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Abstract: Planning and control are essential 
management activities for the success 
of the construction industry market. 
Continuous monitoring and monitoring of 
the development of a project must be carried 
out by professionals who actively participate 
in its execution, supporting the obtaining of 
process feedback indicators and advances in 
improving productivity. This study aims to 
verify the contribution of the data contained 
in the Service Verification Sheets (FVS’s) 
to the development of indicators that serve 
as input for planning the execution of a 
vertical building. To this end, the documents 
completed during the verification of services 
relating to the fronts of hydro-sanitary 
installations were analyzed. Through the 
analysis carried out, it was verified that there 
were absences/deficiencies in the details of 
the projects, inadequacies in filling out the 
inspection documents and inefficiency of 
the FVS used to verify the services. From the 
analyzes obtained, it appears that important 
steps were neglected, important necessary 
checks were not inspected and, due to the lack 
of/deficient training and qualifications of the 
quality management team, inadequacies and 
subjectivity were detected in filling out the 
documents.
Keywords: indicators, management, planning.

INTRODUCTION
The success of a company is directly 

associated with the effectiveness of its 
management, in the sense of making 
assertive decisions, generating the 
minimum possible impact. In general, 
businesspeople have become convinced 
that a company’s mission, vision, values and 
strategies are of no use if these concepts 
are not connected to the processes and 
procedures practiced internally. And this 
is where the discussion of planning and 
management comes in.

These sectors and their activities are 
fundamental for any company or project, 
as in addition to allowing the direction of 
the business, aligned with the company’s 
strategies, it also provides the development 
of people and the collaborative integration 
of these interfaces, in an increasingly 
detailed and detailed. Through this 
perception, administrators continually 
direct their efforts in order to guarantee 
the lowest production and operating 
costs for a company. This can be achieved 
efficiently through the tools made available 
by planning and quality management.

Planning is not just transcribing project 
ideas into a formal document. It means 
optimizing everything you intend to do as 
much as possible, in order to support the 
decisions that must be made to accurately 
guarantee the objective. Until this objective 
is achieved, it is usually necessary to 
monitor and review points that were not 
sufficiently foreseen. Furthermore, through 
indicators, a primary tool for management 
and control, the manager, with due analysis, 
interpretation and monitoring, will make 
decisions that will influence the business.

The level of detail in projects, the 
reduction in profit margin and the 
difficulty in adhering to new construction 
methods are limiting factors, but they 
are not the most likely causes of business 
planning errors. It can be considered that 
these demands constitute factors that lead 
to the development of efficient planning, 
as a tool to support decision-making 
regarding the project. Thus, the manager 
must use planning to define the execution 
and monitoring roadmap, allowing the 
allocated resources to be effectively 
managed (LEITE, 2012).

Considering that the preparation of 
planning influences and directly impacts 
the control of the quality of services and, 
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therefore, the overall performance of a 
project, there is a need to develop studies 
that contemplate the scenario of execution 
of services in works, their inadequacies and 
the limitations of inspection procedures.

This work aims to verify the contribution 
of data compiled in the Service Verification 
Sheets (FVS) to the development of 
indicators that serve as input for planning 
the execution of a vertical building.

As specific objectives, it is also intended 
to study the inadequacies in filling out 
the FVS’s applied to the execution fronts 
of aerial branches, as they portray higher 
rates of post-work calls from the analyzed 
company, map neglected steps in these 
executive processes, analyze by through 
indicators, the probable causes of the 
detected inadequacies, and, propose a new 
FVS that meets the inspection criteria.

THEORETICAL FOUNDATION

MANAGEMENT
Management is nothing more than directing, 

organizing, executing and developing projects 
with the aim of introducing innovations and 
changes, adding value, optimizing deadlines 
and resources. With this it is clear that the 
elaboration of a good project, with its current 
studies, investigations, effective planning and 
management, aligned with the commitment of 
everyone involved in the process, contribute 
to the success of any enterprise (SILVA, 2011).

Machado (2003) defines that the basic 
functions of production management systems 
are planning and control. While planning 
establishes the goals and the order that must 
be followed to achieve the objectives, control 
determines whether or not this order comes 
close to what was planned, directly influencing 
the knowledge to be used in the replanning 
and feedback stages.

Process clarity minimizes the occurrence 

of errors in production. Thus, control is 
simplified by eliminating visual objections 
and using indicators to improve the triggering 
of information in the work environment 
(GUTHEIL, 2004).

For Goldman (2004), the role of 
management becomes increasingly 
important. This role is definitive and monitors 
the work in its physical and financial aspects 
on a daily basis. This assignment is generally 
delegated to the direct manager of the work, 
who largely makes up one of the engineer’s 
roles. The manager has the duty to indicate, 
throughout the execution phase, decisions 
and interferences that add productivity and 
gains in relation to viability.

PDCA CYCLE
Developed by WA Shewhart, the cycle called 

PDCA (Plan, Do, Check and Action), is an 
essential method for the Quality Management 
system and aims to organize and make the 
activities carried out by organizations more 
effective. It is applied to achieve results within 
a management system independent of the area 
of activity. Thus, it must be used to diagnose 
problems and seek solutions or to implement 
any change (JESUS, 2011).

Costa (2016) states that PDCA is a 
method that seeks to promote continuous 
improvements in the organization’s activities, 
and can be applied to control its management. 
It is a sequence of logical procedures and is 
based on facts and data. In Figure 1, the PDCA 
Cycle is illustrated.
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Figure 1 – PDCA Cycle. Source: Mattos (2013).

According to Jesus (2011), the PDCA 
cycle can be defined by the concepts Plan, 
establishing goals and their forms of 
execution; Do (execute), implementing the 
planning carried out; Check, checking through 
indicators, such as the use of FVS (Service 
Verification Sheets); Action corresponding to 
the correction of non-conformities found.

For Costa (2016), managing or controlling 
a process is the act of seeking the causes 
(means) of the impossibility of achieving a 
goal (end), establishing countermeasures 
(action plan) and standardizing in case of 
success.

PLANNING
Silva (2011) defines planning as a dynamic 

and continuous process that makes up a set of 
tactics for a future objective, with the purpose 
of providing advance decision-making. The 
measures adopted must be characterized 
in such a way that their implementation is 
more convenient, observing elements such 
as deadline, costs, quality and safety, among 
others.

Brandalise (2017) establishes planning as 
a means to discuss the best solutions to be 
practiced during the execution of a project, 
providing possible conditions for them to be 
practiced. The planning must also contain 
clear and succinct objectives, designed to 
guarantee a perfect direction of the actions 

adopted, without allowing uncertainty, 
attributing responsibility to each member of 
the process, ensuring effective supervision 
and increasing the team’s efficiency.

Planning is the system that centralizes 
information and knowledge from the most 
diverse sectors of the company, so that this 
data can be fully applied in the construction 
process. According to the author, planning 
becomes necessary given the need to organize 
in a complex environment, which is the 
construction of a building (GOLDMAN, 
2004).

For Machado (2003), planning justifies 
actions such as providing the interface 
of information according to its level of 
importance, creating and making available 
indicators that help in the management and 
control of production. According to the author, 
the act of planning includes judging the ideas 
implemented in a given space of time, ranging 
from initial measures to their implementation. 
Each trial is linked to a different time, 
according to the complexity and level of detail 
required. Furthermore, perfection in planning 
depends on the proposed hierarchy and the 
perfect synchronization with which it will be 
executed, always allowing a new decision to 
be made when the previous one is not being 
met.

According to Brandalise (2017), planning is 
characterized as an administrative task capable 
of designating goals and how to achieve them. 
And it is through this attribution that the 
administrator proposes the work of everyone 
who makes up the team, and they need to be 
trained to execute what was planned. Among 
the administrator’s activities, planning is the 
one that has priority, as both management 
and direction depend on its monitoring.

Decision-making is the basis of the 
administrator’s responsibility. The manager 
must continually decide what, who, when, 
where and how to do. The information essential 
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for decision-making techniques is obtained 
through measurements. Measurement is 
the method by which one decides what to 
measure/process, and which data must be 
evaluated (LANTELME, 1994).

In the context of the construction industry, 
Brandalise (2017) states that planning 
represents a composition for execution, 
covering both programming and budget. The 
latter helps to interpret economic factors and 
the schedule, which directly affects execution 
productivity.

Goldman (2004) structures the entire 
planning system according to the flowchart 
shown in Figure 2.

Figure 2 – Flowchart for preparing the 
planning. Source: Goldman (2004).

In the first two stages, Goldman (2004) 
assigns planning responsibility to the study 
and technical feasibility of the enterprise. 
In the next stage, planning, responsibility 
covers the technical part in more detail at two 
levels: one in advance, aimed at the complete 
elaboration of the execution schedule; and 
another, throughout execution, concerned 
with the reevaluation of initial planning 
information. 

In the control stage, the main link is with 
monitoring the quality of planning, obtaining 
data and enabling effective control. Finally, in 
the results stage, the focus is on comparisons 

of control data with predicted results, allowing 
corrective actions to be carried out. In the 
latter, there is a gathering of information from 
the entire executive phase of the project to be 
used in new planning, a stage called feedback 
(GOLDMAN, 2004).

LONG, MEDIUM- AND SHORT-TERM 
PLANNING
The planning model highlighted by 

Brandalise (2017) presents three stages: 
preparation, planning and control and, finally, 
evaluation. The author also highlights that the 
planning and control stages are linked to long, 
medium and short-term cycles.

In civil construction, long-term cycles, 
based on the principle of productivity in the 
execution process, are the most influential. 
They present the entire period of the work as 
a perspective, aiming, as a general objective, 
to conceive its initial plan. These cycles cover 
tactical decisions, such as essential steps, 
execution plans and establishing the number 
of teams. It is in long-term planning that 
the standards in which the main production 
processes must be carried out are determined. 
Together with the budget data, the standards 
define a flow of expenses that must be 
consistent with the feasibility study carried 
out in the strategic planning phase of the 
enterprise (GUTHEIL, 2004).

According to Gutheil (2004), medium-
term planning has as one of its principles 
the perception of limitations presents in 
the production environment in order to 
provide actions to avoid them, thus obtaining 
the reliability of short-term planning. For 
Brandalise (2017), medium-term planning is 
defined as development over a longer period of 
time, not requiring a detailed plan in relation 
to short-term planning. Its purpose is to assess 
the circumstances for the start or progress of 
activities that are being fully attended to and 
for debate, if there are difficulties, so that 
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essential solutions can be planned.
Short-term planning must be carried 

out in order to protect production from 
uncertainties. We try to draw up plans with a 
high probability of being re-executed. Short-
term planning has the function of directing 
the execution of the work, generally being 
carried out in weekly cycles, assigning physical 
resources to the tasks programmed in the 
medium-term planning (GUTHEIL, 2004).

For Brandalise (2017), the necessary 
adjustments are conditioned to verify 
compatibility, as well as available resources, 
team efficiency and performance of deadlines 
and costs. It must be used to attract the 
manager’s attention, in order to determine 
whether the plan is being implemented, 
bringing immediate solutions, so that the 
result is achieved in the future.

PRODUCTIVITY
It is with planning that the manager will 

properly control the business. This way, data 
is obtained that will allow the analysis of 
the processes involved. In the construction 
industry, productivity control is important 
monitoring data, as it is directly related to 
time management, a step that is increasingly 
required, and cost control. Productivity 
management takes on a systemic nature 
and has become essential, as without it, 
the company will have difficulty achieving 
efficiency and consolidating itself in the 
market. This management is one of the most 
relevant factors for designing competitiveness 
strategies (MACEDO, 2012).

Macedo (2012) divides productivity 
management into three procedures. The first 
is measuring productivity or the production 
process. The second consists of identifying and 
analyzing the factors determining productivity 
bottlenecks. The third involves defining and 
applying proposals to overcome bottlenecks 
found in all stages of the production process.

INDICATORS
In order to control productivity, there is 

a need to measure the performance of the 
execution stages. For Silva (2015), time is the 
most important indicator, as its lack of control 
profoundly influences the overall performance 
of the project. The author emphasizes that the 
lack of time management impacts the final 
execution deadline, increases the project cost 
estimation parameters and generates wear 
and tear and even legal actions between the 
parties involved. Oliveira (2014) presents 
indicators as quantifiers of the characteristics 
of products and processes that allow the 
company to analyze its performance, the form 
of intervention and the goals that must be 
achieved.

Costa (2003) states that the evolution of 
the measurement process must be analyzed 
by the corporation through a set of indicators 
relating to the corporation’s strategies, action 
plans and objectives. The performance 
measurement system is made up of a series 
of indicators used to evaluate the efficiency or 
effectiveness of a process.

Lantelme (1994) states that productivity 
indicators represent the efficiency of the 
process to obtain the expected results, and 
the concept of quality can also encompass the 
improvement of productivity.

According to Oliveira (2014), the main 
role of the quality indicator is to be an 
evaluation mechanism formulated on a 
measurable basis. The author presents that, 
with the implementation of indicators and 
the evolution of the quality system, non-
conformities can be significantly reduced.

It is the manager’s responsibility to ensure 
that processes are followed, through labor 
and production management. The inspection 
must be documented so that the same criteria 
for evaluating the quality of services are 
used. Procedure forms relating to service 
execution and inspection techniques must be 
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registered with the organization to ensure the 
application of the method in its processes. The 
procedures must be standardized, and, for 
this, the following forms can be used: Service 
Execution Procedure (PES), Service Inspection 
Procedures (PIS), Service Verification Form 
(FVS), among others (OLIVEIRA, 2013).

METHODOLOGY
The methodology developed for this case 

study started from seeking authorization 
for a vertical building project, to monitor 
the inspection of services and to access the 
documentation adopted in planning and 
quality control.

on-site visit was carried out to the project, 
which has two towers (A and B), arranged in a 
mirrored, multi-floor layout, with apartments 
of approximately 180 m² and 200 m² and 
high-quality finishing. standard.

In the initial phase of this study, Tower A 
was in the installation’s execution phase, while 
Tower B was in the rough work phase and 
beginning of installations execution.

Following the adopted methodology, the 
number of Service Verification Sheets (FVS’s) 
of hydro-sanitary installations completed 
manually by the construction team was 
verified, on a printed form developed by the 
quality department, in version 05, revised 
on 10/30/2018 (Attachment). In total, 20 
(twenty) FVS’s were obtained, available for 
study. These forms were catalogued, identified 
and separated according to their similarities, 
allowing a more detailed analysis and 
establishing comparison criteria between the 
filling data.

Based on this analysis, 11 (eleven) FVS’s 
were separated relating to the aerial branch 
execution service, duly completed for the 
services already performed in Tower A. 
The aerial branch execution service front 
consists of the installation of pipes and their 
connections, both cold water and sewage, 

from the outlet to the power, consumption 
and collection points on the structure (slab) 
to its interconnection with the plumbs.

During the on-site visit, the FVS’s made 
available for study were subjected to analysis, 
by checking their compliance with the 
service performed. In this activity, several 
inconsistencies were found, since the service 
front presented inadequacies (detected by 
the inspection), while the completed FVSs 
indicated approval in all evaluation criteria. 
It was also verified that the same team of 
professionals responsible for executing the 
services analyzed by the FVS’s completed 
in Tower A were performing the service in 
Tower B.

As a result of observing the aforementioned 
inconsistencies, a new inspection was 
carried out, adopting the FVS available at 
the work (hereinafter referred to as FVS-
Work), contained in Table 1 (Annex), in 
order to compare the judgment attributed 
by the researchers to each FVS criterion 
to the judgment attributed by the quality 
management team, when filling out the FVS’s 
adopted in the study.

An analysis of the content of the FVS-
Obra was also carried out, in order to verify 
whether its criteria included the specifications 
prescribed in the manufacturer’s catalog 
of the material used (MEXICHEM, 2019), 
the design observations and ABNT NBR 
5626:1998 – Cold Water Building Installation. 
Next, these criteria were evaluated, in order 
to identify whether the FVS information was 
sufficient to assist the objective judgment of 
the professional responsible for evaluating the 
service and whether the evaluation criteria 
clearly indicated what must be evaluated.

The present study also included the 
analysis of the design of hydrosanitary 
installations, in order to identify the existence 
of complementary data to the basic design, 
the designer’s prescriptions in relation to 
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the way in which services are carried out, 
as well as the adequacy of the design to the 
NBR 5626 standard (ABNT, 1998). Based 
on the findings, an FVS was proposed in 
accordance with the prescriptions of the NBR 
5626 standard and the manufacturer’s catalog 
(MEXICHEM, 2019). The Service Verification 
Form suggested in this study (hereinafter 
referred to as FVS-Standard) is available in 
Table 2 (Appendix).

The reinspection of the same services 
evaluated with FVS-Obra, for both towers, 
provided parameters adopted for comparing 
the filling results. These data were compared 
with the results obtained from inspections 
carried out on site. Next, the results of Tower 
A were compared with Tower B using the 
FVS-Norma, with the aim of identifying 
executive similarities and differences between 
the towers.

Finally, the criteria set out in the FVS-
Obra were subjected to a comparative analysis 
with the FVS-Norma, with the purpose of 
identifying the level of adequacy existing 
between the two.

During this study, the “as built” document 
was prepared by the work for the aerial 
extensions executed in the kitchen and service 
area of the apartments in Towers A and B, as 
these presented inadequacies in execution 
and incompatibilities with the code of works 
and buildings in the municipality of Goiânia 
(GOIANIA, 2008), which did not correspond 
to the initial hydrosanitary project of the 
work.

After collecting all the data, they were 
tabulated, allowing the creation of indicators 
and the creation of tables and graphs that 
could allow an investigation of the results 
obtained.

RESULTS AND DISCUSSIONS

DESIGNED VERSUS EXECUTED
The most important step in carrying out 

the hydraulic installation service is designing 
the project efficiently, with as much detail 
as possible, with indications of the sections, 
inclinations, type of pipes, dimensions, as well 
as the connections to be used. The greater the 
level of detail in the design stage, the greater 
the ease in the construction stage. Although 
there is no specific standard for detailing 
this type of project, there is a consensus 
among designers that this prescription, at the 
executive project level, is essential.

The analysis carried out indicated that, for 
the service analyzed, only the basic project 
of hydrosanitary installations was available 
on site. One of the reasons for this statement 
is that the project presented low quality 
information, details and specifications.

In relation to pipes, NBR 5626 (ABNT, 
1998) and the manufacturer’s catalog 
(MEXICHEM, 2019) do not mention 
information regarding minimum distances 
for pipe fixing elements, which is essential for 
the purpose of ensuring correct fixation and 
prevent pipes from deforming, causing stress 
due to excessive curvature.

When inspecting the fixing, it was found 
that the accessory installation points are 
places of greater importance in the subsystem, 
notably more fragile, and present, in most 
post-construction calls, the main cause for the 
occurrence of pathological manifestations. 
Regarding the fixing of the siphoned boxes, 
it was verified that this service was carried 
out with perforated metal tape, fixed to the 
structural element, that is, to the slab, as 
shown in Figure 3.

This executive practice contradicts the 
specification indicated in the material 
manufacturer’s catalog, according to which 
the fixation must be carried out using a screw-
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on metal clamp, as shown in Figure 4.

Figure 3 – Siphon box fixed with metal tape.

Figure 4 – Siphon box fixing specification. 
Source: Mexichem, 2019.

ANALYSIS OF THE RESULTS OF THE 
FVS-OBRA ITEMS
According to the criteria contained in the 

FVS-Obra, adopted for inspection of the water 
sanitary installations service, it appears that 
eight items are evaluated. Adopting this same 
FVS, the service front was reinspected, on site, 
verifying inconsistencies in the approval and 
release of notably non-conforming services. 
The results of judging the criteria, as assigned 
by the researchers, were compared with 
the data contained in the FVS’s analyzed, as 
shown in Table 1.

FVS-Obra 
Items

Construction 
Inspection Reinspection

Tower A Tower B Tower A Tower 
B

Quantity as per 8 8 5 8

Non-
conforming 
quantity

0 0 3 0

Total amount 8 8 8 8

% According to 100% 100% 62.5% 100%

% Non-
conforming 0% 0% 37.5% 0%

Table 1 – Conformity of the reinspected 
service, using FVS-Obra.

Comparison of the results obtained 
between the reinspection (carried out during 
the survey) and the original inspection (carried 
out by the construction team) indicated that, 
for Tower B, there was no change in the 
filling results. This way, 100% adequacy of the 
service execution was verified, for the FVS-
Obra checking items.

In Tower A, with reevaluation of the 
service, it was found that 37.5% of the items 
evaluated did not meet service compliance. 
Of the eight items checked, three presented 
inadequacies in relation to the checking items. 
The extensions in the structure, the support 
fixation of the pipes and their assembly 
presented executive inadequacies. For these 
items, the completion made by the quality 
management team recorded that 100% of the 
service performed was adequate.

The complete data from the analysis 
carried out on this topic can be found in Table 
3 (Appendix).

INADEQUACIES IN FILLING OUT 
THE FVS-OBRA
After the verification exposed in the 

previous item (indicating that 37.5% of the 
service verified for Tower A was inadequate), a 
careful review of the 11 (eleven) FVS’s adopted 
in this study was carried out, referring to the 
aerial branch services performed from the 
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3rd to the 13th floor of Tower A. Among the 
18 fields analyzed in the FVS’s, 72.2% showed 
inconsistencies, which represents 13 items of 
the total.

Graph 1 (Appendix) illustrates the filling 
inadequacies detected in the FVS’s analyzed. 
The highest frequencies of inadequacies 
were observed in six FVS-Obra fields (100% 
of filling inadequacies), namely: quantity 
verified; extensions in the structure; pipes 
with exposed openings; positioning; support 
fixation; and, assembly of pipes. The field 
intended for filling in the verified quantity 
was not filled in in any of the FVS’s analyzed. 
Therefore, due to omission, it is not possible 
to measure how many and which units 
received service inspection, nor whether they 
were actually inspected. For the other fields 
analyzed, the inadequacies detected were 
attributed to the approval of services, which 
during reinspection were detected as non-
conforming, that is, the service performed 
was different from that designed or did not fit 
the approval criteria for the items contained 
in the FVS -Constructions.

Verification of the tightness test recorded 
91% of inadequacies. In other words, only one 
floor was subjected to this inspection even 
before the service verification was completed, 
while on the other 10 floors this step was 
skipped, leaving the verification of all these 
floors as completed.

Another relevant topic concerns the 
awareness of those responsible for releasing the 
service. It is through immediate monitoring 
of execution by those responsible that the 
planning and control team can make decisions 
that affect the physical/financial schedule of 
the work. Of the total of 11 (eleven) floors, 
eight could have their problems mitigated by 
the construction foreman. Or even, 10 (ten) 
of these floors could have been criticized by 
the technician responsible for the work, the 
engineer, in a timely manner.

The premise of immediate monitoring by 
those responsible also extends to the duration 
of the service, observed through the fields 
intended for filling in the beginning and 
end of the service front. Of the 11 (eleven) 
FVS’s analyzed, 36% showed discrepancies 
in relation to the others. In seven records it 
was observed that the average duration of 
service totaled approximately three and a 
half days. In the other four FVS’s, in which 
inadequacies were detected, there was double 
the time required to perform the same service 
(one case), approximately four times the time 
required (one case), while in two other cases, 
the period of execution of the service took 
18 and 42 days, respectively, showing that 
the FVS’s were completed completely, only 
during the audit carried out by the quality 
department.

Inadequacies in filling out the service 
location were also recorded through analysis 
of the FVS’s. The record of 9% inadequacy was 
observed, inferring that one of the floors had 
received double inspection, while on another 
floor the inspection had been neglected. By 
analyzing the completion of the execution 
start and end date fields, execution team and 
service verification date fields, it is understood 
that these are different floors, denoting the 
conclusion of an error in the completion.

COMPARISON OF FVS-OBRA 
VERSUS FVS-NORMA
As the FVS-Work was insufficient to verify 

possible inadequacies in the construction 
stage of this subsystem, the FVS-Standard was 
suggested, available in Table 2 (Appendix), 
prepared based on the requirements that met 
the provisions of NBR 5626 (ABNT, 1998); 
the project of the work and its peculiarities; 
the construction method adopted by the 
construction company; and the specification 
of the material manufacturer, according to the 
catalog (MEXICHEM, 2019).
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With the FVS-Norma suggested in this 
study and the FVS-Obra, it was possible to 
carry out a comparative analysis between 
them. Considering that an inspection item in 
the FVS-Obra was also an inspection item in 
the FVS-Norma, it was agreed that this item 
was compliant. For the FVS- Norm inspection 
item that was not foreseen in the FVS-Obra, it 
was judged as non-compliant.

FVS-Obra inspected eight items, separated 
into seven groups, while FVS-Norma 
inspected 15 items, distributed into seven 
distinct groups. Seven inspection criteria 
not covered by FVS-Obra were inserted. This 
involves inspecting the slopes of different pipe 
diameters; position of cutting and trimming 
of pipe burrs; sanding and applying a cleaning 
solution to pipes and welded connections; 
correct fit in connections; installation of aerial 
branches according to the project, allowing 
the connection of use and consumption 
branches; installation and diameter of 
accessories according to specification; and 
also, the minimum time to expose the pipes to 
pressure and tightness tests. The comparative 
result between the FVS’s is presented in Table 
2.

Items Amount

According to 8

Non-conforming 7

Totals 15

% According to 53.3%

% Non-conforming 46.7%

Table 2 – Comparison between FVS’s.

From the diagnosis obtained through 
this comparison, it was found that the FVS-
Obra presented 53.3% compliance in relation 
to the FVS-Norma developed in this study. 
Thus, only eight items were included in both 
FVS’s. The other 46.7% of non-compliance 
between one FVS and another was related 
to the addition of seven criteria, previously 

not inspected. It is noted that this addition, 
previously omitted, did not participate in the 
evaluation of the service, compromising the 
qualitative analysis of the services performed.

The complete data from the analysis 
carried out on this topic can be found in Table 
4, available in the Appendix.

REINSPECTION OF THE SERVICE 
BASED ON THE FVS-NORMA
Based on the FVS-Norma, the services 

were reinspected, obtaining the data included 
in Table 3.

FVS-Norma Items Tower A Tower B

Quantity as per 8 14

Non-conforming quantity 7 1

Total amount 15 15

% According to 53.3% 93.3%

% Non-conforming 46.7% 6.7%

Table 3 – Conformity of the reinspected 
service, using the suggested FVS.

In Tower A, 46.7% of non-conforming 
items were found, while in Tower B, 6.7% of 
inadequacies were observed. It is estimated 
that the high rate of non-conformities in 
Tower A was due to design flaws, where it was 
necessary to change the pipe passages in the 
structure, to ensure better efficiency in their 
installation and positioning.

Furthermore, the ends of the aerial 
branches, which would receive the isometric 
branches in sequence, were not sealed, allowing 
the pipes to be obstructed, thus compromising 
the functioning of the subsystem.

Other factors observed in the assembly 
stage demonstrated that the pipes were not 
installed respecting the inclinations foreseen 
in the project, becoming curved and fixed 
under effort in Tower A, as shown in Figure 5.
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Figure 5 – Pipes installed and fixed under 
stress, in Tower A.

Figure 6 illustrates the correct execution of 
fixing the pipes without effort, that is, without 
tensions and curvatures, as performed in 
Tower B.

Figure 6 – Pipes installed and fixed without 
bends - Tower B.

It was observed that the ends were not 
sanded and cleaned with the cleaning solution 
recommended by the manufacturer. There 
were also deficiencies in the fit to the bottom 
of the bag, preventing fixation.

Due to the significant number of non-
conforming items, it was necessary to 
reevaluate the project, mainly at the level of 
detail, requiring that part of the project be 
adapted during the execution of Tower A, with 
the need to develop the as-built document. 
It was found that most of the executive 

inadequacies found did not occur in Tower 
B, since the team was used to replicating the 
process correctly, as a result of the rework in 
Tower A. It is therefore justified to reduce the 
number of items not as observed in Tower 
B, with only one inadequacy remaining in 
the service check: the lack of sanding and 
the failure to apply a cleaning solution to the 
surface of the pipe ends.

The complete data from the analysis 
carried out on this topic can be found in Table 
4, available in the Appendix.

CONCLUSIONS
It can be stated that the execution failures 

occurred due to the lack of information and 
detail of the basic project, insufficient to 
effectively guide the execution of the services, 
nor considering the recommendations of the 
manufacturer of the material used, nor the 
provisions of the standard.

In the service reinspection stage, the 
inadequacies observed were due to the lack of 
objective consideration of evaluation criteria 
in FVS-Obra, although there was an absence of 
important items for the complete judgment of 
the service. These justifications are evidenced 
through the indicators presented in Tables 
1 and 3, where non-compliance in filling 
out the FVS’s is noted, with a considerable 
percentage of non-compliance represented in 
the reinspection of the service, carried out for 
this study. However, it would not be possible 
to use these data as feedback measures for 
replanning, nor for future planning.

Furthermore, FVS-Obra lacked relevant 
information for the thorough inspection of the 
service, not presenting the necessary criteria 
for the evaluation, arranged didactically in 
order to assist and guide its completion.

Correct inspection and completion of the 
FVS’s are extremely important for the quality 
control of a project, as neglecting this issue 
can lead to rework, impacting planning and 



13
Journal of Engineering Research ISSN 2764-1317 DOI 10.22533/at.ed.3173332325092

control, as well as the work budget, as these 
evaluate performance of the construction 
stages and reflect the efficiency in obtaining 
the expected results.

During this study, it was observed the 
need to verify other services adjacent to the 
hydrosanitary installations, as it is a subsystem 
with large ramifications and connections 
with others. Therefore, for future studies, it is 
suggested to check the pipe passage services in 
the structures; installation and fixing of pipes 
in the plumbs; cold water piping installations 
in masonry; as well as carrying out pressure 
and tightness tests, established as conditional 
approval criteria for verifying the service of 
aerial branches.

THANKS
First of all, we thank God for the opportunity 

to fulfill this dream of our lives, to complete 
our degree. To our supervisor, who was always 
so helpful, was fully present on this journey, 
guiding us, calming us during difficult times 
and transmitting an immense lightness, and 
without her, this study would never have this 
brilliance. To our family members who have 
always been with us on this journey, always 
understanding the need for our absences. 
To our dear friends, especially our closest 
ones, who were by our side every day, and 
served as inspiration to continue on this 
journey, with determination and strength. 
To our teachers, who throughout our studies 
always enlightened us with their knowledge 
and experiences, and who never let us lack 
motivation.

REFERENCES
BRAZILIAN ASSOCIATION OF TECHNICAL STANDARDS. NBR 5626: cold water building installation. Rio de Janeiro, 
1998. 41 p.

BRANDALISE, Diego. The importance of time management in construction projects. 2017. 57 f. Course Completion Work 
(Specialization) – postgraduate degree in Project Management, Faculdade Getúlio Vargas Botafogo, Rio de Janeiro, 2017.

COAST. DB Guidelines for the design, implementation and use of performance indicator systems for construction 
companies. 2003. 176 f. Dissertation (Master’s in Engineering in the Academic modality) – ``Universidade Federal do Rio 
Grande do Sul``, Porto Alegre, 2003.

COAST. JD Application in civil construction of planning and control techniques and tools, based on the concept of 
lean construction. Rio de Janeiro, RJ: Escola Politécnica, 2016. Course Completion Work (Bachelor in Civil Engineering), 
``Universidade Federal do Rio de janeiro``, 2016.

GOIANIA. Complementary Law No. 177, of January 9, 2008. Official Gazette [of] the Municipality of Goiânia, Executive 
Branch, Goiânia, GO, January 16. 2008. n. 4,285, p. 1-40

GOLDMAN, Pedrinho. Introduction to planning and cost control in Brazilian construction. 4th ed. São Paulo: Pini, 2004. 
176 p. Includes index. ISBN 85-7266-155-7.

GUTHEIL. KO Development of production planning and control systems in micro-construction companies, focusing 
on integrated planning of several works. 2004. 140 f. Dissertation (Master’s in Engineering in the Professional modality) – 
``Universidade Federal do Rio Grande do Sul``, Porto Alegre, 2006.

JESUS, DM Quality Management in Civil Construction. Guaratinguetá, SP: Faculty of Engineering, 2011. Course Completion 
Work (Bachelor in Civil Engineering), Universidade Estadual Paulista, 2011.

LANTELME. EMV Proposal for a system of quality and productivity indicators for civil construction. 1994. 123 f. 
Dissertation (Master’s in Civil Engineering) – ``Universidade Federal do Rio Grande do Sul``, Porto Alegre, 1994.



14
Journal of Engineering Research ISSN 2764-1317 DOI 10.22533/at.ed.3173332325092

MILK. MO The use of learning curves in civil construction planning. 2012. 93 f. Dissertation (Master’s in Production 
Engineering) – ``Universidade Federal de Santa Catarina``, Florianópolis, 2012.

MACEDO, MM Productivity management in companies. Systemic Organization Magazine: magazine of  `` Centro 
Universitário Internacional da UNINTER `` -vol. 1, n 1, p 110-119, jun. 2012.

AX. RL the systematization of managerial anticipations in planning the production of civil construction systems. 2003. 282 
f. Thesis (Doctorate in Production Engineering) – ``Universidade Federal de Santa Catarina``, Florianópolis, 2003.

MATTOS, Frederico BM the use of the PDCA method to improve contractor services in building works. Rio de Janeiro, RJ: 
Escola Politécnica, 2013. Originally presented as a project to obtain a Bachelor’s degree in Civil Engineering, ``Universidade 
Federal do Rio de janeiro``, 2013.

MEXICHEM BRAZIL. Amanco master solutions building line catalog, 2019. São Paulo, 2019. 296 p.

OLIVEIRA, DF Survey of causes of pathologies in construction. Rio de Janeiro, RJ: Escola Politécnica, 2013. Course 
Completion Work (Bachelor in Civil Engineering), ``Universidade Federal do Rio de janeiro``, 2013.

OLIVEIRA, MAP The use of indicators in quality control in construction: Case study. 2014. 49 f. Monograph (Specialization) 
– postgraduate degree in Strategic Production Management, ``Universidade Tecnológica Federal do Paraná``, Curitiba, 2014.

SILVA, Marize STC Planning and control of works. Salvador, BA: Escola Politécnica, 2011. Originally presented as a monograph 
to obtain a Bachelor’s degree in Civil Engineering, ``Universidade Federal da Bahia``, 2011.

SILVA, MVB Time management in construction and its relationship with other areas of project management. IPOG Online 
Magazine. Goiânia, v.01, n.010, p. 1-14, Jan. 2015. Available at: <http://docplayer.com.br/10869228-Gestao-do-tempo-na-
construcao-civil-e-sua-relacao-com-as-demais-areas-da-gestao-de- projects.html>. Accessed at sea. 2019.

ANNEX S

Table 1 –FVS-Work, practiced for inspection of hydraulic piping services.
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APPENDICES

Graph 1 –Occurrences of inadequacies in filling out FVS-Obra.

Table 2 –FVS-Standard, based on the provisions of NBR 5626, project specifications, construction method 
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adopted by the construction company, and specifications from the material manufacturer.

Table 3 –Re-inspection of the service, using FVS-Obra.
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Table 4 –Re-inspection of the service using the FVS-Norma, and comparison between the FVS's.


