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THE EXECUTION OF FOUNDATIONS

ABSTRACT

This research has the objective of evaluating the ergonomic risks to which the
servants are exposed during the execution of foundations, in a construction site. It is cha-
racterized as an exploratory-descriptive and quantitative study. The results allowed ve-
rifying the precariousness of technologies directed to the work activities performed by
the servants. It is suggested, therefore, that construction companies adopt economically
viable measures to minimize the ergonomic risks to which these professionals are expo-
sed, contributing to the improvement of the quality of life at work as well as the increase
of organizational productivity.
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1. INTRODUCTION

In the scenario of the Brazilian economy, the construction
sector stands out for its relevance in the area of employabi-
lity. According to the Instituto Brasileiro de Geografia e Esta-
tistica (IBGE - Brazilian Institute of Geography and Statistics,
2011), this sector is responsible for employing a progressive
number of workers when compared to previous years. In
2011, approximately 2.7 million workers were employed,
which means that more than 2.5 and 1.6 million employees
in the same sector in 2010 and 2007, respectively.

However, based on the Servigo Social da Industria (SESI
- Social Service of Industry, 2008), it is verified that the ac-
tivity developed by this sector is considered dangerous and
exposes the workers to various occupational hazards, with
specifics and intensities that depend on the type of cons-
truction analyzed, the stage of the work and the way of
conducting the programs and actions of safety and health
at work.

Occupational hazards are defined as those arising from
the organization, procedures, equipment or machines,
processes, environments and work relationships, which
may compromise the safety and health of workers, de-
pending on their nature, concentration, intensity and
time exposure. They are classified into five categories:
physical, chemical, biological, ergonomic, and accident
(SESI, 2008).

For the purpose of this study ergonomic risks were ad-
dressed, since it is one of the most frequent occupational
hazards in construction sites and, besides reaching practi-
cally all construction workers, affects mainly the laborers,
subjects of this research (Araujo et Meira, 1996).

In addition, in the context of foundation works, it is ve-
rified that such activities are classified as a maximum risk
degree in the health and safety of the worker, as indicated
in Annex | of the Regulatory Norm that deals with the Spe-
cialized Services in Safety Engineering and in Occupational
Medicine (NR-4) (Brasil, 2011).

In this perspective, the objective of this article is to analy-
ze the ergonomic risks to which the workers are exposed du-
ring the execution of excavated and block pile foundations,
since, among the workers in the civil construction sector,
they are the most exposed workers to the risks of injuries of
this nature. Therefore, we analyzed in detail all the postures
assumed by them in previously defined activities inherent to
the stage of foundation.

This research was carried out at a construction site lo-
cated in the city of Montes Claros, located in the northern
state of Minas Gerais, Brazil. It is important to point out that
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Montes Claros is the only average city in the north of Minas
Gerais and it is characterized as a polo city when it performs
functions around services, commerce and industry (Franga
et al., 2009). And according to data from the IBGE (2010), it
has a population of 361,971 inhabitants.

In this context, this city is part of the Southeast region,
which is precisely the holder of leadership in terms of em-
ployed personnel and value of the incorporations, works or
services of the sector, according to the Annual Survey of the
Construction Industry (IBGE, 2011). Thus, this study justifies
its locality in the Southeast region and defines the city of
Montes Claros/MG as a research scenario.

Therefore, it is possible to verify the pertinence of the
present study, since, through this, it will be possible to know
the real ergonomic conditions to which the laborers are
exposed during the execution of activities pertinent to the
stage of foundation, as well as to seek solutions that aim
to minimize such risks and thus guarantee quality of life at
work and increase organizational productivity.

2. THEORETICAL FRAMEWORK

2.1. Ergonomics: history and concept

According to lida (2005), ergonomics emerged after
World War I, from an interdisciplinary work carried out by
several professionals, such as engineers, physiologists and
psychologists. Unlike other sciences, it is evident that ergo-
nomics has an “official” date of birth: July 12, 1949. This day
marks the first meeting, in England, of a group composed of
scientists and researchers interested in the discussion and
formalization of the existence of this new branch of interdis-
ciplinary application of science.

However, although there is a precise date for the official
emergence of ergonomics, it is said that it was preceded by
a long period of gestation, which goes back to prehistory. It
probably started with the first prehistoric man in choosing
a stone whose shape best suited the shape and movement
of his hands so as to use it as a weapon. In this way, the
tools developed provided power and facilitated tasks, such
as hunting, cutting and crushing. It is explained that the er-
gonomics consists of a study that aims to adapt the work to
the man, in order to adjust the work to men’s capacities and
limitations (lida, 2005).

According to Martins et al. (2017: 271), ergonomics is
defined as a “science that aims to modify work systems to
match existing activities with the characteristics, skills and
limitations of workers in order to provide efficient, comfor-
table and safe performance”.
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The regulation regulating ergonomics (NR-17) states that
it aims to provide comfort, safety and the good performance
of workers through the adoption of parameters that allow
their adaptation of working conditions to psychophysiologi-
cal characteristics (Brasil, 2011).

Itis pointed out that the productive performance of an or-
ganization depends on the ergonomic conditions, since they
aim to promote safety, health and employee satisfaction in
order to reduce fatigue, errors, stress and accidents. There-
fore, in addition to providing a better quality of life at work,
the application of ergonomic methods is essential, because
by the reduced rate of absenteeism, increased productivity
and product quality, the organization will grow, thus beco-
ming competitive and achieving success in the market (Mar-
ques et al., 2010).

From this, it is evident that the ergonomic action in any
company has as its function to understand and to delineate
the productive system in order to provide to the workers the
accomplishment of their tasks in a safe and competent way,
with respect to their mental and physical capacities (Rodri-
gues et al., 2013; Gomes et al., 2017).

2.2. Civil construction: foundations

According to Peinado et al. (2013), the increase in popu-
lation and growth in Brazilian cities triggered a growing de-
mand for housing, which led to a greater incentive to build
large buildings, culminating in the heating of the construc-
tion sector, responsible for the generation of thousands of
jobs in Brazil.

Still with the current actions and mitigating measures
adopted by the government and employers, there is a consi-
derable incidence of occupational accidents and occupatio-
nal diseases, representing a significant number in the scope
of the national civil construction (Medeiros, 2016).

In the context of the construction industry, it should be
emphasized that it requires its employees to carry out rather
arduous tasks, in addition to other factors peculiar to the sec-
tor, such as the low level of training of workers, low level of
education, utilization of the outsourced employability system,
the low remunerations and the lack of programming of the
tools to carry out the activities. In this way, it is perceived that
ergonomics is extremely necessary for the minimization of
occupational risks as well as the maintenance of the physical
and mental integrity of these collaborators (Saad et al., 2006).

In the case of buildings, it is verified that, during the cons-
truction process, there is a continuous change in activities,
the environment and workers, since the services inherent to
each stage are carried out by different contractors. Among

the stages of such production, stand out: foundation, struc-
ture/masonry and finish (SESI, 2008).

In order to carry out the present work, it was necessary
to approach the foundation stage, since it is a fundamental
part of the building works and is characterized by supporting
all the weight of the building and resting on the solid part of
the ground. In view of this, it is evident that the characteris-
tics of the project and the terrain are of fundamental impor-
tance for determining the type of foundation to be adopted
(SESI, 2008).

To that end, it is pointed out the existence of Annex | of
the NR, which deals with the Specialized Services in Safety
Engineering and Occupational Medicine, which considers
foundation works, according to the National Classification of
Economic Activities (43.91-6), as risk degree four, that is, the
highest degree of risk in the area of safety (Brasil, 2011). This
classification is justified by the great complexity of carrying
out an adequate analysis of the possible measures and im-
plementation of the accident prevention plans in the acti-
vities carried out at this stage, given that, according to the
type of foundation executed, work in confined spaces in the
service of extension of the bases of the pipes, for example,
present high indices of risks of industrial accidents (Peinado
etal., 2013).

2.3. Occupational diseases

The physical constitution of the human being responds
differently to the physical stimuli according to the place
where the activity is being performed. This leads to the con-
clusion that the lack of comfort in the work environment can
cause, besides discomfort, several types of occupational di-
seases, jeopardizing the worker’s safety and quality of life
(Paiva et Santos, 2012).

According to Saad (2008) and Bezerra (2015), the deve-
lopment of activities at the construction site constantly de-
mands the execution of repetitive movements and the han-
dling of loads, characterizing heavy work, which causes the
excessive use of the musculature and consequent occurren-
ce of occupational diseases. In this context, musculoskeletal
disorders that are closely related to fractional, repetitive,
unqualified, and inappropriate or improper activities in hu-
man working conditions stand out. Linked to the objective of
greater productivity, the workers are required to accelerate
during the execution of the tasks, being devoid of a dialogue
or questioning between the workers and the organization,
also characterizing an oppressive management (Martins Ju-
nior et Saldanha, 2009).

In this way, it is verified that the incompatibility between
the physical capacities of the employee and the demands



of the work performed are responsible for the occurrence
of muscular traumas. Therefore, such traumas are caused
basically by the impact and excessive effort during the ac-
complishment of the task (lida, 2005).

According to lida (2005), impact trauma occurs in a spe-
cific region of the body, which is affected by a sudden force
in a short period of time, and can cause bruising and serious
trauma, exemplified by bone fractures and tissue lacera-
tions. The trauma related to excessive stress, in turn, occurs
in the physical performance of the task, when excessive for-
ce and inadequate body movements are required.

In view of the foregoing, this study adopts as an area of
coverage the trauma related to excessive effort, since it is
the main cause of employee leave, as a result of musculos-
keletal injuries and diseases. This type of trauma causes dif-
ferent lesions, such as nerve compression, lumbar disorders,
tendonitis and tenosynovitis (lida, 2005). Also included in
this classification are lesions promoted by repetitive trau-
mas, such as (lida, 2005, p. 164): work-related musculoske-
letal disorders (WMSDs); cumulative trauma injuries (CTls);
and repetitive strain injuries (RSI).

The acronym WMSDs is more comprehensive and inclu-
des the CTl and RSI.

It is pointed out that occupational injuries affect the phy-
sical and mental health of the worker, reducing their functio-
nal capacity, directly interfering in the worker’s productivity
and quality of life (Saad, 2008).

3. MATERIALS AND METHODS

This research consisted of an exploratory-descriptive
study, using a quantitative approach, carried out with labo-
rers directly involved in the works dedicated to the execution
of foundations, of the pile-and-block type, at a construction
site in the city of Montes Claros, located in the north of the
state of Minas Gerais, Brazil.

In order to carry out this research, the project was sub-
mitted to the Research Ethics Committee of the Faculdades
Unidas do Norte Minas (FUNORTE) and was approved in
March of 2014, by Opinion No. 567367.

It should be emphasized that, because it is a research
involving human beings, it is in compliance with Resolution
No. 466 of December 12, 2012, of the National Health Coun-
cil, which prescribes respect for bioethics, principles of au-
tonomy, non-maleficence, beneficence and justice of human
beings (Brasil, 2012).
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Thus, all the laborers (100%) received the informed con-
sent form for the participation of the research, agreed to
participate in it and answered the questionnaire proposed
(April/2014).

The data collection instrument was applied to 100% of
the research subjects. It is a questionnaire consisting of se-
ven objective questions that characterized the profile of the
subjects in this study. In addition, observations were made,
including photos and filming of the laborers during the exe-
cution of foundations, in order to detail and enumerate pre-
cisely the tasks performed by the universe researched and
the main postures assumed by the research subjects during
the realization of those tasks.

The data collected were analyzed in May 2014, when
they were coded, tabulated and statistically calculated and
presented in graph form, analyzing the content of the ques-
tionnaires applied as well as the results obtained through
the Ergolandia software (Version 5.0) by the Ovako Working
method Posture Analysin System (OWAS).

According to lida (2005), the OWAS method was crea-
ted to obtain information to improve working methods
by identifying inappropriate body postures adopted by
workers. Thus, for this method, observations were made
where, for each step identified, the postures related to the
back, arms and legs, the use of force or load and the pha-
se of the activity analyzed were considered. It is verified
that this method is used to record the postures and each
posture is described by a four-digit code, as represented in
Figure 1.

Nusnber of tasks

Back posture

Tasks [ [ i
5. upright Lo [ ]
)
Task Duscrips
- e SAVE DATA
= E. TR——
4, Inchined nnd rwisted Fercentage - ﬁ
- 3 \ attime in x
e r2 3 4 this task
- DATABASE
Arm posture
| 1. The two arms below the shoulders 0
i 2. An arm at level or above the shoulders INFORMATION
| 5. Both arms at level or sbave the shoulder

(ml

Leg pesture

c2 c3
— 1.Sitting
2. 5tanding with both legs stretched out
3. 5tanding with the weight of one of the legs stretched
4. Standing or crouched with both knees bent
,.5 5. 5tanding or crouched with ore knee bent
6. Kneeling on one or both knees
wi, W) (R rs G T T

Walking or moving

Effort. CATEGORY OF ACTION

aAA

1 ©2 3

1. Load lower than or ecusl 1o 10kg

2. Load greater than 10kg and lower than or
equal to 20kg

3. Load greater than 20kg

Figure 1. Posture code - OWAS method
Source: Research Data (2014)

Thus, the database of the software Ergolandia Version
5.0 was filled in the OWAS module according to the posi-
tions identified in each step and the result was the action
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category of each step, which identifies whether preventive
measures are necessary or not, as exemplified by Figure 2.

T EXPOAT

Waorker name WORKER 1

Company NOT TO MENTION e
Sector |consTRUCTION SITE ?
Function LABORER VIDED
Task [ =] [excavamon ] TE

Time in this task 100 = PRINT

Back posture 4 - inelined and tisted
DELETE
Arm Posture 3 - Both arms ot level or above shoulder
Leg posture | 2 - Standing with both legs stretched H
SEARCH
Effort 2 - Lond greater than 10kg and Icwer than or equnl to Z20kg
Category of action | 3 - Corrections ane required as soon as possible
COMPLETE LIST
WA= <=
BACK

Figure 2. Database —~-OWAS method
Source: Research Data (2014)

It is observed that such categories to be found are clas-
sified by codes by which their respective levels of action are

identified, as described in Table 1, below.

Table 1. Description of Action Categories - OWAS Method.

Action Action
category

1 No corrective action is required

2 Corrections are required in the near future
3 Corrections are required as soon as possible
4 Immediate corrections are required

Source: Research Data (2014)
4. RESULTS

4.1. General profile of workers

Initially a research was carried out to verify the general
profile of the workers studied through applied questionnai-
res and direct observations performed at the studied site.
In this way, it was verified that the construction site has 110
employees distributed in the functions of in charge, laborer,
mason, hydraulic fireman and electrician, and they carry out
their working day from 7:00 am to 12:00 pm and 1:00 pm at
5:00 pm.

The questionnaire applied to the laborers aimed to cha-
racterize the subjects of the research and to identify the
main complaints of the servants regarding the ergonomic
risks found in the execution of their activities and the mea-

sures adopted by the company in that context.

In summary, according to Figure 3, the results of the re-
search show that the majority of workers analyzed are young
and of average age, with few workers over 50 years old. This
fact suggests that the activity is an attraction to the young
people that start in the labor market and that allows the stay
of workers, although small, of professionals with older age.

Over 50
years
17%

S

29to 39
years
42%

18 to 28
years
33%

40to 50
years
8%

Figure 3. Age group

Source: The authors themselves

Another relevant point is that there is a balance in re-
lation to the time of experience in the function, since half
the number of workers studied has less than two years in
the function and the other half is more than two years, em-
phasizing the previous affirmation, of attractiveness to the
young people and older professionals. All workers are male
and have a low level of education, since they are illiterate or
have a maximum of two years of secondary education.

4.2. Biomechanical analysis

4.2.1. Ergonomic problems and measures adopted

It was observed that the majority of workers complains
about the use of intense physical effort, lifting and manual
transportation of loads, demands of inappropriate postures
and repetitiveness in the execution of their activities. Thus,
it is evident the characterization of the work carried out in
the civil construction emphasized in the present article, sin-
ce it involves arduous tasks and it expends great physical ef-
fort of the collaborator.

Moreover, it was found that 92% of the workers indica-
ted the manual lifting and transportation of weight as a risk
identified in their activities, in addition to the intense phy-
sical effort and inadequate posture requirements cited by
67% and 58% of the workers, respectively. Added to these
identified risks, the rigid productivity control, the imposi-
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tion of excessive rhythms, monotony and repetitiveness, as
shown in Figure 4, were also cited by a smaller number of
workers.

100%
90% -
80% -
70% -

‘;70\:
60% - 58% L R -
509% - 50% Figure 5.3. basic regularization
40% 2%
0 .

30% N - :
20% | . i 3 Y e
10% | 6 == - :

0% - -_ & . . .

Manual Intense Inadequate Rigid Imposition of Monotony

92%

liftingand physical ~ posture production excessive and
transport exertion requirement control rhythms repeatability
of weight

Figure 4. Risks identified by Laborers
Source: The authors themselves

4.2.2. Results of the OWAS method

According to lida (2005), the analysis of the category of
action occurs due to the combination of four variables. In
order to do so, in order to launch data in Ergolandia soft-
ware, it was necessary to describe the sequential steps in
the execution process of the analyzed foundations (Figures
5) and, therefore, the identification of the adopted postures
and load manipulated by the laborers in the respective sta-
ge, from the photos and filming made at the construction
site. In this way, the codes of the postures identified in each
activity were assigned, according to Table 2

Figure 5.7. Cargo transportation — basic regularization
Figure 5. Stages identified in the execution of the analyzed foundation
Source: The authors themselves (2014)

Figure 5.2. Pipe cleaning
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Table 2. Positions code according to the OWAS method

Action .
category Action
1 No corrective action is required
2 Corrections are required in the near future
3 Corrections are required as soon as possible
4 Immediate corrections are required

Source: The authors themselves (2014)

Itis evidenced that in each stage four digits were assigned
according to the posture adopted to carry out the activities.
The digits follow the sequence: back posture, arms posture,
leg posture and required effort. Thus, with the combination
of the four codes of each activity inserted in the action table,
the action categories were obtained for each step described
in Table 3.

Table 3. Category of action according to the postures — OWAS

ACTIVITY Le- Action
vel
Excavation of blocks 3 Corrections are required as
soon as possible
Pipe cleaning 4 Immediate corrections are
required
Basic regularization 3 Corrections are required as
soon as possible
Blocks concreting 2 Corrections are required in the
near future
Cargo transportation - 3 Corrections are required as
excavation soon as possible
Cargo transportation - 3 Corrections are required as
pipe cleaning soon as possible
Cargo transportation - 4 Immediate corrections are

basic regularization required
Source: The authors themselves (2014)

From the above table, it is noted that of the seven work
steps identified, the cleaning of pipes and the transport of
loads for base regularization fall within the maximum cate-
gory of action, accompanied by four other activities classi-
fied in the category. Thus, it is necessary to adopt measures
in order to correct them immediately or in the near future,
respectively.

5. DISCUSSION

In the case of the profile of the workers studied, it was
confirmed through the questionnaire applied that the ma-
jority of workers are young and middle-aged, characterizing
this type of activity as an attraction for the young and that
there are a small number of workers above 50 years of age.
In this study, predominance in relation to the time of expe-

rience in this function was identified: less than two years for
half of the workers.

It was also evidenced that all the respondents are male
with low level of education, illiterate or, at most, high school.
These characteristics are in agreement with the one expo-
sed in the context of the construction industry, in which wor-
kers with a low training index and low level of schooling are
identified. This scenario is also characterized by low wages
and lack of programming with the work tools, causing oc-
cupational hazards. Therefore, it requires the development
of ergonomics in order to minimize these risks and, conse-
quently, to maintain the physical and mental integrity of the
worker, as approached by Saad et al. (2006).

It was also possible to evaluate the workers’ complaints,
especially in relation to the intense physical efforts applied
in manual transport and lifting of loads, with inadequate
and repetitive postures. These activities, as stated by Saad
(2008), require repetitive efforts and the handling of loads
that lead to excessive muscular effort, causing occupational
diseases, especially musculoskeletal disorders.

Reaffirming the above, it was evaluated that 92% of the
workers pointed out lifting and manual weight transport
activities as the greatest aggravating factors in their activi-
ties, followed by excessive efforts with 67% and inadequate
postures, with 58%. It is highlighted as another aggravating
factor the rigid productivity control, identified by 50% of the
laborers. According to Martins Junior et Saldanha (2009),
when higher productivity is desired, the workers are requi-
red to accelerate during the execution of activities, which
characterizes an oppressive management, since there is
no questioning or dialogue between the laborer and the
company. Another result was the presence of imposition of
excessive rhythms, such as monotony and repetitiveness,
identified by 8% of the study participants, considered the
smallest because of the small number of employees.

The action categories, defined from the column positions,
arms and legs assumed concurrently with the loads during
transport and manipulation were recognized as results of the
software analysis. The action categories were as follows: “cor-
rections are required as soon as possible”, “corrections are
needed in the near future” and “immediate corrections are
required”, the latter being the most severe. In the execution
process, whose stages were divided between block excava-
tion, pipe cleaning, basal regularization, block concreting and
cargo transport, there is a prominence in the cleaning of the
pipes and the transport of loads during the regularization of
the base, since they are the most harmful steps to the ergono-
mics of the employees, needing to be corrected immediately.
Thus, as lida (2005) points out, the OWAS method made it
possible to identify body postures that were proven to be ina-
dequate for workers, requiring correction.



6. CONCLUSION

This research proved that the activities carried out by the
laborers at the construction site during foundation services,
as well as the occupational hazards that affect them, accor-
ding to the action categories resulting from the Ergolandia
software (OWAS) analysis, are arduous. From the obtained
results, it was verified the necessity of implantation of im-
provements as result of the observation of the gravity of the
postures assumed.

It is pertinent to emphasize that this research is restricted
only to the studied worksite whose foundation stage, defi-
nition of its type and execution depends on several factors,
such as soil, technical specifications, logistics, costs, besides
sporadic and unpredictable factors characteristic of this sta-
ge. Each company adopts different measures regarding the
treatment and concern with its employees; therefore, the
results only apply to the scenario of the study, since it did
not cover the security measures adopted here for all cons-
truction sites in the city of Montes Claros — MG.

In view of the situation studied, it was verified the preca-
riousness of technologies directed to the work activities per-
formed by the servants, since almost all the services perfor-
med by them are of a manual form, leading to the growing
appearance of musculoskeletal disorders.

With the presence of a technology directed to this class
it would be possible, directly and indirectly, to avoid several
other aggravating factors. At first an income would be noti-
ceable during the activities, since the workers would render
less efforts during the activities, having a greater producti-
vity. This would lead to a decrease in sick leave due to occu-
pational diseases, reducing the costs of medical treatments
and non-productive labor.

In the social area, the efficiency of technologies would
have a reflection on health services, since the number of
hospitalizations and queues for care would also be reduced,
minimizing state expenditures and professional, psychologi-
cal and physical wear and tear on the part of workers. Impro-
ving the quality of life of the class would be the best strategy
for society, since both the company, as well as the servant,
the health system and the whole society would receive the
benefits.
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