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ABSTRACT. The economic growth of a country is directly linked to the growth of several sectors, in which
the construction sector is prominent. The objective was to investigate by means of ergonomic analysis the
external coating activity performed on building facades, due to its high degree of difficulty. The
methodological approach was composed by a review of the literature and quantitative research using the
OCRA checklist method, highlighting the biomechanical overload risk analysis of the external coating
activity in mortar based on International Standard ISO 11228-3: 2009. The data collection took place in
construction sites in Brazil in the cities of Ponta Grossa-PR and Porto Alegre-RS applying the mentioned
method. The results of demand illustrate the concepts presented in the review, as well as the confirmation
of the incidence of pain and lesions in the upper limbs and the repetitiveness in the analyzed activities. The
results indicate that: a) the analysis of the chosen activity resulted in a high level of risk applying the
immediate intervention, with improvements; b) proof by calculating the risk of biomechanical overload to
implement improvements in the company; c) evidence that the improvements resulted in a reduction of
ergonomic risks by more than 50%, with improvement in posture and strength requirements. In turn, the
relevance of this work is highlighted, as it enables the development of public and private policies in the area
of ergonomics with the purpose of developing the sector. In the end, the work opens up possibilities for the
continuity of the research on the addressed topic.
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Introduction

Construction workers (CW) hold a high risk of developing work-related musculoskeletal disorders (WMSD)
due to the high level of physical effort required in their daily activities at construction sites.

According to Chan et al. (2016) WMSDs are caused by the high risk of activities and by the complex nature
of the civil construction, in addition to the large number of micro, small and medium companies that are not
interested, do not have expertise and not even the investment resources to prevent work-related disorders,
thus making it difficult to manage such risks.

In this context, researches from Salas, Vi, Reider and Moore (2016), Yuan, Buchholz, Punnett and Kriebel
(2016), Eaves, Gyi and Gibb (2016) and West et al. (2016), among others, show that ergonomic actions are
performed to identify the ergonomic risk factors that justify the use of ergonomic knowledge in several areas
of work.

On the other hand, Ray and Teizer (2012) affirm that the lumbar lesions and other work-related
musculoskeletal disorders (WMSDs) are the most frequent. In this way WMSDs can be defined as "injuries to
muscles, tendons, joints and nerves caused or aggravated by work".

Therefore, these pathologies occur mainly in workers involved in the transportation of heavy loads,
kneeling, contact stress, vibrations, extreme temperatures and hand and wrists sprain, typical in construction
activities.

Due to the fact that there is a concern about the ergonomic analysis related to the construction workers,
it is observed the increase of physical demands, because of the short delivery times of the projects under
contract. In addition, the construction workers perform repetitive movements during the shift, which could
cause them health problems and body injuries corelated to their activities (Nath, Akhavian, & Behzadan,
2017).
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In CW, there is a prevalence of symptoms varying from 7 to 30% in the lumbar region and above 50% in
the upper limbs, as reported by Wu, He, Li, Wang and Wang (2012). The repetitive use of smaller muscles and
the adoption of non-neutral postures, besides the prolonged exposure to repetitive movements, may lead to
the development of WMSDs (O'Sullivan, O'Keeffe, O'Sullivan, O'Sullivan, & Dankaerts, 2012).

Statistics in the Bureau of Labor Statistics (BLS) database, between 2011 - 2015, in the US construction
industry show the injuries/illnesses that resulted in the biggest percentage of absence from work were 40.15%,
mainly in the hands/wrist, followed by lumbar injuries with 29.50% and shoulders with 20.47%, considering
only upper limbs.

Ziaei et al. (2017) states that by means of procedures and methods to evaluate the musculoskeletal load it
is possible to analyze parameters related to biomechanical factors, that is, the exerted force and posture in
sequences of time.

On the other hand, Gémez-Galan, Pérez-Alonso, Callejon-Ferre and Lopez-Martinez (2017) explain that
musculoskeletal disorders are more often found in professions and industry sectors, especially in
construction, as this is a sector where workers carry out a continuous and heavy physical effort during their
work activities.

Researches such as Hsu, Lin, Lee and Chen (2016); Dasgupta, Punnett, Moir, Kuhn and Buchholz (2016);
Zare, Sagot and Roquelaure (2018); Kathiravan and Gunarani (2018); Li, Han, Giil and Al-Hussein (2018) have
shown that in the productive sector of the construction, there are few studies available, with focus on
ergonomics.

Thus, this study aimed to answer which are the “ergonomic factors (enviromental and or organizational
factors)” that could cause the aggravation of the musculoskeletal disorders of the upper limbs in work at
height in the civil construction, involving the activity of external coating with mortar in building facades.

The objective was to analyze the risk factors that influence the biomechanical overload risks in the upper
limbs, through the use of the OCRA checklist method, calculating the ergonomic demands, proposing and
applying ergonomic interventions in order to minimize the risk of biomechanical overload of the upper limbs
for the activity that was analyzed.

Material and methods

Method of analysis of the biomechanical overload of the upper limbs according to the International
Standards

The purpose of this research is to use the OCRA method based on the International Standard ISO 11228-
3:2009 which is recommended as the preferred method of repetitive action analysis, because it considers all
the relevant factors applicable in the analysis of complex tasks, based on extensive epidemiological data
(extensive database of occurrence of WMSDs in relevant populations of exposed works (ISO 11228-3:2009).

Another more recent source of technical and scientific support used in this work was ISO TR
12295 - Ergonomics — Application document for ISO standards on Manual Handling (ISO 11228-1, ISO
11228-2 and ISO 11228-3) and posture evaluation (ISO 11226), which provides concrete data on the overload
of biomechanical work.

The OCRA checklist method is recommended by ISO 11228-3:2009 also for studies of low loads with a high
frequency of repeatability, which is the case of external coating activity.

General criteria of the OCRA checklist method

The OCRA checklist is a simplified tool that aims to measure the risk of biomechanical overload in the
upper limbs.

OCRA checklist consists of five parts that focus on the four major risk factors (recovery time, frequency,
strength, awkward posture/stereotyped movement) and many additional risk factors (vibration, low
temperature, precision work, repeated impact, etc.), and the net duration factor in the repetitive work is
taking into consideration in the final risk estimate (Colombini & Occhipinti, 2016).

The calculation procedure to reach the result (Figure 1) shows how all risk factors are included; the
recovery period is a multiplier that must be applied together with the duration factor to the sum of the scores
for the other risk factors (Colombini & Occhipinti, 2016).
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Figure 1. OCRA checklist calculation procedure.

The method is not only useful for measuring the risk of upper limb biomechanical overload accurately, but
also for collecting important data in order to manage the risks (such as corrective actions, job rotation, etc.)
and damages caused (Hsu et al., 2016).

OCRA checklist method: first general criterion for calculating the final score in the multitasking
analysis present in construction

Concerning the analysis of complex tasks, the application of outside plastering, as well as other activities
in the construction industry are considered multi-tasks, according to Colombini and Occhipinti (2016), the
construction activities have the following characteristics in common:

a) The tasks are not structuring as in a factory, with cycles and a defined number of parts;

b) The tasks are extremely numerous;

¢) There are considerable variation between weekly/monthly/daily tasks: a daily task analysis may not be
enough to evaluate the actual level of risk exposure;

d) The duration of the task can also vary considerably.

e) The criteria adopted by Colombini and Occhipinti (2016) will be the use of a multi-task analysis, due to the
great variability of the external coating activity of mortar on building facades.

In order to define the exposure to the activity, the work can be decomposed into macro phase, phase and
task, which will make easier the identification of each task in one activity.

Therefore, each task must be analyzed using the OCRA checklist as if it were the only task performed
throughout the entire period: this involves calculating the intrinsic risk indexes.

Once that the information has been acquired, the proper risk exposure analysis can be done, which
involves identifying one or more homogeneous groups or workers who are exposed to the same risks and
therefore perform the same tasks with the same exposure time (i.e. daily exposure duration and possible
duration of tasks in the various cycle times).

Next the application of computational mathematical models should be done and lastly, the interpretation
of the results.

Since the calculations are extremely complex, Excel® spreadsheets have been developed, and they will be
illustrated in subsequent chapters.

According to Colombini and Occhipinti (2016), the outside plastering activity is classified as a phase within
the macro phase of building a wall.

The external coating phase using mortar, according to Gori, Marincioni, Biddulph and Elwell (2017), is
divided into two or three tasks, depending on the worker, using hand tools, with the following denominations:
a) To apply the mortar in the external wall,

b) To spread the mortar;
¢) To do the fine finish of the mortar on the wall, according to what was required by the company, following
the norms and quality standards stipulated.

In the Figures 2 and 3 the external cladding activity in the building facade is shown, as well as the
equipment that the construction companies usually use in this kind of activity.
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Figure 3. Outside plaster on scaffolding facade.

OCRA checklist: first approach to analyze the intrinsic risk of the task

For the data analysis procedure, the method was used to describe and understand the workstation and to
estimate the level of intrinsic exposure of the analyzed task, as if the station were the only one used during
the whole shift, by a single worker.

For Colombini and Occhipinti (2016), calculating the intrinsic risk in a given task means evaluating the
task as if the worker had carried out the same task throughout the entire shift, and all along the year.

In this way, the researchers adopted the following bias to estimate the Intrinsic Risk Index (IRI) obtained
in the workplaces that were analyzed: 460 net minutes of repetitive work; 30 minutes for lunch break and 2
periods of 10 minutes break for snacks.

Only as the first approach, in this study, the OCRA checklist was used in the evaluation of the proposed
task, serving as basis to the real multitasking OCRA analysis. For each task, all the intrinsic evaluations must
be obtained.

In fact, turnover studies will be applied to this activity in the next stages of the research, modulating the
final risk according to which tasks are being performed and taking into account the proportion of execution
time (Colombini & Occhipinti, 2016).

In the developmental stage, the researchers are also studying the actual exposure of workers with the
OCRA method for the study of multitasking exposure in an annual cycle.

General methodological approach used to study employees in the application of mortar on external
brick walls: the choice of the population sample

The research adopts the quantitative aspects to analyze and evaluate the ergonomic factors that influence
the aggravation of WMSDs in the external coating activity with the application of mortar on external brick
walls.

The databases used were: Science Direct, Scopus and Web of Science, the number of articles found after
the searches at the bases set a group of 121 scientific papers relevant to this research, taking into
consideration: a) the impact factor of the journal where the article was published; b) number of citations;
¢) the year of publication, there were 42 scientific papers used in this work.
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Data collection was carried out in small and medium-sized construction companies located in the cities of
Ponta Grossa (Parand) and Porto Alegre (Rio Grande do Sul).

The population studied was 101 employees from the operation sector of the construction companies,
distributed in the external cladding workstations, according to the information provided by the companies.

The three inclusion criteria adopted were the age (between 18 and 50), to have a work contract signed by
the employer, and to have agreed to sign the Free and Informed Consent Form.

After applying the exclusion criterion, in which employees who were in the trial period (90 days) according
to Brazilian labor standards could not participate in the survey, the final sample was 64 workers.

This research followed the ethical precepts for research involving human beings and received the approval
report of the Research Ethics Committee of the Federal Technological University of Parand, under the number
2.698.732 (CAAE: 83437517.0.0000.5547).

Results and discussion

Identification of ergonomic demand

In order to identify the ergonomic demand, the list of Absence Notes presented by the employees who
performed the work was consulted at the Human Resources Departments of the companies, technical
managers or Occupational Safety responsible, considering the period of 12 months (April/2017 to April/2018).

The survey among all the sites reached raised a total of 247 Absence Notes, a small amount compared to
the total number of workers in the worksites visited, but only the outside plaster team was taken into
consideration.

The Absence Notes were identified by the International Classification of Diseases (ICD) and the complaints
registered in the workplace by the Occupational Health and Safety team were also considered, as shown in
Figure 4.

M Pain/Muscle Injuries
M Respiratory diseases
Stomach diseases
Hypertension
B Dental problems

M Surgery

W Spouse
accompaniment

Figure 4. Identification of work absence by ICD.

After the identification of the most common type of injury among the employees who perform the outside
plaster activity, according to Figure 4, pain or muscle injuries represent 28% of the medical certificates
presented as justification for absence from work in the companies visited.

Within these 28%, the most pain or muscle injuries happened in the upper limbs, with 89% of the total
complaints. Thus, the first specific objective of this research was met. The next research about all Ergonomic
Demand, in all the different work activities present in the civil construction, had its objective achieved as
well, according to Figure 5.

Another important factor for the diagnosis of the Ergonomic Demand due to exposure to biomechanical
overload is the analysis of the repetitiveness.

According to Rosecrance, Paulsen and Murgia (2017) repeatability is the most important risk condition, so
that WMSDs related to pain or upper limb muscle injuries have often been defined by this concept.

The workstations that were the analysis object, and that were observed were rockers, scaffolding, facades
and rack platform.
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Figure 5. Ergonomic Demand on the outside plaster activity.

Results analysis

The statistical treatment of the sample was performed, identifying the ergonomic demand and the
calculation of the risk of biomechanical overload for the upper limbs.

Regarding the statistical treatment, the Kolmogorov-Smirnov Normal Test was performed in a first stage
with the sample of 64 workers, because it was a sample with more than 30 cases, between the results of the
right and left limbs, which resulted in a normal sample with significance level > 0,05 (Right Member OCRA,
p = 0,100; Left Member OCRA, p = 0,098).

To analyze if there was a significant difference, the results were submitted to the ANOVA test, obtaining
a significant value for both groups samples (Right Member OCRA, p = 0,554; Left Member OCRA, p = 0,633).

The results exceeded the researchers’ expectations, that evidenced that there were no risk differences
between the results, because those were results within the same method of assessing the risk of biomechanical
overload of the upper limbs, which indicated that the sample was significant for the purpose of this research.

In the evaluation of the risk calculation of biomechanical overload of the activity the worst result found in
the sample was used for this study.

In order to determine the risk of biomechanical overload in the upper limbs, the description of the
representation of a workday is essential.

Thus, for the final calculation, the journey was considered intrinsic only for 8 hours, discounting only the
pauses, to calculate the effective average duration of the repetitive work. Therefore, to observe the analysis
itself, the activities of the two members were considered.

For the execution of the external coating, the workstations have a team with at least two people, one of
them is a helper that carries the material during the shift to the other collaborator (Mason) that performs the
activity of the external coating in the building facades.

Then, to calculate the OCRA checklist for the repetitive task of the analyzed workstation, the following
items were determined: a) effective duration of repetitive work; b) factor of lack of recovery periods;
¢) frequency of action factor; d) strength factor; e) awkward postures and stereotypy.

For the calculation of the Total Effective Time of the cycle, the effective time relation divided by the
number of cycles (equation 1) was used:

Total effective cycle time = Repetitive effective working time in min X / Number of cycles 1)

Due to the difficulty to identify the actual work cycle of the activity, the execution of 1 m? was considered
as unit/cycle. Therefore, the number of cycles observed at this station in a work shift was 480 cycles/shift,
which resulted in the duration of the total effective cycle time of 45 seconds.

Therefore, the lack of recovery periods in the presented intrinsic scenario, related to the shift and pauses
performed in the analyzed construction sites, presented 4 hours without recovery time in a work shift, with a
Recovery Multiplier of 1,330. Moreover, for the action frequency factor, four technical actions were considered
(Table 1).
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Table 1. Observed technical actions of the dominant limb in the total effective cycle time of 45 seconds.

. . Number of technical actions of the Number of technical actions of the non-
Technical Actions . . . .
dominant limb dominant limb
Preparing mortar with trowel 14 -
Sawing mortar with tool 21 -
Finishing with forging machine 27 -
Throwing water on the wall with brush - 5
Total 66 5

For the calculation of the frequency factor, the following equation was used to obtain a frequency such as
"technical actions / minute" (equation 2).

Frequency Factor = Number of actions / Total effective cycle time * 60 (2)

In this regard, the frequency score found for the dominant member with a frequency of 88.0 technical
actions/minute was 9. For the non-dominant member, a frequency was 6.7 technical actions/minute which
resulted in a Frequency Score equal to 0.

Regarding the use of force, using the Borg CR-10 scale, a score of 3 or "moderate” was obtained. In addition,
for the dominant limb, the worker quantified the perceived exertion as being more than half of the cycle time,
resulting in a score of the dominant limb force equal to 6.

On the other hand, for the non-dominant limb, the quantification of the perceived exertion resulted to
be 1/3 of the cycle time, resulting in the strength score equal to 2. In the sequence regarding to the awkward
postures considering both limbs, the obtained results are presented in Tables 2 and 3.

Table 2. Awkward postures of the dominant limb.

Parts of the upper limb Movement Concept of time Score
Hand Pinch About 2/3 of the time 4
Shoulder Arm almost at shoulder height About 2/3 of the time 12
Wrist Extreme deviation About half the time 3
Elbow Full rotation or large flexo- About 2/3 of the time 4
extensions

Table 3. Awkward Postures of the non-dominant limb.

Parts of the upper limb Movement Concept of time Score
Hand - -
Shoulder Arm almost at shoulder height Less 1/3 of the time 2
Wrist - - -
Elbow - - -

Regarding stereotypy, for the dominant upper limb the evaluation resulted in the option to "always repeat
the same technical actions” in most part of the time by more than half, resulting in a final score of 1.5.

For the non-dominant member, no stereotyped situation was found. Finally, the final scores, including the
values of awkward postures and stereotypy for the dominant and non-dominant members, respectively,
were 13.5 and 2.

The additional risk factors in the external coating activity do not fit into any of the situations of additional
organizational risks or physical risks that the method advocates, resulting in a score equal to zero in that item.

However, regarding the final weighted score divided by the actual duration of the activity analyzed within
the cycle, the result was 35.06 points for the dominant member and 4.92 points for the non-dominant
member. For the analyzed workstation, considering the high risk, values > 22.5, which proved the need of
immediate intervention (Table 4).

It was strongly recommended to the company interventions with ergonomic improvements in the
execution procedures to rapidly reduce the risk of biomechanical overload of employees at the workplace.
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Table 4. Output demonstration.

Job Frequency Score Strength Score Awkward Posture Final Score
R L R L R L R L

Traditional Mason 9 0 6 2 13.5 2 _ 4.92

Interventions and proposals for corrective actions to prevent and minimize musculoskeletal injuries

In this stage of the research, after the analysis and general evaluation of the sample, it was proposed for
one of the companies to redesign the work position, with the objective of minimizing the risk of
biomechanical overload, respecting the basic characteristics of task execution and internal company
procedures.

Among the companies that participated in this research, there is one located in the city of Porto Alegre/RS,
whose mission and philosophy is to provide its employees better working conditions to lessen the risks of the
activities done by its employees.

This company showed interest in immediately implanting the interventions presented by the researchers
with focus on investment in new technologies, layout redesign and teams resizing, among other proposals.

One of the immediate interventions adopted by the company was the replacement of the rockers by rack
platform (Figure 6), as this equipment provides greater safety and comfort to the employee.

Figure 6. Design of the applied intervention - rack platform.

The developed research showed that as the area of the work station increases, due to its extensors in the
floor for trimmed facades the implanted intervention allowed better movement during the work and a better
posture when performing the activity.

The study also indicated that there was another advantage in the rack platform implantation. The vertical
displacement in the facade has been fully mechanized, providing a better vertical reach in the facade services
as a whole, especially in difficult access corners.

Another intervention proposed by the researchers and implanted by the company was the increase of two
individuals in each work team. With the increase of the work area, taking into account the productivity for
application of projected mortar and the use of the aluminum ruler for slurring, as well as the finishing of the
mortar coating, the cost of the investment in equipment leasing was entirely justified.

The increase of the team and the division of activities between two people, changes the culture of decades
in the execution of this activity, in which only one worker performed all the necessary technical actions,
becoming overloaded.

The use of the aluminum ruler is justified because it is light and because of the workableness that the tool
provides to execute the necessary movements, as well as the greater reach of twisting in the facade and
reduction of the necessary technical actions.

The calculation involving the studied work role with the suggested improvements was performed by
studying the scaling of the application team. They were named Mason II and Mason III.

Thus, Mason II was responsible for the twisting of the mortar on the facade with the aluminum ruler and
the Mason III was responsible for handling the mortar compression spray next to the facade, according to
Figures 7 and 8.
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Figure 8. Mason III.

The recalculation of the final score for the functions of Mason II and Mason III, led to satisfactory results
and consequently reduction of the risk of biomechanical overload in this work role. That helped the company
to make a definitive decision of investing in this equipment.

Regarding the duration and recovery multipliers, there were no changes in correlation to the initial
situation, because the meal times and breaks remained the same.

The scores for each step of the method calculation for a 45 second cycle are shown in Table 5.

Table 5. Results of the scores for each function.

Calculation steps Mason II Mason III
Duration Multiplier 0.925 0.925
Recovery Multiplier 1.330 1.330

Frequency Score R L R L

2.5 2.5 2.5 2.5
R L R L

Strength Score 4.0 4.0 4.0 4.0
R L R L

Awkward postures 75 75 35 35
Stereotype R L R L

1.5 1.5 1.5 1.5
Final score R L R L

Even with the implemented changes, the activity continued not included in the complementary risk factors
that the method recommends, maintaining the zero score for this item.

Comparing the results obtained with improvements on the traditional method of execution of the external
mortar coating presented previously, the decrease of the biomechanical risk and overload is notorious.

In the traditional execution way, with just one worker and an inadequate and reduced physical space, when
comparing to the rack platform, the result found was 35.06 points in the last risk range of the method.

This leads to the conclusion that high risk was reduce to the medium and low level, for the Mason II and III
respectively, due to the resizing of the team and the use of more adequate equipment.
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There was a reduction of 50.88% for the Mason II function in relation to the traditional Mason I function
and a reduction of 64.91% for the Mason III function.

Table 6 demonstrates the decrease of the OCRA Checklist final score through improvements and
reorganization of the job.

Table 6. Statement of income.

Frequency Score Strength Score Awkward postures Final score
Function R L R L R L R L

Mason I 9 0 6 2 13.5 2 4.92
Mason II 2.5 2.5 4.0 4.0 7.5 7.5
Mason III 2.5 2.5 4.0 4.0 3.5 3.5

Another positive aspect of the intervention was the redesign and reorganization of the technical procedure
in the accomplishment of the activity. Using the right and left sides of the upper limbs together the works do
not overload just one of the members, but distributes equitably the use of the strength made by each member.

There was a reduction of more than 50% in the workers awkward postures, contributing in a preponderant
way to reduce the risk of biomechanical overload in the workplace, but the stereotypy did not change due to
the nature of the activity being repetitive.

Conclusion

Although this epidemiological approach represents a very preliminary study, compared to the current
needs of evaluation in the construction sites, it shows that, even when carrying out a simple preliminary
evaluation of a single task, it is possible to obtain very meaningful results in terms of redesign and
consequently the risk reduction.

In fact, the preliminary epidemiological study of the types of disorders and pathologies presented by the group
of workers analyzed, clearly showed that the main problem was musculoskeletal disorders in the upper limbs.

The OCRA method (that is the method indicated by ISO standards) was chosen, in its simplest version:
OCRA mono-task checklist for daily cycles. After these first and important results, object of the work
presented here, a study is already underway, and this one covers all the tasks performed in the civil
construction sites, based on the essential intrinsic evaluations through the OCRA checklist, in addition to the
analysis of the individual exposure levels (organized in homogeneous groups), through the turnover study
based in an annual cycle.

In the future, the study of biomechanical overload will be completed, including manual loading of
materials contributing to the NIOSH method and in any case the specific ISO standards, as well as postures
of the spine and lower limbs to complete the study of postures of the upper limbs already predicted by the
OCRA method.

The interventions described in this study are a sample of the variety of interventions that we, as researchers,
are able to perform to improve not only the human condition, but also reduce losses and improve business profits.
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