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ABSTRACT 

This article elaborates on the development of a DMAIC Manual for the restructuring of 

an Integrated Management System of a Brazilian company that builds real estate and 

corporate works, with a focus on Lean Six Sigma. 

The Manual was designed to lead the XYZ construction company toward a 

management focused on Lean Six Sigma, reducing waste and variability of its delivery 

processes to customers. The five DMAIC steps—define, measure, analyze improve and 

control—were reviewed and structured to add value to activities. 

The structuring and implementation of this Manual are detailed, including the 

management history of the company and how the Integrated Management System relates 

to the DMAIC. 
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INTRODUCTION 

The main theory that drives this article is Lean Thinking. This thought arose with the need 

to develop the automotive industry, which it combined as advantages of artisanal and 

mass production (Dennis, Kosaka and Garcia, 2008). The basic characteristic of thinking 

is to eliminate waste in the production chain, such as overproduction, movement, 

transportation, stock, waiting, unnecessary activities and defects (Ohno, 1988), apart from 

adding greater value to the final product and providing continuous improvement. 

In 1992, Lean Thinking began to be disseminated in civil construction with the work 

of Finnish researcher Lauri Koskela (Lean Construction). Civil construction traditionally 

carried out an irrational production system, with a high rate of losses and a high cost of 

production. Even today, construction is a very complex undertaking, which depends on 
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several factors, such as the quality of materials and labour, and the resources available, 

factors that when not controlled cause waste. 

One of the practices currently used to introduce lean thinking in the quality 

management of companies is Six Sigma, which also had its origin in the manufacturing 

industry, more specifically in the Motorola company (Carvalho, 2012), in 1986. This 

practice aims to control the variability and stability of processes, using mathematical and 

statistical tools (Harry, 1998). Using the Six Sigma model, companies are able to decrease 

their defect rates and thereby increase their competitiveness in the face of the 

globalization of the current market (Carvalho, 2012). 

The application of the Six Sigma methodology follows the five-step process: defining, 

measuring, analysing, improving and controlling (DMAIC) (Lean Enterprise Institute, 

2016). In the first phase, the client's requirements are defined and what is expected from 

the project. In the second, the process data is obtained, defining the inputs and outputs. In 

the analysis phase, statistical tools are used to obtain a better view of the process. 

Improvement is a critical step in which the process will be modified. The last phase of 

control aims not allowing the process to go into disorder in the future (Carvalho, 2012). 

It is possible to eliminate defects, rise quality of final products, in addiction to generating 

benefits of continuous improvement in production, with this integrated management 

system, 

Six Sigma methodologies have passed and are still undergoing constant evolution. So 

that, despite having its origin in the manufacturing industry, several business sectors have 

already applied in quality management, such as the food industry (Tannady et al, 2019) 

and the agro-industry (Conceição et al., 2019). 

Specifically in civil construction, the implementation of Six Sigma has already shown 

excellent results due to its systematic approach in solving problems such as, for example, 

the invention of a new earthquake-proof construction method in Taiwan (Lee and Su, 

2013). The use of process mapping tools, C&E (cause and effects) Matrix and analysis of 

failure modes and effects (FMEA), Lee and Su (2013) were able to study all the variables 

that generated cracks in the lightweight partition walls, reducing the cracks produced by 

earthquakes.  

Other examples in the construction sector are the application of Six Sigma in the 

concrete plants. In a production of concrete panels it was possible to reduce the rates of 

production variation, analysing the defects and their root causes through the Six Sigma 

methodology (Oguz et al., 2012). In a concrete block plant, there was a reduction in 

material waste from 18 to 2%, in addiction to decreases in machine downtime and 

increased productivity with layout changes and improvements in facilities provided by 

the application of Six Sigma logistics in production (Morales et al., 2016).  

Despite this, the bibliographic contribution on the application of Six Sigma with Lean 

construction is overwhelming, especially when talking about Brazil (Silva et al., 2018). 

Thus, this article aims to demonstrate a case study in a company in the civil construction 

area that developed a guide for the application of Six Sigma practice. 

APPLICATION 

The implementation of a Manual for an Integrated Management System with a focus on 

Lean Six Sigma, using DMAIC as a structure for the dissemination of waste reduction 

and simultaneously reducing the variation of the delivered products, is the description of 

this work. 
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This implementation took place in 2017, in an XYZ construction company under the 

responsibility of one of the researchers, who in this period was a quality coordinator and 

lean six sigma specialist. 

COMPANY 

The activities of the construction company XYZ focus on the execution of industrial 

works for private clients and real estate works of medium and high standard of finishing 

in Brazil, since 1983. To serve the clients of these construction segments, it implemented 

a quality management system after the organizational restructuring between 2001 and 

2008. In 2009, its quality management system obtained certification under the ISO 9001 

version 2008 standard and the PBQP-H (Brazilian Program for Quality and Productivity 

in Habitat). 

In 2013, through the AQUA-HQE Reference (International certification of sustainable 

construction that developed from the French Haute Qualité Environnemental certification) 

is being used by Brazilian Construction Companies since 2008), the quality management 

system is adapted to meet the environmental quality requirements of real estate projects, 

and consequently, applicable requirements are also adopted for industrial works. 

In 2016, the quality control department, together with the management of the 

construction company XYZ, decided to start the implementation of the integrated 

management system, aligning the requirements of the certification standards with 

requirements for work safety, the environment and occupational health, as well as the 

company's new strategic planning. 

In the same period, Lean tools such as standardized work, cash management, 5S 

program, application of kanban to control material stock were already applied to all works 

in progress: 03 (three) corporate works and 09 (nine) real estate works. 

However, as there was still not enough to minimize technical assistance to completed 

works. Requests for adequacy of products already delivered were of the most varied, and 

for similar products. Example: for the same project, more than one housing unit had 

problems with hydraulic installations at different points. 

Such problems led to unforeseen costs and impact on the image of the construction 

company XYZ, mainly in terms of quality and guarantee of the delivered product. 

Emphasizing that, many times the customers did not have technical knowledge in the area 

of civil construction, which increased their insecurity. 

In the following year, in 2017, it was decided to take a step further in the integrated 

management system, to align it definitively with Lean Construction with a focus on total 

waste reduction and to simultaneously align with Six Sigma in order to reduce product 

variations and services, at the same time it was decided to request the update of the 

certification ISO 9001 version 2008 to version 2015. 

The 2015 version of the ISO 9001 standard was revised considering a structure aligned 

with other management standards, terms such as product and services outlined as process 

outputs, stakeholder needs and expectations, risk management, documented information, 

organizational knowledge, and finally control processes, products and services provided 

externally. 

Figure 1 shows the timeline of management maturing of the XYZ company, 

summarizing what was described. 
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Figure 1: Timeline of management maturing (Authors) 

INTEGRATED MANAGEMENT SYSTEM 

The Integrated Management System (IMS) was a way of managing in the light of the 

vision, values and strategic planning of the construction company XYZ, and not only 

under the requirements required in the reference standards for certification. The standards 

used as references for applied certification are shown in Figure 2. 

 

Figure 2: Company certifications (Authors) 
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requested. For society and the market, such certifications could present maturity in their 

organizational structure. 

SIX SIGMA 

The addition of Lean Six Sigma to the IMS started simultaneously the need to adapt the 

IMS to the new strategic planning of the construction company XYZ and to meet the 

revisions of the ISO 9001 and PBQP-H standards. 

For the restructuring of the IMS, a committee was created, from functions already 

existing in the company's organizational chart (as shown in Figure 3), which would also 

participate in the implementation of the first steps for an IMS with a focus on Lean Six 

Sigma, as shown in Figure 4: 

Figure 3: Organization Chart of Empresa Construtora XYZ (Authors) 

 

Figure 4: Organization chart of the IMS Lean Six Sigma Committee (Authors) 
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The committee started working in the first two months of 2017, according to the schedule 

shown in Figure 5. 

 

Figure 5: Schedule for the implementation of SGI Lean Six Sigma (Authors) 

After the composition of the committee and the schedule, the conversion from PDCA to 

DMAIC was carried out, as proposed by Werkema (2012) and shown in Figure 6. 

# Activity Responsible ja
n

fe
b

m
a
r

a
p

r

m
a
y

ju
n

ju
l

a
u

g

se
p

1

Form the committee: establish 

the activities for the 

implementation of the IMS 

Lean Six Sigma

Sponsors

2
Change of the PDCA cycle to 

DMAIC cycle

Lean Six Sigma Expert (Green 

Belt)

3

Define: definition of the 

organization and its context, 

based on the requirements of 

the Client and the market in 

which it operates

Sponsors, Lean Six Sigma 

Expert (Green Belt)

4
Measure: how IMS processes 

are performed measured

Lean Six Sigma Expert (Green 

Belt), Technical Experts

5

Analyse: analysis of the 

behavior of processes and 

performance indicators

Lean Six Sigma Expert (Green 

Belt), Technical Experts

6

Improve: improvements to 

existing processes and their 

effects on the company are 

monitored, proposed and 

evaluated

Lean Six Sigma Expert (Green 

Belt), Technical Experts

7

Control: actions are taken so 

that the processes reach their 

goals in order to ensure that the 

Client's requirements are being 

met

Lean Six Sigma Expert (Green 

Belt), Technical Experts

8
Complete the DMAIC Manual 

for the IMS

Sponsors, Lean Six Sigma 

Expert (Green Belt), Technical 

Experts

9
Presents the DMAIC Manual 

for the IMS for Managers

Sponsors, Lean Six Sigma 

Expert (Green Belt), Technical 

Experts

10

Presents the DMAIC Manual 

for the IMS for others workers 

from the company

Lean Six Sigma Expert (Green 

Belt), Technical Experts

11
Deploy the DMAIC Manual to 

the IMS

Lean Six Sigma Expert (Green 

Belt), Technical Experts

12
ISO 9001 recertification

(2015 version)

Sponsors, Lean Six Sigma 

Expert (Green Belt), Technical 

Experts

Schedule - 2017



Mariana Bravo, Camila Augusto Euphrosino, 

and Patricia Stella Pucharelli Fontanini 

People, Culture, and Change: Lean Tools and Performance Measurement 175 

 

Figure 6: PDCA X DMAIC (in Werkema, 2012) 

Abdelhamid (2003) defined the DMAIC frameworks: 

1. Defining: identify the clients requiriments and the itens that can affect the results 

of processes; 

2. Measuring: crucial datas to the problem through Six Sigma. 

3. Analyzing: using management control tools to identify the causes of problems. 

4. Improving: using methods obtained in the analysis phase. 

5. Controlling: monitoring the process using process control to supports the 

improvements. 

Different than the PDCA approach, DMAIC considers detailed steps, besides those that 

establish a focus on variability. 

DMAIC MANUAL 

Although the 2015 version of ISO 9001 does not require a quality plan or manual, the 

change of focus and the adequacy of the strategic planning of the construction company 

XYZ made it possible to compose a Manual that could direct everyone's steps on the same 

path. 

The Integrated Management System Manual based on the DMAIC was divided into 

05 (five) phases distributed in chapters, as shown in Figure 7. 
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Figure 7: DMAIC Circle for the Integrated Management System (Authors) 

Making an analogy to the PDCA: Plan - corresponds to the Define, Measure, Analyze 

steps; Do (Do) - corresponds to the Improve step; Check and Act - corresponds to the 

control step. 

The stages and their respective organizational requirements corresponding to each of 

the 05 (five) DMAIC stages were detailed, as shown in Figures 8, 9, and 10. 

The step Define aims to make clear how the company is organized and how business 

information is documented and what forms of access. The next step, Measure aims to 

present the corporate risk management tools, including risks to work safety, occupational 

health and the environment, as well as how to measure the construction company's 

objectives and goals (Figure 8). 
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Figure 8: Define and Measure (Authors) 

The step Analyse aims to present how the company, through the quality control tools, 

analyses the progress of process. Therefore this step includes audits and verifications 

(Figure 9). 

  

Figure 9: Analyse (Authors) 
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The next step, Improve presents how the company treat the data obtained from the 

previous step, Analyse. The last step, Control, presents how the company holds 

procedures and resources to keep the control on the strategies, mainly checking client 

service (Figure 10). 

 

Figure 10: Improve and Control (Authors) 

The information was compiled by the committee with the other departments of the 

company and the Manual was approved by the sponsors. Then it was introduced to the 

entire company through training and meetings. 

Even though it is not a normative requirement, the Manual was still in use until 2019, 

according to information from the company itself. 

DISCUSSION AND RESULTS 

The change in focus started with Lean tools and later an Integrated Management Manual 

structured under the DMAIC, and had to have the committee in charge until the change 

was consolidated, dating back to the end of 2017. 

As a result of the Manual and the management tools that were developed, 

implementation of an integrated management system was directed toward a Lean Six 

Sigma approach. It was found that activities and management processes showed greater 

variability in their results; for example, the budgets that were prepared for new works 

were designed according to the requirements of the future client, without considering the 

resources available within the company. The variability between budgets was noted, so 

the DMAIC Manual, procedures and indicators that covered the budgets' inputs and 

outputs brought linearity to the budgeting process, generating performance indicators 

regarding customer service. DMAIC is not new, however the application of the concept 
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to structure a management system can be something that directs the organization toward 

Six Sigma. 

The presentation to the managers of the construction company XYZ was made more 

difficult since it did not involve immediate financial measurement. Without effective 

payment of compliance by sponsors, the importance of the Manual was too complicated 

to be absorbed. 

CONCLUSIONS 

It was determined that activities and management processes must be structured according 

to the company's organizational maturity, not just to meet reference standards or to obtain 

certifications. One must first understand who they are and what their customers need in 

order to make valuable transformations. 

For the best customer service, a management system focused on quality and that is 

sustainable is fundamental for the company. 

FUTURE RESEARCH 

There is a immense opportunity for the implementation of the Lean Six Sigma approach 

in civil construction, especially when it comes to management tools targeted. Manuals, 

business plans, standardized work procedures, Key Performance Indicators, Balance 

Score Cards for management focused on reducing waste and variability, may have their 

uses more explored on construction sites as well as at the headquarters of the construction 

company. 

This practice of Lean Six Sigma tools and management systems for construction 

companies can be further explored in the academy with the presentation of models that 

can assist professionals in the implementation of more mature and leaner management 

systems. 
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