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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards 
bodies (ISO member bodies). The work of preparing International Standards is normally carried out 
through ISO technical committees. Each member body interested in a subject for which a technical 
committee has been established has the right to be represented on that committee. International 
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work. 
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of 
electrotechnical standardization. 

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

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

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

For an explanation of the voluntary nature of standards, the meaning of ISO specific terms and 
expressions related to conformity assessment, as well as information about ISO's adherence to 
the World Trade Organization (WTO) principles in the Technical Barriers to Trade (TBT), see 
www.iso.org/iso/foreword.html.

This document was prepared by Technical Committee ISO/TC  159, Ergonomics, Subcommittee SC  3, 
Anthropometry and biomechanics.

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

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.[49] There are also indirect 
socio-economic implications due to job loss, absenteeism, health costs and even worker hospitalization.
[29] There is no doubt that the prevention of work-related musculoskeletal disorders (WMSDs) can 
significantly contribute to reduce economic and social impact. Increasing attention is being drawn to 
the application of practical actions in construction settings to help reduce work-related accidents and 
illness and WMSDs in particular. ISO 11226, the ISO 11228 series and, more recently, ISO/TR 12295 and 
ISO/TR 23476 are useful for this specific scope.

Experiences in the application of these documents have been acquired in different parts of the world, 
but rarely in construction. This document extends the scope and methods included in existing standards 
to all the different construction, although the application experiences presented in this document are 
mainly based on the civil construction sector. Special attention is devoted to rendering this document 
accessible also to non-experts. Reference is made to easily applicable, non-commercial online tools 
(simple tools in spreadsheets) that can be useful for the purposes of this document, making possible the 
application of the criteria provided here and therefore the real numerical estimate of the biomechanical 
overload risks.

The ISO 11228 series, ISO 11226, ISO/TR 12295 and ISO/TR 23476 establish ergonomic recommendations 
for different manual handling tasks, repetitive movements and working postures. All their parts apply 
to occupational and non-occupational activities. The documents provide information for designers, 
employers, employees and others involved in work, job and product design, such as occupational health 
and safety professionals.

The ISO  11228 series consists of the following parts, under the general title Ergonomics — Manual 
handling:

—	 Part 1: Lifting, lowering and carrying;

—	 Part 2: Pushing and pulling;

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

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

ISO/TR 12295 serves as an application guide of the ISO 11228 series and ISO 11226. It offers a simple 
risk assessment methodology for small and medium enterprises and for non-professional active.

This document is intended to be used alongside ISO/TR 12295, ISO 11226, the ISO 11228 series 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 assessment 
computerized strategy (TACOS)[25] for posture, which adds to all the experience gained from the 
RULA and REBA methods and from ISO 11226, a more adequate timing assessment (therefore not only 
qualitative studies of work postures, but also studies of their real duration).

The mathematical criterion for the extension of the calculation of any risk factors for the study of 
biomechanical overload, not only for the working day cycle but also for cycles different in duration (e.g. 
annual cultivation cycles), was also discussed within a specifically activated writing group of experts 
for the preparation of this document. The transition is indispensable for the extension of the evaluation 
models already present in the specific International Standards (all used in this document) to the risk 
evaluation in multitask exposition with annual turnover needed for risk studies in construction (see 
Annex B).

Any other risk assessment methods that include a multitask analysis procedure can adopt the criteria 
here proposed, extending multitask annual exposure risk study, for instance to:

—	 repetitive movements (e.g. strain index, method present in ISO 11228-3);

—	 manual handling of loads (NIOSH formula in ISO 11228-1);

—	 application of ISO  11226, the ISO  11228 series and ISO/TR  12295 in the agricultural sector 
(ISO/TR 23476).

vii© ISO 2023 – All rights reserved	 ﻿
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TECHNICAL REPORT ISO/TR 7015:2023(E)

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 sector) 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 
musculoskeletal disorders (WMSDs) are common and specific preventive actions are needed.

This 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 identification, risk estimation or evaluation 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 specific free simple tools in Annexes A, B and C.

2	 Normative references

There are no normative references in this document.

3	 Terms and definitions

No terms and definitions are listed in this document.

ISO and IEC maintain terminology databases for use in standardization at the following addresses:

—	 ISO Online browsing 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 multi-task analysis in 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):

—	 First level: 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 

1© ISO 2023 – All rights reserved	 ﻿
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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 assessment method shows that the activity risk falls between the two exposure conditions 
(definitely acceptable or definitely critical).

These approaches and scopes are illustrated in the flowchart in Figure 1 and are described in the main 
text of ISO/TR 12295.

At first the user is required to answer a short series of practical questions present in the first and second 
level. It is emphasized that the quick-assessment method is best implemented using a participatory 
approach involving workers in the enterprise (homogeneous groups of workers).

This involvement is deemed to be essential for effectively setting priorities for dealing with the different 
hazard and risk conditions and, where necessary, identifying effective risk reduction measures.

In construction, as well as in agriculture evaluation, it can be possible to limit the study to the first and 
second levels, obtaining sufficient data about occupational risk priorities.

The analytical risk assessment approach (third level) provides all users, especially those experienced 
in ergonomics, or familiar with the ISO 11228 series, with details and criteria for applying the risk 
assessment methods proposed in the original standards also to construction.

This analytical risk assessment approach is fully consistent with the methods proposed in the standards 
and does not introduce any changes in the criteria (mathematical model) for risk calculations, defined in 
the existing standards (as well expressed in ISO/TR 12295) but only adapts the proposed methodology 
to the risk assessment in construction

The proposed additional analyses aim to facilitate the use of the actual standards, making it possible 
to extend them to risk assessment in agriculture (ISO/TR 23476) and now, with many methodological 
analogies, also to construction (Annexes A, B and C present application examples in civil construction).
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Figure 1 — Different risk assessment levels according to ISO/TR 12295 for biomechanical 
overload estimation

4.2	 Study of tasks distribution over the year on groups of workers who are 
homogeneous in terms of risk exposure

4.2.1	 General

Studying the organization of work in the construction sector, the basis for comprehensively addressing 
the study of exposure risk is certainly very complex. In this work, while evaluation criteria and 
techniques can be extended to all sectors that characterize construction, the application examples 
presented here refer to the civil construction sector.

Table 1 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.

© ISO 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 support 
supplies

— preparation of 
wooden panels
construction and 
assembly shapes 
and frames in 
wood for pillars 
and beams

building hori-
zontal sup-
ports: floors/
ceiling

— laying support 
material
floor/ceiling as-
sembly
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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Macro-phases Phases  
mortar ap-
plication and 
finishing

facade coating 
– external and 
internal wall, 
beams and pillar, 
window, doors, 
ceiling with 
mortar
— finishing; floor 
levelling mortar 
-waterproofing

external and 
internal coat-
ing (painting 
or other)

— different exter-
nal coating
— internal coat-
ing (painting or 
other

roof assembly roof assembly 
-structure

In a setting such as construction, before starting a risk analysis it is necessary to define a set of 
procedures and criteria for estimating risk in complex situations where workers perform multiple 
tasks, variously distributed in qualitative and quantitative terms over the year (annual cycle).

The general risk evaluation process entails a certain number of steps, beginning with:

a)	 identification of the macrocycle of the many different tasks;

b)	 analysis of construction site to identify tasks performed within the period and obtain a qualitative 
definition of the work during each month of the year;

c)	 identification of one or more homogeneous groups.

4.2.2	 Macrocycle duration

Task rotation is when a worker alternates between two or more tasks during a certain period of time; 
this situation occurs quite often in modern work organizations and, if properly designed, can represent 
one of the most effective strategies for reducing the risk of biomechanical overload.

In situations, such as in construction, where the worker has to perform a large number of tasks and 
the tasks can be distributed asymmetrically over the shift, risk assessments can become extremely 
complex. 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 

Table 1 (continued)Table 1 (continued)
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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:

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

—	 If several identical sub-macro-cycles (e.g. week, fortnight) are repeated within the month and if the 
following months are similarly repeated, the monthly macro-cycle can be used.

Whichever macro-cycle duration is chosen, the criteria and procedures for dealing with the 
biomechanical overload risk analysis are the same. Given the extreme activity variability, the procedure 
is, however, to identify and evaluate representative modal scenarios.

4.2.3	 Phase and task identification

It is not simple to identify farming tasks, which can be very numerous and performed by different 
workers or groups of workers. At the outset, therefore, it is necessary to:

a)	 identify the specific worksite (e.g. civil and road construction sites, demolitions, renovations);

b)	 break down the worksite activities into phases; all relevant tasks must be identified inside each 
phase.

The same activity can be carried out in several different ways; each operating method is intended to 
be viewed as a separate task and listed accordingly (e.g. plastering with short trowel, with spoon, with 
projector, with long level).

It is important to note that all the tasks performed at the farm over the year have to be evidenced, 
including preparing the soil, applying fertilizers and pesticides and other seemingly ancillary activities, 
regardless of who performs them.

As it is so inherently difficult to identify phases and tasks in the construction sector, a kind of universal 
civil construction system has been developed that will enable even beginners to conduct a preliminary 
organizational analysis. This universal structure could also be extended to the study of other 
construction sectors, but additions will certainly be necessary to make it more specific.

It consists of a list of phases, including those ancillary to the actual construction of the building, for 
example all material transportation mechanized or not, demarcation of the construction in the site, 
excavation with drilling equipment preparation of wooden panels or removal of wood shapes from the 
foundation, see Table 2.

Table 2 — Principal tasks characterizing a universal civil construction system

Macro-phases Phases Tasks
common tasks at 
all stages

mechanized
material transportation 
(aa)

crane operation - street level

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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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 to11 (head or shoulder)
manual transport weight kg = 12to 15 (head or shoulder)
manual transport weight kg = 16 to25 (head or shoulder)
manual transportation weight kg = 26 to40 (head or shoulder)
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-
vation

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

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

initial preparation of the 
soil

excavation of land with tractors
levelling/ backfilling ground with tractors

excavation with drilling 
equipment

positioning drilling equipment
check excavation with rotary drilling tool
manual removal of land near the machine drilling

positioning foundation 
armour

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

positioning of foundation 
beams

construction of connection beams with wood and concrete 
castings
homogenization of concrete with vibration equipment

removal of wood manual removal of wood shapes from foundation beams
manual excavation for 
pipes

manual excavation for passage of underground pipe

land compaction land compaction with specific vibrating tool

Table 2 (continued)Table 2 (continued)
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Macro-phases Phases Tasks
support supplies preparation of wooden 

panels (shapes)
receiving and sending spare parts for storage and cutting areas
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-
stallation

angular 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

construction wood 
shapes for pillars (form-
work)

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

beam assembly placement of armour within the shape of beams
assembly of beam shapes with wooden form
pillar filling with concrete
homogenization of concrete with vibrator
removal of wooden beam shapes

building floors/
ceiling

laying support material placement of punches

placement of cross beams
placement of panels, prefabricated beams and special bricks

floor/ceiling assembly 
(pre-manufactured)

prefabricated slab positioning
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

Table 2 (continued)Table 2 (continued)
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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

mortar application 
and finishing

facade coating - external cement mortar application with projector

external coating and finishing with trowels and floats
smoothing with rod
cement mortar application - external - with scaffolding

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

internal wall covering with projector
external coating and finishing with trowels and floats
smoothing with rod
spreading running pasta (thin) with roller

finishing smoothing with spoon
smoothing with rod
small defects closure with trowel

floor levelling mortar spreading and flattening cement mortar with hand tool
spreading adhesive mortar with toothed spatula
placement of ceramic on floor
performing joint

waterproofing waterproofing waterproofing with liquid blanket
electrical installa-
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)

Table 2 (continued)Table 2 (continued)
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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 a homogeneous group can sometimes be made up of just one person, if no other workers 
perform the same tasks qualitatively and quantitatively.

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

The homogeneous groups that can be identified in a construction site can be very numerous: by way 
of example, in Tables 3 and Figure 2, three groups are presented, different in terms of tasks performed 
and duration. Table 3 reports the distribution in % of tasks duration in different months of the year in 
different homogeneous groups; Table 4 describes the representation of task duration in % in different 
months of the year where grey area indicates when 100 % of the constant is exceeded.

The assignment of the tasks to a homogeneous group (or individual worker) even just from the 
qualitative standpoint (or semi-quantitative as here), is not difficult but it is absolutely essential before 
conducting the first levels of risk evaluation (key questions and quick assessment level).

To determine the real risk exposure (risk assessment level) 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 repetitive 
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

All the repetitive tasks

Breakdown of the task duration for each month of the year

Ja
n

Fe
b

M
ar

Ap
r

M
ay Ju
n

Ju
l

Au
g

Se
p

Oc
t

N
ov D
ec

Homogeneous group no.1: distribution of concrete (floors, columns, beams)
hours worked per month   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 
- 40 mm   5 %   5 %   5 % 5 % 5 %   5 %   5 %

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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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 %
levelling with laser (reinforced con-
crete)   1 %   1 %   1 % 1 % 1 %   1 %   1 %

    100 %   100 %   100 % 100 % 100 %   100 %   100 %
Homogeneous group no.2: walls construction
hours worked per month     220 200 200 190 195 200 200 200 200 200
control crane     5 % 5 % 5 % 5 % 5 % 5 % 5 % 5 % 5 % 5 %
manual pallet transport (strong force)     5 % 5 % 5 % 5 % 5 % 5 % 5 % 5 % 5 % 5 %
transport with wheelbarrow (mod-
erate force)     5 % 5 % 5 % 5 % 5 % 5 % 5 % 5 % 5 % 5 %

transport with wheelbarrow (strong 
force)     5 % 5 % 5 % 5 % 5 % 5 % 5 % 5 % 5 % 5 %

preparation to block discharge     10 % 10 % 10 % 10 % 10 % 10 % 10 % 10 % 10 % 10 %
mortar preparation     10 % 10 % 10 % 10 % 10 % 10 % 10 % 10 % 10 % 10 %
lift wall brick inf 3 kg     10 % 10 % 10 % 10 % 10 % 10 % 10 % 10 % 10 % 10 %
lift wall 4 kg to 7 kg (low - medium 
- high)     15 % 15 % 15 % 15 % 15 % 15 % 15 % 15 % 15 % 15 %

lift wall brick 8 kg to 11 kg (low-me-
dium-high)     15 % 15 % 15 % 15 % 15 % 15 % 15 % 15 % 15 % 15 %

use plumb     10 % 10 % 10 % 10 % 10 % 10 % 10 % 10 % 10 % 10 %
level use     10 % 10 % 10 % 10 % 10 % 10 % 10 % 10 % 10 % 10 %

      100 % 100 % 100 % 100 % 100 % 100 % 100 % 100 % 100 % 100 %
Homogeneous group no.3: preparation internal wall for painting
hours worked per month             220 220 220 220 200 200
transport weight 16 kg to 25 kg             5 % 5 % 5 % 5 % 5 % 5 %
spread fine mortar with a roller             10 % 10 % 10 % 10 % 10 % 10 %
fine mortar sanding             10 % 10 % 10 % 10 % 10 % 10 %
finishing with floats (in instable po-
sition)             15 % 15 % 15 % 15 % 15 % 15 %

coating with fine mortar with floats 
(in instable position) -             15 % 15 % 15 % 15 % 15 % 15 %

fine mortar coating with projector             15 % 15 % 15 % 15 % 15 % 15 %
coating with fine mortar with floats             15 % 15 % 15 % 15 % 15 % 15 %
finishing fine mortar with floats             15 % 15 % 15 % 15 % 15 % 15 %

  0 % 0 % 0 % 0 % 0 % 0 % 100 % 100 % 100 % 100 % 100 % 100 %

a) Homogeneous group no.1: distribution of concrete (floors, columns, beams)

Table 3 (continued)Table 3 (continued)
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b) Homogeneous group no.2: walls construction

c) Homogeneous group no.3: preparation internal wall for painting
NOTE	 Grey area indicates when 100 % of the constant is exceeded.

Figure 2 — Representation of task duration in % in different months of the year where grey 
area indicates when 100 % of the constant is exceeded

5	 First levels: pre-mapping of danger and discomfort through key questions and 
quick assessment

5.1	 Foreword

One of the latest developments being pursued by the World Health Organization (WHO) and other 
international organizations (ILO, ISO) in relation to preventing work-related diseases and disorders 
concerns the creation of toolkits.[9],[10],[18],[20],[27],[28]

The main aim is to rapidly but accurately identify the presence of possible sources of risk, using 
instruments that can easily be used by accident prevention officers, occupational physicians, business 
owners, workers, trade union representatives and security services.

However, this objective also reflects the criteria set forth in ISO/TR 12295 with respect to the risk of 
biomechanical overload, as mentioned in Annex A. In Annex A, all the criteria and methods used for 
the pre-mapping 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 
sheets[64]) 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:

—	 globality: a global approach towards assessing the worker's discomfort, due to either the task or 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 depicted clearly in 
bar graphs will not only help to identify problems but also offer a scale of priorities for conducting 
subsequent assessments and ergonomic redesign.

5.2	 The pre-mapping model

Please note that the pre-mapping model (presented in greater detail in Annex A) must be used through 
the interview of workers of each homogeneous group (i.e. groups of workers exposed to the same 
occupational hazards).

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

—	 level one: a rapid and general identification of possible risk inducers via the use of specific key-
enters and key questions.

The first level is broken down into several boxes relating to the main types of risks, for example handling 
loads, repetitive movements of the upper limbs, postures, noise, microclimate, chemicals, organization 
of work and stress. This preliminary level ensures that anyone can simply and generally observe the 
workplace and respond to the expected closed-ended questions by interviewing the workers. The main 
highlights of the model are described in Annex A.

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

Quick assessment consists in a rapid identification of acceptable risk (using the traffic light colours), 
indicated as green when risk is absent, red when very high and purple when critical. Quick assessment 
procedure produce the following information:

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

b)	 if a critical code (purple light) is detected, then there is definitely a significant occupational risk 
and immediate corrective action is 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 code 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[35] 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 
the various risk factors is estimated through the study of the collective subjectivity of the homogeneous 
working group.

As an example, in a group of workers (homogeneous for risk exposure), both people with small and 
lean anthropometric parameters and more robust workers can be present. Only the smaller and leaner 
workers report greater discomfort during the lifting of the same load, but not the more robust workers. 
The result of the collective subjective study will confirm manual material handling (MMH) as a priority 
risk factor, based on the smaller and leaner worker.

In this way, through the subjective verification of collective distress, the effect of anthropometric 
parameters on the work performed is taken into great consideration in determining the priorities for 
subsequent improvement interventions.

The results of the pre-mapping exercises carried out via key-enters, key questions and quick assessments 
is also summarized graphically to more comprehensively define the pre-mapping and corrective action 
priorities. The programmed spreadsheet, described previously, generates this summary automatically.

Figure 2 shows an example of a summary of the results obtained from the pre-mapping of homogeneous 
group 1 (a: full-time and b: part-time 4 hours a day) and Figure 3 shows the results for homogeneous 
group 2 (full-time), whose job organizations are described in Table 3 and Table 4, respectively. Figures 2 
and 3 show the final summary generated automatically by the software, depicting histograms for all 
possible risks. The height of each histogram corresponds to the percentages resulting from Formula (1).

(PLi/PMi×100×W)	 (1)

where

  PLi is the score for each risk inducer;

  PMi is the predefined maximum inducer score;

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

These are merely descriptive scores, to be used to rank events from the best to the worst. The scores do 
not define the risk; they are simply descriptive scales designed to help not only to identify problems 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.

In this clause all the procedures necessary for the evaluation of the most typical biomechanical overload 
risks (repetitive movements and manual lifting) are explained through the use a real representative 
example of wall in civil construction, made up of few tasks (the same homogeneous group 2 presented in 
Table 3). In Annex B, all the criteria and methods, mathematical formulae used for the risk assessment of 
repetitive movements and manual lifting are presented in greater detail,[21],[23],[30],[34],[35],[36],[37],[50],[51]
[63],[64],[65],[66],[67] also through real examples derived from a big civil construction worksite.

The results presented have been obtained with specifically prepared simple tool, which is discussed 
in this clause. In fact, considering the amount of data to be collected and written in an orderly manner 
and the number of calculations to be done with the use of complex formulae, another specific simple 
tool was built to make reliably easy and possible such risk assessments and overcome the inherent 
difficulties mentioned,[69] available as a free download.

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

To complete the risk assessment as level third, three phases are necessary.

6.2	 Phase A – Description of a typical working day

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

a) Homogeneous group 1 — full-time (data from Table 3)
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b) Homogeneous group no.1 — part-time only (4 h a day)

c) Homogeneous group no.2 (data from Table 3)

Figure 3 — Final summary of results, depicting histograms for all possible risks for 
homogeneous group no.1: distribution of concrete and homogeneous group no.2: wall 

construction (see example in Table 3)

Table 4 — Description of a typical working day representative of each month to study the modal 
net duration of repetitive movements (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 breaks duration of more than 8 min (exclud-
ing lunch break) - - 2 2 2 2 2 2 2 2 2 2

Actual duration of the pause (excluding lunch break) - - 30 30 30 30 30 30 30 30 30 30

Duration lunch break if this is inside the shift (the tech-
nical name is "paid lunch". - - 60 60 60 60 60 60 60 60 60 60

Shift is held consecutively (i.e. without interruptions, 
for example due to a change of workplace) - - X X X X X X X X X X

Number of interruptions only if the duration is equal to 
or higher than half an hour (e.g.: not paid lunch break) - - - - - - - - - - - -

Total actual pause duration present in working 
time     90 90 90 90 90 90 90 90 90 90

 

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 example shows 
an uneven distribution of working hours over the various months of the year, with some months where 
the hours are below the constant and others where they are above (these months often correspond to 
the harvest). Harvesting requires speed and also the addition of seasonal workers is often required.

Table 5 — Estimation of number of hours worked per month and per worker in homogeneous 
group 2

Total working hours per year/worker Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

No. of hours worked per month (by the 
whole group or individual worker) in-
cluding any seasonal or casual workers

- - 1 100 1 000 1 000 950 975 1 000 1 000 1 000 1 000 1 000

% reduction, considering the real shift 
duration and the net duration - - 72 % 72 % 72 % 72 % 72 % 72 % 72 % 72 % 72 % 72 %

No. of hours spent per month/worker 
performing repetitive tasks - - 143,8 143,8 158,1 143,8 143,8 136,6 140,2 143,8 143,8 143,8

No. of hours worked per month/work-
er - - 220 200 200 190 195 200 200 200 200 200

Net duration % based on a constant of 
40 h/week, 160 h/month, 20 days/month - - 99 % 90 % 99 % 85 % 88 % 90 % 90 % 90 % 90 % 90 %

No. of workers versus total workers - - 5 5 5 5 5 5 5 5 5 5

No. of seasonal or casual workers - - - 2 2 4 8 6 3 - - -

Total working hours/worker 2 005
 

Constant working hours/worker 1 760

NOTE	 Grey area indicates when 100 % of the constant is 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 days/week 5 Constant months/year 11
Constant minutes/week (440 min * 5 days) 2 200 Constant days/year 220
Constant weeks/month 4 Constant hours/year 1 760

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

a)	 The percentage duration per month of each task worked by the homogeneous group. The sum of the 
percentages per month in the column has always to add up to 100 % (Table 3). The proportional 
description of the tasks does not require extreme precision. The employer, or the members of the 
homogeneous group, can usually provide the information quite easily.

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

Once percentage 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 task 
descriptions shown in Table 3 to the total number of hours worked per month/worker (Table 5). The 
free spreadsheet automatically estimates this distribution, as shown in the example in Table 7.

After obtaining the duration in hours of the various tasks performed each month, the next step is to 
obtain the critical figure enabling the final risk to be evaluated: the total number of hours worked per 
year on each task by each member of the homogeneous group, and the proportion of these hours versus 
both the total 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 total hours worked in a year and constant 1 760 h/year

All the repeti-
tive tasks M

ar

Ap
r

M
ay

Ju
n

Ju
l

Au
g

Se
p

O
ct

N
ov D
ec

% of total 
hours 

worked 
per year

Hours 
worked 

per year/
task

% on a 
year con-

stant  
(1 760 h/ 

year)

control crane 11 10 10 10 10 10 10 10 10 10 5,0 % 100 5,7 %
manual pallet 
transport 
(strong force)

11 10 10 10 10 10 10 10 10 10 5,0 % 100 5,7 %

transport with 
wheelbarrow 
(moderate 
force)

11 10 10 10 10 10 10 10 10 10 5,0 % 100 5,7 %

transport with 
wheelbarrow 
(strong force)

11 10 10 10 10 10 10 10 10 10 5,0 % 100 5,7 %

preparation to 
block discharge

22 20 20 19 20 20 20 20 20 20 10,0 % 201 11,4 %
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All the repeti-
tive tasks M

ar

Ap
r

M
ay

Ju
n

Ju
l

Au
g

Se
p

O
ct

N
ov D
ec

% of total 
hours 

worked 
per year

Hours 
worked 

per year/
task

% on a 
year con-

stant  
(1 760 h/ 

year)

mortar prepa-
ration

22 20 20 19 20 20 20 20 20 20 10,0 % 201 11,4 %

lift wall brick 
inf 3 kg

22 20 20 19 20 20 20 20 20 20 10,0 % 201 11,4 %

lift wall 4 kg to 
7 kg (low - me-
dium - high)

33 30 30 29 29 30 30 30 30 30 15,0 % 301 17,1 %

lift wall brick 
8 kg to 11 kg 
(low-medi-
um-high)

33 30 30 29 29 30 30 30 30 30 15,0 % 301 17,1 %

use 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 220 200 200 190 195 200 200 200 200 200 100 % 2 005 114 %

Table 8 — Calculation of intrinsic risk indexes for all the tasks present in farming activities, 
regardless of who performs them

Tasks

R
ec

ov
er

y 
m

ul
ti

pl
ie

r,

H
ou

rs
 w

it
ho

ut
 r

ec
ov

er
y

Fr
eq

ue
nc

y

Fo
rc

e

Si
de

Sh
ou

ld
er

El
bo

w

W
ri

st

H
an

d

St
er

eo
ty

py

Po
st

ur
e 

to
ta

l

Ad
di

ti
on

al

O
CR

A 
ch

ec
kl

is
t i

nt
ri

ns
ic

 
va

lu
e 

(r
ig

ht
 s

id
e 

on
ly

)

control crane 1,33 4 3 0 Right 1 1 3,5 4 1,5 5,5   10,64
manual pallet transport (strong force) 1,33 4 4,5 24 Right 0 0 0 0 3 3   41,90
transport with wheelbarrow (moderate 
force) 1,33 4 4,5 8 Right 1 0 0 0 3 4   21,95

transport with wheelbarrow (strong force) 1,33 4 4,5 24 Right 1 0 0 0 3 4   43,23
preparation to block discharge 1,33 4 1 4 Right 6 3,5 0 3,5 0 6   14,63
mortar preparation 1,33 4 7 2 Right 1 1 3   1,5 4,5   17,96
lift wall brick inf 3 kg 1,33 4 2,5 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
lift wall 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.

Table 7 (continued)Table 7 (continued)
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7	 Annual multi-task risk assessment of biomechanical overload for the upper 
limbs

7.1	 General

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).

7.2	 Phase A – Analysis of each individual task using the OCRA checklist to calculate the 
intrinsic risk score and prepare the tasks basic risk evaluation for each crop

To prepare the tasks basic risk evaluation for each crop, it is necessary to calculate the intrinsic risk 
score for all the tasks present in the crop, that means evaluating each task as if it were the only one 
performed by a worker all the time (i.e. for the whole shift and the whole year). To estimate the intrinsic 
risk index of each task, reference is made to a shift constant featuring:

—	 430/460 net minutes of repetitive work (modal value = 440, duration multiplier = 1);

—	 one 30 min meal break and two 8 min to 10 min breaks (recovery multiplier = 1,33).

The intrinsic risk index of each task is calculated by applying the OCRA checklist to all the tasks 
performed in the specific crop, for both the right arm and the left arm. The final indexes are entered into 
the appropriate areas of the specific simple tool, along with all the scores for the various risk factors 
(e.g. frequency, force, awkward posture of upper limbs, additional) required by the OCRA checklist 
(Table 8)

7.3	 Phase B – Application of mathematical models and preliminary preparation of 
artificial working day representative of the whole year and of every month of the same 
year

Two models are proposed for calculating the final exposure risk index for the whole year and for each 
month of the same year [30]:

a)	 One based on the time-weighted average, calculation of the average value among the different 
tasks, weighted by their duration.

b)	 The other based on the MultiGEI based on the most overloading task (calculated with respect to 
its actual duration), as the minimum exposure score that can be increased versus the score of the 
other tasks, taking their relative durations into account. The new MultiGEI formula derived directly 
from multitask complex formula, used for daily turnover (see Annex B).

These two models have already been used for calculating the daily turnover, i.e. when the task rotation 
occurs within (time-weighted average) or outside (multitask complex) the 90-min timeframe. Both 
the mathematical models have been used and adjusted for calculating annual and monthly multi-task 
exposure risk.

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, always in proportion to the actual duration. In this way the risk can be reduced, reducing or 
increasing the number of hours worked in the year compared to the default constant.

Figure 5 compares the month-by-month results (for the right limb) using the two formulae, i.e. time-
weighted average and MultiGEI, as obtained automatically using the specific simple tools. In order to 
better interpret the results, the two formulae have been used also to calculate the final risk index for 
each month of the year, thus displaying the final risk index trends for each month of the year.

With final risk index trends shown on a monthly basis, it is easier to comprehend the differences 
between the two final risk indexes formulae obtained with time-weighted average and MultiGEI. Since 
the work is distributed differently over the various months of the year, the time-weighted average 
formula tends to flatten the peaks, determining lower risk scores than the MultiTask Complex formula, 
which is never lower than the highest peak, calculated for its actual duration.

When a homogeneous group works for half the year but working very few hours and at very low risk 
for three out of the six months, the discrepancy between the scores obtained using the time-weighted 
average versus the MultiGEI is quite remarkable. The first formula flattens the peaks for the months 
with low or no exposure, while the second is based on the estimated highest risk task, considering its 
intrinsic duration.

Here, the interpretation of the results for the attribution of risk is problematic. In these cases, with 
workers exposed to risk for only half the year, it can be difficult to attribute a disease or disorder to 
occupational factors when the workers’ activities in the other half of the year are unknown.

a) Time-weighted average evaluation: 17 right, left 17 in homogeneous group n.2
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b) MultiGEI formula evaluation: right 21,8; left 21,8 in homogeneous group no.2
NOTE	 Considering the result of the intrinsic values of the OCRA checklist presented in the four figures, the 
colours used mean: white = no risk; light grey: borderline risk; medium grey: risk present; dark grey = high risk.

Figure 5 — Exposure index scores (for homogeneous group no.1 in Table 2 and for 
homogeneous group no.2 in Table 3, full-time) plotted by month over the whole year, using both 

the recommended formula

In construction, the above job organization is anything but rare. Work can be organized in many 
different ways with respect to annual exposure; in Figure 6 some common annual work scenarios are 
represented.

The aim of the approach described in this subclause is not to determine the causes and effects of many 
common musculoskeletal diseases and disorders, but rather to offer assessment options for tackling 
and discussing the problem at hand.

The use of the OCRA checklist for analysing the risk of biomechanical overload of the upper limbs in 
farm work can still seem very complex or at least time-consuming.

Arguably, many farming activities need monitoring all year round in order to analyse and evaluate each 
individual task, and often the number of tasks is extremely high. However, it has been observed that 
when the same techniques are used for the same crops, the tasks are always the same, and thus have 
the same intrinsic OCRA checklist scores. Hence, it is possible to speak of finite variable farm work, i.e. 
featuring uniform variables, which can be pre-set following an initial evaluation.

Going forward, efforts are being made to develop a basic software for a specific cultivation with all the 
specific intrinsic risk values of each task as pre-set data. To assess risk for a homogeneous group (many 
cultivations need the same tasks), the appraiser has only to enter the farm-specific organizational data.

8	 Annual multi-task risk assessment for working postures

8.1	 The meaning of postural tolerance

The earliest posture analysis methods[31],[39],[45],[58] were those suggesting a global approach towards 
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
],[46],[52],[55],[57],[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 generate specific diseases or disorders.

8.2	 Analysing the tolerability of working postures for the spine when performing 
manual lifting tasks, and for the upper limbs when performing repetitive movements 
and manual lifting: specific International Standards

The specific International Standards applied to the ergonomics of designing and redesigning workplaces 
at risk of biomechanical overload are ISO 11228-1, ISO 11228-2, ISO 11228-3 and ISO 11226.

These standards show that in order to study biomechanical overload, and consequently the tolerability 
of working postures (i.e. short- and long-term risk analysis), it is necessary to:

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

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

The OCRA method for studying repetitive movements (see Reference [43] and ISO 11228-3), and the 
NIOSH method for studying manual load lifting (see References [19], [21] and [53] and ISO 11228-1), 
both extensively validated in the literature and suggested by the specific International Standards, 
ultimately reach a final risk assessment through a multifactorial approach that includes investigating 
organizational aspects (frequency and duration), awkward postures, subjective force and other factors. 
Awkward postures are therefore included in both these evaluation techniques as one of several risk 
factors

8.3	 Analysing spinal working postures without manual load lifting and lower limb 
postures (primarily static)

The OCRA and NIOSH methods cannot cover every aspect of biomechanical overload due to awkward 
postures; there are many jobs that do not entail lifting loads but still cause biomechanical overload of 
the spine and lower limbs, primarily due to awkward static postures. Examples include building site 
workers, agricultural workers, kindergarten teachers, physiotherapists, and archaeologists.

It is emphasized that the reconstruction of the type and also the duration of exposure to postural 
risk factors is essential for being able to judge tolerability levels. In fact, before analysing posture it is 
necessary 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.

© ISO 2023 – All rights reserved	 ﻿
﻿

23

STANDARDSISO.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 IS
O/TR 70

15
:20

23

https://standardsiso.com/api/?name=4abd08a5d639a284f952fcd1189d7c79


ISO/TR 7015:2023(E)

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 
months   Main tasks % distribution over 12 

months

1

Wood structure. Wood 
cutting, transport, wa-
terproofing the wood and 
assembling boxes for con-
creting beams and col-
umns.

6

Preparation masonry; 
preparation the mortar, 
masonry marking; brick 
transportation; raising 
the wall

2

Steel armour (beams, 
pillars and slabs) folding 
and cutting steel bars, po-
sitioning of the steel bars 
in the box wood, trans-
porting materials

7

Internal mortar, trans-
port of bricks, mortar 
and wall mortar appli-
cation

3
Structures in concrete 
(pillar, slab, beam) cast 
concrete, concrete finish

8
External mortar. Wall 
mortar application

4

R e mov i n g  wo o de n 
shapes, cleaning; perform 
the sequence of removal of 
shapes and struts; remove 
shapes from hard to reach 
places. (04 people)

9

Preparation ceiling and 
walls for painting, man-
ual material transport

5

Waterproofing beam. 
Asphalt paint is applied 
with two or three coats 
of the product. (02 people)

10

Door. remove packaging, 
remove wooden locks, 
fix the door in the open-
ing and apply expansive 
foam

Figure 6 — Examples of different annual work scenarios in10 representative homogeneous 
groups in civil constructions: tasks durations distribution in the different months of the 

year from 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 
the least to the most uncomfortable (generally from neutral to the most awkward). The risk scores are 
assigned starting from the most comfortable posture (e.g. seated upright, reclining against a back rest) 
as follows:

—	 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 % to 60 %);

—	 score 3 when the worker spends 3/3 of the time (approximately 60 % to 100 %).

As the discomfort caused by the posture increases, the scores increase accordingly, starting from a 
duration of 1/3 of the time. The other scores start from this figure, which is then doubled or tripled. The 
more tiring postures receive a score even if they are adopted for short periods (approximately 1/10 of 
the time). Scores range from 0,5 (lowest score for comfortable positions lasting up to 1/3 of the time) to 
14 (most awkward positions lasting the whole time).

In other words, these descriptive exposure indexes (as in all the other methods found in the literature) 
are adjusted on the basis of the awkwardness and duration of the task: they cannot yet be regarded 
as risk indexes based on which future health issues can be predicted (no method of assessing risk 
from exposure to awkward posture, present in the literature, is in fact able to predict the likelihood of 
illness).

As an overall approach towards identifying and describing postures and posture duration, the following 
general rules were followed:

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

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

—	 postures have to be identified by task, and each task will thus be defined by the posture(s) 
characterizing it;

—	 the duration of postures in each task can be readily measured with the help of pie charts depicting 
different risk scores in function of the different durations; stopwatches are seldom required.

The figures help to group postures into five main categories: standing postures, 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 2,3 to 3,5 Borderline or very slight
Red-low 3,6 to 4,5 Slight
Red-medium 4,6 to 9,0 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 with 
yearly job rotation

Returning to the example of homogeneous group 2, whose organizational data are shown in Table 3 and 
Table 7, the procedure entails the use of the specific sheet present as a simple tool (the same spreadsheet 
for studying all different risk factors that determine the biomechanical overload as postures, manual 
handling, pushing/pulling).[69]

In order to study biomechanical overload of the upper limbs as a whole, rather than examining only 
awkward postures, it is necessary to apply a method that investigates all related risk factors responsible 
for biomechanical overload. The OCRA method[21],[22],[49] for example, does just that.

The OCRA system analyses awkward postures as one of a range of risk factors. It looks at the main joint 
segments of both the left arm and the right arm, defining the awkward postures and assigning different 
scores, based on the region of the limb involved and the duration of the posture (Figure 8).

Considering the risk scores for each individual risk factor, it is clear that the contribution of the posture 
factor to the final task score is about 50 %. As always, these studies featuring multi-task exposure start 
from an assessment of the intrinsic risk of each task (as if the duration of the task corresponds to the 
duration of a standard shift, defined as a constant).

In Figure 9, the intrinsic values obtained for each task present in the cultivation and (sign in white line) 
carried out in the year by homogeneous group no.2 are provided.

Since a task can be characterized by a single posture or multiple postures, it is important to check them 
considering also their specific duration in the task. In each single task, the single posture present (if 
there is only one) represents 100 % of duration. If there are many of them, the sum of the % duration of 
all the postures has to be always be equal to 100 % (except when there are uncomfortable postures of 
the head and pedals are used, because they are added to the other postures, without being alternatives 
to them).

The intrinsic postural score is generated for each task as the sum (horizontal line) of the corresponding 
scores for each postural risk score associated with that specific task. With the intrinsic risk scores and 
the duration of each task for each year, the same models as for the OCRA checklist multitask analysis 
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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Figure 7 — Summary of awkward postures as intrinsic values for the upper limbs, obtained 
using the OCRA checklist method (homogeneous 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

Tasks Net worked 
hours Final scores % worked hours 

based on a constant
Control crane 72 10,5 4 %
Manual pallet transport (strong force) 72 12,0 4 %
Transport with wheelbarrow (moderate force) 72 8,0 4 %
Transport with wheelbarrow (strong force) 72 12,0 4 %
Preparation to block discharge 144 13,7 8 %
Mortar preparation 144 10,0 8 %
Lift wall brick inf 3 kg 144 13,7 8 %
Lift wall 4 kg to 7 kg (low - medium - high) 216 13,7 12 %
Lift wall brick 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 by 
district

Head and neck Spine in standing 
position

Spine in sitting 
posture Legs

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 can 
involve different body areas at the same time (such as the head-neck).
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NOTE	 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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Figure 11 — Proportional distribution of different awkward postures of the spine and lower 
limbs that are “absolutely inadequate” according to ISO 11226, in homogeneous group no.2, full-

time

9	 Annual multi-task risk assessment of manual material handling (MMH) and 
carrying

In order to study the annual exposure risk for manual lifting of loads, it is necessary, as for all the other 
biomechanical risk factors mentioned, to start from the quantitative organizational studies already set 
out in Clause 6.

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

Starting from the consideration that all the tasks that characterize a construction are repetitive for the 
upper extremities (change of clothing, travel to reach the place of work and occasional maintenance are 
all considered to be non-repetitive work), the same repetitive tasks can also involve manual handling of 
loads (as the operators lift and carry using the upper limbs).

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 ISO/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],[53]–[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.

For this reason, to calculate the intrinsic risk indexes (due to manual lifting in agriculture) for each task 
present in a crop, it is important to stress again that the frequency/duration multiplier must be used for 
long periods, i.e. over 2 h (see ISO/TR 12295 and References [21] and [67]).

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

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

Control crane - - - - - - - - - - - -

Manual pallet transport 
(strong force) - - - - - - - - - - - -

Transport with wheelbarrow 
(moderate force) - - - - - - - - - - - -

Transport with wheelbarrow 
(strong force) - - - - - - - - - - - -

Preparation to block dis-
charge - - 10 % 10 % 10 % 10 % 10 % 10 % 10 % 10 % 10 % 10 %

Mortar preparation - - - - - - - - - - - -

Lift wall brick inf 3 kg - - - - - - - - - - - -

Lift wall 4 kg to 7 kg (low - 
medium - high) - - 15 % 15 % 15 % 15 % 15 % 15 % 15 % 15 % 15 % 15 %

Lift wall brick 8 kg to 11 kg 
(low-medium-high) - - 15 % 15 % 15 % 15 % 15 % 15 % 15 % 15 % 15 % 15 %

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

Level use - - - - - - - - - - - -

Table 14 — Net duration of tasks (hours) with MMH performed by homogeneous group no.2 
over the year

Tasks Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
% total 
hours/

year with 
MMH

Net 
hours/

year/task

% on a 
year con-

stant

Control crane - - - - - - - - - - - - - - -

Manual pallet 
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 
3 kg - - - - - - - - - - - - - - -
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Tasks Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
% total 
hours/

year with 
MMH

Net 
hours/

year/task

% on a 
year con-

stant

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

- - 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 %

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

- - 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 %

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

Level use - - - - - - - - - - - - - - -

Total - - 63 58 58 55 56 58 58 58 58 58 100 % 576,4 33 %

Table 15 — Intrinsic risk indexes of tasks with manual load lifting for homogeneous group no.2 
calculated considering different genders and ages

Tasks Active tasks 
for MMH Adult males Adult females Older and 

younger males
Older and 
younger 
females

control crane - - - - -

manual pallet transport (strong force) - - - - -

transport with wheelbarrow (moderate force) - - - - -

transport with wheelbarrow (strong force) - - - - -

preparation to block discharge - 1,20 1,50 1,50 2,00

mortar preparation - - - - -

lift wall brick inf 3 kg - - - - -

lift wall 4 kg to 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 - - - - -

level use - - - - -
NOTE Considering 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; dark grey = high risk.

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, by calculating the artificial 
working days representative of each month and of the whole year, to calculate the final risk indexes. In 
the examples in Tables 13 and 14 the artificial working day representative of the year for manual load 
lifting is obtained from Formula (2).

Mfwd=HMy/CDy × 60	 (2)

where

  Mfwd is the artificial working day in manual lifting in minutes;

  HMy is worked hours per year with manual lifting;

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

Assuming HMy is equal to 576 hours per year, Mfwd 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.

Table 14 (continued)Table 14 (continued)
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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.

a) NIOSH manual lifting index: distribution of exposure indexes in the months of the year ob-
tained with the MultiGEI formula for group no.2.

0,76   adult male (19-45 years old)

0,96   adult female (19-45 years old)

0,96   younger and older male (>45 years old)

1,27   younger and older female (<19 years old)

b) NIOSH manual lifting indexes for the total year, gender and age, in homogeneous group no.2 
using the multiGEI formula

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

Figure 12 — MMC final exposure indexes for gender and age (relative to the homogeneous 
groups no.2

10	 Annual multi-task risk assessment of pushing and pulling

In order to study the annual exposure risk for manual pushing and pulling it is necessary, as for other 
factors, to start again from the quantitative organizational studies already set out in Clause 6.

Taking Table  3 and Table  7 as a starting point for identifying the tasks performed during the year, 
only tasks, as for the tasks with MMH, involving pushing and/or pulling are activated (defined 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).

© ISO 2023 – All rights reserved	 ﻿
﻿

35

STANDARDSISO.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 IS
O/TR 70

15
:20

23

https://standardsiso.com/api/?name=4abd08a5d639a284f952fcd1189d7c79


ISO/TR 7015:2023(E)

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 -- - - - - - - - - - - -

Manual pallet transport (strong 
force) - - 5 % 5 % 5 % 5 % 5 % 5 % 5 % 5 % 5 % 5 %

Transport with wheelbarrow 
(moderate force) - - 5 % 5 % 5 % 5 % 5 % 5 % 5 % 5 % 5 % 5 %

Transport with wheelbarrow 
(strong force) - - 5 % 5 % 5 % 5 % 5 % 5 % 5 % 5 % 5 % 5 %

Preparation to block discharge -- - - - - - - - - - - -

Mortar preparation -- - - - - - - - - - - -

Lift wall brick inf 3 kg -- - - - - - - - - - - -

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

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

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

Level use -- - - - - - - - - - - -

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

Tasks Ja
n

Fe
b

M
ar

A
pr

M
ay

Ju
n

Ju
l

Au
g

Se
p

O
ct

N
ov D
ec

% of total 
hours per 

year at 
MMH

Hours per 
year per 

task
% on a year 

constant

Control crane -- - - - - - - - - - - - - - -

Manual pallet transport 
(strong force) - - 7,9 7,2 7,2 6,8 7,0 7,2 7,2 7,2 7,2 7,2 33 % 72,1 4 %

Transport with wheel-
barrow (moderate force) - - 7,9 7,2 7,2 6,8 7,0 7,2 7,2 7,2 7,2 7,2 33 % 72,1 4 %

Transport with wheel-
barrow (strong force) - - 7,9 7,2 7,2 6,8 7,0 7,2 7,2 7,2 7,2 7,2 33 % 72,1 4 %

Preparation to block 
discharge -- - - - - - - - - - - - - - -

Mortar preparation -- - - - - - - - - - - - - - -

Lift wall brick inf 3 kg -- - - - - - - - - - - - - - -

Lift wall 4 kg to 7 kg 
(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 
the year;

—	 the worst day of the year and its frequency of occurrence, in per cent, during the year;

—	 the easiest day of the year and its frequency of occurrence, in per cent, during the year.

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

In more complex cases, it can be sufficient to use the quick assessment for both carrying and pushing/
pulling, as presented in Annex A and in ISO/TR 12295 and ISO/TR 23476.

Table 18 — Intrinsic exposure indexes from pushing and/or pulling for homogeneous group 
no.2

Tasks

Pushing The worst between pulling and pushing

male male male male

Peak values Maintenance 
values Peak values Maintenance 

values

Manual pallet transport (strong force) 3,0 3,0 3,0 3,0

Material transport with wheelbarrow of 1 
wheel (moderate strength) 1,5 1,5 1,5 1,5

Material transport with wheelbarrow of 1 
wheel (strong force) 3,0 3,0 3,0 3,0

 

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
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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	 Conclusions

This document discusses the complex procedures for addressing biomechanical overload in agriculture, 
which include analysing the risk of:

a)	 repetitive upper limb movements, including awkward posture of upper limbs;

b)	 manual handling of loads and carrying (including awkward posture of spine during manual lifting);

c)	 pushing and pulling;

d)	 awkward postures in sitting and standing position for lower limbs and spine.

Criteria and measurement methods already included in International Standards for biomechanical 
studies (ISO 11228-1, ISO 11228-2 and ISO 11228-3) and static working postures (ISO 11226, 
ISO/TR 12295 and ISO/TR 23476) have been proposed and adapted to agricultural work with exposure 
to multiple tasks which can change qualitatively and quantitatively over the course of the year (annual 
cycle).

Considering the amount of data to be collected and written up and the amount of calculations to be done, 
with the use of complex formulae, to make reliably easy and therefore possible such risk assessments, 
two free downloadable simple tools (worksheets) were created, one for global pre-mapping of danger 
and discomfort and the second to enable the real risk evaluation of biomechanical overload (repetitive 
movements of the upper limbs, manual load lifting and carrying, awkward posture, pushing pulling)[64] 
to overcome the inherent difficulties mentioned. The International Ergonomics Association (IEA) and 
WHO have been recommending for years that those who do prevention are offered not only evaluation 
methods but also simple tools to make them easily applicable.

Given the complexity of risk assessments, the suggestion is to start with a simple qualitative analysis 
(using the approach that employs key-questions and quick assessments), not only for biomechanical 
risk factors but for all risks, so as to undertake a sort of global risk pre-mapping exercise, and in this 
preliminary stage of the risk analysis highlight the presence of any discomfort and danger and suggest 
which priorities have to be addressed by more precise risk assessments.

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

—	 pre-mapping ERGOCHECK for construction;[68]

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

Figures and 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

A.1	 Aim

The fact that farm workers often carry out numerous activities on different days or in different months 
of the year makes risk assessments extremely complex (see References [9], [10], [18], [20], [27], [28] 
and ISO/TR 12295). This is why it is crucial to conduct an in-depth preliminary analysis on how work in 
construction is organized.

The purpose is to report exposure which, in construction settings, tends to vary in duration at different 
times of the year and therefore to be associated with different risk factors. Without this information, 
risk levels can clearly be regarded as identical regardless of whether workers are exposed to full-time, 
part-time or seasonal work.

Given the complexity of organizational studies in construction, a simple yet specialized digital tool has 
been developed to help operators pre-map the discomfort and dangers involved in work. This tool is 
illustrated in this annex.

Two simple spreadsheets models, free to download, are available:[68]

—	 pre-mapping software ERGOCHECK, specific for construction: this model (no.1) is a universal list 
of the most representative civil construction tasks model, already broken down into macro-phases 
and tasks, that can be adapted to other construction sectors and is the easier of the two to use; this 
is the model used in all the examples in this clause;

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

The main focus is on the first model.

A.2	 General pre-mapping model for civil construction – A facilitated 
organizational 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]–[25],[27],[28] a 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 tasks at 
all stages

Mechanized
material transportation 
(aa)

crane operation - street level

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: 
weight per person.
(ag)

manual transportation weight kg = inf. 3
manual transport weight kg = 4 to 7
manual transportation weight kg = 8 to 11
manual transportation weight kg = 1 to 15
manual transportation weight kg = 16 to 25
manual transportation weight kg = 26 to 40
manual transport 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 shoulder)
manual transport weight kg = 16 to 25 (head or shoulder)
manual transportation weight kg = 26-40 (head or shoulder)
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-
vation and armour 
positioning

delimitation of building 
site (plant) with reference 
points

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

initial preparation of the 
soil

excavation of land with tractors
levelling/ backfilling ground with tractors
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Macro-phases Phases Tasks
excavation with drilling 
equipment

positioning drilling equipment
check excavation with rotary drilling tool
manual removal of land near the machine drilling

positioning foundation 
armour

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

positioning of foundation 
beams

construction of connection beams with wood and concrete 
castings
homogenization of concrete with vibration equipment

removal of wood manual removal of wood shapes from foundation beams
manual excavation for 
pipes

manual excavation for passage of underground pipe

land compaction land compaction with specific vibrating tool
support supplies preparation of wooden 

panels (shapes)
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 beam shapes
prep. external wooden panels with cutter
waterproofing wood shapes

wood panel (shape) instal-
lation

angular 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

construction wood shapes 
for pillars (formwork)

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

beam assembly placement of armour within the shape of beams
assembly of beam shapes with wooden form
pillar filling with concrete
homogenization of concrete with vibrator
removal of wooden beam shapes

laying of floors (ceilings) assembly of vertical and horizontal support bridges
panel assembly
assembly of beams and bricks

building floors/
ceiling

laying support material placement of punches

placement of cross beams
placement of panels, prefabricated beams and special bricks

Table A.1 (continued)Table A.1 (continued)
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Macro-phases Phases Tasks
floor/ceiling assembly 
(pre-manufactured)

prefabricated slab positioning
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

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 to 3 kg (low-medium-high)
lift brick wall 4 kg to 7 kg (low-medium-high)
lift brick 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

mortar application 
and finishing

facade coating - external cement mortar application with projector

external coating and finishing with trowels and floats
smoothing with rod
cement mortar application - external - with scaffolding

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

internal wall covering with projector
external coating and finishing with trowels and floats
smoothing with rod
spreading running pasta (thin) with roller

finishing smoothing with spoon
smoothing with rod
small defects closure with trowel

floor levelling mortar spreading and flattening cement mortar with hand tool
spreading adhesive mortar with toothed spatula
placement of ceramic on floor
performing joint

Table A.1 (continued)Table A.1 (continued)
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Macro-phases Phases Tasks
waterproofing waterproofing waterproofing with liquid blanket
electrical installa-
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)

A.2.3	 Phase 2 – Identification of a homogeneous group

The first spreadsheet model mentioned in A.1 (no.1) requires the completion of an organizational 
analysis that is presented on spreadsheet page 1 (1-organization) and begins with the identification of 
homogeneous groups.

The next step is to assign tasks to individual workers or groups of workers exposed to the same risk: 
the homogeneous group. When tasks of the same type and duration are assigned to the same group of 
workers, a homogeneous group can be spoken of in terms of risk exposure. A homogeneous group can 
sometimes comprise one person, if no other workers perform the same task (from the qualitative and 
quantitative standpoint).

In the main text of this document it has already been noted how a work can be distributed and organized 
in many different ways during an annual cycle. In Figure  6 some common annual work scenarios, 
characteristic of respective different homogeneous groups, were represented

When using the pre-mapping software ERGOCHECK, specific for construction (no.1) a new file has to be 
create for each homogeneous group assigned to some tasks during the year.

Having opened the predefined universal civil construction system document page, first of all it is 
necessary to write, for each worked month, the number of hours worked per person in that month 
(including all the tasks performed that month).

Subsequently an “X” has to be placed in the appropriate box to activate the tasks (in columns) performed 
by the homogeneous group, in each month of the year, for subsequent analytical quantification. The 
various tasks performed during different 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.

Table A.1 (continued)Table A.1 (continued)
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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 
proportionally greater or lesser; deviations from the exposure constants become the basic criteria for 
calculating variations in risk levels (or priorities) as a function of changes in exposure duration.

Table 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” in column “active 

tasks”)

All the repetitive TASKS

Ac
ti

ve
 ta

sk
s

M
ar

A
pr

M
ay

Ju
n

Ju
l

Au
g

Se
p

O
ct

N
ov D
ec

Hours worked per month   220 200 200 190 195 200 200 200 200 200
Crane operation - street level X 2 % 2 % 2 % 2 % 2 % 2 % 2 % 2 % 2 % 2 %
Manual pallet transport X 2 % 2 % 2 % 2 % 2 % 2 % 2 % 2 % 2 % 2 %
Transport 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 %  %
Use of screwdriver X 1 % 1 % 1 % 1 % 1 % 1 % 1 % 1 % 1 %  %
Use of 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 %
Lift brick wall 0 to 3 kg (low-medium-high) X 10 % 10 % 10 % 10 % 10 % 10 % 10 % 10 % 10 % 10 %
Lift brick wall 4 kg to 7 kg (low-medi-
um-high)

X 10 % 10 % 10 % 10 % 10 % 10 % 10 % 10 % 10 % 10 %

Lift brick wall 8 kg to11 kg (low-medi-
um-high)

X 10 % 10 % 10 % 10 % 10 % 10 % 10 % 10 % 10 % 10 %

Lift brick wall 12 kg to15 kg (low-medi-
um-high)

X 15 % 15 % 15 % 15 % 15 % 15 % 15 % 15 % 15 % 15 %

Lift brick wall 16 kg to25 kg (low-medi-
um-high)

X 15 % 15 % 15 % 15 % 15 % 15 % 15 % 15 % 15 % 15 %

Lift brick wall sup. 25 kg (low-medium-high) X 10 % 10 % 10 % 10 % 10 % 10 % 10 % 10 % 10 % 10 %
Using plumb-line in the construction of wall X 10 % 10 % 10 % 10 % 10 % 10 % 10 % 10 % 10 % 10 %
Using bubble level tool X 2 % 2 % 2 % 2 % 2 % 2 % 2 % 2 % 2 % 2 %
Side 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.

It is 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).

No. of hours worked/year: 2005

NOTE	 The grey area in the graph indicates that the constant has been exceeded.

Figure A.1 — Graph plotting the worked hours for month and the monthly distribution of tasks 
durations, indicated in per cent versus a constant 160 h/month for homogeneous group no.2

Dividing this figure of 2  005  hours by 220 working days/year and multiplying the result by 60, the 
number of minutes in the artificial working day representing the time worked in the year can be 
calculated: 547 min in this example.

Based on the data shown in Table  A.3 (illustrating the duration multipliers used to adjust the risk 
indexes as a function of task duration, as per the OCRA checklist), it can be seen that the multiplier 
corresponding to 547 min is equal to 1,5 (150 %). Therefore, the risk calculated for this situation will 
change the results, increasing them proportionally.

Table A.3 — Duration multipliers for adjusting exposure indexes as a function of task duration

Duration multipliers used for the OCRA checklist
Net time 

min
Duration multiplier

Net time 
min

Duration multiplier

0 to1,86 0,007 241 to 300 0,85
1,87 to 3,74 0,018 301 to360 0,925
3,75 to 7,4 0,05 361 to 421 0,95

7,5 to 14,99 0,1 421 to 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).

Table A.4 — Calculation of sum of hours worked/month/year only for tasks that involve the 
manual lifting of loads weighing equal to or more than 3 kg and calculation of % versus the 

constant 160 h/month

All the repetitive tasks

Ac
ti

ve
 ta

sk
s

M
ar

A
pr

M
ay

Ju
n

Ju
l

Au
g

Se
p

O
ct

N
ov D
ec

Hours worked per month   152 138 138 131 135 138 138 138 138 138

Crane operation - street level   - - - - - - - - - -

Manual pallet transport   - - - - - - - - - -

Transport with mason wheelbarrow   - - - - - - - - - -

Use of hummer   - - - - - - - - - -

Use of screwdriver   - - - - - - - - - -

Use of 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 - - - - - - - - - -

Lift brick 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

Lift brick wall 12 kg to 15 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 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-medium-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 construction of wall   - - - - - - - - - -

Using bubble level tool   - - - - - - - - - -

Side jamb installation x 2,2 2,0 2,0 1,9 2,0 2,0 2,0 2,0 2,0 2,0

Installation jamb to window x 6,6 6,0 6,0 5,7 5,9 6,0 6,0 6,0 6,0 6,0

Total %   95 % 86 % 86 % 82 % 84 % 86 % 86 % 86 % 86 % 86 %

If the software ERGOCHECK, specific for construction (no.1) with predefined universal civil construction 
tasks is used, the tasks entailing manual lifting are already activated, but can be modified if necessary.

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/pullinga 

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 % 86 %

b) Duration of tasks that involve pushing/pulling
    9 8 8 8 8 8 8 8 8 8

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

a	 Durations 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) noise 
and b) upper limb vibrationsa

a) Duration of tasks in noisy environment
    7 6 6 6 6 6 6 6 6 6

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
    4 % 4 % 4 % 4 % 4 % 4 % 4 % 4 % 4 % 4 %

b) Duration of tasks performed with vibrations affecting the upper arms
    0 0 0 0 0 0 0 0 0 0

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
    0 % 0 % 0 % 0 % 0 % 0 % 0 % 0 % 0 % 0 %

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

Table A.7 — Calculation of sum of hours worked/month/year for tasks that involve a) the use of 
tools and machinery and b) whole-body vibrationsa

a) Duration of tasks performed with tools and equipment or parts of machines
0 144 180 164 164 156 160 164 164 164 164 164

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
    113 % 103 % 103 % 97 % 100 % 103 % 103 % 103 % 103 % 103 %

b) Duration of tasks performed with equipment – tractors, farm machinery (whole body vibrations)
    0 0 0 0 0 0 0 0 0 0

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
    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.3.1	 Results of the first part regarding key-enters for biomechanical overload and key-
questions regarding other risk factors

Having entered all the necessary organizational data (i.e. tasks and task durations for each month 
of the year) into the first worksheet ERGOCHECK, specific for construction (no.1), and automatically 
generated the specific duration multipliers for each risk factor, it is now possible to fill in the various 
parts as per the classic ERGOCHECK model (see ISO/TR 12295 and references [27] and [28]).

Each risk factor present appears automatically in percentage terms per month, and the duration 
multipliers automatically adjust the risk scores for the various factors based on their actual duration.

For the example analysed earlier and depicted in Table A.2 (homogeneous group 2), Table A.8 indicates 
the key-enters for biomechanical overload, due to repetitive movements, manual load lifting, manual 
load transporting pushing/pulling.

The data regarding the estimated duration, in this subclause, appear automatically due to the key-
enters that were marked, as presence in percentage, each month of the year.

No. of hours worked/
year

2 005

Fictitious day duration 
in minutes

547

Duration multiplies 1,5

% on 150 %

a) Risk factors for which exposure equates to the total hours/year 
worked for the following risks: repetitive movements, awkward 

postures, lighting, micro-climate, UV radiation from outdoor work 
and biological pollutants

No. of hours worked/
year 1 383

Fictitious day duration 
in minutes 377

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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No. of hours worked/
year 1 383

Fictitious day duration 
in minutes 377

Duration multiplies 0,95

% on 95 %

c) Duration of tasks that involve pushing/pulling: worked hours/
year

NOTE	 The grey area in the graph indicates that the constant has been exceeded

Figure A.2 — Percentage of hours worked/month versus the constant (risks: repetitive 
movements, awkward postures, lighting, micro-climate, UV radiation from outdoor work and 

biological pollutants, manual lifting and carrying, pushing/pulling)

No. of hours worked/
year 60

Fictitious day duration 
in minutes 16

Duration multiplies 0,2

% on 20 %

a) Duration of tasks in noisy environment: worked hours/year

No. of hours worked/
year 1 644

Fictitious day duration 
in minutes 448

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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No. of hours worked/
year 1 500

Fictitious day duration 
in minutes 432

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

Figure A.3 — Percentage of hours worked/month versus the constant (risks: noisy, tools and 
equipment, physical pollutants)

The data derives from the first worksheet indicating the relevant organizational data. It can be observed 
that 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 worksheet are completed for each individual risk factor, in the 
usual way. Table A.10 and A.11 sum up the overall results. Although the duration multiplier cannot be 
seen, it nonetheless automatically modifies the risk score, depending on the relevant danger level.

Table A.8 — Key-enters for biomechanical overload: presence (in %) for each month of the year

B Biomechanical Overload - Key Enters
B1 Biomechanical overload of upper limbs in repetitive tasks

   
Are there repetitive tasks? The task is organized in cycles, re-
gardless of their duration, or the task is performed with the same 
actions for over 50 % of time. The term does not mean presence 
of risk.

Yes X

 

 

No  

      go to sheet 3, Repetitive Mov.
  Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
  0 % 0 % 138 % 125 % 125 % 119 % 122 % 125 % 125 % 125 % 125 % 125 %
B2 Biomechanical overload from manual handling - lifting

   
Does the task involve lifting objects weighing 3 kg or more? (If 
the objects weigh less, there is no need to continue the investigation)
    go to sheet 4, Manual Handling

Yes X

 

 
No  

   
  Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
  0 % 0 % 95 % 86 % 86 % 82 % 84 % 86 % 86 % 86 % 86 % 86 %
B3 Biomechanical overload from manual handling - carrying
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Does the task involve carrying objects weighing more than 
3 kg? (If the objects weight less, there is no need to continue the 
investigation).
go to work '2- sheet 4, Manual Handling

Yes X

  

No  

   
  Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
  0 % 0 % 95 % 86 % 86 % 82 % 84 % 86 % 86 % 86 % 86 % 86 %
B4 Biomechanical overload from manual pushing and pulling

  Does the task involve whole-body pushing or pulling of loads?
go to work '2- sheet 4, Manual Handling

Yes X
   No  

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

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

Biomechanical overload from awkward postures - trunk and lower limbs
Go straight to work sheet Posture for trunk and lower limbs or to work sheet Repetitive-Mov for upper limbs

 

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 
and repeated for a significant proportion of the working time?

Yes X

 

In practice, postures are generally in awkward (mark "No") when the work is performed: 
- sitting with the back well supported, when there is sufficient leg room, and 
the subject can stand up (change position) at least every hour;

No  

      No Yes
  Head/Neck (neck bent back/forward/sideways, twisted)   X
  Trunk (trunk bent forward/sideways/, back bent with no support, twisted)   X

 

Upper Limbs (hand(s) at or above head level, elbow(s) at or above shoulder 
level, elbow/hand(s) behind the body, hand(s) turned with palms completely 
facing up or down, extreme elbow flexion-extension, wrist bent forward/
back/sideways)

  X

 
Lower Limbs (squatting or kneeling) position held for more than 4 seconds 
consecutively and repeated for a significant proportion of the working time   X

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
0 % 0 % 138 % 125 % 125 % 119 % 122 % 125 % 125 % 125 % 125 % 125 %

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

Lighting
General lighting: assessment of visual effort required at work

sufficient

poor
for a few hours a day X

all day

excessive
for a few hours a day X

all day
artificial lighting: needed but unavailable

Localized lighting. Assessment of visual effort required at work

Table A.8 (continued)Table A.8 (continued)
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sufficient

poor
for a few hours a day X

all day

excessive
for a few hours a day X

all day
artificial lighting: needed but unavailable

Work surfaces: assessment of visual effort required at work

work surfaces
matte X

bright and shiny

surface of object being processed
matte X

bright and shiny
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
0 % 0 % 138 % 125 % 125 % 119 % 122 % 125 % 125 % 125 % 125 % 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 communications with co-workers
noise level is not bothersome
noise level bothers a little, but it is possible to talk to co-workers
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

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

very cold:
only in summer X

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

Table A.10 (continued)Table A.10 (continued)
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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

Table A.10 (continued)Table A.10 (continued)
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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 
performed by the upper limbs will be activated (Table A.14).

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

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

Acceptable Conditions
If all conditions are described and replies are all "Yes", the risk level is acceptable for repetitive work and it is not 

necessary to continue the risk evaluation. NB. Please answer all questions by placing an "X" only in the blank spaces
Are one or both upper limbs used less than 50 % of the total duration of the repetitive task(s)? No X   Yes  
Are both elbows held below shoulder level almost 90 % of the total duration of the repet-
itive task(s)? No X   Yes  

Is moderate or no force required (perceived effort = max 3 or 4 on CR-10 Borg scale) by the 
operator for no more than 1 hour during the repetitive task(s) and are there are no force 
peaks (perceived effort = 5 or more on CR-10 Borg scale)?

No X
 

Yes  

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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Is peak force applied (perceived effort = 5 or more on the CR-10 Borg scale) for 10 % or more 
of the total repetitive working time? No     Yes X

Is there only one break (including meal break) in a shift of 6-8 hours, or does the total re-
petitive working time exceed 8 hours in the shift? No X   Yes  

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

Are there other risk factors to be considered when neither critical conditions nor acceptable conditions are 
present?

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

High (more than 1 action per second): difficult to count actions No X   Yes  
  Postures

Shoulder
Are the arms used with the elbow at shoulder 

level from one third to half of the total repetitive 
working time?

No  
 

Yes X

Hand
Is a “pinch” grip (or any kind of grasp using the 

finger tips) used from half to 80 % of the repeti-
tive working time?

No X
 

Yes  

Use of Force
Is peak force (perceived effort = 5 or more on the CR-10 Borg scale) applied from 1 % to 
9 % of the time? No     Yes X

Is moderate force (perceived effort = max 3 or 4 on the CR-10 Borg scale) required by the 
operator? No     Yes X

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

Table A.15 — Quick assessment for biomechanical overload of the upper limbs: final evaluation 
with corrective actions in order of priority

B1 Biomechanical Overload Of Upper Limbs In Repetitive Tasks
  Summary of pre-assessment 

and intervention priorities
A critical condition is present: The risk is surely high    

  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.

Table A.13 (continued)Table A.13 (continued)
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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?
The 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 
container) No     Yes X

The object has sharp edges, rough surfaces or protrusions No     Yes X
Contact surfaces are too cold or too hot No X   Yes  
 
Does 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 only one of the following conditions is present (YES), the risk must be considered high and the task must be imme-

diately re-designed.
Task lay-out and frequency

Vertical Location The hand location at the beginning/end of the lift is higher than 
175 cm or lower than 0 cm No     Yes X

Vertical Displacement The vertical distance between the origin and the destination of the 
lifted object is more than 175 cm No X   Yes  

Horizontal Distance The horizontal distance between the body and load is greater than 
full arm reach No X   Yes  

Asymmetry Extreme body twisting without moving the feet No X   Yes  

Frequency

equal to or higher than 15 times/min with Short Duration (max 60 min) No X   Yes  
equal to or higher than 12 times/min with Medium Duration (max 
120 min) No X   Yes  

equal to or higher than 8 times/min with Long Duration (over 120 min) No X   Yes  
Loads exceed the following limits
men (20-45 years) 25 kg No     Yes X
women (45 years) 20 kg No x   Yes  
men (<20 or >45 years) 20 kg No     Yes X
women (<20 or >45 
years) 15 kg No x   Yes  

 
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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3 to 5 kg

No asymmetry (e.g. body rotation, trunk twisting) No X   Yes  
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

5 to 10 kg

No asymmetry (e.g. body rotation, trunk twisting) No     Yes X
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

10,5 to 15 kg

No asymmetry (e.g. body rotation, trunk twisting) No     Yes X
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 1 lift every 5 minutes No     Yes X

Loads weigh between 15 and 25 kg No     Yes X

15,51 to 25 kg

No asymmetry (e.g. body rotation, trunk twisting) No     Yes X
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 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
Representative period of carrying 
in a shift (min) 100,0 min              

No. of objects exceeding 3kg 
carried in a shift

Weight of 
objects car-

ried

Cumula-
tive mass 
(kg)

    Max. dis-
tance (m.): 4 m - 10 m

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   Does not exceed the 
limit          

Estimated cumulative mass for each minute = 8   Does not exceed the 
limit          

Carrying is performed under unfavourable environmental conditions or loads are 
lifted from/to low levels, e.g. below knee level, or with arms raised above shoulder level No     Yes X

Table A.17 (continued)Table A.17 (continued)
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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   Yes  

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  

Wheels 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/pulling: check for the presence of 
acceptable or critical conditions

Acceptable Conditions
If all the following conditions are present, and if all replies are "Yes", the risk level is acceptable for pushing-pulling 
tasks. However, additional factors must also be checked (see above). NB. Please place an "X" only in the white 

boxes.
Perceived effort (obtained via worker interviews using the CR-10 Borg scale) during 
pushing-pulling task(s) indicates up to SLIGHT force exertion (perceived effort) 
(score 2 or less on the Borg CR-10 scale).

No X
 

Yes  

Task(s) that include manual pushing and pulling last up to 8 hours a day. No X   Yes  
Pushing or pulling force applied to the object 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 conditions indicated below is present (YES), the risk must be considered high and the task must be 

immediately re-designed.
Perceived effort (obtained via worker interviews using the CR-10 Borg scale) 
indicates the use of high peak force (perceived effort) (i.e. a score of 8 or more). No X   Yes  

Pushing-or-pulling action performed with the trunk significantly bent or twisted. No X   Yes  
Pushing-or-pulling action performed in a jerky or uncontrolled manner. No X   Yes  
Hands held 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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Summary of pre-assessment and intervention 
priorities

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 
that are important for MMH Check the presence of few environmental problems

B4 Biomechanical overload due to manual pulling and pushing
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 that are important for pushing and 
pulling

No action needed

A.3.5	 Results concerning the quick assessment for awkward postures

The worksheet on awkward postures must summarize – albeit roughly – all the postures adopted 
throughout the whole year (Table A.23).

Table A.23 — Quick assessment for the study of awkward working postures

Trunk posture
Standing Or Squatting (Not Seated)  
Nearly always upright 25
Frequent moderate bending 25 %
Frequent twisting 25 %
Frequent deep bending 25 %
Seated Posture  
Works leaning on the back rest  
Works in upright position but there is no backrest  
Works mostly bending forward  
Frequent twisting of trunk  
Notes: described duration 

of trunk posture: 100 %

Lower limb postures
Standing Or Squatting (Not Seated)  
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-
ture:

100 %

Table A.22 (continued)Table A.22 (continued)
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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

The completed worksheets are attached (Tables A.24 and A.25).

A.3.7	 Results concerning the quick assessment and preliminary analysis for work-
related stress

The 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 increase in 
time off due to sickness or accident (Figure A.4 and Table A.26).

Table A.23 (continued)Table A.23 (continued)
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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 individual 

risk factors

Table A.26 — Quick assessment of work-related stress: workplace/organizational settings 
reported by the homogeneous group no.2 (exposure factors)

(mark with an “x” if present)

Presence of 
events

Increase of 
events 

reported 
over the 

past 3 years

Events high-
er than the 
company 
average

Descriptive numerical data
(enter here some quantita-

tive numeric data specifying 
the meaning, e.g. number 
of events, rate, the year of 

reference)
Work-related diseases/disorders 
caused by occupational stress certi-
fied by the physician (leave the box 
blank if none)

X X    

Turnover (voluntary resignations) X X    
Disciplinary actions X      
Medical examination requested by the 
worker X X    

Sick leave X      
Occupational injuries (not ongoing) X X    
a) Sentinel events (hazards) description

Hazards
High

X Medium X
Low

Absent
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.

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 of final results for the various 
homogeneous groups – conclusions

The main purpose of the simple tool for pre-mapping construction with ERGOCHECK model is to avoid 
complex 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 
duration of exposure.

Three simple examples are provided (i.e. homogeneous groups no.2, no.2.1 and no.2.2), for comparison 
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 8 hours a day;

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

Figure 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.

a) Homogeneous group no.2

b) Homogeneous group no.2.1: 3 months, full time

c) Homogeneous group no.2.2: 3 months, part time 4 hours a day
NOTE	 Grey area indicates when 100 % of the constant is exceeded.

Figure A.6 — Summary of results in terms of percentage of hours worked/month (versus 
constant 160 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

b) Homogeneous group no.2.1: works 3 months/year for 8 hours a day

c) Homogeneous group no.2.2: works 3 months/year and but for 4 hours a day

Figure A.7 — Summary of results with a ranking of priorities for each of the three different 
homogeneous groups (a, b, c) 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	 Introduction

In industrial manufacturing sectors, workers generally rotate between manual tasks the same way 
every day and therefore the multitask analysis can be applied to just one representative working shift.

Conversely, in other production sectors such as construction, agriculture, cleaning and retail, manual 
tasks cannot be rotated only on a daily basis but over longer macro-cycles (where the most common 
are weekly, monthly, annual macro-cycles), and there can be dozens or even hundreds of rotated 
manual tasks, each with a different level of exposure and distribution pattern. This naturally makes the 
multitask analysis more complex insofar as it must factor in multiple problems over extended periods 
of time.[21],[23],[30],[47],[50],[51],[63]–[63]

Recommendations for analysing multiple manual tasks with daily rotation can be found in the literature 
and in International Standards, in particular for:

—	 lifting tasks, as an extension of the revised NIOSH lifting equation (RNLE);[21],[34],[35],[66],[67]

—	 tasks characterized by repetitive movements of the upper limbs, using the OCRA method and in 
particular the OCRA checklist.[23],[35],[36],[54]

However, there are still very few recommendations for the analysis of manual tasks when rotations 
take place over longer periods (macro-cycles) (e.g. weeks, months or years).

Considering this background, the aim of this annex is to start from the existing recommendations for 
multitask analyses on a daily basis, and to define procedures, criteria and a reference framework for 
conducting a multitask analysis of manual tasks featuring complex macro-cycles (more specifically, the 
annual turnover, more typical in agriculture and in construction too) presenting potential conditions of 
biomechanical overload. An example of studying a multitask risk assessment in viticulture is presented, 
using the specific simple tool.[68] The study regards both the biomechanical overload of the upper 
limbs (OCRA checklist) and the lumbar spine for manual load lifting (RNLE). To save space, not all 
results regarding awkward postures (TACOS) and pushing/pulling are presented; however, these are 
obtainable using the same simple tool.

B.2	 Daily 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 high-frequency repetitive manual work (ISO 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.

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

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

Considering 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 for 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 scores for the 
different tasks under examination, based on the total duration of repetitive tasks in the shift and their 
corresponding specific duration in the shift (expressed in time fractions). Formula B.1 is applied:

CK.TWA= [(CK.1× FT.1)+ (CK.2× FT.2)+…. (CK.2× FT.2)+…. (CK.n× FT.n)] × Dm.tot	 (B.1)

where

  CK.TWA is the final exposure index of the multitask analysis with OCRA checklist (CK) evaluated 
with time-weighted average model;

  CK.1,2,..,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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  FT.1,2,.., FT.n represent the time fractions of duration of the various repetitive tasks versus the total 
duration of repetitive work;

  Dm.tot is the total duration multiplier, relative to the net duration of all the repetitive tasks 
present in the shift.

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 alternating between the two, within a relatively short time frame. Accordingly, rotating 
tasks serves to reduce risk proportionally with respect to the risk level and duration of each task 
identified in the turnover.

The multitask complex model is based on the concept of the task generating the highest overload 
(peak task), according to its effective continuous duration, taken as the minimum, to which is added 
the contribution of the other tasks in relation to their intensity and duration. With this approach, the 
final result is at the least not less than the highest OCRA checklist score, calculated using its effective 
duration. In this case the procedure is based on Formulae B.2 and B.3:

CK.MC=CK.1 eff + (∆ CK.1 ×K)	 (B.2)

K =((CK.2 max ×FT.2) + (CK.3 max × FT.3) +…+(CK n max × FT.n))/ CK 1 max	 (B.3)

where

  CK.MC is the final risk index of the multitask analysis OCRA checklist evaluated with multitask 
complex model;

  CK.1,2,3,..j..,n is the repetitive tasks listed according to the score of the OCRA checklist (task1 = the 
task with the highest CK score; taskn = the task with the lowest CK score);

  CK.j eff is the score of task j, calculated considering Dm.j (duration multiplier according to the 
actual duration of each relevant taskj in the shift) and with the lack of recovery time 
multiplier actually present in the shift; CK 1 eff represents the task with the highest CK.j eff;

  CK.j max is the score of task j, calculated considering Dm.tot (duration multiplier for the total 
duration of all relevant tasks in the shift) and with the lack of recovery time multiplier 
actually present in the shift; CK 1max represents the task with the highest CK.j max;

  ∆ CK.1 is CK.1 max − CK.1 eff;

  FTj is the time fraction (between 0 and 1) of each task j, except task1, with respect to the 
residual repetitive working time (total repetitive working time minus working time 
devoted to task1) in the shift.

Note that in the general model for computing CK.MC, 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):

Dm = (Md × 0,008) + (−2,547 × 10−5 × Md
2) + (2,875 × 10−8 × Md

3)	 (B.4)

where

  Dm is duration multiplier;

  Md is task duration in minutes (evaluated for values below 30 minutes or over 480 minutes).

Table 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
< 1,9 1,5 0,007

1,9 to 3,6 2,8 0,018
3,7 to7,4 5,5 0,05
7,5 to14 10,7 0,1
15 to29 22,5 0,2
30 to 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
541to 600 570 1,5
601 to 660 630 2
661 to 720 690 2,8

Note that when proposing the revised strain index,[32]–[34] the Dm is computed using a formula that 
gives similar results, almost for the more common daily task durations (60 minutes to 480 minutes), 
with some assumptions regarding very short durations (less 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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Key
X minutes

Figure B.2 — Duration multipliers as a function of the duration of repetitive tasks in the shift in 
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 and 
embedded in ISO 11228-1 and ISO TR 12295.[21],[35],[63]–[67]

The RNLE[63] envisages a formula that integrates organizational, weight and geometry (layout and body 
position) factors; its aim is to define the recommended weight limit (RWL) for a lifting activity. This 
RWL is then compared with the weight actually lifted (L) to compute the lifting index (LI), according to 
Formula B.5:

LI = L/ RWL	 (B.5)

where

  LI is lifting index;

  L is the load weight in kg;

  RWL is the recommended weight limit.

The RWL is 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 proposal) 
reduced by the intervention of other relevant risks factors (multipliers or reduction factors) as reported 
schematically in Table B.2.

Table B.2 — Multipliers used in the RNLE method for computing the recommended weight limit 
(RWL)

LC Load constant or refer-
ence mass Maximum recommended weight under ideal lifting conditions

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

AM Asymmetry multiplier Angular measure of displacement of the load from the sagittal plane at the 
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)
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In the study of manual lifting activities, four types of lifting tasks and relevant turnover can be 
operationally 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)[59] calculation method can be used.

—	 Composite task

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

—	 Variable task

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

—	 Sequential task

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

As regards the analysis of single, composite and variable lifting tasks, reference is made to the literature 
and the relevant manuals.[21],[66]

B.3	 Rotations over periods longer than a day: the macro cycle (e.g. weekly, 
monthly, yearly)

B.3.1	 Main elements of this procedure

Having explained how to deal with daily task rotations, the next step is to define a set of procedures and 
criteria for estimating exposure in more complex situations, where workers rotate along several manual 
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 
becomes 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 in the same 
sequence. A group can be composed also by only a worker if any other does the same job.
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—	 Analysis of the duration and sequence of all the various manual tasks performed by each 
homogeneous group over the macro-cycle analysed.

—	 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.

—	 Reconstruction of an artificial working day (in min) with respect to reference time constants 
where this artificial day is used for representing of entire macro-cycle, regarding any duration 
presented. This study includes all the rotated tasks, with the proportional time over which the 
tasks are distributed in the period considered. For accordingly calculating the artificial working 
day representative of the macro-cycle, the proportional duration of each task in the macro-cycle 
is transformed in representative minutes. Practically any macro-cycle is transformed (using 
predefined constants) in a representative working day in minutes and so on the task durations in 
this new representative working day.

—	 Recalculation of the intrinsic risk value of each task (evaluated using a constant duration) considering 
now the estimated real duration of each task, using specific duration multipliers.

—	 Application of the formulae employed to analyse the daily rotations considering the individual tasks 
present in the macro-cycle in study.

Methodological details about each of these steps are provided in the following subclause. Examples of 
the procedure illustrated here are provided in B.5.

B.3.2	 Identification of the rotation period (macro-cycle) and the predefined macro cycle 
periods as week, month, year

The first step is to define the period – the macro-cycle during which all the significant tasks in the 
analysis are rotated.

The types of macrocycles durations certainly are infinite, but if there are no simplification criteria 
that allow the risk to be estimated, every risk assessment remains unfinished and nothing is done (the 
excuse that the mission is impossible). For applicative purposes, one option is to use the predefined 
macro cycle periods as week, month, year as a modal representation of the different real macro-cycle 
durations.

The modal annual macro-cycle, in the agriculture and construction sectors, results in the best 
representative macro-cycle. In agriculture, task rotations are typically annual but the annual cycles 
can be used even when more cycles of few months in each year are repeated identically (e.g. more 
harvesting per year of the same product).

In civil constructions generally a year cycle for large construction sites is present but a month cycle 
(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:

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

—	 Check if more identical sub-macro-cycles (e.g. one week, 15 days) are repeated within a month. If 
the following months are repeated identically, use the month macro-cycle.
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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 workers.

Since the focus of the analysis is the exposure of workers to a set of conditions determined by the tasks 
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 defining groups of workers homogeneous for 
working conditions and not groups of people homogeneous for other factors such as weight, age, culture, 
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 a homogeneous group 
can sometimes be made up of just one person, if no other workers perform the same tasks qualitatively 
and quantitatively.

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

B.3.4	 Analysis of the duration and sequence of all the various manual tasks performed 
by each homogeneous group over the macro-cycle

This step involves assigning the tasks performed by the homogeneous group (or individual exposed 
worker) qualitatively and, most of all, quantitatively. This part of the analysis is the most difficult 
one since it is needed to know how much time is spent, during the macro-cycle (week, month, year) in 
performing the different tasks.

The level of detail in the analysis depends on the period examined. It regards presence and duration of 
different tasks in single days for analysis of a week or months, and single months for analysing a year. 
Extreme accuracy is not required when starting to define the first time-assessment, the proportional 
assignment of tasks (the employer, or even the members of the homogeneous group, are able to provide 
this information).

These data allow the total number of hours worked by the homogeneous group on each task in the 
macro-cycle and all the duration multipliers to be computed.

It is also necessary to define the general characteristics of the typical working shift (the modal shift, 
see 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 LI-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 (CK.i), 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 LI (MLI or CLI or VLI) for lifting tasks, reference is made to a long duration 
scenario (more than 2 hours of consecutive manual lifting in the shift) with the corresponding classical 
frequency multiplier (by LI-RNLE).

Note that in 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 evaluation), 
before studying who performs them. It is then possible to attribute the tasks specifically to each 
homogeneous 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 each task) performed 
by each homogeneous group

Based on the analysis carried out in B.3.3, it is then possible to estimate the proportion of time that the 
homogeneous group spends on each manual task. This proportion can be calculated with reference to 
the total working time of the group in the period (macro-cycle).

However, since the total working time of the group can vary from group to group (e.g. one group can 
work full-time and another part-time), to reconstruct the artificial working day representative of 
the macro-cycle, it is necessary to estimate the proportion with respect to standard work duration 
scenarios such as those typical of industry. These scenarios are called prefixed exposure time constants 
and are detailed in Table B.3.

Table B.3 — Exposure time constants

Hours/day constant 8 Hours/month constant 160
Minutes/day constant 440 Days/month constant 20
Days/week constant 5 Months/year constant 11
Minutes/week (440 min * 5 days) constant 2 200 Days/year constant 220
Weeks/month constant 4 Hours/year constant 1 760

Some examples of artificial working day calculations, in annual macro-cycles are presented in Table B.4.

Table B.4 — Some examples of different artificial working day calculations, in annual macro-
cycles

  Representative day in annual macro-cycles
1 —	 if the overall 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:
1 760 h really worked per year * 60/220 worked days per year constant = 480 min

2 —	 if the overall hours worked in the year are 880 (part-time job of 4 hours per day), they correspond to a representative 
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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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 —	 if the 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 
the worked hours in 66 days of macro cycle) it corresponds to the obtained constant and the representative day 
corresponds to 480 minutes:

352 h really worked * 60/44 worked days constant = 480 min

The proportion of time that the homogeneous group spends on each manual task in the macro-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 homogeneous 
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 calculation 
methods indicated previously for exposures with a daily rotation schedule.

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

To start 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 overall shift 
duration, the number and duration of pauses, and the duration of non-repetitive tasks in order to 
obtain the net duration of repetitive work (necessary for obtaining the duration multiplier) and 
score for the distribution of recovery times (necessary for obtaining the recovery multiplier).

—	 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 considered 
repetitive and therefore upper limbs activities to be analysed, not all such tasks also have 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-pulling activity.

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

Now all the intrinsic 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 macro-cycle. 
Their correction occurs through the use of recovery and duration multipliers, obtained respectively 
from the organizational analysis of typical working shift and from the artificial working day.

B.3.8	 Application of the final formulae, used for daily rotations, to calculate the final 
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 

Table B.4 (continued)Table B.4 (continued)
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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 
consequently 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 working day for repetitive movements representative of macro-cycle) and the 
duration of each task too, with a procedure that involves recalculating the intrinsic OCRA checklist 
scores, reflecting the actual organizational conditions in the homogeneous group, through both the real 
duration and recovery multiplier (Table B.1).

These data allow now, to compute the final synthetic risk exposure index. In analysing repetitive tasks 
with the OCRA checklist, the final synthetic exposure value can be calculated using two calculation 
models: time-weighted average and the new MultiGEI derived by the multitask complex model 
presented for used in daily rotation.

The following parameters are used for this purpose:

—	 Recovery multiplier: this value is derived from the organizational data describing the presence and 
distribution of breaks tasks in a typical or modal working shift.

—	 Total duration multiplier (Dm.tot): this value is derived from the overall duration of all the repetitive 
tasks considered in the artificial working day representative of the macro-cycle; it is calculated 
using the criteria reported in Table B.1. Different overall duration of all the manual lifting tasks and 
its specific total duration multiplier have to be calculated for tasks with manual lifting and for tasks 
with pushing-pulling.

Moreover, to complete the two formulae, the following parameters can also be considered:

—	 Partial duration multiplier (DmJ): this value is derived from the individual duration of each single 
repetitive task (and separately from tasks with manual lifting and pushing/pulling) considered in 
the artificial working day; it is calculated using the criteria again in Table B.1.

—	 Fraction of time of each task (FTJ): this value is the proportional (in %) duration of each single task 
in the artificial day for repetitive movements.

B.3.8.3	 Application of the final formulae, used for daily rotations, to calculate the final risk 
index for NIOSH lifting index LI (MLI, CLI; VLI)

In essence, the same formula used, in a daily rotation, Formula (B.2), after appropriate adaptations that 
make it applicable to multitask evaluations with non-daily cycles, is used. In order to adapt the formula 
to multiday lifting tasks on a rotating schedule, it is necessary to:

—	 calculate LI 1,2,3,….n eff based on intrinsic lifting index LI of each task (MLI or CLI or VLI, see B.3.4) 
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 LI max1,2,3….n 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;

—	 extrapolate from these data LI.1 eff and LI.1 max, the worse lifting tasks, calculated respectively on the 
actual duration and on the total duration;

—	 the FT 2,3,….n eff 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.
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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.

The above approach can be applied also to the revised strain index,[33],[34] the TACOS method,[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.

Formulae (B.6) and (B.7) are suggested:

MultiGEI = EI.1eff + (∆EI.1 × K)	 (B.6)

K = ((EI.2 max × FT.2) + (EI.3 max × FT.3) +…+(EI.j max× FTj))/ EI1 max	 (B.7)

where

  MultiGEI is the final risk value of the exposure index of the multiple rotating manual tasks, using 
the multitask complex approach;

  EI.1,2,3, j eff is the score of all the active tasks, calculated considering Dmj (duration multiplier accord-
ing to the effective duration of each relevant tasks in the artificial working day;

  EI.1,2,3, j max is the score of all the active tasks, calculated considering Dmtot (duration multiplier for 
the total duration of all relevant tasks in the artificial working day;

  EI.1 eff is the score of task1, the task with the highest risk score, calculated considering Dm1 (du-
ration multiplier according to the actual duration of task1 in the artificial working day);

  EI1 max is the score of task1, the task with the highest risk score, calculated considering Dmtot 
(duration multiplier for the total duration of all relevant tasks in the artificial working day);

  ∆ EI.1 EI1 max - EI1 eff;

  FTj is the time fraction (between 0 and 1) of each task j – except task 1, the worst task – with 
respect to total working time minus working time devoted to task1) in the artificial 
working day for that specific risk.

The calculation structure thus for OCRA method and RNLI for multiday rotations, can also be extended 
to other valuation methods however using the same duration multipliers reported in Table 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 (EI.j max) 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 it is possible to apply the general Formula (B.6) to six exposure index categories, taking into 
account the duration multipliers indicated in Table B.1.

B.4	 Conclusions

Starting from well-established methods for measuring biomechanical overload in repetitive and/
or lifting tasks on a daily rotation schedule, the next step was to define and illustrate criteria and 
procedures for examining the risk of biomechanical overload due to exposure to multiple tasks with 
macro-cycle rotations of more than a day (e.g. weekly, monthly, yearly).

The multitask complex model is the preferred approach for calculating the overall exposure level. It is 
based on the duration of the most overloading task in the macro-cycle, increased by the contribution 
of the other tasks considered. This is a particularly useful model when there is variable exposure to 
different tasks and the tasks are not distributed evenly within the relevant macro-cycle.

The time-weighted average model remains suitable for daily rotation scenarios only when rotated 
repetitive tasks are frequently or even constantly alternated, while in multi-day rotation scenarios it 
will possibly still be suitable only where the rotated tasks are distributed evenly over the period under 
examination in terms of their level, duration and sequence.

A great deal of experience has already been acquired applying the OCRA checklist to assess exposure 
of the upper limbs to repetitive tasks, with regards not only to agriculture, but also to services such as 
supermarkets, cleaning jobs and canteens.

There is less experience in assessing multi-day exposure to manual lifting work.

Admittedly, it is still difficult to gather health care surveillance data for epidemiological purposes in the 
relevant sectors in order to validate the proposed models for analysing multi-day exposure.

Based on preliminary findings (involving about 300 people in the agri-food sector) nevertheless the 
MultiGEI method appears to be more predictive for annual exposure schedules covering at least 6 to 7 
months.

In light of these considerations, it can be stressed that the proposed models can be considered useful 
for estimating exposure levels to various biomechanical overload conditions, when task rotations are 
scheduled over multi-day macro-cycles.

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 
exposure 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

B.5.1	 Introduction

While in the main text the homogeneous group evaluated (homogeneous group n.2) was mainly involved 
in masonry construction with bricks, here, as another example really present in the analysed civil 
construction site, it is intended to illustrate in detail another homogeneous group, the no.1 (Table 3), 
mainly dedicated to the distribution of concrete on the reinforcement of pillars, beams, slabs. All the 
tasks performed by this homogeneous group are listed in Table B.5

Before starting any evaluation, it is first necessary to calculate the intrinsic risk score for each task and 
for each different biomechanical risk factor typical of the task present in this kind of building section, 
e.g. repetitive tasks, lifting and carrying loads, pushing and pulling, and awkward postures of back and 
lower limbs. To calculate the intrinsic risk score of each task, exposure to all of the aforesaid factors, 
it has to be measured as if the task lasted a whole 480-min shift with two 10-min breaks and one meal 
break, i.e. the score for a pre-set constant duration. The intrinsic risk scores of each task therefore are 
calculated for examining repetitive movements with the OCRA checklist[23] and for lifting loads with 
the techniques derived from extensions of the RNLE[20] awkward postures with TACOS[25], and other 
biomechanical risk factors like pushing-pulling.

B.5.2	 Risk assessment of repetitive movements using the OCRA checklist in annual 
multitask exposure

Table  B.6 shows some examples of the intrinsic risk scores obtained using the OCRA checklist for 
several specific wine-growing tasks, calculated for both the right and left arm.

Once these organizational data have been acquired (e.g. a list of all possible tasks which characterizes 
a given homogeneous group) along with the relevant risk scores (i.e. intrinsic risk scores for repetitive 
movements using the OCRA checklist and RNLE for manual load lifting), it is possible to actually 
measure complex multi-task exposure in an annual cycle for the different biomechanical risks.

The first step is to divide the workers into homogeneous exposure groups in which exposure is 
classified as homogeneous when all the members perform the same tasks for the same length of time 
and in the same workplace.

Table B.7 shows the tasks performed by the first homogeneous group of five male workers, who work 7 
months of the year in distribution concrete on floors, pillars and beams.

The tasks are quantified on a monthly basis in percentages, where within each month, the sum of the 
percentages must always add up to 100 %.
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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 pump launches-concrete

Concrete homogenization with vibrator (20 - 40) mm of 
beams
Concrete homogenization with vibrator (20 - 40 mm) of 
floor
Concrete homogenization with vibrator (20 - 40 mm) of 
pillars
Support the vibrator extension manually
Concrete spreading floor with hoe, shovel
Concrete levelling with long metal rod (row)
Concrete levelling with laser (reinforced concrete)

However, simply quantifying each task in terms of its duration within the year is not sufficient because, 
the number of hours worked each month is not always the same. Much depends on the inherent 
characteristics of each crop, and on the presence of quiet times versus extremely busy times.

With the organizational information presented in Table B.8 it is possible to obtain the data relative to 
the organization of the most representative shift on a monthly basis (generally the one included in the 
work contract).

With regards to 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)

Tasks
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Filling pillar with concrete 
pump 1,33 4 4,5 24 1 0 0 0 3 4   43,23

Concrete homogenization with 
vibrator of pillars 1,33 4 4,5 24 8 0 0 0 3 11 2 55,20

Filling beams with concrete 
pump 1,33 4 4,5 24 1 0 0 0 3 4   43,23

Concrete homogenization with 
vibrator (of beams) 1,33 4 4,5 24 8 0 0 0 3 11 2 55,20

Guide of pump launches-con-
crete 1,33 4 2,5 0 1 0 0 4 3 7   12,64

Emptying concrete on the floor 
with concrete mixer 1,33 4 4,5 2 1 0 0 0 1,5 2,5   11,97

Spreading concrete with shovel 1,33 4 4,5 4 1 0 0 0 1,5 2,5   14,63

Concrete homogenization with 
vibrator of floor 1,33 4 4,5 1 2 0 0 0 3 5 2 16,63

Support the vibrator extension 
manually 1,33 4 4,5 0 1 0 0 0 3 4   11,31

Concrete spreading floor with 
pumped concrete 1,33 4 4,5 8 1 0 0 0 3 4   21,95

Concrete spreading floor with 
hoe 1,33 4 6 8 1 3 3 0 3 6   26,60

Concrete levelling with long 
metal rod (row) 1,33 4 5 4 12 3 2 3 3 15   31,92

Concrete levelling with laser 
(reinforced concrete) 1,33 4 4,5 2 2 2 0 0 3 5   15,30

NOTE Considering the result of the intrinsic values of the OCRA checklist, the colours used in the table for the OCRA checklist results mean: white = no risk; 
light grey: borderline risk; medium grey: risk present; dark grey = high risk.

Table B.7 — Distribution of tasks in percentages for each month of the year, for the 
homogeneous no.1 group

Tasks
Breakdown of the task duration for each month of the year

Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec
Filling pillar with concrete pump   15 %   15 %   15 % 15 % 15 %   15 %   15 %
Concrete homogenization with vibrator of 
pillars

  5 %   5 %   5 % 5 % 5 %   5 %   5 %

Filling beams with concrete pump   15 %   15 %   15 % 15 % 15 %   15 %   15 %
Concrete homogenization with vibrator (of 
beams)

  5 %   5 %   5 % 5 % 5 %   5 %   5 %

Guide of pump launches-concrete   10 %   10 %   10 % 10 % 10 %   10 %   10 %
Emptying concrete on the floor with con-
crete mixer

  10 %   10 %   10 % 10 % 10 %   10 %   10 %

Spreading concrete with shovel   10 %   10 %   10 % 10 % 10 %   10 %   10 %
Concrete homogenization with vibrator of 
floor

  3 %   3 %   3 % 3 % 3 %   3 %   3 %

Support the vibrator extension manually   1 %   1 %   1 % 1 % 1 %   1 %   1 %
Concrete spreading floor with pumped con-
crete

  10 %   10 %   10 % 10 % 10 %   10 %   10 %

Concrete spreading floor with hoe   10 %   10 %   10 % 10 % 10 %   10 %   10 %
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Tasks
Breakdown of the task duration for each month of the year

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 
concrete)

  1 %   1 %   1 % 1 % 1 %   1 %   1 %

    100 %   100 %   100 % 100 % 100 %   100 %   100 %

Table B.8 — Homogeneous group no.1: data relative to the organization of the most 
representative 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 
(excluding lunch break)   2 - - - 2 2 2 - 2 - 2

Actual duration of pauses 
(excluding lunch break)   30 - - - 30 30 30 - 30 - 30

Duration lunch break if this 
inside the shift (paid   60 - - - 60 60 60 - 60 - 60

Total breaks duration   90 - - - 90 90 90 - 90 - 90
Putting on/taking off uni-
forms (protective gear)     - - -       -   -  

Total minutes of non-repeti-
tive tasks in shift   48 - - - 48 48 48 - 48 - 48

Net repetitive working time 
(in minutes)   342 - - - 342 342 342 - 342 - 342

% reduction (net duration), 
considering the total dura-
tion of shift and of repetitive 
tasks

  71 % - - - 71 % 71 % 71 % - 71 % - 71 %

  Recovery scores
Recovery multiplier per 
month   1,33 - 1,33 - 1,33 1,33 1,33 - 1,33 - 1,33

Based on this data a more or less accurate distribution of breaks can be worked out, which is useful 
for calculating the recovery multipliers for calculating the OCRA checklist, month by month, and over 
the whole year, and the ratio in percentages between the gross to net duration of repetitive work, for 
calculating the duration multipliers (for repetitive work).

Table B.7 (continued)Table B.7 (continued)
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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 of 1 760 h/year.Total working 

hours per year/worked

Feb Apr Jun Jul Aug Oct Dec

No. total hours worked per month (by 
the whole group or individual worker) 
including any seasonal or casual workers

1 100 1 000 1 100 1 100 1 000 975 1 100

% reduction considering the total dura-
tion of shift and the net tasks duration 71 % 71 % 71 % 71 % 71 % 71 % 71 %

No. total hours worked per month/
worker 220 200 220 220 200 195 220

No. net hours worked per month/worker 156,8 142,5 156,8 156,8 142,5 138,9 156,8
No. workers versus total workers 5 5 5 5 5 5 5
No. seasonal or casual workers - - - - - - -

a) Total working hours per year/worker

b) % hours worked per month/worker based on constant of 160 hour/month

c) % hours in net repetitive working time per worker/month/year

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 %

© ISO 2023 – All rights reserved	 ﻿
﻿

87

STANDARDSISO.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 IS
O/TR 70

15
:20

23

https://standardsiso.com/api/?name=4abd08a5d639a284f952fcd1189d7c79


ISO/TR 7015:2023(E)

Table B.9 — Homogeneous group no.1: calculation of hours actually worked, broken down by 
task and month and over the whole year

Tasks Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec

% of 
total 

hours 
per 

year

Hours 
per 

year 
per 
task

% on 
a year 
con-
stant

Filling pillar with concrete 
pump

  33,0   30,0   33,0 33,0 30,0 — 29,3   33,0 15,0 % 221 12,6 %

Concrete homogenization 
with vibrator of pillars

  11,0   10,0   11,0 11,0 10,0 — 9,8   11,0 5,0 % 74 4,2 %

Filling beams with con-
crete pump

  33,0   30,0   33,0 33,0 30,0 — 29,3   33,0 15,0 % 221 12,6 %

Concrete homogenization 
with vibrator (of beams)

  11,0   10,0 — 11,0 11,0 10,0 — 9,8   11,0 5,0 % 74 4,2 %

Guide of pump launch-
es-concrete

  22,0   20,0   22,0 22,0 20,0   19,5   22,0 10,0 % 148 8,4 %

Emptying concrete on the 
floor with concrete mixer

  22,0   20,0   22,0 22,0 20,0   19,5   22,0 10,0 % 148 8,4 %

Spreading concrete with 
shovel

  22,0   20,0   22,0 22,0 20,0   19,5   22,0 10,0 % 148 8,4 %

Concrete homogenization 
with vibrator of floor

  6,6   6,0   6,6 6,6 6,0   5,9   6,6 3,0 % 44 2,5 %

Support the vibrator ex-
tension manually

  2,2   2,0   2,2 2,2 2,0   2,0   2,2 1,0 % 15 0,8 %

Concrete spreading floor 
with pumped concrete

  22,0   20,0   22,0 22,0 20,0   19,5   22,0 10,0 % 148 8,4 %

Concrete spreading floor 
with hoe

  22,0   20,0   22,0 22,0 20,0   19,5   22,0 10,0 % 148 8,4 %

Concrete levelling with 
long metal rod (row)

  11,0   10,0   11,0 11,0 10,0   9,8   11,0 5,0 % 74 4,2 %

Concrete levelling with 
laser (reinforced concrete)

  2,2   2,0   2,2 2,2 2,0   2,0   2,2 1,0 % 15 0,8 %

Total   220   200   220 220 200   195   220 100 % 1475 84 %

This organizational data forms the basis for constructing the artificial working day representative of 
the year; it is used to analyse multi-task exposure when the turnover cycle is annual. Table B.10 shows 
the first step needed to draft 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 hours 
worked/year, using Formula (B.8):

Mfwd=P × Hy/ CDy × 60	 (B.8)

where

  Mfwd is artificial working day in minutes;

  Hy is worked hours per year;

  P is percentage of repetitive task duration versus total worked hours;

  CDy 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

Table B.10 — Homogeneous group no.1: intrinsic risk scores calculated with the OCRA checklist 
and recalculated using the effective duration and effective recovery multipliers for the 

artificial working day representative of the year

Tasks

OCRA checklist 
intrinsic value 
(8 hours with 
canteen and 

two breaks of 
10 min)

Worked 
hours consid-

ering their 
net duration

% on total

OCRA checklist 
intrinsic values 

re-evaluated 
considering their 
real duration and 

recovery
Filling pillar with concrete pump 43,23 157,6 15 % 36,74
Concrete homogenization with vibrator 
of pillars 55,20 52,5 5 % 46,92

Filling beams with concrete pump 43,23 157,6 15 % 36,74
Concrete homogenization with vibrator 
(of beams) 55,20 52,5 5 % 46,92

Guide of pump launches-concrete 12,64 105,1 10 % 10,74
Emptying concrete on the floor with 
concrete mixer 11,97 105,1 10 % 10,17

Spreading concrete with shovel 14,63 105,1 10 % 12,44
Concrete homogenization with vibrator 
of floor 16,63 31,5 3 % 14,13

Support the vibrator extension manually 11,31 10,5 1 % 9,61
Concrete spreading floor with pumped 
concrete 21,95 105,1 10 % 18,65

Concrete spreading floor with hoe 26,60 105,1 10 % 22,61
Concrete levelling with long metal rod 
(row) 31,92 52,5 5 % 27,13

Concrete levelling with laser (reinforced 
concrete) 15,30 10,5 1 % 13,00

  right and left 
symmetrical 1 051 100 % right and left sym-

metrical
286,6 min

Duration of artificial (fictitious) working day representative 
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 tasks in the 

shift and for their individual actual duration in the shift for right limb

Tasks

Worked 
hours 

consider-
ing their 
net dura-

tion

% on 
total

OCRA 
checklist 
intrinsic 

values 
re-eval-

uated 
consider-
ing their 
real total 
duration

Artificial 
minutes 
for each 

task rep-
resenta-

tive of the 
hours

Corre-
sponding 
duration 

multi-
plier per 

tasks

OCRA 
check-

list ocra 
values 

calculat-
ed con-

sidering 
the actual 
duration

Filling pillar with concrete pump 157,6 15 % 36,74 43 0,350 15,1
Concrete homogenization with vibrator 
of pillars 52,5 5 % 46,92 14 0,100 5,5

Filling beams with concrete pump 157,6 15 % 36,74 43 0,350 15,1
Concrete homogenization with vibrator 
(of beams) 52,5 5 % 46,92 14 0,100 5,5

Guide of pump launches-concrete 105,1 10 % 10,74 29 0,200 2,5
Emptying concrete on the floor with 
concrete mixer 105,1 10 % 10,17 29 0,200 2,4

Spreading concrete with shovel 105,1 10 % 12,44 29 0,200 2,9
Concrete homogenization with vibrator 
of floor 31,5 3 % 14,13 9 0,100 1,7

Support the vibrator extension manu-
ally 10,5 1 % 9,61 3 0,018 0,2

Concrete spreading floor with pumped 
concrete 105,1 10 % 18,65 29 0,200 4,4

Concrete spreading floor with hoe 105,1 10 % 22,61 29 0,200 5,3
Concrete levelling with long metal rod 
(row) 52,5 5 % 27,13 14 0,100 3,2

Concrete levelling with laser (rein-
forced concrete) 10,5 1 %     0,018 0,3

Duration of artificial (fictitious) work-
ing day representative of the year 286,6 min. 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.

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 (EI.1 eff), considering its actual duration = 11,3;

—	 the score for the worst task (EI1 max), considering overall duration = 43,5;
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—	 the sum/product (∑P) of all the other maximum scores EI.,2,3, j max for the various tasks, except for 
the worst one, for their % duration = 14,7;

K = ∑P/ EI1 max = 0,34;

MultiGEI = EI.1 eff+ (EI1 max- EI1 max) × 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 various tasks into six categories of results, using as key values the sextile of the 
distribution of the results (EI1 max).

Figure B.4 presents all the results. As the OCRA checklist intrinsic risk scores for each task include both 
very high and very low figures, the time-weighted average mathematical model proposes the lowest 
final annual exposure indices (box C: time-weighted average = 19 for right and left). It is interesting 
to note the difference between the results of the MultiGEI model calculated on all the scores for the 
individual tasks, and those obtained when the scores were first grouped into six categories per sextiles, 
within each of which the representative value was obtained, on which the final exposure value was 
calculated. As already mentioned, this second calculation model is preferable when there is a large 
number of tasks (more than 10).

Since the worst task, calculated on the basis of its duration, is the task driving the formula, if there 
are many active tasks, it is advisable to choose the driving task as the worst value derived by the 
six categories, rather than the value of a single task based on its actual duration, which determines 
either an over- or an underestimation. In the example, the calculation including all the tasks leads to a 
significant overestimation (box A: final exposure value = 28 for right and left) compared to the value 
calculated for six aggregate categories of tasks (box B: final exposure value = 25 for right and left).

It is also worth noting that the OCRA checklist scores, divided into the six categories extrapolated from 
the sextiles, are distributed in percentage terms in each of the six predetermined risk areas, for the 
whole year and, again by sextile, in each month of the year (Table B.12).

For reasons of space, it is not possible to describe other homogeneous groups still working at the 
vineyard.

B.5.3	 Evaluation of risk associated with manual load lifting in annual multitask

In order to complete the biomechanical overload analysis, the next step involves assessing the result 
of the exposure assessment in the presence of manual load lifting. The procedure is identical to the 
detailed analysis conducted for repetitive movements.

Table  B.13 shows the intrinsic lifting index scores for tasks with manual lifting (A), present in 
homogeneous group no.1, which are the starting point for the calculation. All tasks with manual lifting 
are defined according to the key-enters provided by ISO/TR 12295. Every single task analysed can be a 
mono task, a composite or a variable. Note that to calculate the intrinsic lifting index of each task, it is 
assumed to last the whole shift and therefore has always a long duration. All the intrinsic lifting index 
scores are broken down by gender and age, as recommended by ISO/TR 12295.
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a) MultiGEI model: 28 (right and left)

b) MultiGEI model for sextiles: 25 (right and left)

c) Time-weighted average: 19 (right and left)
NOTE 1	 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 (a, b, c).

NOTE 2	 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 % 43,9 40 % 46,2 50 %
31,9 5 % 31,9 5 % 31,9 5 % 31,9 5 % 31,9 5 % 30,3 5 % 31,9 6 %
24,3 20 % 24,3 20 % 24,3 20 % 24,3 20 % 24,3 20 % 23,1 20 % 24,3 25 %
16,3 4 % 16,3 4 % 16,3 4 % 16,3 4 % 16,3 4 % 15,5 4 % 16,3 5 %
13,6 20 % 13,6 20 % 13,6 20 % 13,6 20 % 13,6 20 % 13,0 20 % 0,0 0 %
11,9 11 % 11,9 11 % 11,9 11 % 11,9 11 % 11,9 11 % 11,3 11 % 11,9 14 %

Table B.13 — First homogeneous group: intrinsic exposure scores (LI or CLI or VLI) for tasks 
with manual load lifting

List of tasks, present in viticulture, with manual lifting Adult males Adult fe-
males

Older and 
younger 

males

Older and 
younger 
females

Filling pillar with concrete pump 0,90 1,13 1,13 1,50

Concrete homogenization with vibrator of pillars 1,00 1,25 1,25 1,67

Filling beams with concrete pump 0,90 1,13 1,13 1,50

Concrete homogenization with vibrator (of beams 1,00 1,25 1,25 1,67

Concrete spreading floor with pumped concrete 0,90 1,13 1,13 1,50
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 (a, b, c).

Table B.14 shows organizational data for the homogeneous group no.1 when assigned to handling loads 
and pushing/ pulling.

While the repetitive movements (or the biomechanical upper limbs overload) are in any case present 
in all the task present in a cultivation (as for manual lifting, the upper limbs have to be used), the real 
number of manual lifting tasks and/or in pushing/pulling (with positive key-enters) and their real 
duration in the macro-cycle has to be taken, in parallel, into due consideration.

For this reason, it is necessary to create specific artificial intrinsic day specifically both for the manual 
lifting of loads and pushing/ pulling, representative of the year.

The tasks present in homogeneous group no.1 with manual lifting are 5 with a total duration of 525 
net hours. This value corresponds to an artificial representative day specific for manual lifting of only 
143,3 minutes of the year, where the corresponding duration multiplier is 0,650 (Table B.14, part a).

The tasks present in homogeneous group no.1 with pushing / pulling are 2 with a total duration of 210 
net hours. This value corresponds to an artificial representative day specific for manual lifting of only 
57,3 minutes of the year, where the corresponding duration multiplier is 0,35 (Table B.14, part b).

Figure B.5 shows the results of the assessment of exposure to manual lifting and pushing/pulling 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

  Feb Apr June July Aug Oct Dec
% of total 

hours 
worked per 

year at mmh

Hours worked 
per year per 

task

Net hours 
worked 
per year 
per task

a) Organizational data, when assigned to manual lifting of loads

Filling pillar with concrete pump 15 % 15 % 15 % 15 % 15 % 15 % 15 % 30,0 % 221,3 158
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  Feb Apr June July Aug Oct Dec
% of total 

hours 
worked per 

year at mmh

Hours worked 
per year per 

task

Net hours 
worked 
per year 
per task

Concrete homogenization with 
vibrator of pillars

5 % 5 % 5 % 5 % 5 % 5 % 5 % 10,0 % 73,8 53

Filling beams with concrete pump 15 % 15 % 15 % 15 % 15 % 15 % 15 % 30,0 % 221,3 158

Concrete homogenization with 
vibrator of beams

5 % 5 % 5 % 5 % 5 % 5 % 5 % 10,0 % 73,8 53

Concrete spreading floor with 
pumped concrete

10 % 10 % 10 % 10 % 10 % 10 % 10 % 20,0 % 147,5 105

Artificial working day for manual lifting = 143,3 min.: duration multiplier = 0,650 100 % 738 178

b) Organizational data, when assigned to manual pushing/ pulling

Emptying concrete on the floor 
with concrete mixer

10 % 10 % 10 % 10 % 10 % 10 % 10 % 50,0 % 147,5 105

Concrete spreading floor with hoe 10 % 10 % 10 % 10 % 10 % 10 % 10 % 50,0 % 147,5 105

Artificial working day for manual lifting = 57,3 min.: duration multiplier = 0,350 100 %    

B.5.4	 Examples of task rotations in weekly/monthly macro-cycles

When turnover is weekly or monthly, the same criteria are applied for the year, i.e. the weekly or 
monthly rotation period (macro-cycle) is converted into an artificial day.

Table  B.15 and Table  B.16 illustrate the recommended structure for optimizing the collection of 
organizational data relating to the relevant homogeneous group.

Table B.15 shows the structure used to collect the shift duration 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 recovery multipliers needed to apply the MultiGEI model for studying the biomechanical overload 
of the upper limbs.

For reasons of space, Table B.16 presents a qualitative and quantitative description for only one week of 
the tasks actually carried out by the homogeneous group on each day of that week.

With this data it is possible to obtain the duration of each task in the period, whether it be weekly 
or monthly, and thus to reconstruct the artificial working day representative of the period under 
consideration.

Figure B.5 provides an example of the result with the scores indicating exposure to repetitive work for 
each day of the month, each week and for the whole month. The same kind of graph is also obtained for 
manual handling of loads and pushing/pulling (Figure B.6).

Table B.14 (continued)Table B.14 (continued)
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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.

a) Final result of risk assessment, total year and for month when assigned to manual lifting of 
load

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: 
borderline 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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