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ABSTRACT

The increase on the competitiveness, the seartiheocustomer satisfaction, the search
by reducing waste in civil construction were fadt@t helped entrepreneurs and
companies to seek new ways of working, being learsttuction one of the ways to get
that. Studies report that the application of ltkeen tools in construction was carried out
in an isolated way. This type of application wasnped as a major fact limiting the
extent of achievement in implementihgan principles. The aim of this studies is to
identify opportunities to implement the principles Lean Production in the service
department of a construction company in Goids, @ routines that try to
implement the continuous improvement of its proesssliminating waste, reducing the
Lead Time, allowing it to perform the mapping processes,ronng the way records of
requests for technical assistance, among othersddta collection it was carried out a
semi-structured interview in four construction can@s. Through the analysis of the
responses, some Lean tools were developed likecHart mapping of activities, an
action plan for preventive maintenance and an eaptin form for technical assistance,
focusing on helping small and medium constructioiding companies to structure a
Post Work Construction Department ruled on the Leénciples (pull, perfection,
value stream). It was concluded pointing out soiffedlties in the implementation of
lean principles in the department and emphasizivg ltean concepts that can be
presented within the activities of the Post Workn§tauction Department.

KEY WORDS: Lean Production. Lean Thinking. Technical Assistance. Post Work
Construction.

1INTRODUCTION

Civil construction is extending and it is changitg thinking of many entrepreneurs.
From 1990, the growing competition between companike increasing on the
costumer’s requirements and the reduction of firdmesources were important facts
for changing the company’s way of thinking, encaimg companies to seek the highest
levels of performance through investments in mamege and production technology
(Lorenzon; Martins 2006, Costa; Azevedo; BarrosoNg€i10).

Many companies believed that one way to gain conneetadvantages are
summarized in the adoption of some initiatives t@berates increasing productivity
and quality in their products. Some managers in atempt to combat the
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competitiveness, tried to acquire new ways of mamamnt in an impulsively way,
without planning or knowledge. Within this scenarilbe use of Lean practices, from
the Toyota Production System (TPS), presented adtamative capable of providing
greater productivity and competitiveness for orgations (Macedo 2010). It happens
due to the fact that Lean Construction is basethersuccess of all processes and it is
directly related to their management (Koskela, &sén, Bosch 2004).

Due to the gain on productivity and the reducedgsaif waste on construction sites,
several civil construction companies found out maveys to improve its process,
implementing the Lean principles into the compaiischi; Granja 2004).

Barros Neto, Alves e Abreu (2007) emphasize inrtbeidies that the literature still
debates a little about the strategic issues ingbimemplementing the concepts loéan
Construction.

The civil construction activities are complex andegent some specific
characteristics. Picchi (2003) points out some dpdties for the application of these
concepts in some areas of the civil engineerinigl fibat have not been explored yet,
such as the Post Work Construction Department@ohes that were implemented in
an isolated way. These are the reasons that pebgioie limitations into the extension
of the results obtained and new opportunities @ integration of concepts (Picchi;
Farm 2004).

2LITERATURE REVIEW

This paperwork is structured into five Lean prinegp flow, value stream, value, pull,
perfection. It was proposed by Womack and Jone88)1 %lue to its broader scope and
due to the fact that it is more widely used initiaustry (Picchi 2003).

Continuous improvement on production, the highestamer’s satisfaction, the use
of less resources and elimination of waste on thegss are some of the goals that the
Lean principles try to achieve within the organizatiqi@®osta; Azevedo, Barros Neto
2010). Authors like Nahmens and lkuma (2009) algescthe importance of the
application onLean tools to provide a safer working environment fonptoyees,
reaching incidence rates of occupational accideatieut 58% lower than those
companies that did not use thean tools. The concepts of the principles can be
contextualized as follows:

Understanding whatalue is for specific products from the point of viewtbe final
customer, it is the first major challenge for tingplementation oL.ean Construction
(BATTAGLIA 2007). It is a process that identifieshat value is for customers by
offering products with greater value aggregateshaut waste and with values that
customers are willing to pay. It is necessary thatdecision of building companies to
produce certain types of products must be basetth@meeds and desires of its target
customers and not only the productive capacityhef erganizations (Lean Institute
Brazil 2011; Almeida 2009; Hicks 2007, Salerno 20R&chi 2003).

Identifying the Value Sream consists on separating actions of the production
process into three types: actions that add valube@nd customer, actions that do not
add value but are important for maintaining theliqpaf the products and processes,
and actions that do not add value and should baredied immediately (Lean Institute
Brazil 20112011). The objective of the value strearapping is to understand the
process’ flow, materials, people and equipmentedlps to reduce the variability of
products, waste and enhance transparency proce@ii@eida 2009; Hicks 2007,
Picchi; Farm 2004; Picchi 2003).

Getting aContinuous Flow processes it is intrinsically linked to the trangpery and
knowledge of the execution steps of the producttading the continuous flow
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involves several departments, in which interrumi@annot occur; therefore changing
the mindset of the organization and getting thepsupof the top management are
important facts in order to achieve this goal. Besisuch as reducddead Time, which
represents the time of product design, order peicgsind inventory, eliminating waste
and adding value to the final customer are consempseof the implementation of a
continuous flow production (Lean Institute BrazD12, ALMEIDA 2009 ; Santana
2009; Hicks 2007; Picchi; Farm 2004).

The Pull Production allows the company to produce their products fitbm final

customer demand (Takt Time), in the right amounthat right time (Just-In-Time).
Smaller amounts of stocks, elimination of wasteigproductive time, and an increase
on productivity are some benefits achieved by thidimg companies (Lean Institute
Brazil 2011, Santana 2009; Hicks 2007; Picchi; Faoa4).

Perfection matches the pursuit for continuous improvementthe search for
improvement, continuous learning, transparency staddardization of processes, fast
fault detection and problem’s solution for wastepdisal. These are some of the ways to
raise the performance of products in order to segkovements ( Lean Institute Brazil
2011, Almeida 2009; Santana 2009; Hicks 2007; Ri¢&rm 2004; Picchi 2003).

Among the opportunities for implementirigegan Thinking in construction, Picchi
(2003) cites some tools that can assist the intiegraof concepts until their
implementation. Table 1 is a proposal of adaptedstérom Picchi (2003) for better
visualization ofLean principles in Post Work Construction Department.

Table 1 - Relationship between the objectives, principles and proposals for the application of Lean tools

Fiveprinciples

Proposals for the application of Lean toolsat the Post Work Construction Department in Construction

o

Objectives of Lean )
: Construction Companies
- Creating Rationalization of the stages on customer service;
working Reduction of service time - Lead time;
routine Work performed in parallel;
Value Perform quality services on time;
Identify customer requirements through evaluatiminsustomer’s satisfaction with services provide:
| h at the end of the process.
;\I/I:a(;)vgicn;rt Mapping the value stream and routines that eliremateps that add no value to the customer;
Creating a map of the flowchart steps that causesiost problems in the process;
Value Stream | To carry out preliminary inspections to verify thetual severity and the causes of the requests to
assist in the dimension of the staff and equipmeetled;
Forming partnerships with suppliers, so the dejivdfrmaterials could be done quicker;
-Reducing Creating work cell with multifunctional professidaa
waste To turn a workforce available to do the job withthe interference of other departments, like other
Flow construction fields;
Creating the work instruction (WI's) to the Post i¥@onstruction Department;
Creating soméndicators of productivity and time for assistencesolicitations.
-To increase Takt time — Rhythm demand — It is necessary aiatiion by the client;
the Propose a plan of periodic inspections within thargntee period of 5 years after the release of th
transparence Pull building or construction, in order to verify if tmeaintenance is being done, avoiding future
in the process solicitations or pathological manifestations.
Enabling the workforce to develop several tasks;
o The responsible for the management of the depattwiéiibe an engineer or an architect;
-Eliminating Creating a self-manageable and Post Work Constru@epartment structured;
fr?ngz stagtes Training the workforce on thieean practice;
in(?reaosgc Effective communication;
value to the Propose a more didactic manual’'s property and rspkeches about the importance of building’s
client Perfection maintenance in its lifetime; _ - _ _
Create a database that enables to include hefg@urhiation into the productive system, in order to
avoid future failures;
-Reducing Make periodical training with the building manager;
time on Make meetings with several facilities of the compdaoking forward to exchange knowledge to s¢
assistence continuous improvement on the processes;

Strategic commitment from the top management iligatjpon ofLean tools.

Applications in Practice
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3 OBJECTIVES

The objective of this paperwork is to identify thigportunities on the application of the
five Lean Thinking principles: {low, value stream, value, pull, perfection) at the Post
Work Construction Department from Construction Camips (Womack and Jones,
1998).

4METHODOLOGY

According to the proposed obijectives, this reseqraper is exploratory, because it

seeks a better understanding and improvement onoaieiof application ofean tools

in the Post Work Construction Departments of baddcompanies. The methodology

used to write this paperwork fits in action-resbammonsidering that some researchers
are involved in some of the companies that wereqdahe collected data.

On the first step of the paperwork, it was doneterdture review on the five
principles of Lean Thinking (Value Stream, Valuéw, Pull and Perfection). Later, it
was made a connection between the research olgectiie five principles of Lean
Thinking and Lean tools that could be used withite tPost Work Construction
Department of building companies.

On the second step, it was thought to conduct dystd several cases to acquire
knowledge on how the Post Work Construction Depantnof the state’s construction
companies is developed in relation ltean practices. In order to get that, it was
developed semi-structured questions for intervievith the responsible for the Post
Work Construction Department of each company. Frensolidated building
companies in the state’s market were chosen, wgrancivil construction industry for
vertical multifamily housing developments.

Among the participating companies, the company Ehéonly one that does not
have a Post Work Construction Department formetidba to the volume of works that
have been delivered and are being implementedpthenanagement department noted
the need to implement a Post Work Construction Biepnt in a near future. The top
management support and the participation of a merfiben the technical group of
employees were decisive steps for the building @mgs to develop the guidelines for
the department, which will support its implemerdati

Some specific goals may also be listed, such &m abutine actions with strategic
goals and map the process flow related to the ndenmintenance of buildings, which
may be a difference on the search for strengthpaoiitability of the companies (Costa,
Rola; Azevedo 2009).

As a way of supporting the objectives of this pamek, using the literature, some
of the tools were selected within each principleLeén Construtction presented in
Table 1, developingiean tools adapted to the Post Work Construction Depamtrof a
building company like: analysis of the flowchart ppagng andLead Time activities,
Planned Inspections and Technical Support Form.

SDATACOLLECTION

Semi-structured interviews were performed in eammpmany, trying to understand the

organization of the Post Work Construction Departimigs activities and its principles.

The guestions are presented below:

* Is there a Post Construction Department which esuout the technical assistance?

* How is the procedure for technical assistance sineecustomer’s request until the
delivery of the service conducted by the compang® the company describe it?

* How is the assessment or refusing requests foostservice?
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» Are there flow charts or work instructions that tbempany has adopted to
standardize the technical assistance?

» Are staffs trained to perform these services?duaalified professional who performs
the first inspection? Is this professional registeon CREA?

* How long does the building company usually takentet the maintenance demands
of customers (for example, first contact with ttiertt, and schedule for completion
of the service)? How is the delivering evaluatibthe services performed?

* How are requests registered and monitored (tabaladestore)? Is there any way of
tabulating these data to feed back into the praeoiuctystem for the next projects?

» How many projects have the company built over #s¢ five years?

» Does the company welcome the idea to develop a Réstk Construction
Department as a preventive measure to meet fuaqeests of its customers in a
faster and better way?

* Is there an indicator developed in the Post Coostm Department as a way to
produce and control the services performed, andinalicator for customer’s
satisfaction?

6 DATA ANALYSIS

The business’ identification will be protected, leabeing assigned a company
identification by means of letters, starting wittetcompany A, following by company
B and so on. All the companies contacted were taeep answering all the questions
raised on the interviews. The heads of companigs &nd D participated into the semi-
structured interview to answer the questions, & tesponsible for company B
answered the questions electronically.

Regarding the existence of a Post Work Construdiiepartment, companies A, B
and C stated that there is such department, witfesariation between them due to the
volume of works to be met, since the company D dbesneed to create such a
department in a near future for its customers.

Regarding to the procedures of the companies AdBG& they have some operating
procedures called "Operating Procedures - OP", thgre "Execution Procedure and
Service Inspection - EPSI" or even "Work Instrueic WI'. Company D is trying to
develop its procedures. The company B and C mesdidhat the disclosure of their
documents is not a practice carried out by the @mmnd therefore they could not
turn their operating procedures available.

It is a common practice in all the studied buildoampanies, all the requests made
in by the customers must be made in hand writindpyotelephone to the Technical
Assistance Department of the company. All the retpuare usually received and the
Department contacts the costumer in order to sdbethe date of the inspection,
conducted along with an engineer or technician aesible for the Department. The
occurrence will be registered and proceed withetkecution of the service, material’s
mobilization, equipment and labor work requirement.

According to the interviews, in some cases, tha firspection in Company C is not
performed by the engineer responsible for the Baststruction Department, but by
someone encharged which is not recommended, dthettact that the recording and
analysis of the causes are not made by someoneawibthmal technical knowledge .
Companies A and B confirmed that the first inspectof the customer’s request is
made by the engineer responsible for the Department

At the end of each Technical Assistance Service,ddpartment conducts a quest
with the client regarding to its services. In ordermanage the Technical Assistance
Services in common areas, the engineer adoptsathe procedure used for the units,

Applications in Practice



Cupertino, Vilarinho, Alencar, and Amaral

but the building manager is responsible for requgsind tracking the services. All the
building companies, except Company D, there ismrBary of Requests for Technical
Assistance which is presented in a technical mgetirthe end of the month in order to
discuss with all the stakeholders, trying to takerective and preventive actions
whenever it is necessary.

In the evaluation related to the time required ®etthe request, it was found that
there are different times of attendance. The aeer@me that building companies
usually ask to make the first contact with the oostr to provide a feedback to a
request for technical assistance and to schedwdehaical visit is 24 hours to 48 hours.
Regarding to an implementation of a service, thierao accurate time required for
completing the service, considering that therevar@ations due to the type of problem
to be solved, ranging from one day to one week.

6.1 FLOWCHART MAPPING AND LEAD TIME OF ACTIVITIES

In Table 1 it can be observed that the flow mappng elaboration of the mapping
activities of the Post Work Construction Departmeah be fitted in search for the
attendance on thkeean principle. Relating to the Value Stream and thterapt for
reducing thd_ead Time activities it can be seen as a service td_tam principle related
to the Value. Figure 1 shows how the activities of the Post kV@onstruction
Department were identified and their respectiveimeted Lead Time. Figure 2
represents the proposed activities for the Poststaction Department and the
respective reducedehd Time.
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Figure 1: Identified activities in the Post Cor3epartment and estimated Lead Time.
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Figure 2: Proposed activities for the Post conspdtment and the reducedad Time.
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ReducingLead Time at a Post Work Construction Department was onlsiixde with
the implementation of a technical assistance (Aechior Engineer) which is in direct
contact with the client, setting up an inspectioedly to the Technical/ Customer. The
preceding judgment by the Technician is importdog to the fact that sometimes, this
previous judgment could be done at the inspect8@iorehand, due to the fact that it
was someone encharged to do the inspection, hieeodid not have that authority and
sometimes, he or she did not even have the apptegamowledge.

After the solicitation judgment, the technician dige do the quantification of the
technical staff, materials and schedule of theveiets. The technician used to follow
the inspection with the client and he or she usaglease the service to the client. This
monitoring and final inspection before releasing #ervice to the customer, it was
possible to detect problems within the implemeatatand future measures by the
receiving client. It was found that the presenca ¢échnician at all the stages helps to
reduce the variability and a reduction for errand @elays in delivering services to the
customer.

6.2 Planned periodical inspections

In order to propose a tool based onltkan principle referring to th@ull concept, it is
presented a way of planned intervention, based-eveptive maintenance of buildings,
in order to increase the useful life of buildindmig restoring a satisfactory level of
performance for buildings. The implementation afsh maintenance services may be
offered by their own construction companies to ¢hstomers, via contract, so that the
construction company can perform the services requguaranteeing the final product.
In Figure 3, it is proposed an action plan with tleguency of preventive maintenance
and inspections for building construction systemt tmust occur from time to time in
advance, from the release of the project.

PERIODICITY OF PREVENTIVE MAINTENANCE AND INSPECTIONS
IMEl 2 |\ o 12w |2 |22 |2 |22 |2 |22 |2
E |l |zZ2| = |==|2 |2 | = |== | = | FREQUENCY OF
ITEM ~ . Z B2 222 |22 |8gx |2 |2 |2 ~
CONSTRUCTIVE s | = |EZ| = |=al=|=al=|"=al|*" SERVICING
. - - -— ™~ ~ = o Ll = =+ =+ = wy
SYSTEM = - = = =
1 |Structural Masonrsy . . . . + |Every 4 vears.
2 |Frames and Hardware . . . . + |Every 2 vears.
3 |Concrete structure . . . * + |Every year.
4 |Metallic structure . Every 3 vears.
3 |Waterproofing . . . . . . . . . + |Every 2 vears.
6 |Hydraulic installation . . . * + |Every year.
Sanitary wares and sanitary metals . . . . . . + |Every 2 vears.
8 |Electrical Installation . . . . + |Every 2 vears.
¢ |Wall coverings . . . . . . . . . ¢ |Every 2 vears.
10 |Inside and Cutside painting . . Every 2 years.
11 |Covering system . . . . . . . . . + |Every 6 Months.
12 |Glasses . . . . + |Every 2 vears.

Figure 3: Periodicity of preventive maintenance arspections

6.3 Technical Assistance Request Form

The objective of proposing a form for Technical ik&Ence Request is to help small and
medium construction companies in structuring a el Service Department and
therefore meet théean principle referring toPerfection, seeking to standardize the
records, increasing transparency and services'raonThe form will enable the

company to register all the customer’'s requestsnitmong all the stages of the
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services’ execution, record costs from each requlestamount of staffs required for
each type of activity, the engineer responsible ifoplementing each step and the
search for customer’s satisfaction. For the pramaraof a Technical Assistance
Request Form, it was used the Microsoft Office ExX2@07 program, along with
concepts of a Semaphore Poka-Yoke (Zarate et all)2Which is a tool for foolproof,
in order to facilitate the visualization of the pdeperformed. In order to illustrate the
use of technical assistance request form, Figuidugtrates a filled form for hydro

sanitary technical assistance instalation.
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Figure 4: Filled form of technical assistance fgdito sanitary installation.

Figure 5 presents some results that can be obtdipdtie tabulation of some data’s

request.
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Figure 5: Presentation of some tabulated resulta technical solicitations
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7 CONCLUSION AND FINAL CONSIDERATIONS

The contacted companies proved to be aware andsiadd the importance of a Post
Work Construction Department and its activitieshwihe customers, considering that
the technical assistence is part of the life cyla building.

Among the difficulties found, it is possible to ntiem the measurement of the
average time for service's requests, considerirgf the Lead Time will have a
considerable variation related to the type of diytithat must be developed to meet the
clients’ request.

The demand is another important key point for thelysis, because some
companies do not pursue enough demand to keepcHisaff to the Post Work
Construction Department, so the employees are nedjuio go to another type of
services and when it is necessary, they are cadled,then they leave the service that
they were performing to meet the request for texdirassistance.

Breaking the production flow when removing an emgpo from a working site, to
run another service is a fact that occurs, andefber it must be taken into
consideration on the planning activities of thespleyees, since according to thean
principles, breaking a continuous flow of activitianust be met. One way to
compensate for this break flow would be analyzimg tequests monthly, verifying the
services with higher demands and promoting the ggpjate training to employees so
that they become multi-functional employees, spedig the work force.

It was observed that there are many points thatbeaimproved in the Post Work
Construction Department with the Lean tools, arel floposed Operating Procedures,
Technical Request Forms, Flowchart Mapping of @@, planning in the inspections
in advance were some used tools on this paperwodemonstrate that it is possible to
meet the Lean principles: Value, Value Stream, FIBwil, Perfection, searching for
continuous improvement, transparency and processesol.
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