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Abstract 
 
The high level of competitiveness in the civil construction sector, together with the high level of customer demands, has led companies to explore and implement 
improvements in production processes to ensure the delivery of the established deadlines and quality of the products. In this way, a large number of construction 
companies have adhered to improvement programs in the construction processes, some of them being the implementation and certification of the quality 
management system (QMS), as well as the structuring of the planning and control system. of Last Planner production (LPS). In this context, this work aims to analyze 
the integration of the LPS and the method of continuous improvement of the QMS in a work in Colombia that has already implemented these systems. Initially an 
analysis of the systems in the work was carried out, in order to know the results of the implementation of these systems. Then, engineer managers of the systems in 
the company were interviewed where the negative and positive points of the integration were identified. With this study it is concluded that the integration of the 
systems brings significant improvements in the quality, time and cost established. 
 
Keywords: Quality management, Last Planner System, continuous improvement 
 
Resumen 
 
La alta competitividad existente en sector de la construcción civil junto con el alto nivel de exigencias de los clientes, han llevado a las empresas a explorar e 
implementar mejoras en los procesos de producción para garantizar el atendimiento de los plazos y calidad establecidos de los productos. De este modo, un gran 
número de empresas constructoras han adherido programas de mejoras en los procesos de construcción, siendo algunos de ellos, la implementación y certificación 
del sistema de gestión de calidad (SGQ), así como la estructuración del sistema de planificación y control de la producción Last Planner (LPS). En este contexto, este 
trabajo tiene como objetivo analizar la integración del LPS y el método de mejora continua del SGQ en una obra de Colombia que ya ha implementado estos 
sistemas. Inicialmente fue realizado un análisis de los sistemas en la obra, para así, conocer los resultados de la implementación de estos sistemas. Luego, fueron 
entrevistados ingenieros gestores de los sistemas en la empresa donde se identificaron los puntos negativos y positivos de la integración. Con este estudio se 
concluye que la integración de los sistemas trae mejoras significativas en la calidad, tiempo y costo establecido. 
 
Palabras clave: Gestión de calidad, Last Planner System, mejora continua 
 
 

1. Introduction 
 

The increasing competitiveness in the market of civil 
construction, together with the disregard for waste and 
failures in the execution of processes, led companies to invest 
in new technologies, methods and management systems that 
contribute to greater control of projects. For this reason, 
companies were making investments in the implementation 
and integration of improvement systems for construction 
works such as the quality management system and the Last 
Planner System of production planning and control (Righi 
2009) (Saldanha 2013), which, given the need for changes in 
the civil construction industry, the increase of certified 
companies and the importance of planning and control of 
construction works, show that their integration achieves 
operational efficiency and effectiveness in all the activities and 
processes of a company (Betts 1997)(Alves and Amorim 
2002)(Neves et al. 2002)(Koskela et al. 2003).  
 
 
 
 
 
 
 
 

 
 

The quality management system consists of a set of all 
those activities that are coordinated to direct and control an 
organization with the intention of continuously improving the 
effectiveness and efficiency of its performance. This system 
encourages companies to assess customer needs, 
management towards business sustainability, risk analysis, 
change management, etc., defining processes that satisfy 
them and ensuring the means to control them (NBR ISO 9001 
2015). This system also helps companies in the 
standardization of procedures, as well as in the definition of 
criteria for the acceptance of services, managing to establish a 
quality platform for their construction works.  
Moreover, in the area of civil construction, one of the most 
important processes is the planning and control of 
construction works, in which goals, pace, costs and methods 
to be achieved are established. This planning helps to 
minimize uncertainties in the execution of construction works, 
reducing waste and increasing the fulfillment of scheduled 
tasks (Formoso 2001). 
For this reason, several construction companies adopted the 
Last Planner System as a way for continuous improvement 
and increased performance of the processes executed in the 
construction works, supported by the verification of services 
through the quality management system (Sukster 2005). The 

1 Corresponding author: 

Universidade Estadual de Campinas, Campinas, BRASIL  
E-mail: lady_alexa30@hotmail.com 



Revista Ingeniería de Construcción RIC 
Vol 34 Nº2 2019     www.ricuc.cl 

SPANISH VERSION..................................................................................................................................................................................................................................................... 

 

Revista Ingeniería de Construcción     Vol 34 Nº2      Abril de 2019     www.ricuc.cl 147 

objective of this study is to analyze the integration between 
the Last Planner System of production planning and control 
and the continuous improvement method of the quality 
management system in a Colombian construction site. 
 
 

2. Integration between the Quality 
Management System and the Last 
Planner System 
 
 

The Last Planner System is a system of planning and 
control of processes that minimizes the effects of uncertainty 
and variation on projects, thus creating a continuous flow 
between each of the activities. This system allows greater 
reliability in the forecast of completion dates of the activities 
of the construction work and in the results of the application 
of this system that favors the continuous improvement in the 
processes contributing directly to the deadlines, quality and 
cost of the construction work (Alves and Pio 2016).  

The LPS is divided into three levels of planning: long 
term, medium term, and short term. These levels allow the 
system to contribute positively to the performance of 
productivity and the progress of the construction work by the 
managers. In long-term planning, the general objectives of the 
project are established, as well as the set of activities to be 
carried out in a given period of time, the action plans of the 
construction work and the length of the important activities. 

To do so, programming techniques such as the balance line, 
Gantt chart and path are used. With these techniques, it is 
possible to elaborate the working plans and the specification 
of the information about the beginning and end of the 
activities and the maximum length of the project (Formoso 
and Moura 2009). 

In the medium-term planning, more detailed planning 
of the objectives established at the long-term level has been 
carried out. At this level, the construction methods and 
resources necessary for the execution of the project are 
defined (Ballard 2000) (Bernardes 2001). The main function 
of this level is to identify the restrictions that impede the 
execution of an activity (Bernardes 2001). This restriction 
mechanism seeks to avoid interruptions and reduce variability 
in activities in order to create a continuous workflow. It also 
helps to improve the overall performance of the project, 
increasing the productivity of the units, and reducing costs 
and deadlines (Formoso and Moura 2009). 
In the short-term planning, engagements for the execution of 
tasks are established. At this stage, the last decisions of the 
workflow are made, adjusting the sequence of the teams in 
order to protect the production against uncertainties as well 
as the verification of the necessary resources for the fulfillment 
of the established activities. This level is monitored through 
the indicator called PPC (Percent Plan Complete), which is 
calculated as the ratio between the number of activities 
completed and the number of activities planned, expressed as 
a percentage (Equation 1) (Ballard and Howell 1998). (Figure 
1) shows the sequence and function of each of the LPS levels. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1. Stages of the Last Planner System 
Source: (Ballard 1994) 
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On the other hand, civil construction has different 

characteristics in each of the stages of execution of the 
activities. Therefore, being them analyzed separately, 
improvements are achieved in the management and control 
of the construction works (Formoso et al. 1999). In addition, 
the planning and control of the production enable the 
addition of new stages in the execution of activities, which 
ensures the implementation and compliance with quality 
requirements and inspection terms during the production 
process (Soares 2003).  

According to (Picchi 1993), the most suitable method 
for the implementation of quality in companies is one that 
adapts to the objectives and culture depending on the 
characteristics of each company. Therefore, the participation 
of all the areas of the company, external customers (suppliers, 
users) and internal customers leads the organization to 
achieve excellence. This strategy aligned with good planning 
allows managers greater control, better monitoring of 
implementation and compliance with quality requirements. In 
addition, by evaluating where the variation in production and 
product quality is located, the improvements that should be 
applied in the processes or activities can be identified 
(Koskela 1999).  

If companies increase the quality (technical concepts 
of production and the vision of customer satisfaction) of the 
product offered, they increase credibility before the market 
making them more competitive. The process of continuous 

improvement in the quality management system works in a 
similar way to the above, where, by measuring and 
monitoring the activities it is possible to carry out corrective 
and preventive actions to guarantee the quality of the product 
and the operation of the quality management system. (Picchi 
and Agopyan 1993) confirm that the systematization through 
the verification of the procedures for the control of the 
processes and the execution of the construction work is one 
of the ways to measure and control quality. These control 
procedures describe in detail how the verification and 
completion of the necessary inspection documentation should 
be done.  
 
 

3.Methodology 
 

The methodology used for this research includes a 
Case Study, where according to (Gil 2009) it consists of a 
deep and thorough study of an object allowing its broad and 
detailed knowledge. The objective was to analyze the 
integration of the Last Planner System (LPS) of production 
planning and control and the method of continuous 
improvement of the quality management system (QMS) in 
order to identify positive and negative aspects of its 
integration. (Figure 2) shows the detail of each of the stages 
carried out for this research. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Figure 2. Methodology Stages 
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3.1. Case Study 

The data of the Last Planner System and the quality 
management system were collected from a residential 
building built by a company located in the city of 
Bucaramanga, Colombia. The planning, control and quality 
systems of the company are standardized processes for all the 
construction works executed by them, only varying the 
strategies adopted by those responsible for each construction 
site. The buildings constructed by the company are 
characterized by the repetition and use of a floor type, as well 
as by the construction of projects using outsourced labor 
(contractors) which must follow the guidelines and 
specifications established in the construction works. This 
company stands out for its participation in quality and 
innovation programs, and it is certified by the (NBR ISO 9001 
2018). 

The construction site, which is the object of this study, 
is considered to be of a high standard and has a reinforced 
concrete structure with masonry walls. This project consists of 
a tower of 23 floors, of which 1 is a lobby and part of the 
social space, and floors 21 and 22 correspond to the rest of 
the social space. From the 2nd to the 20th floor is the 
apartment section where there are 5 apartments per floor with 
a total of 95 apartments in the building. The apartments have 
an area of 76 m2 for two-bedroom apartments, 99 m2 and 
133 m2 for three-bedroom apartments. In addition to the 
apartments, in this building the social space consists of a large 
reception, a social lounge, a theme park for children, a 
swimming pool for children and a swimming pool for adults, a 
spa, an equipped gym, a terrace with gardens, a sauna, a 
whirlpool bath, a massage room and, on the roof, a terrace 
with a view of the city (Figure 3). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
3.1.1. Quality Management System 

The company has a guideline management procedure 
aimed at controlling the production on the construction site 
from the requirements described in (NBR ISO 9001 2018). 
This guideline management procedure is detailed in the 
manual and the quality plan of the company. They show the 
corporate structure of the company and the construction 
work, the activities and people in charge of each activity 
involved in the construction work, the measurement 
structures that must be followed to assess each activity, the 

methods and resources, the requirements of the standard to 
be met and the documents established for the quality 
management system. To illustrate some parts of the manual 
and the quality plan, (Figure 4) shows the processes involved 
in the company for the development of the construction 
work. In addition, (Figure 5) shows in detail the structure of 
measurement and monitoring of the construction process 
which is responsible for the execution of the construction 
work.

 
 
 
 
 
 
 
 
 

 

Figure 3. Images of the case study 
Source: www.skyscrapercity.com (2017) 
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Figure 4. Company processes 
Source: Constructora Bucaramanga – Colombia, Company archive 

 

 

 



Revista Ingeniería de Construcción RIC 
Vol 34 Nº2 2019     www.ricuc.cl 

SPANISH VERSION..................................................................................................................................................................................................................................................... 

 

Revista Ingeniería de Construcción     Vol 34 Nº2      Abril de 2019     www.ricuc.cl 151 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Figure 5. Details of the construction process 
Source: Constructora Bucaramanga – Colombia, Company archive 
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Quality control is carried out during the development 

of the activities of the project and it is conducted by the 
professional and the quality coordinator. Here the 
compliance with the technical specifications, the technical 
regulations, the quality criteria proposed in the manual, the 
recommendations of the suppliers and the technical 
recommendations are verified. 
 
 
3.1.2. Last Planner System 

Throughout the execution of the construction work, 
the actions of analysis and control of the execution of the 
activities are implemented and they have a regular assessment 
for decision making and proposal of improvements. The 

construction work under study implemented the Last Planner 
System with the objective of obtaining a continuous 
improvement to deliver products with optimum quality for 
customers, as well as a measure of planning and control of 
the execution of activities, seeking to find and analyze the 
causes that hinder the performance of an activity.  

The implementation of the Last Planner in the 
construction work begins with the long-term level where the 
length, sequence and pace with which the main activities of 
the project must be executed are planned. This planning is 
carried out with little detail as it only represents the objective 
to be achieved. At this level, the activities are illustrated in the 
balance line, which is a graphical representation of the 
activities and the objective to be met (Figure 6). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Then, at the medium-term level, the activities that 
were defined at the long-term level to be executed are 
detailed and divided into stages. This planning is done on a 
monthly basis with a focus on activities that will begin in the 
next three months. Through this planning, the main resources 
necessary for each process of the company to execute the 
activity are identified, such as the processes of design, 
purchasing, human factor, etc. These resources are controlled 
with a spreadsheet made in Microsoft Excel that shows 

whether the process has released (cell in green) or not (cell in 
red) the necessary requirement for the start date of each 
activity. See (Figure 7). With this, the construction work aims 
to eliminate all those possible restrictions that will impede the 
execution of the planned activities. At this level, it is 
established as a criterion that, if an activity does not have the 
release of the restrictions, it will not be able to move to the 
next planning level (Figure 7). 

 
 
 

 

Figure 6. Balance line of the construction work 
Source: Constructora Bucaramanga – Colombia, Company archive 
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Based on the information collected at the medium-
term level, the activities are detailed at the short-term level 
and are assigned to the people in charge in order to direct the 
execution of the construction work. At this last level of 
planning, weekly meetings are held at the construction site, 
where the tasks of the plan to be developed are discussed. 
The weekly meeting is attended by the person in charge of 
the execution of the activity, the engineer in charge of the 

planning and the person in charge of quality. As a result of 
this meeting, the working plans to be executed in a period of 
one week are established. At the end of each week, the 
percentage of activities completed is recorded in the PPC 
spreadsheet in order to assess and analyze the causes of non-
compliance of activities with a percentage of less than 80% 
(Figure 8). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
3.1.3. Integration between the Quality Management Systems 
and theLast Planner System 

The integration between these systems begins at the 
medium-term level of the LPS, where the quality manager 
assesses whether the processes met the requirements 
necessary to begin the planned activities. When a process fails 
with the removal of the restriction, non-compliance is 
generated for this process. As a solution to eliminating this 
non-compliance, corrective action is generated to avoid its 
repetition. In this corrective action, the treatment to be 

applied to the problem is chosen and the superficial causes 
are analyzed until the root cause is found through the quality 
tools Fishbone Diagram and 5-why Analysis. After that, an 
action plan is generated together with its follow-up for the 
solution of the problems. All non-compliances are recorded in 
the quality management system documents in the online 
platform of the company, which generates process indicators 
for internal and external audits of the company. (Figure 9) 
shows the quality management document used for the 
treatment of non-compliances. 

 

Figure 7. Restriction spreadsheet 
Source: Constructora Bucaramanga – Colombia, Company archive 

Figure 8. Spreadsheet of the PPC indicator 
Source: Constructora Bucaramanga – Colombia, Company archive 
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On the other hand, the integration of the systems is 
carried out at the short-term level, where, to the extent that 
the planned activities are executed daily, the quality manager 
verifies that all the activities are in accordance with the 
quality established for the final product in the quality 
management document. Once the quality of the final product 
has been checked, the quality manager evaluates the quantity 
executed in order to make the respective payment to the 
contractor. In addition, with the results of the PPC 
spreadsheet, the causes of non-compliance are analyzed 
together with the possible solutions by which it is possible to 

have a continuous improvement in the execution of future 
construction work activities. 

With the PPC indicator and the quality of the product, 
a monthly report is generated by activity which is used to 
assess and give a rating to the person responsible for the 
activity. For activities carried out by contractors, this 
qualification is recorded in the online system of the company 
and is taken into consideration at the time of contracting for 
other construction works. The compliance of the scheduled 
times in the PPC for each activity together with the good 
quality of the product generates monthly incentives for the 

 
Figure 9. Analysis of non-compliances 

Source: Constructora Bucaramanga – Colombia, Company archive 
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people responsible for the activities. This motivates the 
workers to improve every day in the development of their 
activities. 

From the experiences lived in the execution of the 
work, the lessons learned are recorded in the corresponding 
quality management document, which is shared with all the 
personnel of the construction site on a monthly basis. This is 

done with the purpose of making workers aware of how the 
low quality of a product is one of the causes of non-
compliance with the times of execution of activities causing 
waste and delays in the construction works. (Figure 10) 
shows an example of an activity that was not carried out on 
time or in the quality of the planned activity, which was 
shared as a lesson learned. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 10. Lesson learned example 
Source: Constructora Bucaramanga – Colombia, Company archive 
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Finally, as the work is executed, an informative 

bulletin is generated on the web page of the company, which 
has the purpose of showing customers the progress of the 
construction work. (Figure 11) shows some images of the 

render of the project sold to the customer, compared with the 
images of the completed project. These images show the 
quality compliance of the product sold to customers. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

4.Results and Discussion 
 

As a result of the integration between the QMS and 
LPS systems, it was observed that these systems involve the 
management of deadlines for the construction work through 
the exchange of information between each of the processes. 
With this exchange of information, there are improvements in 
the construction work regarding the deadlines of the project, 
costs and quality of the product delivered to the customers.  
With the analysis carried out on the data on integration 
between the QMS and LPS systems, it was observed that 
these have a set of items that work connected since, in the 
execution of long, medium and short-term planning, these 
levels use the quality manual to verify each one of the 
specifications, materials, construction methods, among other 
aspects. In addition, all templates used for the implementation 
of the Last Planner System such as restrictions and PPC are 
part of the documents of the quality management system. In 
case of non-compliance, delays, etc., after performing the 
analysis in these spreadsheets, the solutions are controlled by 
the quality management system through the non-compliance 
format. In addition, the Last Planner System with planning and 
control of construction works is part of the continuous 

improvement through the PDCA (Plan - Do - Check - Adjust) 
and the lessons learned. 

On the other hand, during the case study, it was 
detected that at the beginning of the integration the activities 
to be executed were planned with less time than the one 
actually spent for their completion. For this reason, the 
workers and people in charge of the construction work 
worked only to meet the established deadline without 
worrying about the final quality since the payment for the 
work was made only for the quantity produced. With the 
course of time, quality managers disapproved of completed 
activities because quality standards were not met, leading to 
delays. It was noted that the dedication of the working teams 
and the compliance with the established execution time 
together with good expected quality is important to achieve 
the objectives set for the project. 

Through the interviews conducted, it was possible to 
identify the negative aspects existing at the beginning of the 
integration, including lack of commitment by the partners, 
lack of interaction between the areas of quality and planning, 
lack of investment in resources such as labor and materials. 
The positive aspects of the integration were also pointed out, 
such as the continuous improvement in the execution of the 
construction work that contributed positively in a reduction of 
the final deadline and the quality of the apartments delivered 

 
Figure 11. Informative bulletin, render vs. reality 

Source: www.fenixconstrucciones.com 
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to the customers, thus generating in them a high level of 
satisfaction. Through the use of quality tools for the analysis of 
the causes of non-compliance identified through the PPC, 
continuous improvement was carried out in the execution of 
the activities by the partners. Consequently, they had an 
increase in the learning curve. There were also incentives and 
awards to partners who met the goals of quality and deadline 
thus increasing the motivation and commitment of employees 
at the time of developing an activity. In this way, it was 
observed that good planning allows the correct execution of 
the activities, thus fulfilling the established goals and 
eliminating waste from the construction site. The separation of 
activities into stages also allowed for better verification by 
reducing rework and accumulation of activities that do not 
add value. 
 

5.Conclusions 
 

By performing the integration between the QMS and 
the LPS, by implementing the Last Planner System in the 
construction works, the activities become repetitive 
(improvement of the learning curve), therefore, there is a 
decrease in errors because there are more specialized people 
performing activities and this, in turn, represents less 
reprocessing costs. Moreover, with the quality management 
system, it is possible to reduce reprocessing which leads to a 

reduction in costs. In addition, the QMS allows standardizing 
each of the processes involved in the execution of a 
construction work. This facilitates their planning and control. 

By implementing quality, planning and control systems 
there is a great improvement in deadlines, costs and quality of 
the project which leads to customer satisfaction upon 
receiving their final product. 

There are negative aspects to improve that hinder the 
full use of the benefits in terms of integration between the 
QMS and LPS systems. Some of them are lack of commitment 
by partners, lack of interaction between the areas of quality 
and planning, and lack of investment in resources such as 
labor and materials. 

Although there are negative aspects to be overcome, 
the integration between the systems also brings to the 
construction works a continuous improvement in the 
execution that contributes positively in the reduction of the 
final deadline and the quality of the apartments sold to 
customers. Therefore, sharing lessons learned with the 
workers involved in the construction work allows better 
teamwork, better communication between them and the 
performance of simultaneous activities. In addition to the 
above, there is a better understanding of the importance of 
meeting deadlines and completing an activity with quality in 
order to avoid waste in the construction site. 
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