variations in risk levels (or priorities) as a function of changes in exposure duration.
Tlable A.2 — Identification in the predefined universal civil construction of tasks performed
by homogeneous group no.2 (tasks have to be activated by entering an “X"lin-column “active
tasks”)
]
2
<
L. - o] S > = ~ [=T)] (=9 - > 5]
<
All the repetitive TASKS g s z g El = g 2 3 2 a8
3
<
Hoyrs worked per month 220 | 200 | 200~\190 | 195 | 200 | 200 | 200 | {200 | 200
Crajpe operation - street level X 2% | 2% | 2% 1 2% | 2% | 2% | 2% | 2% |[2% | 2%
Manual pallet transport X 2% | 2% [\2% | 2% | 2% | 2% | 2% | 2% |[2% | 2%
Trapsport with mason wheelbarrow X 2% | 2% 2% | 2% | 2% | 2% | 2% | 2% |[2% | 2%
Use|of hummer X 1% (\1% | 1% [ 1% | 1% | 1% | 1% | 1% |[1% %
Uselof screwdriver X T%Y) 1% | 1% [ 1% | 1% | 1% | 1% | 1% | [1% %
Uselof manual pliers and other like it 1% | 1% | 1% | 1% | 1% | 1% | 1% | 1% ||[1% %
Preparation of cement mortar X 5% | 5% | 5% | 5% | 5% | 5% | 5% | 5% [|5% | 5%
Liffbrick wall 0 to 3 kg (low-medium-high) X 10% | 10% | 10% [ 10% | 10% | 10% | 10% | 10% | 0% | 10 %
Lifgbrick wall 4 kg to 7 kg (low-medi- X 110% | 10% | 10% | 10% | 10% | 10% | 10% | 10% | [0% | 10%
umthigh)
. Egﬁ)‘ wall 8 kg tol1 kg (low-medi- X 110% | 10% | 10% | 10% | 10% | 10% | 10% | 10% | [0% | 10%
Lifgbrick wall 12 kg to15 kg (low-medi- X 1150 | 150 | 15% | 15% | 15% | 15% | 15% | 15% | 15% | 15%
umthigh)
Lifgbrick wall 16 kg to23.kg (low-medi- X 1150 | 15% | 15% | 15% | 15% | 15% | 15% | 15% | [5% | 15%
umthigh)
Lifgbrick wall sup»25 kg (low-medium-high) X 10% | 10% | 10% [ 10% | 10% | 10% | 10% | 10% | 0% | 10 %
Usipg plumb-lin€ in the construction of wall X 10% | 10% | 10% [ 10% | 10% | 10% | 10% | 10% | 0% | 10 %
Using bubhblelevel tool X 2% | 2% | 2% | 2% | 2% | 2% | 2% | 2% | [2% | 2%
Sid¢ jamb installation X 1% | 1% | 1% | 1% | 1% | 1% | 1% | 1% [[1% | 1%
Installation jamb to window X 3% | 3% | 3% | 3% [ 3% | 3% | 3% | 3% | 3% | 3%
Total % 100% |100% (100 % | 100% 100% [ 100 % | 100 % |100% [ 100 % | 100 %

The graph in Figure A.1 shows the percentage of hours worked per month (by homogeneous group no.2
in the example depicted in Table A.2), obtained by dividing the number of hours/month/workers by
160 h/month constant. The curves in the red area (here in grey) indicate levels above the constant; the
number of hours worked per month is also not evenly distributed.

Itis now possible to assign these duration percentages, on a month-by-month basis, to certain risk factors
where the total number of hours worked coincides with the duration of exposure to that particular risk
factor. Repetitive movements, awkward postures, lighting, micro-climate, UV radiation from outdoor
work and biological pollutants are almost always present during the all shift and inherently linked to
building work.
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In Figure A.1, the graph indicates the duration in hours worked in the artificial working day. This
calculation converts the total duration of hours worked/year into a single day by comparing the
constants. In the calculation, 100 % means that the year is equivalent to an artificial 430 min to 480 min
per day (duration multiplier = 1, for the duration factor, as per the OCRA checklist method). The number
of hours worked per year in the example amounts to 2 005 (which is very close to the constant 1 760 h/

year).

Hours - - 220 200 200 190 195 200 200 200 200 200
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
0% 100% 138% 125% 125% 119% 122% 125% 125% 125% 125% 125%

150 %
140 %
130 %
120 %
110 %
100 %
90 %

80 % /\Q
70 % A
60 % - Q‘
&

40 % - O
30 % |

20 % -

10 %
0% N

No. of houys worked/year: 2005 QQQ

NOTE The grey area in the graph indicates that the constant has\hh\en exceeded.

7
Figure A.l — Graph plotting the worked hours for ’r}ﬁ and the monthly distribution of tagks
durations, indicated in per cent versus a constz&k 0 h/month for homogeneous group no.2

O
Dividing this figure of 2 005 hours by 220 w i(\’ng days/year and multiplying the result by 60, |the
number of minutes in the artificial workin&é&y representing the time worked in the year can be
calculated| 547 min in this example.

Based on the data shown in Table §Tiilustrating the duration multipliers used to adjust the fisk
indexes as|a function of task dur , as per the OCRA checklist), it can be seen that the multiplier
g)o 1,5 (150 %). Therefore, the risk calculated for this situation ill

correspongling to 547 min is e
change thq results, increasin&n proportionally.

Table A.3 — Duratio&@l tipliers for adjusting exposure indexes as a function of task duration

0\7‘ Duration multipliers used for the OCRA checklist
Net ti % Net time
,I{%“ Duration multiplier ) Duration multiplier
min min
0 ﬂ/nr o007 241 4 200 faWelel
U1L,00 U, UVu7 7T1 U OUU U, 00
1,87 to 3,74 0,018 301 to360 0,925
3,75t0 7,4 0,05 361to 421 0,95
7,5 to 14,99 0,1 421to 480 1
15 to 29,99 0,2 481 to539 1,2
30 to 59,99 0,35 540 to599 1,5
60 to 120 0,5 600 to 659 2
121 to 180 0,65 660 to 719 2,8
181 to 240 0,75 720 4
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When considering tasks that involve lifting loads weighing 3 kg or more, it is essential to examine
the actual duration of such tasks throughout the year, which is undoubtedly lower than the duration
attributed to the aforementioned potential risk factors (because not all the tasks listed involve manual
load lifting).

These critical data are easy to obtain (in order to avoid overestimating exposure) by placing an “X” in
the form against tasks featuring the characteristics indicated here: the hours of exposure automatically
appear for each individual task along with the total for each month.

The total worked hours in manual handling and the estimated percentages are then calculated with
respect to the constant 160 hours per month (Table A.4).

able A.4 — Calculation of sum of hours worked/month/year only for tasks thatinvplve the
anual lifting of loads weighing equal to or more than 3 kg and calculation,of % versus the
constant 160 h/month
2
. E = » > = — o0 a = > v
All the repetitive tasks 2 S z S =l El 2 2 S ] g
p=
<
Hoyrs worked per month 152 138 138 1 135 138 138 138 138 138
Crahe operation - street level - - - - - - - - - -
Manual pallet transport - - - - - - - - - -
Trapsport with mason wheelbarrow - - = - - - - - - -
Usefof hummer - > - - - - - - - -
Uselof screwdriver - ¥ - - - - - - - -
Uselof manual pliers and other like it - - - - - - - - - -
Preparation of cement mortar X 11,0 10,0 10,0 9,5 9,8 10,0 10,0 10,0 10,0 10,0
Lift|brick wall 0 to 3 kg (low-medium-high) X - - - - - - - -
Liftbrick wall 4 kg to 7 kg (low-medium-high) X 22,0 | 20,0 | 20,0 19,0 19,5 | 20,0 | 20,0 | 20,0 | |20,0 | 20,0
Lift|brick wall 8 kg to 11 kg (low-medium-high) X 22,0 | 20,0 | 20,0 19,0 19,5 | 20,0 | 20,0 | 20,0 | |20,0 | 20,0
Liftbrick wall 12 kg to 15 kg (low-mediumshigh) X 33,0 30,0 30,0 28,5 29,3 30,0 30,0 30,0 30,0 30,0
Liftbrick wall 16 kg to 25 kg (low-medium-high) X 33,0 | 30,0 | 30,0 | 28,5 | 29,3 | 30,0 | 30,0 | 30,0 | |30,0 | 30,0
Lift|brick wall sup 25 kg (low-meditim~high) X 22,0 | 20,0 | 20,0 19,0 19,5 | 20,0 | 20,0 | 20,0 | |20,0 | 20,0
Using plumb-line in the construetion of wall - - - - - - - - - -
Usifg bubble level tool - - - - - - - - - -
Sidq jamb installation. X 2,2 2,0 2,0 1,9 2,0 2,0 2,0 2,0 2,0 2,0
Instlallation jamb to;window X 6,6 6,0 6,0 5,7 59 6,0 6,0 6,0 6,0 6,0
Total % 95% | 86% | 86% | 82% | 84% |86% | 86% | 86 % $6 % | 86 %
If the s6ftware ERGOCHECK, specific for construction (no.1) with predefined universal civil construction
tasksis used, the tasks entailing manual lifting are already activated, but can be modified if hecessary.

Tables A.5, A.6 and A.7 show the results of the search for exposure duration data, for each month of the
year, for the remaining risk factors.

Table A.5 shows exposure duration data for each month of the year for manually carrying and pushing/
pulling (the names of the pre-entered tasks emphasize the existence of these jobs). Here, too, when such
tasks are present, they appear already activated in the software with an “X” in the appropriate place (as
described for Table A.4).

Table A.6 shows exposure duration data for each month of the year for noise and vibrations from
vibrating tools. The attribution of possible risk due to noise is applied to all tasks involving the use of
vibrating tools, as well as for tasks that involve driving farm vehicles.
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Table A.7 shows exposure duration data for each month of the year for risk factors associated with the
use of inadequate equipment and machinery and exposure to whole body vibrations, again with a view
to calculating the actual duration of exposure.

Table A.5 — Calculation of sum of hours worked/month/year for tasks that involve a) the
manual carrying of loads equal to or more than 3 kg and b) pushing/pulling?

a) Duration of tasks that involve carrying
| | 152 | 138 | 138 | 131 | 135 | 138 | 138 | 138 | 138 | 138
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
95 % 86% 86% 82% 84% 86% 86 % 86 % 86% 86N
b) Duration of tasks that involve pushing/pulling
1 [ o[ s [ s [ s [ s [ s [ s & [ a]cse
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
6 % 5% 5% 5% 5% 5% 5% 5% 5% 5%

2 Duratiops indicated in % versus a constant 160 h/month.

Table A.6 — Calculation of sum of hours worked/month/year only for,tasks that involve a) nqise
and b) upper limb vibrations?

a) Duration of tasks in noisy environment

[ [ 7 [ 66T el el ade 665
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Der
4% 4% 4% 4% 4% 4% 4% 4% 4% 4%
b) Duration of tasks performed with vibrations affecting the upper arms

1 T ol o] o[ o 5% [ o o[0T [
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Def
0% 0% 0 % 0-% 0 % 0% 0 % 0 % 0 % 0%

a2 Duratiops indicated in % versus a constant 160 hy/month.

Table A.7|— Calculation of sum ofhours worked/month/year for tasks that involve a) the use of
tools andmachinery and b) whole-body vibrations?

a) Duration of tasks performed @ith tools and equipment or parts of machines
0 | |44 | 180 [C164 | 164 | 156 | 160 | 164 | 164 | 164 | 164 | 16}
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Der
13% 103% 103% 97% 100% 103% 103% 103% 103% 103|%

b) Duration of tasks-performed with equipment - tractors, farm machinery (whole body vibrations)
AT o T o [ o o] oo oo o]
Jan Eeh Mar Apr May Jun Jul Aug Sep Qct Nav De
0% 0% 0% 0% 0% 0% 0% 0% 0% 0%

a Durations indicated in % versus a constant 160 h/month.

The graphs in Figures A.2 and A.3 depict the distribution of working hours in percentages for the
various risk factors. It is easy to see how the potential duration of exposure differs considerably in
relation to the various risk factors and months of the year.

For each risk factor there is now an estimated duration in the artificial working day representative of
the year exposure, and with its relative duration multiplier.

This value is of the utmost importance because it is used to modify the weight of each individual risk
factor versus its actual duration, procedure necessary for determining priorities between them.
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The pre-mapping software ERGOCHECK, specific for construction (no.1) calculates the duration

multiplier and applies it to the various risk factors, depending on its duration in the year.

This is only possible if the data entered for organizational analysis in model no.1 (page 1 of the spread-
sheat: 1-organization) indicates the number of hours worked/month and the duration in percentages of

the various tasks performed by the homogeneous group each month.

A.3 Similarities and differences between pre-mapping ERGOCHECK for
construction and the classic ERGOCHECK model

A.3
qu

Hay
of 1
gen
par

Ead
mu

For]
the
loa

Thd
ent

.1 Results of the first part regarding key-enters for biomechanical overload
pstions regarding other risk factors

ring entered all the necessary organizational data (i.e. tasks and task duratidns for e
he year) into the first worksheet ERGOCHECK, specific for construction (ne.1), and aut
erated the specific duration multipliers for each risk factor, it is now possible to fill in t
ts as per the classic ERGOCHECK model (see ISO/TR 12295 and referentes [27] and [28])

h risk factor present appears automatically in percentage terms,per month, and th
tipliers automatically adjust the risk scores for the various factersbased on their actual

the example analysed earlier and depicted in Table A.2 (homogeneous group 2), Table A.

| transporting pushing/pulling.

data regarding the estimated duration, in this subclause, appear automatically due t
brs that were marked, as presence in percentage, each month of the year.

and key-

hch month
omatically
he various

¢ duration
Huration.

B indicates

key-enters for biomechanical overload, due to repetitive movements, manual load lifting, manual

o the key-

= < 3 5 B = = 2 2 .8 g 3 51 g 3
£ £ = < = 2 2 £ &% Z S8 S Z 2 No.of hours worked/| 2 005
1409 year
1209
138 2 Fictitious day duration| 547
600 in minutes
409
209 Duration multiplies 1,5
0 0,
% on 150 %
a) Risk factors for'which exposure equates to the total hours/year
wprked for the-following risks: repetitive movements, awkward
postures, lighting, micro-climate, UV radiation from outdoor work
and biological pollutants
140 % No. of hours worked
1209, Yot / 1383
100 %
80 % e :
60 % Flctl'gous day duration 377
40 % in minutes
20 %
0% Duration multiplies 0,95
% on 95 %

b) Duration of tasks that involve manual lifting of load and carry-

ing: worked hours/year
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140 % No. of hours worked/ 1383
120 % year
100 %

80 % N .

60 % Fictitious day duration

K o 377
40 % in minutes
20%

0% Duration multiplies 0,95

% on 95 %
c) Duratign of tasks that involve pushing/pulling: worked hours/ Q"]:b
year (0"1,
NOTE The grey area in the graph indicates that the constant has been exceeded N

,\Q
Figune A.2 — Percentage of hours worked/month versus the constant %: repetitive

movemepnts, awkward postures, lighting, micro-climate, UV radiation from outdoor work and
biological pollutants, manual lifting and carrying, pushing/pulling)

= = > on 5} > 5} Q
= |9 & & & & = 3 & B & 3 B & 3 Q
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.\ No. of hours worked/

120% o N
0
138 Z" Fictitious day duration 16
0 . .
60 % in minutes
40 %
20 (yz xO Duration multiplies 0,2
0% —
: O‘g % on 20 %
N
a) Duration of tasks in noisy environSnt: worked hours/year
140 % No. of hours worked
120 % year / 1644
100 %
80 % - e :
60% | Fictitious day duration 48
40 % in minutes
20 % -
0% Duration multiplies 1
% on 100 %

b) Duration of tasks performed with tools and equipment or
parts of machines - worked hours/year
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140 %

209 No. of hours worked/ 1500

100 % year

809 e .

60 02 F ictitious day duration 432

40 % In minutes

20 %

0% Duration multiplies 1
% on 100 %
c) Duration of tasks performed with physical pollutants: worked
hours/year
NOTE The grey area in the graph indicates that the constant has been exceeded
Fjgure A.3 — Percentage of hours worked/month versus the constant(risks: noisy, tpols and
equipment, physical pollutants)

Thd data derives from the first worksheet indicating the relevant organizational data. It can bg observed
thaf the various risk factors are present at very different levels-throughout the year.
Table A.9 shows all the preliminary key-enters required to record the presence of awkward postures;
all that needs to be done is to place an “X” indicating which awkward postures are observed. A more
specific worksheet is used to describe the type and duration of the main awkward postures reported
by the homogeneous group.
At this point the various parts of the workshe€t are completed for each individual risk fag¢tor, in the
usual way. Table A.10 and A.11 sum up the overall results. Although the duration multiplier cannot be
seef, it nonetheless automatically modifies.the risk score, depending on the relevant danger [[evel.
Taple A.8 — Key-enters for biomechanical overload: presence (in %) for each month of the year

B Biomechanical Overload - Key Enters

B1| |Biomechanical overloadofupper limbs in repetitive tasks

Yes X

Are there repetitive tasks? The task is organized in cycles, re-
gardless of their duration, or the task is performed with the same No
actions for gver’50 % of time. The term does not mean presence
of risk.

go to'sheet 3, Repetitive Mov.

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nog

\4 Dec

0 % 0% 138% 125% 125% 119% 122% 125% 125% 125% 125

% 125%

B2 |Biomechanical overload from manual handling - lifting

Yes X

Does the task involve lifting objects weighing 3 kg or more? (If
the objects weigh less, there is no need to continue the investigation) No

go to sheet 4, Manual Handling

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
0% 0% 9B5% 86% 86% 82% 84% 86% 86% 86% 86% 86%

B3 |Biomechanical overload from manual handling - carrying
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Table A.8 (continued)
Yes X
Does the task involve carrying objects weighing more than
3 kg? (If the objects weight less, there is no need to continue the N
0

investigation).

go to work '2- sheet 4, Manual Handling

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

0% 6% 55— %86 %8284+ —B6%—86% B6-%—86%—89 %
B4 | Biomechanical overload from manual pushing and pulling
Does the task involve whole-body pushing or pulling ofloads?| Yes X
go to work '2- sheet 4, Manual Handling No

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Diec
0% 0% 6 % 5% 5% 5% 5% 5% 5% 5 % 5% %

Ul

Table A.9 — Key-enters for a preliminary definition of awkward postures

Biomechanical overload from awkward postures - trunik'and lower limbs

Go straight to work sheet Posture for trunk and lower limbs or to work 'Sheet Repetitive-Mov for upper limps

Are there static or awkward working postures of the head/neck, trunk and/
or upper and lower limbs that are held for more than 4 seconds consecutively| Yes X
and repeated for a significant proportion of theaworking time?

Inpractice, posturesaregenerallyinawkward (mark!'No") whenthe workis performed:
- sitting with the back well supported, whenthere is sufficient leg room, and No
the subject can stand up (change positien) at least every hour;

No Yes
Head/Neck (neck bent back/Horward/sideways, twisted) X
N ﬁf Trunk (trunk bent forward/sideways/, back bent with no support, twisted) X
i . Upper Limbs (hand(s)ator above head level, elbow(s) at or above shoulder
QY level, elbow/hand(s)behind the body, hand(s) turned with palms completely X
facing up or down, extreme elbow flexion-extension, wrist bent forward/
back/sideways)
Lower Limbs (squatting or kneeling) position held for more than 4 seconds X
consecutively and repeated for a significant proportion of the working time
Jan Feb Mag Apr May Jun Jul Aug Sep Oct Nov Dec

0 % 0% 88% 125% 125% 119% 122% 125% 125% 125% 125% 125%

Table A.10 — Key-questions for the study of risk factors: lighting, noise, microclimate,

C\luiplllcllt
Lighting
General lighting: assessment of visual effort required at work
sufficient
for a few hours a day X
poor
all day
. for a few hours a day X
excessive
all day
artificial lighting: needed but unavailable

Localized lighting. Assessment of visual effort required at work
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Table A.10 (continued)
sufficient
for a few hours a day X
poor
all day
i for a few hours a day X
excessive

all day

artificial lighting: needed but unavailable

Work surfaces: assessment of visual effort required at work

matte X
work surfaces
bright and shiny
. . matte X
surface of object being processed ) )
bright and shiny
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

4% 0% 138% 125% 125% 119% 122% 125% 1258 ™ 125% 1259 125%

Perceived noise level

The task calls for verbal communications with.co-workers

noise level is not bothersome

noise level bothers a little, but it is possible to talk to co-workers X

noise level is maddening, making it difficult to talk to co-workers

noise level is very high, making it impossible to talk to co~workers

The task does notes: call for verbal esinmunications with co-workers

noise level is not bothersome

noise level bothers a little, but it is possible tg:talk to co-workers

noise level is maddening, making it difficudtyto talk to co-workers

noise level is very high, making it impossible to talk to co-workers
Jan| Feb Mar Apr May: Jun Jul Aug Sep Oct Nov Dec
0% 0% 4% 4% 4% 4% 4% 4% 4% 4% 4% 4%
Microclimate indoor or outdoor work

acceptable all year| |

Indoor works
very warm: only in summer X
all year
only in summer X
very cold:
all year

Outdoor work with exposure to the elements

only in summer

only in winter

all year
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
0% 0% 138% 125% 125% 119% 122% 125% 125% 125% 125% 125%
Equipment and/ or part of machinery

adequate and in kept in good condition or not used

heavy X
noisy X
requires strength X

not operating properly
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Table A.10 (continued)

cumbersome and/or hard to grasp

Equipment and/or
part of machinery

not fit for specific use and/or technologically backward

frequent overheating

requires excessive attention

can produce lesions (e.g. cuts, scrapes, blisters, burns) X
requires use of body parts as equipment with lesions (e.g. calluses, scrapes,
cuts)
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
0 % 0[% 113% 103% 103% 97 % 100% 103% 103% 103% 103 %103 %
Table A.11 — Key-questions for the study of risk factors: vibrations, UV, pollutants
| Vibrating tools ,Q~
no exposutfe to vibrations
task calls for the use of vibrating tools
occasionally
power scrdwdrivers at least 1/3 of the time
grinders/cptters/polishers at least 1/3 of the time X
jackhammgrs for at least 1/3 of the time
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
0% 0% 0% 0% 0% 0% 0% 0%. 0% 0% 0% 0%
Whole body vibrations )
no exposure to whole body vibrations
task involves driving:
occasjonally i X
most pf the time driving cars, motorcycles, vans
most pf the time driving trucks, buses
most pf the time driving tractors, farm vehicles, scrapers, diggers X
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec|
| 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
Biological or oth llutants present
. present X
dust: specyfy type significant presence
. . present
fumes: spqcify type significant presence
npleasanf smells: specify t present
unpieasang Smetis: specily type significant presence
chemicals{specify type present X
p yp significant presence go to work sheet Pollutants
biological pollutants pr es.e.nt
significant presence
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Ded
0% 138 % 125 % 125 % 119 % 122 % 125 % 125 % 125 % 125 % 125 % 0 %
2 Exposure to UV radiation and/or weather
indoor work
occasional outdoor work
outdoor work for a significant proportion of the year (1/3) or welding work with low-risk exposure to U.V. radiation X
outdoor work for more than half the year (2/3) or welding work with medium-risk exposure to U.V radiation
outdoor work nearly all year (3/3) or welding work with high-risk exposure to U.V radiation
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
0% 0% 138% 125% 125% 119% 122% 125% 125% 125% 125% 125%
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A.3.2 Results concerning the quick assessment for biomechanical overload of the upper
limbs

Although the quick assessment part of the worksheets is completed in the same way as the classic
ERGOCHECK model,[28] all of the completed worksheets are presented here for use as exercises and for
learning to use the tool later on.

Tables A.12, A.13, A.14 and A.15 show the results of this initial assessment in the upper limb analysis.
One critical condition appears. Only when the working conditions feature neither a total absence of risk

(code green) nor a critical environment, the part calling for a more accurate description of the activities
perfnrmpd hy the upper limbs will be activated (th]p A 14)

Table A.12 — Quick assessment for biomechanical overload of the upperdimb
estimation of the net duration of repetitive work and pauses

T

Biomechanical overload due to repetitive movemg@f{‘

Key enter for Repetitive Task Present. The task is organized in cycles, regardless of duration or the task is characterized Yes
by similar gestures performed over 50% of the time. The term does not indicaté the presence of risk.
Summary of repetitive work net duration on a representative average day

Total Shift Average Duration (In Total working time in

. 480 L 42
Minutes) tasks (in minutes)
Description of non-repetitive tasks, their duration, and timing of breaks - total duration

supply 1,3
cleaning
other | 30

Total duration of non-repetitive work per shift (in minutes) 30
Breaks (average): total duration per shift (in mifutes): including meal break only if 30
included in the shift
Number of breaks (including meal break) lasting at least 8 minutes 3

Table A.13 — Quick assessment for biomechanical overload of the upper limb
check for'the presence of acceptable or critical conditions

T

Acceptable Conditions

~

[flall conditions are described and replies are all "Yes", the risk level is acceptable for repetitive work and it is not
nedessary to continuethe risk evaluation. NB. Please answer all questions by placing an "X" only in the bjank spaces

Arg¢ one or both upper limbs used less than 50 % of the total duration of the repetitive task(s)?| No | X Yes

Ar¢ both elbows held below shoulder level almost 90 % of the total duration of the repet-
itive task(s)?

No | X Yes

Is hodeérate or no force required (perceived effort = max 3 or 4 on CR-10 Borg scale) by the
opg¢rator for no more than 1 hour during the repetitive task(s) and are there are no force| No | X Yes
peaks (perceived effort = 5 or more on CR-10 Borg scale)?

Are there breaks (including meal break) lasting at least 8 minutes every 2 hours and is the

repetitive task performed less than 8 hours a day? No Yes | X

Critical Conditions

If at least one of the following conditions is present (YES), risk must be considered as CRITICAL and task re-design
is URGENTLY REQUIRED.

NB. Please answer all the questions by placing an "X" only in the blank spaces

Are technical actions performed with a single limb so fast that they cannot be counted by

direct observation? No | X Yes

Are one or both arms used to perform the task with elbow(s) at shoulder level for half or

more than the total repetitive working time? No | X Yes

Is a “pinch” grip) held for more than 80 % of the repetitive working time? No | X Yes
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Table A.13 (continued)

[s peak force applied (perceived effort =5 or more on the CR-10 Borg scale) for 10 % or more

o : . No Yes | X
of the total repetitive working time?
[s there only one break (including meal break) in a shift of 6-8 hours, or does the total re- No | X Yes
petitive working time exceed 8 hours in the shift?

Table A.14 — Quick assessment for biomechanical overload of the upper limbs: risk analysis in
the absence of acceptable or critical conditions

Are thereother risk factors to be considered when neither critical conditions nor m‘r‘ppfthp conditions ar,

present?
Frequency

Frequency technical actions performed with the
dominant hand
Slow (no m¢re than 1 action every 2 seconds) No | X Yes
Medium (n¢ more than 1 action per second) or holding an object in the hands most of

. No Yes | |X
the time
High (more|than 1 action per second): difficult to count actions No | X Yes

Postures
Lo Are the arms used with the elbow at.shoulder
Shoulder lj‘c:: level from one third to half of the tetalrepetitive | No Yes | |X
v working time?
. 1 Is a “pinch” grip (or any kind ‘ef\grasp using the
Hand Mg @"/ finger tips) used from half t&’80 % of the repeti- | No | X Yes
— tive workihg time?
Use of Force
Is peak forde (perceived effort = 5 or more on the CR-10 Berg scale) applied from 1 % to
No Yes | |X

9 % of the tjme?
Is moderatg force (perceived effort = max 3 or 4 ancthe CR-10 Borg scale) required by the
operator? No Yes | |X

Indicate the fraction of time (1/3, 2/3, 3/3.0f the shift) during which moderate force is used: Du-

rationof moderate force 2/3 of time

Table A.1p — Quick assessment for biomechanical overload of the upper limbs: final evaluatjion
with corrective actions in order of priority

B1 Biomechanical Overload Of Upper Limbs In Repetitive Tasks
Summary of pre-assessment A critical condition is present: The risk is surely high
and intervention priorities To consider within brief period.

A.3.3 Results concerning the quick assessment for manual load lifting

Tables A.16, A.17, A.18 show the results of this second assessment of biomechanical overload due to
manual load lifting. One critical condition emerges; the lifting is extensively reported, with loads
occasionally weighing as much as 10 kg.

A.3.4 Results concerning the quick assessment for manual carrying and pushing/
pulling loads

Tables A.19 shows the results for manual load carrying; no critical conditions appear.

Tables A.20, A.21, A.22 show the data for manual pushing and pulling and the final outcome of the
overall manual load handling analysis. Again, no critical conditions emerge, although there are some
issues.
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Table A.16 — Quick assessment for manual load lifting: preliminary factor analysis for the
object to be lifted and the working environment

Additional Organizational and Environmental risk factors to be considered

Is the working environment unsuitable for manual lifting and carrying?

There are extreme (low or high) temperatures No X Yes
Floors are slippery, uneven or unstable No Yes X
There is insufficient space for lifting and carrying No Yes X
Are the objects unsuitable for manual lifting and carrying?

Thé size of the object reduces the operator’s view and hinders movement No Yes X
The centre of gravity of the load is not stable (e.g.: liquids, loose items inside a No Yes X
corjtainer)

The object has sharp edges, rough surfaces or protrusions No Yes X
Conmtact surfaces are too cold or too hot No X Yes

Do¢s the work involve manual lifting or carrying for more than 8 hours a day? | No | X | | Yes |

Table A.17 — Quick assessment for manual load lifting: check for the presence of acceptable or
critical conditions

Critical Conditions

if dnly one of the following conditions is present (YES), the risk must be considered high and the task mut be imme-
diately re-designed.

Task lay-out and frequency

Verttical Location The hand location at the beginning/end of the lift is higher than No ves | X

175 cm or lower than 0 cm
. . The vertical distance bétween the origin and the destination of the

Vertical Displacement lifted object is more than 175 cm No | X Yes

Hotizontal Distance The horizontal distance between the body and load is greater than No | x Yes
full arm reach

Asyymmetry Extreme hody twisting without moving the feet No | X Yes
equal te erhigher than 15 times/min with Short Duration (max 60 min) | No | X Yes

Frequency equal to or higher than 12 times/min with Medium Duration (max No | X Yes
120 min)
equal to or higher than 8 times/min with Long Duration (over 120 min)| No | X Yes

Loalds exceed the(following limits

meil (20-45 years) 25 kg No Yes | X

woinen (45years) 20 kg No | x Yes

men (<20, 0r >45 years) 20 kg No Yes | X

eh (<20 or =45
wo N 15 kg No | x Yes
years)

Acceptable Conditions

If no loads >10 kg and all the following conditions are present, and if all replies are "YES" (lifting with both hands)
in every weight category (<10 kg), the risk level is acceptable for manual load lifting. However, additional factors
must also be checked (see above). NB. Please place an "X" only in white boxes.

Loads weigh between 3 and 5 kg | No | |_|Yes| X
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Table A.17 (continued)

No asymmetry (e.g. body rotation, trunk twisting) No | X Yes
3to5 kg Load is held close to the body No Yes| X

Load vertical displacement is between hips and shoulders No | X Yes
Maximum frequency: less than 5 lifts per minute No Yes| X
Loads weigh between 5 and 10 kg No Yes| X
No asymmetry (e.g. body rotation, trunk twisting) No Yes| X
S to 10.kg Load is held close to the body No Yes| X

° Load vertical displacement is between hips and shoulders No | X Yes
Maximum frequency: less than 5 lifts per minute No Yes| X
Loads weigh more than 10 kg No Yes| X

Table A.18 — Quick assessment for manual load lifting: exposure analysis for loads weighing
more than 10 kg

Characteristics and frequency of certain loads (over 10kg)

Loads weigh between 10 and 15 kg No Yes || X
No asymmetry (e.g. body rotation, trunk twisting) No Yes || X
Load is held close to the body No Yes || X
10,5[to 15 kg ) ) : i
Load vertical displacement is between hips.and shoulders No | X Yes
Maximum frequency: less than 1 lift every"5'minutes No Yes|| X
Loads weigh between 15 and 25 kg No Yes || X
No asymmetry (e.g. body rotation,trunk twisting) No Yes || X
Load is held close to the body No Yes|| X
15,51 to 25 kg ) ) i i
Load vertical displacementds between hips and shoulders No | X Yes
Maximum frequency: less-than 1 lift every 5 minutes No Yes|| X

Table A{19 — Quick assessment for carrying manual load: comparison between transported
cumulative mass -and recommended cumulative mass

Conditions of manual carrying

_Repres:entat.ive period of carrying 100,0 min
in a shift (n}in)
No. of objects exceeding 3Kg Welght of C_umula- Max. dis-
T . objects car- |tive mass . 4m-10m
cayried in a shiff : tance (m.):
ried (kg)
20 5 100
20 10 200
20 25 500
0,0
Cumulative Mass (total load carried in a shift)) 800 Does not exceed the
= limit
Estimated cumulative mass for each hour= 480 Eglel,f not exceed the
Estimated cumulative mass for each minute = 8 Egﬁ: not exceed the
Carrying is performed under unfavourable environmental conditions or loads are No ves| x
lifted from/to low levels, e.g. below knee level, or with arms raised above shoulder level
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Table A.20 — Quick assessment for manual pushing/pulling: preliminary factor analysis for the
object to be handled and the working environment

Biomechanical overload due to manual pushing and pulling

Perceived effort (obtained via worker interviews using the CR-10 Borg scale):

3 - moderato

Additional organizational and environmental risk factors to be considered

Is the working environment unsuitable for pushing or pulling?
Floors slippery, unstable, uneven, sloping upward or downward or cracked/broken | No Yes| X
Poor layout makes moving loads awkward No Yes| X
High temperatures in the working area No | X es
Do the characteristics of the object make it unsuitable for pushing or pulling?
Object (or trolley, trans-pallet, etc.) limits the view of the operator or hinders movement| No |, X Yes
Object is unstable No Yes| X
Object (or trolley, trans-pallet, etc.) has hazardous features, e.g. sharp surfaces, pro-
trusions etc. that can cause injury No | X Yes
WhHheels or casters worn, broken or not properly maintained No Yes| X
WHeels or casters unsuitable for working conditions No | X Yes| X
Table A.21 — Quick assessment for manual pushing/ptlling: check for the presernce of
acceptable or critical conditions
Acceptable Conditions
If 4l the following conditions are present, and if all replies are "Yes", the risk level is acceptable for pusHing-pulling
tdsks. However, additional factors must also be checkéd'(see above). NB. Please place an "X" only in| the white
boxes.
Peijceived effort (obtained via worker interviews using the CR-10 Borg scale) during
pushing-pulling task(s) indicates up to SLIGHT-force exertion (perceived effort)| No | X Yes
(scpre 2 or less on the Borg CR-10 scale).
Tagk(s) that include manual pushing and pulling last up to 8 hours a day. No | X Yes
Pushing or pulling force applied to the‘ebject between hip and mid-chest level. No Yes| X
Pushing-or-pulling action performed with an upright trunk (not twisted or bent).| No | X Yes
Hands held within shoulder width and in front of the body. No | X Yes| X
Critical Conditions
if just one of conditionsiindicated below is present (YES), the risk must be considered high and the task must be
immediately re-designed.

Pel_ceived effort (obt.ained via worker inFerviews usi_ng the CR-10 Borg scale) No | X Yes
indicates the use-of high peak force (perceived effort) (i.e. a score of 8 or more).
Pushing-or=pirlling action performed with the trunk significantly bent or twisted.| No | X Yes
Pushing-@r-pulling action performed in a jerky or uncontrolled manner. No | X Yes
HandsSheld either beyond shoulder width or not in front of the body. No | X Yes
Hands are held higher than 150 cm or lower than 60 cm. No | X Yes
Pushing-or-pulling action combined with vertical force components (“partial lifting”).| No | X Yes
Task(s) that include manual pushing and pulling last more than 8 hours a day. No | X Yes

Table A.22 — Quick assessment for biomechanical overload due to manual load handling: final
evaluation with corrective actions in order of priority

Summary of manual load handling quick assessment

B2 Biomechanical overload due to load manual lifting
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Table A.22

Summary of pre-assessment and intervention
priorities

(continued)

A critical condition is present. The risk is surely
high
Intervention is urgent.

B3 Mechanical overload due to manual carrying

Summary of pre-assessment and intervention
priorities

It is necessary to conduct a risk assessment.
To consider but long term.

Summary of additional environmental factors
thaf are important for MMH

B4

Surmpmary of pre-assessment and intervention
prigrities

pulling

Biomechanical overload due to manual pulling and pushing

It is necessary to conduct a risk assessment.
To consider but long term.

Surpmary of additional environmental factors that are important for pushing and

No action needed

A.3.5 Results concerning the quick assessment for awkward postures

The works
throughouft the whole year (Table A.23).

Table A.23 — Quick assessment for the studyefawkward working postures

heet on awkward postures must summarize - albeit foughly - all the postures adopted

Trunk posture
Standing Qr Squatting (Not Seated)
Nearly alwpys upright 25
Frequent njoderate bending 25 %
Frequent twisting 25 %
Frequent deep bending 25 %
Seated Posture
Works lear]ing on the back rest
Works in upright position but th€ve is no backrest
Works modtly bending forward
Frequent twisting of trunk
Notes: described duration 100 %
of trunk posture:
Lower limb postures
Standing O Qqnaffing (an Qpafpd)
Standing and able to walk around 50 %
Standing in a fixed posture 45 %
Kneeling or crouching 5%
Sitting
Leg room sufficient
Leg room insufficient or very limited
Leg room non-existent
Notes: described duration
of lower limb pos-|{100 %
ture:
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Table A.23 (continued)

Use of lower limbs

No use of pedals 100 %

Lower limbs used to press pedals

Notes: described duration
of lower limb use:

100 %

A.3.6 Results concerning the quick assessment for chemical and biological pollutants

Thd completed worksheets are attached (Tables A.Z4 and A.Z5)J.

A.3.7 Results concerning the quick assessment and preliminary analysis for wqrk-
relpted stress

Thd workers did not report any major organizational issues or problems with co-workers| (exposure
factor acceptable); certain sentinel events or early warning signals are present, such as an |ncrease in
timle off due to sickness or accident (Figure A.4 and Table A.26).
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Table A.24 — Quick assessment for the study of chemical and particulate pollution
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work environment and

equipment
activities/services for
reconciling work and family 269,  workload and pace of work
life P
a7
4% o7 ’/'
Interpersonal relations and 4% "7’ )
isolation = / working hours
0% Y =? 5%
0 00 %
0% %
. : U0
Dec151oT1-makmg and control contact with human suffering
independence
isk of robb . direct contact with users and
risK of robbery or aggression ]Ob complexity
Figure|A.4 — Quick assessment of work-related stress: workplace/organizational settings
reported|by the homogeneous group no.2 and graphic depiction (in %) of results for individyual
risk factors
Table A.26 — Quick assessment of work-related stress: workplace/organizational settingy
reported by the homogeneous group no.2 (exposure factors)
Presence of | Increase of |Events high-| Descriptive numerical data
events events er than the .
(enter here some quantita-
i “e i reported company | +ive numeric data specifyin
(mark with an “x” if present) over the average _ pecilying
ast@pears the meaning, e.g. numbef
p of events, rate, the year df
reference)
Work-related diseases/disorders X X
caused by ¢ccupational stress certi-
fied by the [physician (leave the box
blank if nofe)
Turnover (Yoluntary resignations) X X
Disciplinarly actions X
Medical expmination requestedby-the X X
worker
Sick leave X
Occupatiorfal injuries (net ongoing) X X
a) Sentinellevents (hazards) description
Hazards
High A
X Medium X i O 7
Low K Q E
Absent @ Q E
Acceptable Low Medium High Critical |Exposure
X

b) Preliminary assessment stress result crossing hazard scores and exposure factors scores

NOTE Considering the result of the table: white = no risk; light grey: borderline risk; medium grey: risk
present; dark grey = high risk).
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A.3.8 Summary of final results

Figure A.5 shows a summary of the final results, with priorities ranked for each risk factor (from 0 % to
100 %), in relation to homogeneous group no.2 examined here.

>

> oo =] & =
5 0w F 0P 28w - 5 5§
g = 3, = = & = > %] = = = = 3

= > = =] k) 5 = 5 S © = E} 2
oy = = B 8 S = = 2 s = S = B
i’ 3o} = o (%]
~ = &) =8 A m = = g a

75 % 75 %

50 Y%

0%

Figure A.5 — Summary of results with a ranking of priorities for each risk factor (from 0 % to
100 %), for homogeneous group ‘no.2

A.4 A comparison between the summary offinal results for the various
homogeneous groups - conclusions

The main purpose of the simple tool for pre-mapping construction with ERGOCHECK model|is to avoid
conpplex calculations and automatically prioritize the highly variable dangers and discomfort that
farm workers are exposed to. The results of the analysis vary proportionally with the type, level and
durjation of exposure.

Thiee simple examples are provided (i.e. homogeneous groups no.2, no.2.1 and no.2.2), for cpmparison
with the example of homogeneous group no.2 included in the previous subclauses. The characteristics
of the three homogeneous groups'can be summarized as follows:

— | homogeneous group no.2: works 10 months/year for approximately 8 hours a day;

— | homogeneous group no.2.1: carries out the same activities but working only 3 months/year for
approximately-8hours a day;

— | homogenegiis group no.2.2: carries out the same activities but working only 3 months/year for
approximately 4 hours a day.

Fighre<A'6 summarizes and compares the results in terms of the percentage of hours worked/month
(versus a constant 160 hours worked/month) for the three different homogeneous groups.

Figure A.7 compares the results obtained using the first simple tool pre-mapping ERGOCHECK for
construction. The differences are clear-cut and obvious.

This last example enables the argument that, while complex, an organizational analysis is not only
important but essential, even for a preliminary exposure risk analysis. The three examples included
in this clause prove that without a qualitative and quantitative analysis of the tasks performed by the
workers, the same risks and the same priorities for three different homogeneous groups would appear.

An effort has been made to simplify the organizational analysis through the use of a kind of universal
building list of tasks model that includes predefined macro-phases and tasks, and various risks are
already pre-assigned to tasks.
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Having made available this list of macro-phases and tasks, all that remains to be done to complete
the organizational study is to assign tasks to each homogeneous group and indicate their duration in
percentages.

The second simple tool model (pre-mapping ERGOCHECK annual cycle) is also available for defining
and determining tasks and risks from scratch and can be applied to more specific building areas and
even other industries. Its use requires first of all the definition of the list of tasks that characterize a
given work, attributing to them which risks can determine.

Jan. Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Oct Nov Dec

140 %
120 %
100 %
80 %
60 %
40 %
20 %
0%

a) Homogeneous group no.2 \%

140 %
120 %
100 %
80 %
60 %
40 %
20 %
0%

140 %
120 %
100 %
80 % ‘
60 %
40 %
20 % ¢

- >

c) Ho neous group no.2.2: 3 months, part time 4 hours a day

NOTE (rey area@ ates when 100 % of the constant is exceeded.

Figurg %kSummary of results in terms of percentage of hours worked/month (versus
constant hours worked/month) for the three homogeneous groups (no.2, no.2.1, no.2.2)
compared here
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a) Homogeneous group no.2: works 10 months/year
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25%
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b) Homogeneous group no.2.1: works 3 months/year for 8 hours a day

259

30 %

¢) Homogeneous-group no.2.2: works 3 months/year and but for 4 hours a day
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Figure A.7 — Summary of results with a ranking of priorities for each of the three djfferent
homogeneous groups (a, b, ¢) and for the various risk factors (from 0 % to 100 %)
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Annex B
(informative)

Criteria and mathematical models for analysing exposure to
biomechanical overload in multitask jobs featuring complex

macro-cycles (e.g. weekly, monthly, annual turnover)

B.1 Inty

In industr
every day

Conversely
tasks canrl
are weekl
manual tas
multitask
of time.[21]

Recomme
and in Intd

— lifting

tasks
partic

However, 1
take place

Considerin
multitask
conducting
annual tur
biomecharn
using the
limbs (OCI
results reg
obtainable

oduction

al manufacturing sectors, workers generally rotate between manual tasks the same
hnd therefore the multitask analysis can be applied to just one representative working sh

, in other production sectors such as construction, agriculture, cleaning and retail, mar
ot be rotated only on a daily basis but over longer macro-cycles (where the most comn]
y, monthly, annual macro-cycles), and there can be dozens ot even hundreds of rotg
ks, each with a different level of exposure and distribution pattern. This naturally makes
hinalysis more complex insofar as it must factor in multiple-problems over extended peri

idations for analysing multiple manual tasks with dailyrotation can be found in the literat
rnational Standards, in particular for:

tasks, as an extension of the revised NIOSH lifting equation (RNLE);L

Characterized by repetitive movements of‘the upper limbs, using the OCRA method an
1lar the OCRA checklist.[23].[35].[36].[54]

over longer periods (macro-cycles) (e.g. weeks, months or years).

g this background, the aimof this annex is to start from the existing recommendations|
hnalyses on a daily basis,jand to define procedures, criteria and a reference framework
b a multitask analysis’of manual tasks featuring complex macro-cycles (more specifically,
nover, more typicalin agriculture and in construction too) presenting potential condition
ical overload. Afrexample of studying a multitask risk assessment in viticulture is presen
specific simple.tool.l8] The study regards both the biomechanical overload of the up
RA checklist)*and the lumbar spine for manual load lifting (RNLE). To save space, nof
arding awkward postures (TACOS) and pushing/pulling are presented; however, these
using.the same simple tool.

vay
ift.

ual
non
ted
the
ods

ure

] in

here are still very few recommendations for the analysis of manual tasks when rotations

for
for
the
s of
ted,
per
all
are

B.2 Dai

y job rotation

B.2.1 Daily rotation of jobs featuring repetitive tasks

Reference is made here to the OCRA method, in particular the OCRA checklist.[22]

The OCRA method for assessing risk associated with repetitive movements of the upper limbs consists
of two tools, the OCRA checklist and the OCRA index. The tools feature different analytical details and
purposes, although both are inspired by the same conceptual model. The OCRA checklist is the simpler
of the two tools and is used for the initial screening of workstations (ISO/TR 12295); the OCRA index
is more complex and was chosen as the reference risk assessment method by International Standards

relating to

70

high-frequency repetitive manual work (I1SO 11228-3).
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The OCRA checklist consists of five parts that focus on the four main risk factors (lack of recovery
periods, frequency, force, awkward posture/stereotype) and a number of additional risk factors (e.g.
vibration, low temperatures, precision work, repeated impacts), and also factoring the net duration
of repetitive jobs on the final estimate of risk. The classic analysis proposed by the OCRA checklist
entails using pre-assigned scores (the higher the score, the higher the risk) to define the risk associated
with each of the aforementioned factors. The sum and product of the partial values generate a final
score which estimates the exposure level, featuring four different levels (green, yellow, red and purple).
The calculation procedure for reaching the final result (Figure B.1) shows how all the risk factors are
included: the lack of recovery period factor is a multiplier to be applied (recovery multiplier), along with
the duration factor (and its duration multiplier), to the sum of the scores for the other risk factors.

On¢ OCRA checklist is used to describe a workstation and estimate the exposure level enllbedded in
the|task, as if this task was the only performed by a single worker for the entire duration df the shift.
When two or more repetitive tasks are rotated, the OCRA checklist can be used to .estimate the level
of ¢xposure associated with combination of rotating tasks, and the duration in which the|individual
rotated tasks is performed has to be known.

L>)’ [} Té > s = s
5 = & S g = g = OCRA
5 + 5 + § + E x B e = 1
s = 14 ] S5 55 chegklist
[-¥ =] a
> < & E =
0 to 0 to 1to
1to 2,5 0,5to 1,5 Scoré¢ range
10 32 24 0to5 8
K

Figure B.1 — OCRA checKklist: final score calculation procedure

Corlsidering a daily shift, two main ways of rotating repetitive tasks can be considered:

— | task rotation is frequent, i:e. within a period of less than 90 consecutive minutes forl each task
performed: time-weighted average mathematical model is used;

— | task rotation takes)place within a period of more than 90 consecutive minutes for{ each task
performed: multitask complex mathematical model is used.

The time-weighted average model involves weighting the final individual checklist scoges for the
different tasks‘under examination, based on the total duration of repetitive tasks in the shifft and their
corfesponding specific duration in the shift (expressed in time fractions). Formula B.1 is applied:

Gipwas= [(Cgqx Frg)+ (Cgp% Frp)+. (Cgp% Fro)+e (CxnX Frp)l % D tor (B.1)
where
Cx Twa is the final exposure index of the multitask analysis with OCRA checklist (Ck) evaluated
with time-weighted average model;
Cx-12,.n  are the scores obtained from the OCRA checklists of the various tasks that the worker

performs, calculated using the recovery multiplier corresponding to the actual distri-
bution and duration of recovery periods in the shift while the duration multiplier is a
constant = 1;
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Fri, . Fp, representthe time fractions of duration of the various repetitive tasks versus the total
duration of repetitive work;

D is the total duration multiplier, relative to the net duration of all the repetitive tasks

present in the shift.

m.tot

This approach and calculation model are intended to be used when the task rotation rate is fairly high,
for instance once every 90 min or less. The approach is particularly intended to be used when different
products (or models of the same product) are processed at the same workstation during the shift. In
such cases, it can be assumed that higher risk exposure is somewhat offset by lower risk exposure, with

the worker-aternatingbetweenthe—twor—withina—relativelysherttimeframe—Aceordingly—rotajing
tasks serves to reduce risk proportionally with respect to the risk level and duration of each”tlask
identified in the turnover.

The multifask complex model is based on the concept of the task generating the highést overlpad
(peak tasl), according to its effective continuous duration, taken as the minimum, te‘which is adfed
the contribution of the other tasks in relation to their intensity and duration. Withythis approach, |the
final result is at the least not less than the highest OCRA checklist score, calculated using its effective
duration. Ih this case the procedure is based on Formulae B.2 and B.3:

Crme=fx1efe+ (A Cx 1 ¥K) (B.2)

K =((Cy 2 max *Fr2) + (Ck. 3 max * F1.3) ++++(Cx nmax * Frn))/ Cx 1 nax (B.3)
where

Cx Mmc is the final risk index of the multitask analysis OCRA checklist evaluated with multitlask

complex model;

Ck1,23.j.n 1s the repetitive tasks listed accefding to the score of the OCRA checklist (task; =|the
task with the highest Cy scorejtask, = the task with the lowest Cy score);

Ckjeff is the score of task j, calculated considering D, ; (duration multiplier according to|the
actual duration of each.relevant task; in the shift) and with the lack of recovery tjme
multiplier actually present in the shift; Cy ; . represents the task with the highest Cgf ¢

Ck j mak is the score of(task j, calculated considering D, .., (duration multiplier for the total
duration of allrelevant tasks in the shift) and with the lack of recovery time multiplier
actually present in the shift; Cy 1, represents the task with the highest Cy ; 1,

ACy, is Cxgoax ~ Ck.1 eff

Fri

j is-thte time fraction (between 0 and 1) of each task j, except task;, with respect to|the

residual repetitive working time (total repetitive working time minus working tjme
devoted to task;,) in the shift.

Note that in the general model for computing Cy ¢, the formula for calculating K (Formula B.3) was
slightly changed with respect to previous proposals in literature.[22] The updated procedure is now
aimed at avoiding an undue contribution of task 1 in determining the value of K.

This model has to be used when the repetitive task rotation occurs more than once every 90 min, for
instance a repetitive task for the whole morning and another for the whole afternoon.

For these scenarios, the time-weighted average approach can in fact underestimate the actual exposure
level. This problem is particularly acute in the study of certain jobs where tasks featuring high intrinsic
risk indexes alternate with lighter tasks.
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Table B.1 shows the duration multipliers to be used as a function of both the overall duration (in
minutes) of all the repetitive tasks (sum of the duration of each of the repetitive tasks present in the
shift and included in the rotation) and of the effective continuous durations of each individual task.

The multipliers shown in Table B.1 are reliable enough for durations of between 30 minutes and
480 minutes (the most common); durations of below 30 minutes or over 480 minutes are extrapolated

using Formula (B.4):

D, = (My4x0,008) + (-2,547 x 1075 x M42) + (2,875 x 1078 x M43) (B.4)
where
D,, isduration multiplier;

My  istask duration in minutes (evaluated for values below 30 minutes or over480 minutes).
Fable B.1 — OCRA checklist duration multipliers as a function of the duration of repetitive
tasks in the shift(22]

Net duration of repetitive task Central value Duration multiplier
min min
<19 1,5 0,007
19to0 3,6 2,8 0,018
3,7 to7/4 55 0,05
7,5 tol4 10,7 0,1
15 to29 22,5 0,2
30to 59 40 0,35
60 to120 90 0,5
121 to180 150 0,65
181 to 240 210 0,75
241 to 300 270 0,85
301 to 360 330 0,925
361 to 420 390 0,95
421 to480 450 1
481 to 540 510 1,2
5410600 570 1,5
601-to 660 630 2
661 to 720 690 2,8
Nofe that when proposing the revised strain index, [32] [34] the D, is computed usmg a formula that
giv ) minutes),

with some assumptlons regarding very short duratlons (1ess than 3 minutes) and durations over
480 minutes.

The two proposals for duration multiplier evaluation are synthetized, referring to the central values
(in minutes) reported in Table B.1, in Figure B.2. The values are similar for most common durations and
are slightly different for very short durations or durations over 480 minutes. In Figure B.2, the relation
between the duration multiplier and the duration of the task in the shift is graphically reported for the
two methods.
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Figure B.2 — Duration multipliers as a function of the duration of repetitive tasks in/the shift i
the OCRA checklist method

B.2.2 Daily manual lifting task rotations
Here reference is referred to the RNLE method and its extensions as published in the literature
embedded|in ISO 11228-1 and ISO TR 12295.[211.[35].[63]-[67]
The RNLEIP3] envisages a formula that integrates organizational, weight'and geometry (layout and b

hnd

bdy

position) fpctors; its aim is to define the recommended weight lindit (Ryy;) for a lifting activity. This
Ry, is then compared with the weight actually lifted (L) to comppte the lifting index (L;), according to
Formula B|5:
where

L, idlifting index;

L  iqthe load weight in kg;

Ry, i the recommended weightlimit.
The Ry, i§ estimated to start-from the maximum weight nearly all healthy workers ought to be able
to lift under optimal conditions (load constant or reference mass = 23 kg in the original propogal)
reduced by the intervention-of other relevant risks factors (multipliers or reduction factors) as reporjted
schematically in Table B:2:

Table B.2|— Multipliers used in the RNLE method for computing the recommended weight limit
(Rw1)
E d constantor rofay
LC Loz T T Maximum recommended weight under ideal lifting conditions
ence mass
VM Vertical multiplier Vertical distance of the hands from the floor at the start/end of lifting
DM Distance multiplier Vertical distance of the load between the beginning and the end of lifting
HM Horizontal multiplier |Horizontal distance between the load and the body at the start/end of lifting
- Angular measure of displacement of the load from the sagittal plane at the
AM Asymmetry multiplier start/end of lifting
CM Coupling multiplier Assessment of the quality of grip of the object (from tables)
FM Frequency multiplier |Frequency of lifts per minute and duration scenario (from tables)
74
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In the study of manual lifting activities, four types of lifting tasks and relevant turnover can be

ope

rationally identified, with the following definitions and features:

Mono task

This task involves lifting objects generally of the same type and with the same weight, with no

changes in the parameters (same position of the layout and body geometry) from one

lift to the

other both at the origin of the lifting and at the destination. In this case, the classic lifting index

mono task (MLI)[22] calculation method can be used.

Composite task

As 1
and

B.3
m

B.3

Hay

Lifting objects that are generally of the same type (and weight) but over different geom
grasping and moving objects from or to shelves at different heights and/or different
distances) within the same time period. Each individual geometry (i.e. eachcoml
vertical height and horizontal distance at origin or destination) is called a subtask. In th
composite lifting index (CLI) can be computed following the specific pretedure. Howe
been postulated that no more than 10 to 12 subtasks can be computed ifthis procedure
need to introduce standardized simplifications.[21].[63].[67]

Variable task

This refers to lifting or lowering objects of different weights and/or over different §
(vertical heights, horizontal distances) within the same time period of the shift. Differ
categories can be identified in this case. The handling ©f €ach separate weight category
individual geometry is called a subtask. In this case thewvariable lifting index (VLI) is the
methodology to use.[21].[67]

Sequential task

When a daily shift includes several different lifting tasks (single, composite or vari
performed continuously for at least 30 min. Workers rotate between a series of single or
or variable lifting rotation (in general for no more than four or five different tasks, each j¢
lasting no less than 30 consecutiveminutes) during a work shift. In this case, that rep
real rotation between differentlifting tasks, the sequential lifting index (SLI)[21] is the a
be used.

'egards the analysis of single, composite and variable lifting tasks, reference is made to thg

the relevant manuals.[2L}[66]

Rotations-ever periods longer than a day: the macro cycle (e.g. weekl|
Inthly, yearly)

.1 Main elements of this procedure

ring explained how to deal with daily task rotations, the next step is to define a set of proc

etries (e.g.
horizontal
ination of
Is case, the
bver, it has
hence the

reometries
ent weight
over each
Calculation

hble), each
composite
b-rotation
esents the

pproach to

b literature

pdures and

ral manual

cri

- . . . 1 . . 1 1 1
Clld 1U1 Cbtlllldtllls CAPUSUIT T HTIUTT CULITPITA DltudtlUllD, WIICTI T WUIRCTIS 1 Utdtc dlUllg STV

tasks with different levels of exposure and variously distributed, in qualitative and quantitative terms,
over periods longer than a day (macro-cycles of different time). In this case organizational analysis

bec

omes more and more relevant.

The key elements of this procedure are as follows:

Identification of the period over which the tasks are rotated: week, month, year or some other

representative period.

Identification of the homogeneous group of workers (homogeneous for professional risks exposure)

who perform the same rotating tasks, in the same workplace, for the same duration and i
sequence. A group can be composed also by only a worker if any other does the same job
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homogeneous group over the macro-cycle analysed.

Analysis of the duration and sequence of all the various manual tasks performed by each

Use of the methods suggested in the literature and in the standards to assess the corresponded

exposure index in each manual task, as if it lasted a whole daily shift of a predefined constant
duration: the intrinsic risk value of each task. Each task can take more aspects of biomechanical
overload, for example, both from repetitive movements and from manual lifting or pushing/pulling.
In this case for each aspect the specific intrinsic exposure value for that task has to be calculated.
Reference is made here to the OCRA checklist for repetitive tasks and to the RNLE for manual lifting

tasks.

Recon
where
preser|
tasks

day re
is traj
predef
this nd

Recald
now th

Applic
preser

Methodolo

Ktruction of an artificial working day (in min) with respect to reference time constg
this artificial day is used for representing of entire macro-cycle, regarding any durat
ted. This study includes all the rotated tasks, with the proportional time overfwhich
hre distributed in the period considered. For accordingly calculating the artificial work
presentative of the macro-cycle, the proportional duration of each task in, the ‘macro-c)
isformed in representative minutes. Practically any macro-cycle is transformed (us
ined constants) in a representative working day in minutes and so onthe task duration
w representative working day.

ulation of the intrinsicrisk value of each task (evaluated using a constant duration) considef
le estimated real duration of each task, using specific duration multipliers.

ation of the formulae employed to analyse the daily rotatiens'considering the individual tg
t in the macro-cycle in study.

gical details about each of these steps are provided in the following subclause. Example|

the procedure illustrated here are provided in B.5.

B.3.2 Id
periods a

The first 3
analysis af

The types
that allow
excuse thg
macro cyc
durations.

s week, month, year

tep is to define the period - the maeto-cycle during which all the significant tasks in
e rotated.

of macrocycles durations certainly are infinite, but if there are no simplification crit
the risk to be estimated, évery risk assessment remains unfinished and nothing is done

t the mission is impossible). For applicative purposes, one option is to use the predefi
e periods as week, month, year as a modal representation of the different real macro-c)

The modall annual magro-cycle, in the agriculture and construction sectors, results in the §

represents
can be usg
harvesting

tive macrozeycle. In agriculture, task rotations are typically annual but the annual cy
d even-when more cycles of few months in each year are repeated identically (e.g. m
per year of the same product).

nts
ion
the
ing
cle
ing
5 in

ing

sks

s of

entification of the rotation period (macro-cycle) and the predefined macro cycle

the

bria
the
ned
cle

est
rles
ore

In civil constbuctions generally a year cycle for large construction sites is present but a month c}

cle

(modal) is more frequently adopted for small civil renovations. In other sectors (logistics for retail
chains, cleaning services, food preparation facilities), the most common rotation scenario is monthly,
while in other situations (e.g. supermarkets) tasks can be rotated on a weekly or, occasionally, monthly

basis.

In summary, some practical options are provided for using the predefined macrocycle (week, month,
year), certainly able to simplify even the subsequent evaluations:

macro

the fol

76

cycle.

lowing months are repeated identically, use the month macro-cycle.

Check if more identical sub-macro-cycles are repeated during the year; if so, use the annual

Check if more identical sub-macro-cycles (e.g. one week, 15 days) are repeated within a month. If
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Whichever macro-cycle duration is chosen, the criteria and procedures for dealing with the
biomechanical overload risk analysis are the same. Given the extreme variability, the procedure is
however to identify and evaluate representative modal scenarios.

B.3.3 Identification of all the manual tasks typical of certain production present in a
macro-cycle (job analysis) and identification of the homogeneous groups of workers

The preliminary step is to identify all the significant manual tasks performed in the macro-cycle,
organized with rotations, characterizing a certain production. Note that it is better to have a complete
list of all the manual tasks performed before attributing these tasks to one or more homogeneous

groups of-workets:

Sin
ass
tha

Ce the focus of the analysis is the exposure of workers to a set of conditions determined by the tasks
gned to perform, it is first necessary to identify which homogeneous group of workers dre present
f need to be examined.

Thd
wol
gen
dur
can|
and

eneous for
be, culture,

homogeneous group of workers for risk exposure (as defining groups of workers homog
'king conditions and not groups of people homogeneous for other factors stch as weight, a
der) is the group of workers that performs the same tasks, in the same workplace and wjith similar
ations (or time patterns) during the selected period (macro-cycle)-Note that a homogeng¢ous group
sometimes be made up of just one person, if no other workers perform the same tasks qualitatively
quantitatively.

Moreover, if two groups of workers perform the same tasksinthe same workplaces but with different
durjations or time patterns (e.g. one group works full-titne'and the other works part-timg) the two
groups must be analysed separately.

B.3
by

Thi

4 Analysis of the duration and sequenceé-of all the various manual tasks perfformed
each homogeneous group over the magro-cycle

wol
oneg

s step involves assigning the tasks penformed by the homogeneous group (or individu
'ker) qualitatively and, most of allguantitatively. This part of the analysis is the mo
since it is needed to know how mueh time is spent, during the macro-cycle (week, mon

hl exposed
st difficult
'h, year) in

performing the different tasks.

Huration of
ing a year.
oportional
to provide

Thg level of detail in the analysis depends on the period examined. It regards presence and
diffferent tasks in single days for analysis of a week or months, and single months for analys
Extfreme accuracy is notrequired when starting to define the first time-assessment, the pr
assjgnment of tasks (the;employer, or even the members of the homogeneous group, are able
thig information).

Thd
ma

se data allow-the total number of hours worked by the homogeneous group on each task in the

cro-cycle-and all the duration multipliers to be computed.

It i
see

alsoinecessary to define the general characteristics of the typical working shift (the npodal shift,
B:3.6) to obtain important information:

— the proportional reduction between the total shift duration and the net duration (without breaks
and other short accessory tasks (e.g. cleaning), useful to obtain all the real tasks duration in the
macro-cycle;

— the modal recovery multiplier.

B.3.5 Analysis of biomechanical overload typical of each individual task - the intrinsic
risk value of each task to prepare the basic tasks list with all the intrinsic risk evaluation

All the manual tasks performed by the workers have to be analysed using the appropriate method (in
the present paper, OCRA checklist and L;-RNLE) to calculate the intrinsic risk value for each task.
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Calculating the intrinsic risk value for a certain task means evaluating the task as if it is (only
theoretically) the only one performed by the worker all the time (i.e. for the whole shift and the whole
period).

When computing the intrinsic OCRA checklist score (Cy ;), reference is made to a shift scenario featuring:
— 430/460 net minutes of repetitive work (modal value = 440, duration multiplier = 1);
— one 30 min meal break and two 10 min breaks (recovery multiplier = 1,33).

When computing the intrinsic L; (MLI or CLI or VLI) for lifting tasks, reference is made to a long duration
scenario (qroretham2-hoursof comrsecutive rammuat i tmg i the shiftwithrthe correspomdimg classjical

frequency multiplier (by L;-RNLE).

Note that |n any case it is better to have a complete analysis with the intrinsic risk scores |of all|the
manual tasks performed in the macro-cycle (the basic tasks list with all the intrinsic risk’evaluatipn),
before studying who performs them. It is then possible to attribute the tasks specifically to each
homogenepus group of workers (the active tasks performed by each different homogeneous group).

B.3.6 Reconstruction of the artificial working day (or fictitious day) representative of
macro-cycle (in term of total net duration of work and duration of.€ach task) performg¢
by each Homogeneous group

A1 4

d

Based on the analysis carried out in B.3.3, it is then possible to estimfate the proportion of time that|the
homogenepus group spends on each manual task. This proportion‘€an be calculated with referencg to
the total working time of the group in the period (macro-cycle).

However, gince the total working time of the group can varyfrom group to group (e.g. one group [can
work full-fime and another part-time), to reconstruct. thé artificial working day representative of
the macrofcycle, it is necessary to estimate the proportion with respect to standard work duration
scenarios guch as those typical of industry. These scenarios are called prefixed exposure time constgnts
and are defailed in Table B.3.

Table B.3 + Exposure time constants

Hours/day|constant 8 Hours/month constant 16
Minutes/dqy constant 440 |Days/month constant 20
Days/weeHl constant 5 Months/year constant 11
Minutes/wgek (440 min * 5 days)constant 2200 |Days/year constant 22
Weeks/mohpth constant 4 Hours/year constant 1760

J
NN

Some exanpples of artificial working day calculations, in annual macro-cycles are presented in Table

Table B.#t — Some examples of different artificial working day calculations, in annual macrp-
cycles

Representative day in annual macro-cycles

1 — iftheoverall hours worked in the year are 1 760 (in this case the worked hours/year corresponds to the constant),
they correspond to a representative day of 480 minutes:

1760 h really worked per year * 60/220 worked days per year constant = 480 min

2 — iftheoverallhoursworkedintheyearare 880 (part-timejob of4 hoursperday), they correspond toarepresentative
day of 240 minutes:

880 h really worked per year * 60/220 worked days per year constant = 240 min

Representative day in monthly macro-cycles

1 — if the overall hours worked in the month are 160 (in this case the worked hours/month corresponds to the
constant), they correspond to a representative day of 480 minutes (160 hours really worked per year/20 worked
day per month constant *60):

160 h really worked per month * 60/20 worked days per month constant = 480 min
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Table B.4 (continued)

2 — if the overall hours worked in the month are 80 (part-time job of 4 hours per day), they correspond to a
representative day of 240 minutes:

80 h really worked per month * 60/20 worked days per year constant = 240 min
Representative day in a not predefined macro-cycle duration

1 — ifthe macro-cycle duration is 66 days, the constant days for that period is 44 days obtained through the following
formula:

X:66 =20:30 or 66 *20/30 or 66 * 0,667 (from Table 5).

2 — now if the overall hours worked in this macro-cycle are 352 (44 days * 8 worked hours a day, that represents
threworkedhours 66 days of racrotycle) it torrespomdstothe obtaimed constamtand-the represgntative day
corresponds to 480 minutes:

352 hreally worked * 60/44 worked days constant = 480 min

The proportion of time that the homogeneous group spends on each manual taskin-the magro-cycle is
the|basis for estimating the time (in minutes) spent on each task in the artificial working day. Having in
fact reconstructed the artificial working day and having the proportion of time'that the hojogeneous
group spends on each manual task in the macro-cycle, it is easy to calculate the tasks duration in
artificial minutes with which the final evaluations is made, using the‘suitably adapted ¢alculation
methods indicated previously for exposures with a daily rotation schedule.

B.3.7 Recalculation of intrinsic risk indicators according to the real task duratipn

To gtart with, it is necessary to define the general characteristics of the typical working shift:

— | For the analysis of risk exposure to repetitive tasks’it is necessary to estimate the oyerall shift
duration, the number and duration of pauses, and“the duration of non-repetitive tasks jn order to
obtain the net duration of repetitive work (necessary for obtaining the duration multfiplier) and
score for the distribution of recovery timesc{necessary for obtaining the recovery multiglier).

— | In a multitask analysis, with a complex(macro cycle, while all the tasks present (with the exception
of a few auxiliary activities, to be.excluded from the net-working time), have to be fonsidered
repetitive and therefore upper litnb5 activities to be analysed, not all such tasks also hgve manual
lifting of loads. To study the risk.of manual lifting, these tasks have to be extrapolated, [in order to
obtain the specific net duration of manual lifting and so the specific duration multiplier DM. The
same for pushing-pullingactivity.

— | The analysis can bemore or less detailed, depending on whether the period of time congidered is a
week/month or a gear. In the first case data is required day by day, in the last one typicdl or modal
shift can be conSidered representative of each month of the year.

Noyv all the intfinsic risk values obtained for each task (calculated on a constant of 8 hours and pre-

established recoveries) can be corrected, considering the true duration of each task in the mpcro-cycle.

Thdir correction occurs through the use of recovery and duration multipliers, obtained r¢spectively

from the\érganizational analysis of typical working shift and from the artificial working day

final

B.3
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risk index both for checklist OCRA and for NIOSH lifting index LI (MLI, CLI; VLI) and
other risk assessment methods

B.3

.8.1 General

Starting from the consideration that almost all the manual tasks that characterize a productive process
are repetitive for the upper extremities (other occasional tasks are in fact considered as non-repetitive
and excluded from consideration), it is not to be excluded that the same repetitive tasks can also involve
manual handling of loads (where in fact the operators lift objects using the upper limbs) or awkward
postures of the whole body (trunk and lower limbs). This implies that, in these latter cases, there is the
need to apply both the analysis for the upper limbs and the analysis for different aspects of manual
handling (or eventually awkward postures). The analysis follows the same general approach but
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also has slight differences when considering upper limbs repetitive movement or manual handling of
loads, especially in the reconstruction of the corresponding artificial working day. These two aspects

consequen

tly are presented in the following subclauses.

B.3.8.2 Application of the final formulae, used for daily rotations, to calculate the final risk
index both for checklist OCRA

To calculate the final risk exposure using the models and formula presented for daily rotations it is
necessary to convert in artificial minutes both the total duration of manual tasks in the observed
macro-cycle (artificial Worklng day for repetitive movements representatlve of macro- cycle) and the

duration
scores, ref
duration a

These dat4
with the (

models: time-weighted average and the new MultiGEI derived by the multitask ‘complex mc

presented
The follow

Recov
distril

Total d
tasks

using {
its spe

with pushing-pulling.

Moreover,

Partia
repeti
the arf

Fracti
in the

B.3.8.3 A
index for |

In essence
make it ap
to multida

ecting the actual organizational conditions in the homogeneous group, through both ther
hd recovery multiplier (Table B.1).

allow now, to compute the final synthetic risk exposure index. In analysing repetitive t3g
CRA checklist, the final synthetic exposure value can be calculated using two calculaf

for used in daily rotation.
ing parameters are used for this purpose:

ery multiplier: this value is derived from the organizational data)describing the presence
ution of breaks tasks in a typical or modal working shift.

uration multiplier (D, ,.): this value is derived from the overall duration of all the repeti
fonsidered in the artificial working day representative of the macro-cycle; it is calculg
he criteria reported in Table B.1. Different overall duration of all the manual lifting tasks
cific total duration multiplier have to be calculated for tasks with manual lifting and for t3

to complete the two formulae, the following parameters can also be considered:

[ive task (and separately from tasks with manual lifting and pushing/pulling) considere
ificial working day; it is calculated using the criteria again in Table B.1.

bn of time of each task (Fy)ythis value is the proportional (in %) duration of each single 4
artificial day for repetitive movements.

lpplication of the'final formulae, used for daily rotations, to calculate the final risk
NIOSH lifting index LI (MLI, CLI; VLI)

the same formula used, in a daily rotation, Formula (B.2), after appropriate adaptations t
blicable'te,multitask evaluations with non-daily cycles, is used. In order to adapt the forn
y lifting'tasks on a rotating schedule, it is necessary to:

list
eal

sks
ion
del

hnd

[ive
ted
hnd
sks

duration multiplier (D,,): this valugris derived from the individual duration of each single

H in

ask

hat
ula

calcul

Ate L 1 52, o DAsed on intrinsic lifting index L; of each task (MLI or CLI or VLI, see B.

B.B.4)

considering the respective specific duration in minutes, derived from the specific artificial day for
manual lifting (representative of the total duration of the only tasks with manual lifting present in
the macro-cycle) and apply the respective duration multipliers according to the criteria in Table B.1;

calculate Lj .41 2 3. based on intrinsic lifting index considering the total duration of all lifting

tasks in the specific artificial day for manual lifting and apply the duration multipliers (for the total
duration of all lifting tasks) according to the criteria in Table B.1;

actual

the Fip

duration and on the total duration;

2,3,....

extrapolate from these data L; | .;rand L; 1 .. the worse lifting tasks, calculated respectively on the

neff used to calculate K consider the duration in % of each task (starting from the second

worse manual lifting task) with respect to the total duration of all lifting tasks, less the duration of
the first worse lifting task.

80
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B.3.8.4 MultiGEI: multitask general exposure index

A new general formula: multitask general exposure index (MultiGEI), derived by multitask complex
model was created. It allows to analyse all the different aspects of biomechanical overload and calculate
the final exposure indexes in multitask analysis, in macro-cycles, for all the different risk factors

This new approach can be summarized as a more general formula, called the MultiGEI that can be
used, starting from any exposure index suggested in the literature or from International Standards,
for analysing various aspects of biomechanical overload (awkward postures, manual load handling
including pushing and pulling, repetitive movements and strain of the upper limbs) in multitask

analysis in macro-cycle.
Thg above approach can be applied also to the revised strain index,[331.34] the TACOS fmethod,[23].24]
methods for assessing pushing and pulling actions as summarized in ISO 11228-2, and-to many other
methods that are of technical and application-related importance.
Forjmulae (B.6) and (B.7) are suggested:
MultiGEI = E; 1o¢¢ + (AE; 1 x K) (B.6)
K= ((Ey2 max * F1.2) * (E1 3 max * F1.3) ++(E1j max* F))/ E11 max (B.7)
where
MultiGEI  is the final risk value of the exposure index of the multiple rotating manual thsks, using
the multitask complex approach;
Eyq23,jefr isthescore ofall the active tasks, ¢alculated considering D, (duration multiplier accord-
ing to the effective duration af'each relevant task; in the artificial working day;
El12,3,j max is the score of all the active-tasks, calculated considering D, (duration myltiplier for
the total duration of altrelevant tasks in the artificial working day;
E|q eff is the score of task1,the task with the highestrisk score, calculated considering D, ; (du-
ration multiplieraccording to the actual duration of task; in the artificial working day);
El1 max is the score of task1, the task with the highest risk score, calculated considering D, ..
(duration multiplier for the total duration of all relevant tasks in the artificial wqrking day);
AEy EyyGaax = Enn efp
Foy is the time fraction (between 0 and 1) of each task j - except task ; the worst fask - with
respect to total working time minus working time devoted to task1) in thle artificial
working day for that specific risk.
Thd calculation structure thus for OCRA method and RNLI for multiday rotations, can also bg extended
to ottrer vatuation methods rowever using the samnte duration muttiptiers teported im Tabte B.1.

It is also worth noting that in many cases, especially when repetitive task rotations take place in
monthly and annual scenarios, analyses are generated for dozens of tasks that the homogeneous group
performs in the period, each of which has an artificial duration of only few minutes. In such cases, and
whenever there are more than 10 rotated tasks summarized in the artificial working day, tasks are
grouped together with a similar final risk index score.

Given that the formula used is strongly supported by the task with a worse value, calculated with
respect to its actual duration, having created six risk classes in which to group the analysed tasks, six
representative tasks are displayed, each obtained from the sum of the times of the tasks present in each
class and their representative risk. It thus become more significant also in relation to the application of
the duration multipliers in Table B.1.
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Although tasks can be grouped in various ways, grouping the results of the various tasks included in the
artificial working day into six categories is preferred. Those six categories are determined according to
the distribution of the individual exposure scores (E ,,,,) using preferentially the sextile distributions
as key points for grouping (or in other terms the scores corresponding to the 16,6th, 33,3rd, 50th, 66,6th,
and 83,3rd percentile of the score distribution). In any case, the original durations (in the artificial
working day) of individual tasks are consequently grouped and accumulated in the six categories.
Within each resulting category a representative score value is chosen; this value corresponds to the
resulting time-weighted average score of all the tasks considered in that category.

This produces the representative score and cumulative duration of each category. With these two
elements itis pnccih]p to app]y the gpnprn] Formula (B.6) to six exposure index categaries, fa]zing into

account the duration multipliers indicated in Table B.1.

B.4 Coniclusions
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For the time being the present evaluation approaches cannot be considered as precise models for
estimating the risk of adverse health effects, insofar as further epidemiological studies are required to
verify the exact association between estimated exposure levels and consequent health effects.

It must be pointed out, however, that based on current understandings, considering that usually the
risk value obtained with the MultiGEI formula is higher than that obtained with the time-weighted
average formula, the presence of exposure risk (for health effects) can be confirmed when already the
score obtained with the time-weighted average indicates the presence of risk.

Lastly, it appears obvious that the analyses proposed here are somewhat complex, especially as
regards the collection of organizational data. However, exposure cannot be assessed without having
some idea of which tasks, where, for how long and in what sequence a worker performs certain tasks.
Consequently, if these aspects are complex, the analysis is necessarily complex too, but not impossible.
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The procedures used to calculate the summary risks indicators presented here are undeniably difficult
and, especially where the work entails numerous tasks, virtually impossible to manage manually. This
is why a number of free downloadable spreadsheets have been made available and can help the user
to collect the necessary organizational data and measure the intrinsic exposure level, while the final

exp

osure values are generated automatically.[64]

The calculations and images shown in the examples were in fact produced using these same
spreadsheets.

B.5 Examples of evaluating the final risk in exposure to biomechanical overload
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Table B.5 — List of tasks performed by the homogeneous group no.1: concrete distribution

Filling pillar with concrete pump
Filling beams with concrete pump

Spreading floor with concrete pump

Emptying concrete on the floor with concrete mixer

Guide of py

mp launches-concrete

Concrete lqg

Concrete lg

Concrete hpmogenization with vibrator (20 - 40) mm of
beams

Concrete hpmogenization with vibrator (20 - 40 mm) of
floor

Concrete hpmogenization with vibrator (20 - 40 mm) of
pillars

Support the vibrator extension manually .
Concrete spreading floor with hoe, shovel B\

velling with long metal rod (row) ‘\\O

velling with laser (reinforced concrete)

O

\
However, §imply quantifying task in terms of its duration within the year is not sufficient becapse,
the numbé¢r of hours wor ach month is not always the same. Much depends on the inhegent
characteritics of each cg nd on the presence of quiet times versus extremely busy times.

With the organizatio

the organi
work conti

acE{v

With rega

information presented in Table B.8 it is possible to obtain the data relative to
yation e most representative shift on a monthly basis (generally the one included in|the

-dsto the homogeneous group no.1 considered here, Figure B.3 shows the hours worked

by the whole group each month, along with a calculation of the hours worked each month/worker
performing repetitive work (excluding breaks and any other non-repetitive and ancillary tasks present
in the shift).

The graphs in Figure B.3 depicts the levels of the work commitment with respect to a constant 160 h/
month, indicated as 100 %.
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Table B.6 — Examples of intrinsic risk scores calculated with the OCRA checklist the specific
tasks worked by homogeneous group no.1 (right and left upper limbs have symmetric risks

exposure)
- e — o
= 2 > [} < — 2=
] = > %) = o, ‘5 ] [SI”]
=5 28| § | ¢ | 2| E| B | 2| 2| s | E|EEs
Tasks 55 | 33 = £ = 2 (= < S = = S ER
> .2 w O = = = = = == = = = <E=E8
8= | 58| £ & 2 2 R
g | & | " RS
I1;3111‘1? pillar with concrete 1,33 4 45 24 0 0 0 3 4
C_oncrete hor_nogemzatlon with 1,33 4 45 24 8 0 0 0 3 1
vibijator of pillars Q
Filling beams with concrete (1/\
g 1,33 4 45 24 1 0 0 0 3 4,
pump L
Conkrete homogenization with Q N
vibiator (of beams) 1,33 4 4,5 24 8 0 0 0 @ 11
Guidle of pump launches-con- 1,33 4 2.5 0 1 0 0 4 «Q 3 7
crefle O\
Em] tying concrete on the floor 1,33 4 45 2 1 0 0 %0 15 2.5
with concrete mixer ‘\\
Spr¢ading concrete with shovel | 1,33 4 4,5 4 1 0 () 0 1,5 2,5
Cpncrete homogenization with 1,33 4 45 1 2 0 Q 0 0 3 5
vibyator of floor
Support the vibrator extension 1,33 4 45 0 1 \\ 0 0 3 4
marnually 5\0
Confcrete spreading floor with 1,33 4 45 8 @ 0 0 0 3 4
pumped concrete Q
Conkrete spreading floor with 1,33 4 6 8@\ 1 3 3 0 3 6
hoe| KX
Conkrete levelling with long 1,33 4 5 <> 4 12 3 2 3 3 15
metal rod (row) L\
Cor_lcrete levelling with laser 1,33 4 @? 2 P 2 0 0 3 5 15,30
(reipforced concrete) r \\

NOTIE Considering the result of the intrinsic values.oM OCRA checklist, the colours used in the table for the OCRA checklist results mean:
ligh{ grey: borderline risk; medium grey: risk pl‘ient; dark grey = high risk.

hite = no risk;

N

Table B.7 — Distriﬁytlon of tasks in percentages for each month of the year, for

the

C)O : homogeneous no.1 group
%\- Breakdown of the task duration for each month of the year

[ON Jan| Feb |Mar| Apr |May| June | July | Aug |Sept| Oct |[Nov| Dec
FilTng pillar with Concrete pump 15 % 15 % 159% | 15% | 15 % 15 % 15 %
Corcrete h@genization with vibrator of 5% 5% 5% | 5% | 5% 5% 5%
pillars
Filllir@eams with concrete pump 15 % 15 % 15% | 15% | 15 % 15 % 15 %
Concrete homogenization with vibrator (of 5% 5% 5% [ 5% | 5% 5% 5%
beams)
Guide of pump launches-concrete 10 % 10 % 10% | 10 % | 10 % 10 % 10 %
Emptying concrete on the floor with con- 10 % 10 % 10% | 10% | 10 % 10 % 10 %
crete mixer
Spreading concrete with shovel 10 % 10 % 10% [ 10% | 10 % 10 % 10 %
Concrete homogenization with vibrator of 3% 3% 3% | 3% | 3% 3% 3%
floor
Support the vibrator extension manually 1% 1% 1% | 1% | 1% 1% 1%
Concrete spreading floor with pumped con- 10 % 10 % 10% | 10% | 10 % 10 % 10 %
crete
Concrete spreading floor with hoe 10 % 10 % 10% | 10% | 10 % 10 % 10 %
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Table B.7 (continued)
Task Breakdown of the task duration for each month of the year
asks
Jan| Feb |Mar| Apr |May| June | July | Aug |Sept| Oct |Nov| Dec
Concrete levelling with long metal rod (row) 5% 5% 5% | 5% | 5% 5% 5%
Concrete levelling with laser (reinforced 1% 1% 1% | 1% | 1% 1% 1%
concrete)
100 % 100% 100%(100%100 % 100% 100%
Tah — :
repréesentative shift for each month, with a description of breaks and the calculation of
recovery multipliers per month and for the whole year
Jan | Feb | Mar | Apr | May | Jun | Jul | Aug | Sep | Oct {“Nov | Dec
Shift net duration 480 - - - 480 | 480 | 480 480 480
No. pauses|official and real ) ) ) i ) )
(excluding Junch break) 2 2 2 2 2 i
Actual duration of pauses 4
(excluding Junch break) 30 30 30 30 30 10
Duration lynch break if this
inside the ghift (paid 60 i i i 60 | 604 60 i 60 i 4o
Total breaks duration 90 - - - 90 90 90 - 90 - 90
Putting onftaking off uni- ) ) ) i )
forms (protective gear)
Total minufes of non-repeti-
tive tasks ih shift 48 i i i 48 | 48 ) 48 i 48 i 18
Net repetitive working time 342 | - | - 0 | 342 342 342 | - [342| - |342
(in minutgs)
% reduction (net duration),
considering the total dura- 1% ~ - | - [71%|71%|71%| - |[71%| - |71%
tion of shift and of repetitive
tasks
Recovery scores
Recovery multiplier per ¥33| - [133| - [133[133|133| - [133| - |13
month
Based on this data a moreCerless accurate distribution of breaks can be worked out, which is usgeful
for calculating the recovery multipliers for calculating the OCRA checklist, month by month, and dver
the whole [year, and thetratio in percentages between the gross to net duration of repetitive work|for
calculating the duration multipliers (for repetitive work).
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It is now possible to obtain the hours
actually spent performing each task
per month and over the whole year
(Table B.9). The data for the whole
year is important because it summa-
rizes how many hours were actually
spent on each task, the corresponding
percentage versus the total number of
hours worked, as well as the percent-
age versus the predetermined con-
stant ot 1 760 h/year.Total working

Feb Apr Jun Jul Aug Oct Dec

hours per year/worked Aq:b
No| total hours worked per month (by (]>)
the whole group or individual worker)| 1100 | 1000 | 1100 | 1100 | 100Qv)° 975 1100
induding any seasonal or casual workers A0
. . . \
% reduction considering the total dura- o o o o o o o
tiop of shift and the net tasks duration 71% 1% 71% 71 /°<<\Q71 % 1% 71%
\
No|. total hours worked per month/ 220 200 220 @) 200 195 220
warker o\
No| net hours worked per month/worker| 156,8 | 142,5 156¢8l 0\156,8 142,5 138,9| | 156,8
Nof workers versus total workers 5 5 A@‘ 5 5 5 5
Nof seasonal or casual workers - - \\\<- - - - -

a) Total working hours year/worker
Jan Feb Mar Apr May Jun Jul Sep Oct Nov Dec Oct Nov] Dec
&

NOTE When 100 % of the constant is exceeded, the lines in the figures enter the grey colour.

Figure B.3 — Determination of hours of repetitive tasks performed by each member of the
homogeneous group no.1 during each month of the year with respect to the constant 160 h/
month, indicated as 100 %
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Table B.9 — Homogeneous group no.1: calculation of hours actually worked, broken down by
task and month and over the whole year

% of |Hours|
total | per a/')::r
Tasks Jan | Feb |Mar|Apr |May |June| July |Aug| Sept | Oct [Nov|Dec| hours | year cltl)n-
per | Per | stant
year | task
Filling pillar with concrete 33,0 30,0 33,0| 33,0 (30,0 — |29,3 33,01150%| 221 | 12,6 %
pump
Concrete homogenization 11,0 10,0 11,0 11,0 |10,0| — | 9,8 11,0{ 50% | 74 4,2 %
with vibratpr of pillars
Filling beamis with con- 33,0 30,0 33,01 33,0 (30,0 — (293 33,0115,0%| 221 4:12;8%
crete pump,
Concrete hgmogenization 11,0 10,0 — |11,0| 11,0 {10,0| — |98 11,0( 5,0 % |, V74 4,2%
with vibratpr (of beams)
Guide of pump launch- 22,0 20,0 22,0( 22,0 |20,0 19,5 22,0/10,0%| 148 | 8,4
es-concrete
Emptying cpncrete on the 22,0 20,0 22,01 22,0 (20,0 19,5 22,0110,0%| 148 | 8,4
floor with concrete mixer
Spreading doncrete with 22,0 20,0 22,01 22,0 (20,0 19,5 22,0|110,0%| 148 | 8,40
shovel
Concrete hgmogenization 6,6 6,0 6,6 | 6,6 |60 59 6,6 30% | 44 2,5%
with vibratpr of floor
Support the vibrator ex- 2,2 2,0 2,21 2,2 120 2,0 2,211,0% | 15 0,8 %
tension manually
Concrete spreading floor 22,0 20,0 22,0] 22,0 ['20,0 19,5 22,0(10,0%| 148 | 8,4%
with pumped concrete
Concrete sgreading floor 22,0 20,0 22,01 2250 (20,0 19,5 22,0{10,0%| 148 | 8,4
with hoe
Concrete leyelling with 11,0 10,0 11,0| 11,0 {10,0 9,8 11,01 50% | 74 | 42%
long metal fod (row)
Concrete leyelling with 2,2 2,0 2,21 22120 2,0 2,211,0% | 15 0,8%
laser (reinf¢rced concrete)
Total 220 200 220| 220 {200 195 220|100 % | 1475 | 84 b
This orgarlizational data forms the basis for constructing the artificial working day representative of
the year; it is used to analysemulti-task exposure when the turnover cycle is annual. Table B.10 shows
the first step needed to dfaft the intrinsic scores used to calculate the annual exposure score. The
duration of the artificial working day representative of the year is calculated based on 1 475 net hdurs
worked/y¢dar, using Fermula (B.8):
Mfwd:[ x Hy/ CDy x 60 (]3.8)
where

Mg,,q is artificial working day in minutes;

H,  isworked hours per year;
P is percentage of repetitive task duration versus total worked hours;
Cp, is percentage of repetitive task duration versus total worked hours.

The duration of the repetitive work performed by the homogeneous group no.1 during the artificial
working day representative of the year is 286,6, min (1051/220*60), with a duration multiplier of 0,85
and an average recovery multiplier/year of 1,33 as indicated in Table B.8.
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These two multipliers are used to recalculate the intrinsic scores and adjust them in relation to the real
duration and distribution of recovery times for the relevant homogeneous group.

The recalculation is performed by dividing the intrinsic risk scores of each task by the standard
duration and standard recovery multipliers used to obtain the intrinsic risk scores (equal to 1 and 1,33,
respectively) and re-multiplying them by the new multipliers describing the artificial working day/
year.

Table B.10 shows each task with the starting intrinsic risk scores on the left column of the figure
(for both the right and left arm, for each task performed by the first homogeneous group) and the
corresponding scores on the right column of the figure, reformulated with the two new multipliers for

the(total duration of the artificial day representative of the year 0y
Table B.10 — Homogeneous group no.1: intrinsic risk scores calculated with t RA checklist
and recalculated using the effective duration and effective recovery m liers for the
artificial working day representative of the year ,\Q
OCRA checklist «({" OCRA ¢hecklist
intrinsic value Worked \ intrindic values
(8 hours with | hours consi@_l;.:?/ re-evaluated
. ~) % on total ol .
canteen and ering thgi)\ considefring their
two breaks of | net duration real duration and
Tasks A{(
Filling pillar with concrete pump 0\1%7,6 15 %
Co crete homogenization with vibrator 52,5 50
of pillars
Filling beams with concrete pump 157,6 15 %
Concrete homogenization with vibrator 52,5 59
(ofpbeams)
Guide of pump launches-concrete 105,1 10 % 10,74
Emptying concrete on the floor with ) (3{. 11,07 1051 10 % 10.17
corjcrete mixer N
Spreading concrete with shovel . C) 14,63 105,1 10 % 12,44
Comcrete homogenization w1thé®tor 16,63 31,5 30 1413
of flloor
Support the vibrator exte@&manually 11,31 10,5 1% 961
Concrete spreading fl ith pumped 21,95 1051 10 %
corjcrete
CoIcrete spread@oor with hoe 105,1 10 %
Concrete lev@m with long metal rod 52,5 59
(row)
Comcrgg?@vellmg with laser (reinforced 15,30 10,5 1% 1,00
corfcrete)
rightand Teft 1051 100 % right and l_eft sym-
symmetrical metrical
286,6 min
Duration of artificial (fictitious) working day representative . 1
of the year (total net hours/220*60) Duration multiplier 0,85
NOTE Considering the result of the intrinsic values of OCRA checklist, the colours used mean: white = no risk; light grey:
borderline risk; medium grey: risk present; dark grey = high risk.

The values are in this example lower, since the duration of the artificial day representative of the year is
now 286,6 min with a duration multiplier of 0,85.

This data forms the basis for calculating the final OCRA checklist score using the time-weighted average

model [Formula (B.1)].
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To use the MultiGEI model [Formula (B.6)], the individual intrinsic risk scores for each individual
task have still to be recalculated versus their actual or effective duration. Therefore, the individual
duration of each task in the artificial working day representative of the year has to be estimated, and
consequently the corresponding duration multiplier for the actual or effective duration.

By applying the percentage duration of each task in the year to the duration of the fictitious working
day representative of the year (in minutes), it is possible to obtain the artificial duration in minutes of
each task in the artificial working day; with this, the corresponding duration multiplier for each task for
the effective duration can be found and thus the effective checklist risk score for each task recalculated
on the basis of its effective duration (Table B.11).

Table B.11 — OCRA checklist scores recalculated on the basis of duration and recovery.
multipliers on the artificial day representative of the year, for the total duration of tasksin the
shift and for their individual actual duration in the shift for right limb

OCRA | Artificial | Correr OCR
checklist | minutes | sponding | check-
Worked intrinsic | for each [Kduration | list ocfa
hours values | taskrep=-) ‘multi- values
consider-| % on re-eval- | resenta--| plier per | calculat-
ing their total uated |tiveofithe| tasks ed con-
net dura- consider- | hours sidering
tion ing their the actpal
real total duratipn
Tasks duration
Filling pilldr with concrete pump 157,6 15 % 43 0,350 15,1
Con_crete hpmogenization with vibrator 52,5 50 14 0,100 5,5
of pillars
Filling beams with concrete pump 157,6 15 & 43 0,350 15,1
Concrete hpmogenization with vibrator 52,5 50 14 0,100 5,5
(of beams)
Guide of pymp launches-concrete 105,1 10 % 10,74 29 0,200 2,5
Emptying (pncrete on the floor with 1051 10 % 10,17 29 0,200 2,4
concrete mlixer
Spreading foncrete with shovel 105,1 10 % 12,44 29 0,200 2,9
Concrete hpmogenization with vibrator 31,5 30 1413 9 0,100 1,7
of floor
ESlilll}),port the vibrator extensien n1anu- 10,5 1% 9,61 3 0,018 0,2
Concrete spreading floorawith pumped 1051 10 % 18,65 29 0,200 4,4
concrete
Concrete spreading floor with hoe 105,1 10 % 29 0,200 53
Concrete ldvelling with long metal rod 52,5 50 14 0,100 3,2
(row)
Concrete levelling with laser (rein- 10,5 1% 0,018 0,3
forced concrete)
Duration of artificial (fictitious) work- . Duration multiplier 0,85
. . 286,6 min.
ing day representative of the year
NOTE Considering the result of the intrinsic values of OCRA checklist, the colours used mean: white = no risk; light grey:
borderline risk; medium grey: risk present; dark grey = high risk.

All the calculation elements of the MultiGEI [Formula (B.6)] are now available, i.e. (for the right limb):

— the score for the worst task (E}.; ), considering its actual duration = 11,3;

— the score for the worst task (E}; ,,4), considering overall duration = 43,5;
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— the sum/product (}¥p) of all the other maximum scores E}. ; 3 ; 1, for the various tasks, except for

the worst one, for their % duration = 14,7;

K= ZP/EII max 0'34;

MultiGEI = El.l eff+ (Ell maX_ Ell maX) X K: 22,19

This calculation procedure was also applied to each month of the year, and always to both the right
and left limb. Moreover, the calculation procedure for the whole year was also carried out by grouping

the

results of the varicus tasks inta six categories of results using as kov values the se
o 4 o J

‘tile of the

disf

Fig|
ver
find

to mote the difference between the results of the MultiGEI model calculated on all the sco

ind
wit
cald
nur

Sin
are
six
eith

significant overestimation (box A: final exposure value = 28 for right and left) compared t

calq

It i
the
wh

For]
vin

B.5

In
of {
det

Tab
hon
are
mo

ribution of the results (Ej; .5

ire B.4 presents all the results. As the OCRA checklist intrinsic risk scores for eachf task in
 high and very low figures, the time-weighted average mathematical model, pfoposes
| annual exposure indices (box C: time-weighted average = 19 for right apd\left). It is

vidual tasks, and those obtained when the scores were first grouped into‘six categories p
hin each of which the representative value was obtained, on which~the final exposure
ulated. As already mentioned, this second calculation model is preferable when therg
hber of tasks (more than 10).

many active tasks, it is advisable to choose the driving task as the worst value deri
categories, rather than the value of a single task based on its actual duration, which ¢
er an over- or an underestimation. In the example, the calculation including all the tasks:

ulated for six aggregate categories of tasks (boxB: final exposure value = 25 for right an

also worth noting that the OCRA checklistseores, divided into the six categories extrapd
sextiles, are distributed in percentagecterms in each of the six predetermined risk are
ble year and, again by sextile, in each month of the year (Table B.12).

reasons of space, it is not posSible to describe other homogeneous groups still worl
pyard.

.3 Evaluation of risk associated with manual load lifting in annual multitasK

rder to complete the-biomechanical overload analysis, the next step involves assessing
he exposure assessment in the presence of manual load lifting. The procedure is ident
hiled analysis conducted for repetitive movements.

le B.13 shows the intrinsic lifting index scores for tasks with manual lifting (A),

hogeneous/group no.1, which are the starting point for the calculation. All tasks with ma
defined according to the key-enters provided by ISO/TR 12295. Every single task analys
ho-task, a composite or a variable. Note that to calculate the intrinsic lifting index of eac

clude both
the lowest
nteresting
res for the
er sextiles,
value was
is a large

Ce the worst task, calculated on the basis of its duration,-is{the task driving the formula, if there

yed by the
letermines
leads to a
b the value
] left).

lated from
as, for the

(ing at the

the result
ical to the

present in
hual lifting
bd can be a
h task, it is

ass

med to last the whole shift and therefore has :lx/\myc a ]nng duration. All the intrinsic li

ting index

scores are broken down by gender and age, as recommended by ISO/TR 12295.
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Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Oct Nov Dec

VY

a) MultiGEI model: 28 (right and left)

b) MultiGEI model for sextilés: 25 (right and left)

%Q c) Time-weighted average: 19 (right and left)

NOTE 1 Ionﬁx;ing the result of the intrinsic values of OCRA checklist, the colours used mean: white ¥ no
risk; light g r@borderline risk; medium grey: risk present; dark grey = high risk (a, b, c).

NOTE2  When 100 % of the constant is exceeded, the lines in the figures enter the grey colour (d).

Figure B.4 — Final OCRA checklist exposure index for the right and left limb, for each month of
the year and for the whole year

Some workers are also hired only one month a year for the grape harvest, and others carry out
only maintenance work on the vines, including disinfecting and fertilizing the vineyards. Different
groups of workers are also assigned to perform different tasks in different seasons, as is typical in
agricultural settings. In order to accurately estimate overall exposure over longer periods, the use of
the aforementioned assessment criteria is therefore essential.
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Table B.12 — Percentage distribution of OCRA checklist risk scores, grouped into six levels of
exposure, for the whole year and in each month of the year (symmetry in right and left upper

limbs)
Feb Apr Jun Jul Aug Oct Dec
46,2 | 40% | 46,2 | 40% | 46,2 | 40% | 46,2 | 40% | 46,2 | 40% | 439 | 40% | 46,2 | 50%
319 5% 319 5% 319 5% 319 5% 319 5% 30,3 5% 319 6 %
243 | 20% | 243 | 20% | 243 | 20% | 243 | 20% | 243 | 20% | 231 | 20% | 243 | 25%
16,3 4% 16,3 | 4% 16,3 4% 16,3 4% 16,3 | 4% 155 | 4% 16,3 5%
13,6 T 209 T 13,6 T 209% T 1376 T 2091136 T 209 T 1376 T 20961130 T26% t; 0%
119 | 11% | 119 | 11% | 119 | 11% | 119 | 11% | 119 | 11% | 11,3 | 11% (" H[9 | 14 %
Thble B.13 — First homogeneous group: intrinsic exposure scores (LI or CLI'or VLI) for tasks
with manual load lifting
) o ) . Adult fe- Older and | Older and
List of tasks, present in viticulture, with manual lifting Adult males males younger younger
males females
Filling pillar with concrete pump 0,90‘ \(:)v 1,13 1,13 1,50
Conkrete homogenization with vibrator of pillars 1,0(8,\\ N 1,25 1,25 1,67
Filling beams with concrete pump AQ,‘)(‘)' 1,13 1,13 1,50
Confcrete homogenization with vibrator (of beams \)1,00 1,25 1,25 1,67
Conkrete spreading floor with pumped concrete 0,90 1,13 1,13 1,50
NOTIE Considering the result of the intrinsic values of OCRA checklist, the colours used'mean: white = no risk; light grey: borderline risk; mgdium grey: risk
present; dark grey = high risk (a, b, c).
Table B.14 shows organizational data for the homegeneous group no.1 when assigned to hanflling loads
and pushing/ pulling.

Whiile the repetitive movements (or the biomechanical upper limbs overload) are in any c3

in g
nu
dur

For]
lifti

Th
net
143

Th
net
57,1

1l the task present in a cultivation (asfor manual lifting, the upper limbs have to be use
hber of manual lifting tasks and/or in pushing/pulling (with positive key-enters) and
ation in the macro-cycle has to be'taken, in parallel, into due consideration.

this reason, it is necessaryto create specific artificial intrinsic day specifically both for t
ng of loads and pushing/ pulling, representative of the year.

tasks present in. hemogeneous group no.1 with manual lifting are 5 with a total duraf
hours. This valuecorresponds to an artificial representative day specific for manual lift]
,3 minutes ofthe year, where the corresponding duration multiplier is 0,650 (Table B.14,

hours=This value corresponds to an artificial representative day specific for manual lift
minhutes of the year, where the corresponding duration multiplier is 0,35 (Table B.14, pa

se present
1), the real
their real

he manual

ion of 525
ing of only
part a).

tasks présent in homogeneous group no.1 with pushing / pulling are 2 with a total duraltion of 210

ing of only
rtb).

Fig!

D LC cl +1 1s £l £ of £ 1 1:6€e2 A | 1 /L
ULIT D.J SIIUVVS LITU 1TTOUILS UL UIIT dSSTOSSITITIIU UL CA}JUOL{IC U I1Iiaitudal 111 Lllls [co94vy Puollllls/

ulling too

for the first homogeneous group. The annual lifting index remains low, while in September and October
(during the grape harvest), the exposure level shows significant peaks

Table B.14 — Organizational data for homogeneous group no.1, when assigned to manual lifting
of loads: which tasks, when they are performed, and their monthly and annual duration

% of total Net hours
Hours worked
hours worked
Feb Apr | June | July | Aug Oct Dec per year per
worked per per year
task
year at mmh per task
a) Organizational data, when assigned to manual lifting of loads
Filling pillar with concretepump | 15% | 15% | 15% | 159% | 15% | 15% | 15% | 30,0% 221,3 158
©1S0 2023 - All rights reserved 93
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Table B.14 (continued)
0,
% of total Hours worked Net hours
hours worked
Feb | Apr | June | July | Aug Oct Dec per year per

worked per task per year

year at mmh per task
Concrete homogenization with 5% 5% 5% 5% 5% 5% 5% 10,0 % 73,8 53
vibrator of pillars
Filling beams with concretepump | 15% | 15% | 15% | 15% | 15% | 15% | 15% 30,0 % 221,3 158
Concrete homogenization with 5% 5% 5% 5% 5% 5% 5% 10,0 % 73,8 53
vibrator of beams
Concrete spreadingfloorwith 109% 1 100, 1 1004 | 1004 | 1004 | 1004 | 100 2000 147 5. 105
pumped concfete
Artificial worlking day for manual lifting = 143,3 min.: duration multiplier = 0,650 100 % 738 ({ -E’i
b) Organizatjonal data, when assigned to manual pushing/ pulling ,° l/v
Emptying corfcrete on the floor 10% [ 10% | 10% | 10% | 10% | 10% | 10% 50,0 % 147, 5?\v~) 105
with concretq mixer A
Concrete sprgading floor with hoe 10% | 10% [ 10% | 10% | 10% | 10% | 10 % 50,0 % 014),5 105
Artificial working day for manual lifting = 57,3 min.: duration multiplier = 0,350 100 % '\\

A}

B.5.4 Examples of task rotations in weekly/monthly macro-cyc]{s@

When turpover is weekly or monthly, the same criteria are applied rothe year, i.e. the weekly or
monthly rotation period (macro-cycle) is converted into an artifici

Table B.13 and Table B.16 illustrate the recommended str @Ye for optimizing the collection of
organizatipnal data relating to the relevant homogeneous gr%?b(

Table B.15|shows the structure used to collect the shift d ’Qon and daily distribution data for each day
of the week/month. These data are used to identify the'net repetitive work time and thus the duration
and recovéry multipliers needed to apply the MultiGE} model for studying the biomechanical overlpad
of the uppér limbs. xO

s k of

For reasonis of space, Table B.16 presents a \w@i?tative and quantitative description for only one wee
the tasks dctually carried out by the hompéheous group on each day of that week.

With this fata it is possible to obtai e duration of each task in the period, whether it be wegkly
or monthly, and thus to reconst the artificial working day representative of the period urnder
consideratfion. O A

Figure B.5|provides an exa of the result with the scores indicating exposure to repetitive work for
each day of the month, e eek and for the whole month. The same kind of graph is also obtained| for

manual hapdling of lo nd pushing/pulling (Figure B.6).

Sle 5 Q = § o § 3 = £ o § = = £ o £ = =
° |z 2 ct g 38 52 e cg 388 5L e g 38 32 =28 3
= = @ m o = E - w»vn & = & 3 E - wn »h = & 3 = @~ v »n
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Total month time-weighted average exposure value = 15,6 (right and left limb).

Total month MultiGEI exposure value = 23,9 (right and left limb).

NOTE Considering the result of the intrinsic values of OCRA checklist method, the colours used mean:
white = no risk; light grey: borderline risk; medium grey: risk present; dark grey = high risk.

Figure B.5 — Example of the scores obtained using the OCRA checklist indicating exposure for
each day of the month (time-weighted average) and for the whole month.

hnual result for age and
bnder

Jan Feb Mar Apr May Jun Jul Aug Sep Oct No Dec

Hdult male (19 to 45 years
d)=0,59

dult female (19 to 45 years
d)=0,74 c==== 1

o x

bunger and older male (>45
bars 0ld) = 0,74 e====

bunger and older female
19 years old) = 0,99 seceeeees 0

<l < <

a) Final result of risk assessment, total year and for month when assigned to manual [lifting of
load

Annual result for age and 2
gender
H

eak male = 0,3

Maintenance male = 0,2 1

- =

Beak female = 0,45

Maintenance female = 0,3 0

........

b)|Final result of risk assesSment, total year and for month when assigned to manual pushing/
pulling

NOTE Considering the result of the exposure values, the colours used mean: white = no risk| light grey:
borflerline risk; medium grey: risk present; dark grey = high risk.

Figure B.6'— Homogeneous group no.1: final exposure levels for manual lifting tasks and
pushing/ pulling, monthly and annual
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