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ABSTRACT 

Construction is one of the principal factors of economic prosperity. Even though the construction 

industry is one of the biggest in the world, its increase in productivity has been slow when compared 

to other industries, especially manufacturing. 

Given the high competitiveness of this sector, a rise in new management methods and technologies has 

been seen in recent years. Lean Management is one of the methods that stands out. Highly effective in 

the manufacturing sector, this management philosophy has been studied and applied in the 

construction industry. Lean Construction, as it’s called in the construction industry, aims at improving 

the productivity of the industry, with a special emphasis on the construction site, since it’s in this 

phase that the value is created, and it’s where most of the industry’s unproductivity exists. 

Most of the existing literature regarding Lean Construction is highly theoretical. Since this philosophy 

was born in the manufacturing industry, the practical methods developed cannot be directly applied to 

the Construction Industry. Therefore, the literature mostly referrers to the philosophy and main drives 

of each individual method, making their application in construction site fairly subjective.  

This dissertation’s objective is to create a management framework based on Lean Management 

methods. In order to create such a model, a thorough study of the context where Lean Management 

was born, as well as its fundamental objectives was made.  

After understanding the way Lean Management methods were applied in the manufacturing industry, a 

study of the main tools, both applicable to manufacturing and construction was done. The model was 

created with standardization,  systematization and flexibility as key aspects.  

This dissertation was written during an internship in the company Bouygues Construction Ile-de-

France – Ballestrero. The internship’s missions were related to construction site management, quality 

control and coordination of subcontractors. All these measures were aided by Lean Management tools 

provided both by the company and by the research mentioned before by the student.  

The model created by the student was then applied practically in the Case Study. This model’s focus 

was on the weekly management of the subcontractors, trying to increase transparency, increase worker 

engagement, increase control by the manager and increase data storage and treatment. From this Case 

Study was retrieved some valuable information regarding the setbacks and benefits of the model.  

During the internship the overall control and management of the subcontractors and the construction 

site were aided by the application FINALCAD ©. This application aims to improve communication 

and data storage to increase control. An explanation of the application and how it was used alongside 

the model will also be discussed. 

   

 

KEYWORDS: Lean Construction, Last Planner System, Planning, Construction Site, Communication 

 

  



Lean Management in the Construction Site – Case Study 

 

viii 

 

 

  



Lean Management in the Construction Site – Case Study 

 

ix 

 

RESUMO 

Construção é um dos maiores fatores de prosperidade economia mundial. Embora a indústria de 

construção seja uma das maiores do mundo, o aumento na sua produtividade tem sido bastante baixo 

quando comparado com outras indústrias, especialmente a da manufatura. 

Dada a grande competitividade do sector, tem-se visto um aumento de novas metodologias de gestão e 

tecnologias. Lean Management é um dos métodos que sobressai. Altamente eficaz na indústria da 

manufatura, este tipo de gestão tem sido estudado e aplicado á construção. Lean Construction, como é 

chamado quando aplicado á indústria da construção, tem como objetivo melhorar a produtividade do 

sector, com especial enfase na fase de construção, pois é nesta fase em que o valor é criado, e é nesta 

fase onde existe menor produtividade. 

A maior parte da literatura existente relativamente ao Lean Construction é maioritariamente teórica. 

Dado que esta filosofia nasceu na indústria da manufatura, os métodos práticos desenvolvidos não 

podem ser diretamente aplicados á indústria da construção. Como tal, a literatura existente é referente 

maioritariamente á filosofia e principais objetivos de cada método específico, fazendo com que a sua 

aplicação na construção seja relativamente subjetiva.  

Esta dissertação tem como objetivo a criação de um modelo de gestão baseado em métodos de Lean 

Management. De maneira a criar o modelo, foi feito um estudo do contexto do nascimento de Lean 

Management, assim como os seus objetivos fundamentais. 

Depois de entender como os métodos de Lean Management podem ser aplicados na industria da 

manufatura, foi feito um estudo das ferramentas, tanto aplicáveis á manufatura como á construção. O 

modelo foi criado como estandardização, sistematização e flexibilidade como pontos chave.  

Esta dissertação foi escrita durante um estágio na companhia Bouygues Construction Ile-de-France – 

Ballestrero. As missões do estágio estavam relacionadas com gestão do estaleiro, controlo de 

qualidade e organização de subempreiteiros. Todos estes aspetos foram suportados por ferramentas 

Lean providas tanto pela empresa como pela pesquisa feita para esta dissertação. 

O modelo foi criado pelo estudante e depois aplicado num Caso de Estudo. O foco deste modelo foi na 

gestão e planeamento semanal dos empreiteiros, tentando criar transparência, aumentar o 

envolvimento do trabalhador, aumentar o controlo do gestor de estaleiro e aumentar o tratamento e 

recolha de dados.  

Deste Caso de estudo foi retirada informação pertinente relativa aos benefícios e contratempos do 

modelo.  

Durante o estágio, o controlo geral dos subempreiteiros e do estaleiro foi suportado pela aplicação 

FINALCAD ©. Esta aplicação visa melhorar a comunicação e recolha de dados para aumentar o 

controlo. A aplicação e a maneira como foi utilizada adjacente ao modelo é também discutido.  

 

PALAVRAS-CHAVE: Lean Construction, Last Planner System, Planeamento, Estaleiro, Comunicação 
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RÉSUMÉ 

Le secteur de la construction est un des principaux facteurs de la prospérité économique. Bien que 

l’industrie de la construction est l’une des plus grandes au monde, sa croissance en productivité a été 

plutôt lente comparé à d’autres industries, notamment la manufacture.  

Au vu de la très forte compétitivité dans ce secteur, une hausse des nouvelles méthodes de 

management est apparue ces dernières années. Le « Lean management » se détache d’entre elles. 

Particulièrement efficient dans le secteur de la production, cette méthode de management a été étudiée 

et appliquée au secteur de la construction. Le « Lean construction », comme on l’appelle dans le 

milieu, a pour but d’améliorer la productivité sur les chantiers. En effet, si c’est durant cette phase que 

la valeur est créée, c’est aussi là où la grande majeure partie de l’inefficience en matière de production 

existe.  

La grande majorité de la documentation à propos du « lean construction » est extrêmement théorique. 

Comme la philosophie est née au sein de l’industrie de transformation, les méthodes pratiques 

développées ne peuvent pas être directement appliquées au secteur de la construction. Ainsi, la 

documentation existante fait référence à cette philosophie et aux principales motivations de chaque 

méthode, ce qui rend l’application de ces dernières sur le chantier assez subjective.  

L’objectif de cette thèse est alors de créer un système de management basé sur les méthodes de Lean 

Management. Pour parvenir à cela, une étude rigoureuse du contexte où le Lean Management est né et 

de ces objectifs fondamentaux a été faite.   

Après avoir compris comment les méthodes de Lean Management sont appliquées à l’industrie 

manufacturière, une étude des principaux outils, applicables à la fois à la fabrication et à la 

construction, a été faite. Le modèle a été créé avec la standardisation, la systématisation et la flexibilité 

comme aspects clés. 

Cette thèse a été réalisée lors d'un stage chez Bouygues Construction Ile-de-France - Ballestrero. Les 

missions du stage portaient sur la gestion de chantier, le contrôle de la qualité et la coordination des 

sous-traitants. Toutes ces mesures ont été facilitées par des instruments de Lean Management fournis à 

la fois par l'entreprise et par les recherches mentionnées précédemment par l'étudiant. 

Le modèle créé par l'étudiant a ensuite été appliqué de façon pratique lors de l‘étude de cas. Ce modèle 

a mis l'accent sur la gestion hebdomadaire des sous-traitants, en essayant d'accroître la transparence et 

l'engagement des travailleurs, de renforcer le contrôle exercé par le manager et d'améliorer le stockage 

et le traitement des données. 

Cette étude de cas a permis de récupérer des informations précieuses sur les revers et les avantages du 

modèle. 

Pendant le stage, l'application FINALCAD © a facilité le contrôle et la gestion des sous-traitants et du 

chantier. Cette application vise à améliorer la communication et le stockage des données pour 

accroître le contrôle. Une présentation de l'application et de la manière dont elle a été utilisée 

parallèlement au modèle sera discutée dans cette thèse. 

 

MOTS-CLÉ: Lean Construction, Last Planner System, Planification, Chantier, Communication 
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1 
INTRODUCTION 

 

 

1.1. CONTEXT  

The construction industry is essential to the economic development of any country. The resulting 

infrastructure results in the prosperity of all the other industries. Even though the construction industry 

is the industry responsible for the growth of all the others, it has some systematic problems. These 

problems consist in the difficulty for standardizing the tasks since every construction is different, and 

so are its tasks. Every construction has different characteristics, construction methods, suppliers and 

most importantly, stakeholders (client, general contractor, contractors, etc.).  

This inherent problem of having multiple stakeholders is having different interests that, more often 

than not, trample one another. All of these issues result in low productivity [1].  

 

Figure 1 - Real Gross Value Added per hour worked [1] 

As we can see, the gap between the construction industry’s productivity and all others is growing. In 

order to combat this problem, the industry’s approach was to look at other industries, particularly the 

manufacturing industry. This industry revolutionized itself during the aftermath of the Second World 

War in Japan. From this revolution Lean Management was born. Since then, Lean Management has 

been well regarded as a framework for all companies who wish to lower waste and improve efficiency. 

This also applies to the construction companies. The Lean Construction thinking is a recent way of 

approaching construction.  

These new management methods are also made possible due to the increase in the viability and 

availability of technologies that improve organization and the way communication and data storage, 

and treatment is carried out in the construction industry.   
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This dissertation follows an internship made in the company Bouygues Ile-de-France Habitat Social – 

Ballestrero. The aim of the internship was to study construction site management with the aid of Lean 

Management, determine its flaws and areas where it could be improved.  

Alongside the study of Lean Management was the study of the benefits of one application not only on 

its own but also when used alongside the guide. This application’s core objective is to create a 

platform of communication and organization among not only the construction site managers and their 

superiors, but also the contractors, sub-contractors and workers.  

 

1.2. OBJECTIVE AND METHODOLOGY 

The construction industry is known for being highly fragmented and disorganized. This 

disorganization is partly due to the high number of entities involved and their complex relationships. 

On top of this is the highly inconstant nature of the construction industry and its final product. Where 

in other industries the final product depends on the production process, in construction the opposite is 

true. In other words, the final product is dependent on several aspect (such as suppliers, 

subcontractors, location, etc.) which are always changing from construction to construction and even 

sometimes during the construction phase of one. It is therefore highly unlikely that two buildings 

should have the same production process, even if the final product is similar.  

These issues demand a type of management that should be highly flexible and also not prone to 

deviation and variability. It’s this need for new management methods that drove the study and 

implementation of new management practices by scholars and professionals worldwide.  

The management philosophy discussed in this dissertation is Lean Management. This management 

philosophy has proven to be highly effective in a number of different industries such as the 

manufacturing and automobile. In order to adapt it to the construction industry, it is important to 

understand the context where it was created and what subsequently drove for its creation. 

Lean Management aims at reducing costs and improving quality by taking advantage of a series of 

tools. These tools are somewhat ambiguous when it comes to their application to the construction 

industry, although there are already a series of articles and dissertations that help to correctly apply 

them.  

The main objective of this dissertation is to look at the state of Lean Construction currently and create 

a framework to better apply it in the future. The key-words related to this framework are 

standardization and systematization. A big issue with these methods is that there is a great difficulty 

and reluctancy from construction companies to expend resources to apply these tools. By creating a 

framework that is systematic in its application, while still remaining flexible, can help to mitigate 

these issues.  

This framework is the result of a study of the current state of Lean Construction but also a practical 

application of the same in a construction site located in Mennecy, France, provided by an internship 

made in the company Bouygues Ile-de-France.  

After applying the framework, a series of returns of experience were made in order to understand what 

worked and what didn’t work and in what ways this framework can be improved.  
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1.3. DOCUMENT STRUCTURE  

This document is divided into four parts. The first part is a theoretical explanation of Lean 

Construction. In it there will be a description of what Lean Management is along with its features and 

some of the ways it has been reimagined to be applicable to the construction industry.  

The second part is an attempt at creating a framework that can be applicable to constructions of 

diverse natures. This framework is the result of extensive research and the experience gained from an 

internship. It revolves around 3 phases: before construction, during construction and after 

construction. The ultimate goal of the Framework is to apply the knowledge obtained from the 

theoretical point of view and create a straightforward and more practical approach, as free from 

subjectivity as possible.  

The third part is the practical application of the guide in a construction site and an explanation of the 

application used (FINALCAD © [2]) in order to improve communication and improve the reliability of 

the guide. The fourth and final part is a collection of the results obtained from applying these methods 

and applications in the construction site and a discussion on future developments.  
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2 
LEAN CONSTRUCTION  

 

 

2.1. INTRODUCTION 

To first acknowledge what is Lean Management in the construction industry, we must first understand 

what Lean is. It is widely agreed upon that Lean thinking started appearing in several industrial sectors 

after the Second World War, most notably in the automobile industry in Japan. This is where the 

Toyota Production System was developed.  

 

2.2 TOYOTA PRODUCTION SYSTEM  

Toyota Production System is a production philosophy originated in Japan that aims at improving the 

organization in order to obtain the highest possible quality at the lowest possible price. This system’s 

production principles heavily defend that in order to improve the value output, all of the wastes should 

be eliminated.  

This system was created to satisfy the need of the manufacturing industries, more specifically in the 

manufacturing of automobiles. This need to transform the industry came as the aftermath of several 

political changes in post Second World War world. In order for the Japanese industry to compete with 

foreign giants like America and Europe it needed to complete reimagine it-self. This change began 

with the attempt at recreating the mass production system developed by Henry Ford. This attempt 

resulted in failure and Taiichi Ohno, the then Toyota’s Chief Engineer realized that mass production 

system needed some adjustments.  

Taiichi Ohno and their counterparts realized that this mass production mentality observed in the 

company Ford would not function in Japan. This was because mass production in America produced 

enormous amounts of the same product. The problem facing Japanese companies was how to produce 

fewer numbers of several different models and still reduce costs. This results in the mindset of, in 

order to reduce cost, one had to reduce wastes in the system. The scarcity of resources such as 

materials, productive workforce and capital led to the creation of the Toyota Production System. 

This system proved to be beneficial when prices of the barrel skyrocketed in 1980’s following an 

embargo by AOPEC (Arab members of OPEC, Egypt and Syria). This embargo resulted in fewer 

sales, which in turn resulted in higher inventory. Toyota’s answer to cut back on production, as they 

saw an increased inventory as a waste. They were soon able to regain productivity. This oil crisis can 

be seen as the catalyst for making Toyota a world manufacturer superpower since a fair share of 

companies hit by this crisis were not able to regain their market share, making Toyota one of the few 

companies able to survive the crisis nearly untouched. [3]  
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2.2.1  PRINCIPLES OF TOYOTA PRODUCTION SYSTEM  

The core idea that allowed for the company to withstand the oil crisis and to adapt to a different 

manufacturing reality was the urgency in identifying and cutting wastes. In order to do so, the 

company developed two major principles: Just-in-Time and Automation (Jidoka). [4] The next figure 

represents the Toyota Production System’s principles and several other methods used. This system 

aims at optimizing the quality of the product by constantly improving the process and eliminating 

waste. This provided a common set of values and procedures (standardization). 

 

 

Figure 2 Toyota Production System's Principles [4]  

 

2.2.1.1 JUST-IN-TIME 

This principle was created by Kiichiro Toyoda in an attempt to generate the same value output with 

less resources. This is based on the idea that all of the necessary elements for the assembly line should 

only be received exactly at the right time. Thus the name Just-in-Time.  

This principle relies on well-organized process that allows for the company to produce and deliver 

products in accordance to the costumer’s demands. In short, making “what is needed, when its needed, 

and in the amount needed!” [4] The final objective of this system is to obtain zero stock, which is seen 

as ideal. This allows for the system to be highly efficient in terms of costs, since there is a reduction of 

products in the process.  

 

2.2.1.2 AUTOMATION (JIDOKA) 

Jidoka can be translated, in the world of manufacturing, as automation with a human touch. The 

application of such measure allows for the machines to immediately stop when there is an anomaly.  
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This method can be traced to the automation of a loom machine fabricated by Toyoda. Upon realizing 

that the machine continued to work after a defect in the material and that such defect would only be 

acknowledge after the process had ended led to the reimagining of the loom machine. Toyoda then 

created a system that, with the aid of a worker, the process would stop if an anomaly was detected, if 

the material would stop flowing and if the quantity of the final product would be in accordance to what 

was needed. He then adapted this thinking to the manufacturing of vehicles in Toyota.  

Jidoka consists in empowering the machine and the worker with the ability to stop the process 

whenever necessary, while still having the machine work autonomously. This led to the ability of a 

worker to supervise several machines at once, which led to higher productivity and reduced costs. 

With such method, the process can flow endlessly and if a problem is found, it is quickly understood 

and can be taken care of.  

 

2.3 LEAN PRODUCTION  

After the success that was the Toyota Production System, the western world began studying such 

measures and a number of designations surged, but the most widely accepted is Lean Construction [5]. 

Lean Production is defined as a production that utilizes less resources than the mass production. These 

resources ranged from effort by the workers, space needed for the production, investment in tools and 

hours in planning and developing new products. It decreased stocking and defects and provided with 

the possibility to produce a higher variety of products.  

Lean production comes as the necessity of combining the advantages of mass production with manual 

production. It relies on teams of workers specialized in various fields and the increasing flexibility of 

machinery. This allows for the increase in volume produced not only in quantity but also in variety.  

Lean production is mainly about reducing waste, which can be seen as material, labor and time waste, 

that are inherent to any process. When all wastes have been removed the system can be truly Lean. 

Lean production involves constant effort in reducing waste, in all phases of the process, from the 

design phase to distribution. Nevertheless, Lean Production is not entirely devoted to reducing waste, 

but also to improve quality, efficiency and speed. For that, the process is required to be flexible and 

there needs to be a sense of continuous improvement.  

 

2.4 LEAN THINKING 

2.4.1 INTRODUCTION 

In any industrial process, a significant part of the tasks is transformed into waste, which undermines its 

productivity. The Lean approach defends that an initial analysis of all the process in a macro sense 

allows for the better understanding of where the waste is born, and only then does the 

micromanagement comes to play in order to develop strategies to mitigate this waste. These are the 

two broader objectives of the Lean thinking, identifying the problem and developing strategies to 

mitigate it. Lean Thinking is based on a set of principles and philosophies based on the Toyota 

Production System. [6]  

Similarly to the Toyota Production System, Lean Thinking aims at reducing waste. Taiichi Ohno 

defends that in order to reduce the time spent between receiving the order by the client and delivering 

the product to the client, one must actively work to reduce the wastes that don’t add any value to the 

process. 
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2.4.2 PRINCIPLES OF LEAN THINKING 

There are 5 main principles of Lean Thinking [6] [7]: 

• Specify value from the standpoint of the end customer by product family; 

• Identify all the steps in the value stream for each product family, eliminating whenever 

possible the steps that do not create value; 

• Make the value-creating steps occur in tight sequence so the product will flow smoothly 

toward the customer; 

• As flow is introduced, let customers pull value from the next upstream activity; 

• As value is specified, value streams are identified, wasted steps are removed, and flow and 

pull are introduced, begin the process again and continue it until a state of perfection is 

reached in which perfect value is created with no waste  

 

 

 

The minds behind these 5 principles defended that any company should be able to adapt and utilize 

them in order to achieve higher productivity. Lean thinking was born out of the growing necessity to 

change the traditional way of creating value when producing a product. In order to fully profit from 

these principles, it is important to understand each one individually. 

 

2.4.2.1 VALUE 

This concept is perhaps the most obvious one, and therefore sometimes the most under looked. Value 

can only be defined by the client. This value is expressed in the form of a final product or a service 

that serves the client’s need at a designated price. The main idea to be taken from this is that, since the 

value of the product/service is determined by the client, the company must adapt itself to better fulfill 

the client’s needs. It is normal, amongst manufacturing companies that don’t follow lean thinking, that 

the product/services are done based on the company’s technologies and methods. If these technologies 

and methods do not allow for the product/service to have the specific value imposed by the client, a 

change must be made. In summary, if the product/service is not delivered in the correct way, there is 

waste created [5]. The first step to fully apply Lean Thinking is to specify with precision what the 

value is.  

 

Figure 3 - Principles of Lean Thinking [7]  
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2.4.2.2 MAP OF THE VALUE STREAM 

Once the value is specified in detail, the next step is mapping the value stream. Value stream is the 

term that refers to all the steps and processes involved in taking a specific product from raw material 

and turning it into the desired end product. This also applies to services. A close analysis of this value 

stream can result in the identification and better understanding of all the processes and activities that 

are involved in the creation of a specific product. If there is a thorough understanding of what the 

value is, one can identify which of the processes are more important and/or obsolete when it comes to 

achieving the final product. This translates to the identification of waste in the chain of processes that 

exist. This step not only helps to mitigate the activities that don’t result in any value but also identify 

and improve the ones who do add value. [8]  

 

2.4.2.3 CREATE FLOW 

After the identification and mitigation of processes/activities that don’t result in any value, the next 

step is to ensure that the remaining activities are carried out smoothly. In theory, the perfect flow 

allows for all the process to be carried out without any waste, which means, no delays, no unforeseen 

event that results in the delay of any process and the highest possible quality. To achieve the perfect 

flow there is a need to create an environment, especially in the context of construction, where there is 

a systematic and failproof communications between the different entities responsible for the different 

but interconnected processes that result in no task being delayed and incomplete. This step is highly 

regarded as the most difficult one to achieve in any industry that is reliant on multiple entities that 

have a complex relationship within the process chain. Within the construction industry this is where 

the most waste is created. The “nervous” nature of the construction site, alongside with the different 

priorities of all the entities, makes it very difficult to have a smooth flow of activities. In the context of 

the construction industry, there cannot be a smooth flow of activities if there is not a direct and 

mistake free communication between all the entities. [9]  

 

2.4.2.4 ESTABLISH PULL 

This step is not the easiest one to adapt to the construction industry. In the manufacturing industry, 

there are two technics of flow management, push and pull. A push-based system is not based on 

demand, but rather on stock. This can lead to overproduction which is regarded as waste. An example 

of push-based systems is the mass production of a product that disregards its demand. A pull-based 

system, however, is based on the state of the process.  

It makes it easier or product to be delivered only when needed. The costumer can “pull” the product as 

needed. This is largely similar to the Just-in-Time method [10]. In the construction context, the term 

“customer” is not to be confused with “client”. In a construction site, there is a need to have certain 

tasks done in a pull manner, since the push mentality results in delays, overproduction and creation of 

inventory, and therefore, waste of capital. The pull mentality allows for the tasks to follow a certain 

flow, that results in every “customer” – which in this context may be seen as contractors and 

subcontractors – to have the “product” – which in this context may be seen as a particular task which 

is a prerequisite – delivered on time.  
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2.4.2.5 SEEK PERFECTION 

After applying all of the steps mentioned before, in theory one should be closer to reach perfection. 

This perfection comes with the study of all the steps, recognizing what can be improved and establish 

strategies that allow for it. This is called Continuous Improvement. Continuous Improvement is a self-

explanatory term that simply represents the idea of learning and adapting. Lean thinking requires 

flexibility and effort by all the entities at stake [9]. In the end, the application of all these steps leads to 

creating more value with fewer resources. These steps are highly theoretical also due to their vast 

domains of application, since these methods can be applied in every industry, from automobile and 

manufacturing, to construction and service providers. 

 

2.4.3 DEFINITION OF WASTE  

It’s important to understand the meaning of the word waste in the context of Lean Thinking, to then 

adapt it to Lean Construction. In any industrial process, a sizeable number of the processes can be 

transformed into waste, which undermines its productivity.  

Resources are always necessary to accomplish anything. Waste is created when these resources are 

poorly used or poorly applied. Waste comes in the form of time consumed, costs that are created and 

value that is not added. Waste can more simply be defined as everything that is not value and that 

prevents value from being created. Hence the importance of correctly identifying what is value, as was 

explained above.  

In order for a chain of processes to be completely “Lean” it must be carried out by focusing on what 

generates waste, which means that the improvement of the production system is the result of an 

extensive analysis of the processes and activities according to the domain of waste [6]. All of the 

process should be defined with reducing waste as its major and final objective. This might seem like a 

fairly intuitive way of thinking, but more often than not, the responsible for the changes in the chain of 

activities is reluctant or “blind” to the possible changes of the existing structure (this may also be due 

to the inflexibility inherent to some industries’ chain of activities) [11]. 

As was mentioned before, the Toyota Production System is widely regarded as the bedrock of lean 

thinking in manufacturing and was the foundation to the Lean philosophy that can now be applied to 

all major industries. Taiichi Ohno, one of the forefathers of the Toyota Production Series, identified a 

series of wastes in the context of manufacturing [12]. The understanding of the nature and meaning of 

each is highly relevant when one wants to apply the principle of waste mitigation in other industries. 

In order to correctly mitigate waste, it’s important to understand the ways in which waste can be 

created.  

 

The seven wastes are: 

• Transport  

• Inventory 

• Overproduction 

• Motion 

• Waiting 

• Over-Processing 

• Defects 
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2.4.3.1 TRANSPORT 

If material exists, then it needs to be transported and delivered in the correct place and at the right 

time. Transportation is an activity that, although necessary, does not add any value to the process. This 

is easily understood since the time wasted on transporting any material to its destination is time that 

could be utilized to processing such material. 

There are many causes that contribute to waste in transportation. One of the most overlooked is 

overproduction, which in turn translates to excessive inventory, and therefore disorganized layout. 

This creates the need to transport materials/products from one place to another that, if the inventory 

only had the necessary material/product, this transportation would be shorter.  

 It is impossible to eliminate transportation completely, but it is an area that is very prone to 

improvements. These improvements almost always translate to a change in the layout, be it a 

construction site or an assembly line. A lot of the improvements in the manufacturing industry are also 

translated in the automation of multiple tasks, that previously required transportation amongst them.  

The most notorious way to reduce waste by transportation is reorganizing the layout. By creating 

sectors divided not by function but by value adding processes the transportation of materials/products 

can greatly decrease. The major way to influence the layout is by controlling the inventory.  

 

2.4.3.2 INVENTORY 

This waste is self-explanatory. Excess inventory means less useful space and waste created in the 

search and transportation of the material in the inventory. The inventory can be not only of raw 

material, but also processed material and finished product. 

In addition to the cost of inventory per se and its transportation, it also adds many other costs. 

Inventory, specially of finished product, require packaging, has a chance of being damaged and 

becoming obsolete. In most industries, every piece of inventory has a cost associated. The cost of 

storing it is the most obvious one since it is capital that could be used elsewhere, although it differs 

from industry to industry (the storing of material in a construction site does not have a direct cost 

associated to it). Although inventory alone can be a serious waste, similarly to transport it has another 

waste adjacent to it. The waste of overproduction. 

 

2.4.3.3 OVERPRODUCTION 

Overproduction refers to the waste created by the production in quantities that are not in demand. As 

was explained, this waste is very notorious since it can create several types of waste. This is the waste 

that conflicts the most with lean thinking since lean thinking requires the product to be delivered to the 

costumer when its needed.  

The most obvious waste connected to overproduction is the capital that is expended in the product is 

not being returned, since it just leads to stocking extra products. The next most obvious and discussed 

above is the problem it creates with inventory, since more products require more space. 

A problem that comes with overproduction is that it results in a higher product quantity than the 

demand dictates. This is usually due to fears of underproduction and most importantly due to the 

layouts of the production cycle. This means that, in some cases, it seems more advantageous to 

produce in higher quantities due to specific setups of machines in economical batch quantities. This is 

a direct conflict with the idea that a product should only be produced if the demand dictates so. The 
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idea that there is a buffer that is needed in case the demand suddenly increases is also blown out of 

proportion. This leads to all the problems previously mentioned.  

Production should be programed to fulfill the needs of the customer, and not the other way around. It 

should be made flexible enough to adapt to the demand. The term customer here refers also to entities 

that belong to the production system (i.e. in the construction sector: a finished wall – product – in 

order for the painter to start painting – customer). 

 

2.4.3.4 MOTION 

Unnecessary motion refers to the movements of a machine/worker that are unnecessary or that could 

be carried out in a more efficient way. This waste is similar to transportation since the motion is an 

activity that’s necessary but does not add value. Also, in the same manner as transportation, this waste 

cannot be eliminated entirely, but work can be done to minimize it (i.e. lifting a brick from the floor 

could be replaced by having the brick being set at hip level).  

This waste lowers work efficiency, especially in human workers, since adjacent to the motion that is 

being carried out unnecessarily – resulting in wasted time – is a physical and mental fatigue. The 

fatigue can also be identified in machines. If a machine is doing unnecessary motions, it is prone to 

premature breakdowns more often than a machine that has reduced motions. The main cause of motion 

waste is the lack of organization on the layout, inventory, tools and methods. If the methods require a 

worker/machines to do unnecessary motions it should be replaced with a more efficient one.  

 

2.4.3.5 WAITING 

When a material/product is needed in some specific point of the process and it is not delivered in time, 

this is called waiting. This is true not only with physical materials but also information. This is very 

important and is most notable on the construction site.  

This waiting results in time that doesn’t add any value to the process and therefore should be avoided. 

It also is a result of Overproduction and Inventory wastes since the material has to be transported from 

one location to another in large batches. These processes take time and resources that usually result in 

other processes having to wait for the equipment to be carried out.  

2.4.3.6 OVER-PROCESSING 

There are two types of Over-Processing. The first is the adding of value to a product/activity that 

doesn’t require it or isn’t successfully added, which in turn transforms this whole process in waste. A 

simple example is spending time painting to perfection a certain part of a product that is going to be 

covered up.  

The second type of Over-Processing is having the same activity being repeated because the final 

product doesn’t fulfill the needs it was meant for. The fact that an activity is to be repeated because it 

was not properly done the first time is an obvious type of waste but its sometimes overlooked. The 

issue of over-processing can be applied to several stages of the construction and can be interpreted in 

several ways.  
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2.4.3.7 DEFECTS 

Defects is the waste that causes the later type of Over-Processing described above. This is mainly the 

result of a poor chain of activities and lack of quality control. This waste is very critical since it uses 

resources and makes them useless. Resources such as materials, workforce and time have a direct cost 

associated. Not only were these resources wasted but there is a need to replace them with new ones.  

This is the waste that is always referred when waste is mentioned. This is the most obvious waste and 

therefore it should be controlled at an early stage of the study of the process.  

The application of Lean methods helps, not only to correctly identify these wastes, but also to develop 

methods to mitigate them. Nevertheless, the true focus of the Lean methods should not be in 

identifying waste, but instead, identify value. When value is correctly identified, then one can identify 

the wastes. As was said before, waste is everything that is not value. The mistake of only identifying 

waste can result in the exchange of one waste to another.  

The final goal of identifying value and reducing waste is to increase productivity, quality (both of the 

end result and of the process), efficiency and profit. In order to achieve that, the process must be made 

flexible, to adapt to the client’s needs, and stable, to reduce unforeseen problems.  

 

2.5 LEAN APPLIED TO THE CONSTRUCTION INDUSTRY  

2.5.1 NATURE OF THE AEC INDUSTRY   

The uniqueness of the construction industry makes it very hard to blindly apply Lean Management 

methods. Not only is it a very complex industry, but it also rejects change. It is very hard to apply the 

same principles of Lean Thinking to the construction industry the same way one would apply to the 

manufacturing industry. This is in part due to the fact that construction projects are very complex and 

mostly unique, they have complex relationships and therefore their uncertainty is high. This results in 

enormous amounts of changes of the projects while they are being materialized.  

The construction industry’s final product makes it unique. The final product is bound by its place. This 

means that, every final product developed by a construction company has its place defined by the 

client. In most major industries, the final product is not unique and can be assembled in any strategic 

place. The same doesn’t happen with the construction industry. This means that the relationship 

between the client, suppliers, transportation, workforce, equipment, planning and management is 

always unique. This volatile nature of these relationships makes the preliminary stages of any 

construction much more time consuming. The supplier’s relationship with the company is always 

changing and can even end when its services no longer fulfill the demands of changing to another site. 

To sum up this point, the manufacturing of the final product is highly dependent on its place.  

The complexity of the final product results in the need for a much more complex array of sub 

products. These sub products make up parts of each specialty. At any given construction site, there are 

multiple specialties that range from the structural work, ceramics, plumbing, electricity all the way to 

furniture and gardening. Each of these specialties require a number of sub products that in turn require 

a number of specific technics to assemble and organize.  

The characteristics discussed can be summed up in 3 points [13]: 

• Specific nature of each project 

• Distinct production sites which are dependent on the final product 

• Existence of various specialties, all of them interconnected  
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Among the inefficiency data that is well understood among the academic and professional world of 

civil engineering (high percentage of projects are delivered late, a small but significant percentage of 

the turnover is spent on readdressing quality issues, etc.), there must be given a special emphasis on 

some, given the nature of this dissertation. Therefore, all the data presented next was taken from a 

document by McKinsey Global Institute entitled “Reinventing Construction” [1]. 

• The Construction sector’s “labor-productivity growth averaged 1 percent a year over the past 

two decades, compared with 2.8 percent for the total world economy and 3.6 percent for 

manufacturing” 

• If the construction sector’s productivity where to reach the average productivity of the world 

economy, “the industry’s value could rise by 1.6 trillion dollars a year (1.3 trillion euros as of 

2018)”. This would grow the global GDP by 2 percent. 

• According to MGI Construction Survey, the reasons for the low performance of the industry is 

extensive regulation, its dependency on the public-sector’s demand, and its highly cyclical 

nature.  

• As was mentioned before and is mentioned in this document, the construction industry is 

highly fragmentated. This results in “poor project management and execution, insufficient 

skills, inadequate processes, and underinvestment in skills development, R&D (Research and 

Development), and innovation” 

• According to this paper, there are seven areas that, if worked simultaneously, could improve 

productivity by 50 to 60 percent. These are: “reshape regulation; rewire the contractual 

framework to reshape industry dynamics; rethink design and engineering processes; improve 

procurement and supply-chain management; improve on-site execution; infuse digital 

technology, new materials, and advanced automation; and reskill the workforce.” 

• The paper’s view on shifting the management and operations of the construction industry to a 

more manufacturing-style production system is of a great opportunity to increase productivity. 

There is a need to “Instill holistic project-operating systems on-site and in design offices.”.  

As is mentioned on the points above, there is an overall need to change the paradigm of the 

construction industry. It is well understood by general contractors that one of the main issues in a 

construction site is the lack of organization and lack of sense of common goal by each contractor and 

subcontractor and the subsequent need to engage in discussions on who is to blame for the lack of 

completion of a task, and therefore, the waste of time trying to understand who is to blame, rather than 

trying to reach a conclusion on what is the best solution.  

In a current construction site, the contractors and subcontractors tend to fight to defend their personal 

and their company’s own interests, which is generally not the interests of the general contractor and 

the client. This only increases the time spent on trying to resolve issues that not only do not improve 

productivity, but actually lower it. 

 This is what the McKinsey Global Institute means by the need to have a holistic sense of carrying out 

work in the construction site. The sense that all of the tasks are dependent on each other, and therefore, 

the interests are shared among sub-contractors is not widely recognized.  

This is the result of a highly fragmented industry. Lean thinking applied to the construction industry 

aims to prevent the damage that can result from mismanaged and uninformed workforce by creating a 

sense of common goal. There were multiple efforts to understand the construction industry’s nature 

and its difference when compared to others, before trying to implement the Lean practices.  
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There are 3 unique problems encountered when developing new management measures for 

construction [13]: 

• Uniqueness of projects, related lack of repetition, and environmental uncertainty, which – at 

first sight – might make it difficult to compare between projects or organizations. 

• Difficulty of data collection on site. 

• Varying definitions and procedures for data collection. 

The latter point is of great significance because it makes it very hard for a construction company to 

engage in continuous improvement efforts (especially if the company is of relatively small size). The 

continuous treatment of data is essential in any company that seeks to improve its methods.  

 

2.5.2 PRINCIPLES OF LEAN CONSTRUCTION  

Understanding the theory behind Lean Thinking makes it easier to adapt it to the construction industry. 

Lean construction, by applying the same principles, aims to lower unpredictability, improve 

performance and quality and overall client satisfaction. The construction industry focuses more on 

delivering the product quickly and cost efficiently while improving the overall quality.  

This segment is dedicated to adapting the Lean thinking methods to the construction industry. They 

aim to explain the principles of Lean when applied to the construction industry, emphasizing the ones 

that are most important. 

Although these principles have very different practical applications depending on the industry, they 

can be applied to all since their core principal is usually the same. The core principle for the quality 

approach is to reduce its variability, for time management is to reduce cycle times and for value-based 

management it is to increase the output value [13]. All these principles are closely related but differ 

when it comes to their application. Some of them are more application oriented, while others are more 

fundamental. These principles are very and most of these require study in order to be systematized. 

 

2.5.2.1 REDUCTION OF THE NUMBER OF ACTIVITIES THAT DON’T ADD VALUE 

The main principle of Lean Construction is to understand the map of activities in order to reduce the 

activities that don’t add value. This can be materialized as an improvement of the overall chain, and 

improvement of certain activities and also elimination of certain activities.  

This can be seen as the core principle to which all of the others follow. Every single principle 

described in this chapter has, at a core level, the goal of reducing activities that don’t add value. As 

was explained before, the first step is to fully understand the chain of activities. After comes the 

strategies towards the mitigation and reduction of activities that don’t add value.  

 

2.5.2.2 INCREASE OUTPUT VALUE THROUGH SYSTEMATIC CONSIDERATION OF CUSTOMER REQUIREMENTS  

This may be seen as the second most important principles and also present in all the following 

principles. The core principle of Lean Construction is to improve the value output of the chain of 

activities, which is highly dependent on the definition of value. This value is only defined by the 

client. In a personal note, this is one of the most important principle since there can be 2 different 

perspectives on who is the client. 
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 The first and most obvious one is the final client. In the construction site, the value defined by the 

final client is not always very easy to define in a very complex the manner. Most clients just want the 

final product on time and with a quality within the normal standards. 

 In order for the quality standards to be well defined, the client must be an expert in construction and 

define the quality standards for each individual task, which obviously is not the case most of the times. 

Therefore, the value that can be better defined by the final client is the deadline.  

The second perspective is the client as a part of the internal chain of activities. This is the client that is 

most relevant in the daily completion of tasks. The client – customer – here is a subcontractor that 

needs certain task to be done properly and in due time. A major setback for quality assurance and 

deadline completion in the construction site is the disrespect of the cadency of tasks. The highly 

complex relationship among tasks makes the understanding of what is value by each player 

significantly important.  

Obviously, this cannot translate to a very well-defined data base with all the prerequisites explained 

since, as was said before, the volatile nature of the construction industry makes it that every case is 

different. There are, nonetheless, several methods that help to assure that the value of each activity is 

better defined and assured and some of them will be explained in the next chapter.  

 

2.5.2.3 REDUCE VARIABILITY  

Variability can be separated into three distinct types. He first is the variability that is related to the 

suppliers of the process. Any change in the nature of the material/service that a supplier supplies 

results in variability (i.e. change in the color of certain material). 

The second type is related to the execution of certain task. If a certain task is done similarly multiple 

times, any change of the time it takes to finish is viewed as variability (i.e. the painter is due to paint 2 

apartment per day but only paint 1, this creates a variability in the process).The third type is the 

change of the needs of the clients (be it the final client of and internal client as was discussed om the 

previous point). 

In the context of construction, the approach to reduce variability is to find the root cause of it and 

mitigate, mostly through standardization of the tasks. Another famous lean management method 

utilized to mitigate variability is the “poka-yoke” which translates to installing fool-proof devices in 

the process. 

2.5.2.4 REDUCE THE CYCLE TIME 

Cycle time can be defined as the sum of all the times needed to finish a product – from the time it 

takes for a certain material to be transported, the storing of such material, the execution of the product 

and finally inspection). In order to reduce this time, one should first identify where this time exists and 

only then were to reduce it.  

This principle is highly related to the Just-in-Time philosophy. This principle is highly related to the 

elimination of non-value-adding activities and reduction of variability. 
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Figure 4 - Cycle time improvement over time [13] 

 

There are greater advantages that result from eliminating wastes and overall compression of the cycle 

time: 

• Faster deliverance to the customer  

• Reduced need to make forecasts about future demand 

• Decrease of disruption of the production process due to change orders 

• Easier management because there are fewer customer orders to keep track of 

 

2.5.2.5 SIMPLIFY BY MINIMIZING THE NUMBER OF STEPS AND PARTS 

This principle is very straight forward. The more steps a process has, the more prone it is to delay 

mistakes and overall steps that don’t add any value or actively work to reducing it. Complex systems 

are usually less reliable than simpler ones which require more time and resources to manage. These 

steps can be translated practically by utilizing prefabricated parts, consolidating activities, 

standardizing parts and materials, etc.  

In order to simplify there are two major ways of doing so [13]: 

• Reducing the number of components in a product 

• Reducing the number of steps in a material or information flow 

2.5.2.6 INCREASE OUTPUT FLEXIBILITY  

The increased flexibility in any process allows it to be better prepared if a client changes its needs. 

This concept is referring to the ability of a process to change at any given time without losing 

efficiency and increasing costs and time spent.  

This is a concept that is quite hard to apply in the construction site, but nonetheless it is very 

important. As was said, the value is defined by the client, and the client is constantly changing its 

needs in a construction site. The flexibility within a construction site is not an accessory to its 
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efficiency but a necessity. It is, however, very hard to make sure every contractor is flexible enough to 

adapt to the changing needs of the other contractors. Having regular meetings and improving 

communication among contractors help to mitigate the problem. 

 

2.5.2.7 INCREASE PROCESS TRANSPARENCY  

This principle defends that with greater transparency, there is a better chance of mitigation of errors in 

the production. If there is transparency, there is a better possibility of encountering errors and 

weaknesses within the chain of activities. With greater transparency also comes the motivation to get 

involved in the process, not only by the GC but also by the workforce as well. This transparency 

provides the necessary data required to install continuous improvement efforts.  

This is a core principal of the framework developed by this dissertation. A more present and devoted 

workforce, especially in a complex environment like the construction site, is the key to improving 

productivity and communication.  

Not only does it provide the GC with information necessary to engage in the continuous improvement 

of the management techniques but also helps to better understand the progress and efficiency by 

deploying indicators. These indicators allow for the quantification of the progress and productivity of 

the construction site and is therefore a key method towards understanding and improving the 

processes.  

 

2.5.2.8 FOCUS CONTROL ON THE COMPLETE PROCESS 

An understanding of the overall process allows for a better understanding of the importance of the 

subsequent smaller activities within the process. This is mostly done by having a controlling authority 

of the complete process.  

 

2.5.2.9 BUILD CONTINUOUS IMPROVEMENT INTO THE PROCESS 

As was mentioned before, the engagement on continuous improvement technics on a construction site 

is necessary in order to improve productivity. This can only be done with the proper resources and 

data collection systems that in turn need to be treated in order to reach a valid conclusion. The over 

processing waste described in the former chapter can be applied here, since there is a need to 

understand which data to treat and if the conclusion is worthy. This point will be discussed with more 

depth in the results chapter since it happened in the case study.  

 

2.5.2.10 BALANCE FLOW IMPROVEMENT WITH CONVERSION IMPROVEMENT  

According to the author, the flow and conversion aspects have potential for improvement. Therefore: 

in a highly complex production process, flow improvement is very impactful; in a waste-filled process, 

the flow improvement is more profitable when compared to conversion improvement. 

When flows have been neglected for a long time, which is usually the case in the construction 

industry, there is a higher potential for flow improvement. The downside is that flow improvement, 

although cheap in short term, usually requires longer time than conversion improvement.  

The main idea to be taken from this principle is that, it’s usually more reliable to try to improve the 

flow process as much as possible before addressing the possibility changing the whole process. 
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2.5.2.11 BENCHMARKING  

Benchmarking is a very important tool which consists in utilizing indicators with the objective of 

comparing different processes, procedures, productivity, services and products form different 

companies. This method allows for a quantification and therefore the comparison of these traits for 

several companies.  

The results of the study should allow for a company to better understand their processes and identify 

good practices on other companies. Depending on the benchmarking tool, a company can understand 

what makes other companies thrive and how to adapt they methods internally.  

There is however some fear on the part of companies to “give out” their intellectual property. This is a 

problem the entities responsible for the comparison of these traits have been trying to figure out. There 

are multiple ways to implement these benchmarking practices and although the benefits are obvious, 

there is still some stigma around it.  

 

2.6 LEAN CONSTRUCTION TOOLS 

This chapter is reserved to the practices that need to be implemented in order to mitigate the problems 

discussed on the previous chapter. Once the value is identified, the chain of processes understood, and 

the waste correctly identified, some tools should be implemented.Some of the tools were created 

directly to be applied in the construction industry, and others were adapted from other industries.  

The chapter will not explain in great detail why the tools were applied, what type of value are they 

trying to improve and the type of waste they aim to mitigate. This chapter will mostly describe the 

theory behind the tools. Although it is not the full aim of this dissertation to explain in detail the theory 

of Lean Construction and all its application areas, it is important to understand the theory behind some 

tool in order to better understand how to apply them. The following tools were chosen given their 

importance to the framework created in the next chapter. There is a vast array of theories and 

subsequent application methods, but the framework created will focus mainly on the ones described in 

this chapter, and with greater importance on construction site management.  

 

2.6.1 CONTRACTUAL MEASURES 

The preliminary stages of a construction dictate the way it is carried out. One flaw of traditional 

contracts is the lack in communication between the teams. [14] The Construction sector requires many 

parties to be involved: the employers, the contractors, the subcontractors, consultants, suppliers… Not 

only are there numerous entities, but also a wide range of areas to be covered, from design and 

engineering, to management and guarantees. 

This highly complex chain requires a very strict and non-subjective list of what has to be done, by who 

and in what manner. The use of contracts helps to define these lists. The main goals of these contracts 

are to define what has to be done and what are the steps that need to take place should some alteration 

be needed, the deadlines for the different works/phases need to be defined, the deadlines and general 

rules with regards to payments and technical specifications, quality and performance requirements and 

rules adjacent to them. 
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Figure 5 – Traditional Construction Communication Problems [14]  

There are three major methods of contract in existence [15]: 

Design-Bid-Build – This is when an owner contacts a design team or an architect to design their 

construction. After having achieved the necessary requisites of the owner, this project is bided. This 

consists in having multiple general contractors bid on what they see as a fair price for the construction. 

This increases competitiveness and drives lower prices, in principle. After consulting all of the bid, the 

owner, alongside the architect and/or a team of consultants makes the choice of the general contractor 

based on their bid. The construction then begins. The issue with this method is that the interests of 

each entity are well defined and are not shared. This method also makes it that the necessity to share 

information is greater, and therefore, most prone to errors and omissions. This method is not very 

welcoming to changes, which are inevitable in any construction site, since this information has to be 

passed by everyone, and this communication is not usually done very efficiently.  

Design-Build – This method has the objective of trying to consolidate responsibilities among the 

entities. In this process, the bid phase is omitted. In other word, the GC is chosen before the design is 

made. This is helpful since the design team and the General Contractor can work together in order to 

achieve the best possible outcome for both.  

Integrated Project Delivery – IPD is the most recent and most promising contractual method form 

the point of view of Lean Construction and use of new technologies such as BIM. This method 

increases transparency between all of the entities. This allows for a sense of common goal, which 

reduced the so undesirable fragmentation issue of the construction industry.  

 

2.6.2 LAST PLANNER SYSTEM  

Last Planner System is a production planning system. This system is designed to produce reliable 

workflows as well as a learning environment that encourages continuous improvement. This system 

supports a predetermined path and allows for the understanding of, if the path is not being followed, 

what are the causes and therefore determine alternatives to accomplish the desired needs. This 
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translates also in a reduction of the variability, which is mostly seen as unchangeable in the traditional 

management methods [16]. 

According to the theory behind this LPS application, there are several major predictable 

improvements: 

• Transparency in the problems faced 

• Stakeholders/GC engagement  

• Improve the search for solutions  

• Better solidarity with the planning  

• All the entities understand and engage on the planning  

• The tasks are completed in due time  

Although the benefits of implementing such method to a construction site are clear, their application 

does not come easily. This requires a change in the normal day-to-day work of the subcontractors, who 

haven’t changed their way of work for a long time. These changes don’t come easy and are usually 

met with some resistance. That’s why there is a special need to create a method that is both intuitive 

and that shows results in short term. 

The Last Planner System focuses on assuring that the prerequisites for a certain task are met so that the 

planning can follow its path. The process defines what should be done and what can be done in order 

to understand what will be done. This holistic system has a specific task planning process that is 

described by utilizing key words [17]. The words used are “SHOULD”, “CAN”, “WILL” and 

“DID”[18].  

 

 

Figure 6 - Last Planner System's Phases [18]  

2.6.2.1 “SHOULD” 

This part focuses on identifying the work that should be done to complete a lean project. It can be 

divided into the Master Planning and the Phase Planning. Master planning is focused on identifying 

the major milestones and determine the pace that the construction should follow. These milestones are 

deadlines defines by major project phases (structural, outside work, etc..). In order to determine these 



Lean Management in the Construction Site – Case Study 

 

22  

deadlines in a correct manner, they should be determined by the design and construction entities (this 

includes major subcontractor’s representatives).  

The Phase Planning is mainly carried out shortly before the beginning of each major project phase. 

These phases are chosen depending on the complexity of the projects. Phase planning takes advantage 

of a pull planning approach.  

Pull planning, in short, is carried out with the collaboration of all the major subcontractors and 

management teams. It ensures that the tasks are planned to carry out in a correct order. The approach 

is very simple and very effective. Instead of planning from the beginning (push) the planning is made 

starting from the final condition required to complete a phase. The cadency of tasks is therefore 

created through a series of customer (as in a subcontractor) requests and promises in order for every 

detail to be clearly defined and to ensure how the product (as in the result of a certain task) will be 

delivered.  

With these systems, the cadency of tasks and the quality that the final product of a task should have 

are clearly determined. After this, the deadline and the pace at which the construction and all the 

subsequent tasks should be carried out is defined. This helps with limiting the variation that is inherent 

in any complex system. Usually, in these types of planning, the shortest increment of time for each 

task is one day.  

2.6.2.2 “CAN” 

This is the phase were the main focus is making sure that the work that should be done, can be done. It 

is as simple as it is important. Look ahead planning is made by the GC in order to assure that there 

aren’t any constraints. The time horizon depends on the complexity of the construction and the 

reliability of the subcontractors, but the minimum recommended is 3 to 6 weeks.  

This method can provide an updated picture of the project assignments to be completed. The 

constraints can be categorized from issues such as lack of material/equipment, lack of manpower or 

weather conditions. This method, although initially it should be carried out by the GC, the 

understanding and interaction by the subcontractors is welcome since it improves their understanding 

of the overall cadency of tasks and their responsibilities in ensuring their quality and deadlines. 

 

2.6.2.3 “WILL” 

The forth part of the LPS is the realization of what was predetermined on the planning. This usually 

translates to a Weekly Work Plan. This plan makes reliable commitments for the following week.  

It requires organization from all the subcontractors and the GC thus a weekly meeting is carried out. In 

this meeting it is studied if the work conflicts or shares resources with other work and it defines what 

work will be done, based on what work can be done, in order to fulfill the needs of the planning – 

work that should be done. These meeting requires the subcontractors to be able to reliably plan-ahead.  

 

2.6.2.4 “DID” 

The last phase focuses on learning. There are two aspects of learning that can be identified. The first 

one is the realization if the planned tasks were carried out or not. This can, and should, be done only 

by the GC, by manually checking if the tasks were completed. Another way is to have daily briefings 

with the subcontractors – daily huddle. Of course, this depends on the size of the construction site and 
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the reliability of the subcontractors. With this the GC can identify the constraint that resulted in the 

non-completion of the task.  

In a well-organized construction site, these constraints are detailed and stored. With each constraint, 

there is multiple information that can be stored alongside, from the due time to mitigate this constraint, 

to the responsible entity for its mitigation. With these methods, the creativity of the GC plays a big 

part in what type of information should be stored (keeping in mind that the over processing of useless 

information is viewed as wasteful). 

This data storage allows for the engagement of continuous improvement methods. All this information 

that is taken from one construction should not be forgotten after it is finished. A storage and treatment 

of this information allows for the GC to be better prepared for the next. A graph can be made with the 

frequency of constraints by category. This way, if for example, the lack of man power is too frequent 

among one subcontractor, he can be held accountable.  

The Last Planner System is a system that is highly adaptable from construction site to construction 

site, and therefore, its application may vary. There is no straightforward way of applying it, since each 

case is a case. The continuous formation of the GC and the Subcontractors is very important. This 

system requires practice in order to be able to apply it effectively.  

 

2.6.3 FMEA  

Risk is a big part of any construction site. The amount of decisions made regularly come with a sense 

of risk attached to them. This is due to the fact that every decision comes from an analysis of certain 

information, and as humans, there is always some information that is not taken into account, and 

therefore the outcome of any decision comes from assumptions.  

FMEA – Failure Mode and Effective Analysis for short - is a risk assessment tool. This tool aims to 

identify and categorize the potential failures in any process. This early identification helps to reduce 

these failures. There are three main objectives to this method: Identifying potential failure modes, 

evaluate the causes and effects, and determine actions to eliminate or reduce the effects of them [19]. 

“The purpose of FMEA is to prioritize the failure modes of the product or system in order to assign the 

limited resources to the most serious risk items” [20]  

This most traditional formulation of the FMEA tool provides a method to quantify the degree of 

criticality of a failure mode – which, in the construction industry translates to conditions that prevent 

some objective to be accomplished (i.e. a task being finished in due time and with certain qualities). 

This formulation is called RPN – Risk Priority Number.  

RPN is an index that ranges from 1 to 1000 and it is calculated as a product of 3 different properties of 

a failure mode: Severity (S), Occurrence (O) and Detection level (D). The higher the value of     

RPN = S x O x D, the more critical the system component is. [20]  

 

2.6.3.1 FAILURE  

The first step in implementing FMEA is to define the potential failures in the system. This comes from 

the sensitivity of the GC’s responsible. A failure is more broadly defined as the inability of a process 

to perform is function (i.e. in the construction context, the lack of manpower, difficulty of the task, 

etc.) 
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2.6.3.2 SEVERITY  

Severity is used to represent the effects associated with the occurrence of a failure mode. The choice 

of the severity can be very subjective, specially within the construction site, since the client is 

constantly changing as well as the nature and complexity of the construction and its elements. In the 

context of construction, these severities must be analyzed and understood fully by the GC. The table of 

the ratings for severity of a failure can resemble something like the following [21]. 

 

Table 1 - Severity Scale [21]  

Rating  Effect  

10  Critical effect, life 

threatening   

9  Critical effect, causes system 

shutdown, safety risk  

8  Significant effect, causes 

interruption to the system  

7  Moderate effects, customer 

complaint 

6  Moderate effect causes 

client dissatisfaction 

5  Minor effect, client requires 

immediate service 

4  Slight effect, client requires 

service  

3  Slight effect that causes 

annoyance to the client 

2  Very slight effect, noticeable 

by the client  

1  Effect is not noticeable by 

the client 

 

This table for the severity aspect of the FMEA implies that it is only dependent on the opinion of the 

client. This is not true. There can be a similar table of severity but referring to the effects of a certain 

task of the process chain failing or being delayed, i.e. if a task is not dependent on any other task, its 

severity would be very low. 

2.6.3.3 OCCURRENCE 

Occurrence is simply the frequency/probability of the occurrence of the failure. This is also very 

subjective and relies on assumptions. The identification of this frequency can be the result of the 

treatment of the information from several similar constructions. This rating is ranked according to the 

“relative number of failures anticipated during the design life of the item” [20] [21]. 
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The table of rating may resemble something like the following: 

 

Table 2 - Occurrence Scale [21]  

Rating  Occurrence Probability (%) 

10 Certain > 25 

9  Very High  20 – 25 

8  High  

 

15 – 20 

7  Frequent  

 

10 – 15 

6  Moderate 

 

5 – 10 

5  Occasional 2 – 5 

4  Slight Chance  0.6 – 2 

3  Very Slight Chance 0.2 – 0.6 

2  Remote/Unlikely  0.01 – 0.2 

1  Extremely Remote 

 

< 0.01 

 

2.6.3.4 DETECTION  

The detection level represents the probability of the failure not being detected. This is the propriety 

that differs the most from industry to industry.  

This detection may be carried out by the client (both internal and final in the construction context) or 

by the organization’s quality control processes [21]. A possible table of ratings for detection of a 

failure may resemble something like the table 3. 

In the construction context, some argue that an approach where the RPN is equal only to the 

multiplication of the Severity and the Occurrence is more representative. As was explained before, the 

detection is mainly dependent on the client, which in the construction industry is translated to all the 

contractors and subcontractors, and as such, it is not very useful, nor practical to utilize.  
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Table 3 - Detection Scale [21] 

Rating  Detection 

10  Impossible to detect   

9  Remote detection  

8  Very slight detection 

7  Slight detection 

6  Low detection 

5  Medium detection 

4  Moderate detection 

3  Good detection 

2  High chance of detection 

1  Certain to detect 

 

 

2.6.4 INDICATORS 

An indicator may be seen as a measure of performance of the construction industry. These measures 

can be done externally and internally [22]. They allow for the standardization and quantification of the 

performance, and therefore they make the comparison between several results possible.  

As was explained before, benchmarking allows for a company to understand where it stands when 

compared to the other companies. These comparisons are done via indicators, which can range from 

Productivity Index, to Profitability and General Liquidity. This is seen as an external measure of 

performance.  

This dissertation will emphasize the internal measures of performance. These depend on the GC and 

can and must be adapted to any construction site. Nevertheless, these indicators require the storage and 

correct treatment of data, which in turn requires a certain amount of transparency. Since the gathering 

of data and subsequent treatment can be seen as processes highly prone to variability, a systematic 

approach can be helpful. It is important however to have a certain degree of flexibility to the 

systematic approach since the inflexibility of these process can result in over processing and under 

processing of data. There are different time lengths for each indicator, and also different times on 

which they can be applied.   

There are many possible indicators and these result from the extensive study of construction sites, in 

order to understand which indicators are useful and representative of reality. There are, although, some 

that are already used, and their usefulness is already assured. These are some of them.  

2.6.4.1 PERCENTAGE PLANED TASKS CHARTS  

These charts provide the percentage of the tasks that were done compared to the tasks that were 

supposed to be done [17]. This indicator can be applied over several ways. One way is by making 

them a weekly indicator, where instead of comparing the tasks done with the deadlines of the 
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planning, they are compared with the promises made by the subcontractors. Again, one might see fit to 

do the PPT daily, weekly or even monthly. If we look at certain tasks, for example, if one task that was 

supposed to finish on Wednesday, finishes on Thursday, but doesn’t necessarily blocks any task, is 

this relevant to the indicator? This is an effort that must be made by the GC in order to identify which 

indicators are relevant and representative of the construction site. This indicator, when applied, 

revealed a “chronic and widespread problem of low plan reliability” [23].  

 

2.6.4.2 VARIANCE ANALYSIS 

This variance analysis is a straightforward way of introducing continuous improvement to a company. 

This indicator measures which assignments were not finished on time and the reasons behind it. This 

comes as a follow up study of the PPT. This way, the GC can proceed to make a graph of what are the 

main occurrences that cause constraints. In other words, the GC may take notes of how many times a 

certain task was delayed due to weather conditions, lack of material, etc. By the end of the study, the 

GC can correctly identify the most serious problems and actively act to create systems that mitigate 

these occurrences. The following is an example of one such graphic [23]:  

 

Figure 7 - Reasons for Not Completing Assignments [23] 

 

2.6.4.3 EVALUATION OF THE CONTRACTORS 

This is an indicator that is most useful to big construction companies. These construction companies 

usually have a system, or a department that is responsible for the choice of the contractor. This choice 

is mainly based on expenses and not performance.  

This indicator allows for the performance of the contractor to be a key decision-making information. 

In big companies where, direct communication between the construction site manager and the head of 

the department tasked with the choice of the subcontractors is not as fluent and frequent as it should, 

the systematic evaluation can be a tool to better choose a subcontractor in future constructions.   

 

2.6.5 BUFFER MANAGEMENT  

Buffer is the name given to the maximum time left for a certain task or number of tasks have left to 

guarantee that there is no delay in the conclusion of the construction. This time is mostly agreed upon 

in the early stages of the construction, after the deadline is defined by the GC and the client. [24]. This 
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buffer is usually added to the overall planning but can also be added to individual task as the following 

figure shows: 

 

 

Figure 8 - Activity Time Buffer [24] 

 

2.6.6 VISUALIZATION OF WORK FLOW TO SUPPORT LEAN CONSTRUCTION 

The visualization of work flows is a proven method to improve the understanding of the construction 

process and deadlines, by both the GC and the subcontractors. It also increases transparency, which is 

a main principle of Lean and a requirement for the treatment of information.  

Transparency can be seen as the ability to communicate with people [25]. Within the construction site, 

nonverbal communication can be a failproof form of communication since it’s not prone to different 

interpretations. The visualization of work flow allows for a nonverbal communication between 

multiple contractors and between the contractors and the GC.  

There are multiple domains where the increased visualization of the process can benefit both the GC 

and the contractors. These visualization technics can not only be used to show the cadency of task one 

should do during the week, but also layout composition of the construction site, material and 

equipment supplies, safety systems. The array of application is enormous.  

The most important one for this dissertation is the visualization of work flow when utilized alongside 

the LPS, most notably the Weekly Work Plan. With a well-defined planning and a method that allows 

for the workers to communicate which tasks they promise to do on a certain week, with the aid of a 

visualization technic, the cadency of the tasks can be better defined, and the GC can achieve a better 

control of the subcontractors. Certain tasks that require prerequisites can be planned according to the 

completion of those prerequisites. By utilizing a visual support, the GC guarantees that the 

communication is simple and not subjective.  

Along with the simplicity, there is also flexibility. These methods are usually accomplished using 

some kind of note system that is very flexible. This means that, any change in the natural order of 

tasks can be noted on the visual support effortlessly. This is one of the benefits of having such 

systems. The information is all in one place and can be viewed multiple times by the subcontractors.  

 

2.6.7 INCREASED VISUALIZATION TOOLS TO IMPROVE QUALITY  

In the same manner as the visualization of the Work Flow there can be a similar method to ensure 

quality control by means of visual aid. These types of control usually require a data base with 

documents referring to certain types of activities. The documents show the most important aspects of 
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each individual type to be controlled and are accompanied by a visual representation of these aspects 

[26].  

With these “forms” the GC can proceed to make the control of the respective elements and understand 

if it is correctly done or not. These forms are made so that the understanding of the aspects to control 

is made simple and intuitively and as general as possible, since the over complexity of such forms is 

not viewed as value adding.  

An example of such a form can be the quality control of a window – in the form there would appear 

several points to verify such as: verify if the handling works, verify if the sense of the window is 

correct (if applicable), verify if the blinds work (if applicable), etc. This type of quality control is 

usually paired with the utilization of an Information Technology where the results of the forms can be 

stored and related to the elements in a plant.  

 

2.6.8 DAILY HUDDLE MEETINGS 

This tool is the practical application of the most basic form of communication, verbal. Daily Huddle 

Meetings refer to the two-way communication process. This communication improves the 

involvement of the employee and actively increases transparency between the GC and contractors, and 

among contractors themselves. This meeting serves as the systematic center for sharing of information 

and for the GC to give out orders. If these meetings are done daily, a quick status of the work being 

carried out by each team can be done. This has proven to increase worker involvement as well as job 

meaningfulness and sense of growth [8]  

 

2.6.9 FIRST RUN STUDIES 

The First Run Studies are part of the continuous improvement effort that is so important in Lean 

Construction. The main idea of it is to redesign a process to make it more productive and less wasteful. 

These studies are accompanied by video or some kind of visual representation of the process. This 

process is then studied which allows for the suggestion of different ways of completing the process 

[8].  

The First Run Studies method is usually associated to the PDCA cycle. PDCA stands for Plan, Do, 

Check and Act [27]. Plan is the selection of the process target of the study, its analysis and the creation 

of a brainstorming environment with the necessary people to explore alternatives to improve the 

process, eliminate steps, ensure quality and increase productivity. Do is referred to the practical 

experimentation on the first run of the process (this is usually made during construction on processes 

where time and resources and not a very big constraint). Check is the description and measurement of 

the results of the different runs. Act is the final step which consists of introducing the new and 

improved process as a standard to be met from there on. [28]  

These runs can be repeated several times for the same process. There is always room for improvement. 

The key aspect here is standardization of the process after it is improved. 

 

2.6.10 5S 

The 5S refer to a management tool utilized on site. The meaning behind the name 5S lies in the first 

letter of 5 Japanese words that describe the conditions that any workplace must respect in order to 

have the highest productivity and quality possible.  
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Similarly to the methods/tools described in this chapter this one is also very amply applicable. It is a 

guide for the workplace, not only applicable to the construction site, therefore there is a lot of room for 

improvement and interpretation. Some of these methods were already lightly discussed since on the 

domain of Lean Management, some methods/tools overlap in their main objective. Nevertheless, it’s 

important to describe the methods as they were defined. It is also important to understand the context 

of the creation of these tools. This method was created in a unique context after the Second World 

War in Japan in an attempt to increase competitiveness and empower not only the company’s but also 

the individual’s productivity. It has five levels that can help to eliminate wasteful resources [29]. “5S 

is an area-based system of control and improvement”. [8] 

The first S comes from the word Seiri – Utility - which in the broader sense translates to eliminating 

the unnecessary, be it material or equipment. This concept’s aim is to teach that any anomaly that 

prevent the smooth execution of a certain task should be eliminated. This is a very general and 

intuitive concept but, in the reality of the construction site, it is not always respected.  

The second S comes from the word Seiton – Organization – which consists in the proper organization 

of materials and equipment that result in an easy and practical usage. This concept ultimately aims to 

reduce the waste created by transportation and motion. It defends that every material and equipment 

should be organized in a way that minimizes the time it takes for them to add value to the chain of 

process. It defends that every object has to be categorized and organized according to its category and 

frequency of use.  

In the context of construction, this concept, although very important, is very hard to achieve 

completely. There are multiple variables that disrupt the smooth organization of the inventory. The 

nature of the construction site makes it that this concept is prone to a lot of variability. Nevertheless, 

there can be some systematic technics that allow for a better organization.  

The third S comes from the word Seiso – Cleaning – which consist in the general cleaning of the 

workplace. This refers not only to the place itself but also the equipment and the material. Not having 

a clean workplace can result in less quality in the final product and also a hazardous environment. By 

having a clean workplace, the inspection can be made easily, and it creates a better environment for 

the workers.  

The forth S comes from the word Seiketsu – Standardization – which consists in having a standardized 

procedure for the quality, productivity and safety measures. These result in the systematization of the 

behavior of the workers. By having these systematic procedures there is less variability when it comes 

to security, cleaning, quality and security. The overall will to work is said to increase with these 

measures.  

The fifth and final S comes from the work Shitsuke – Self-discipline – which is very simply having the 

discipline to implement the measures detailed above and learn from them. The final S’s aim is to make 

these previous methods a daily routine by practice and learning. This implies the accomplishment of 

the predefined procedures, increased responsibility and overall increase in quality, efficiency and 

safety.  

The 5S is basically a summed up systematic approach of lean management. With the 5 distinct S’s the 

individual worker feels more attached to the work. It provides a more organized and cleaner workplace 

and most importantly a safer workplace. It makes the worker more involved in the continuous 

improvement methodologies. 

In the context of the construction site it is very important that the workplace is safe. The idea that the 

construction site is safe provides comfort to the workers and all the various entities involved. In the 
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construction site where the random visits by regulatory entities, both external and internal, and also the 

clients are common and of great significance, having a systematic approach that guarantees the safety 

and cleaning of the workplace is a benefit.  

 

2.6.11 INFORMATION TECHNOLOGY  

The construction industry is undertaking a massive change. The benefits of entering in the 

technological era are more and more understood by major corporations and therefore there is a need, 

both publicly and privately, to invest in R&D (research and development).  

When technology is mentioned in the context of construction the first buzz word is BIM – Building 

Information Management. When relating Lean Construction to BIM, the term used is VDC – Virtual 

Design and Construction [30]. 

This term, as described by the Stanford University Center for Integrated Facility Engineering is “the 

management of integrated multi-disciplinary performance models of design-construction projects, 

including the product (i.e., facilities), work processes and organization of the design - construction - 

operation team in order to support explicit and public business objectives.” This ultimately describes 

the goal of Lean Construction which is to increase the value output while decreasing cost.  

BIM is well known, and its benefits and applications can be the subject of multiple dissertations. It is 

however important to discuss its applicability in the context of the construction site. BIM can be seen 

as the treatment of data, rather than the creation of digital models [2]. BIM is most commonly used in 

the project phase rather than on the construction phase.  

There are however several companies that are trying to develop apps that can be used during the 

construction phase. When discussing ways of improving the construction industry, the two main ideas 

discussed in present times are Lean practices and the use of Information Technologies. However, there 

are not a lot of articles that combine both.  

This may be due to the fact that Lean and IT are both still fairly recent and there are no standards 

when it comes to applying them. Moreover, there are numerous applications, each one with their 

specific methods and strategies. This fact results in the need to choose one single application and 

experiment to see whether it provides the GC with the necessary tools to apply its own method of Lean 

Management.  

Nevertheless, the benefits of combining Visual Management (information management system in Lean 

such as LPS and Weekly Work Plan) with information technologies are clear. The following are a few 

stages where Lean practices can intertwine with Information Technologies [30]. 

 

2.6.11.1 PROJECT PLANNING  

Scheduling – This phase, in the context of Lean Management, is referred to the weekly work plan. 

The weekly work plan requires some sort of interface where the GC and the contractors can organize 

and display the information regarding the plan. This is usually done with post its or some sort of notes-

based system. Also, depending on the practices of the GC, an overall and changeable planning can 

also be made. This requires space and flexibility to change.  

With applications such as Autodesk BIM360, TouchPlan, PipeDrive and LeanKit and their usage of 

could technology, the scheduling can be made available to every entity. These also allow for quick 

changes to be made to the planning.  
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This cuts two of the biggest wastes, motion and waiting. Instead of spending time changing the 

planning by hand and then having to call everyone to the space where this planning is displayed, the 

planning is available to everyone on their phones/tablets.  

 Estimating – Estimation, although not directly related to the construction site, can also be made 

simpler with the use of technology. This is mainly done by utilizing digital BIM-based models. These 

models allow for multiple teams to be in constant communication.  

 

2.6.11.2 DOCUMENT MANAGEMENT 

Shared Documents and Storage – When it comes to documentation, the logistics of having the 

correct information reach the destination on time can be very complicated. Taking advantages of 

Information Technologies provide a single and standardized place where this information can be 

accessible by smartphones and computer. These documents can be accessible by both the GC and 

workers, ranging from plans, design changes and legislation to quality control sheets and contracts.  

2.6.11.3 REPORTING 

Daily Reports – This phase also takes advantage of cloud computing, smartphones and tablets. Some 

applications such as FINALCAD ©, provide a way of the construction site manager to complete daily 

reports by simply inputting information on the application. This information can be backed by photos 

and several other information. The time wasted in completing these reports by hand is eliminated. 

Also, the time spent sending these reports to the respected entities is eliminated since it is done quickly 

within the app.  

Asset Tracking – Asset tracking is the organization of materials and equipment, made easier. It 

requires some sort of sensors and/or cameras on the equipment. This way it is possible to keep track of 

the equipment, be it vehicles, tools or even personnel.  

2.6.11.4 PUNCH/SNAG LISTS 

Yet another system that is heavily based on the use of smartphones and tablets alongside cloud 

technology. The use of information technology has greatly improved the process of punch/snag lists. 

The information is stored on portable devices, and this information is shared among all the entities 

involved. These lists can be made by taking advantage of 2D or 3D models, where the user inserts the 

issue on the exact location where it occurs in the plan/model. There are a lot of possible information 

adjacent to these lists - photos, the responsible for taking care of the issue and when the issue should 

be solved are just a few examples. Depending on the application, an alert can be sent to the right entity 

warning about an approaching due date or status changes. 
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 3 
LEAN MANAGEMENT FRAMEWORK 

 

3.1. INTRODUCTION 

The following chapter tries to create a systematic framework of application of Lean Construction. This 

framework aims to be as much systematic as flexible but as free form subjectivity as possible. As was 

discussed before, it is important to create a framework strict enough that results in little variability, but 

also flexible enough that it can be applied to multiple construction sites with different natures.  

This guide was created after the study of the theory descried in the previous chapter and also with the 

experience gained during the 6 months internship in Bouygues Ile-de-France Habitat Social. Although 

it is the aim of this dissertation to be as academic and unbiased as can be, it is possible that some of 

the methods proposed and subsequent results are more relatable to constructions of a similar nature. 

 It is well understood that any case is a case, and that given the highly complex nature of construction 

projects, it is not possible nor recommended to have a highly bureaucratic and inflexible system of 

management. Given the environment in which this dissertation was created, this framework will, 

mainly but not exclusively, target housing constructions.   

It is this dissertation’s opinion that Lean Management is, in its core, the storage and treatment of data. 

It is important to understand this because, in order for the processing of this data, one must have 

resources. Thus, it is important for this study not to be an extra job for the construction site manager. 

If this type of management is to be treated seriously, resources should be made available by the 

company. This translates to having people that understand these methods helping the construction site 

managers. A fast conclusion taken from the internship is that these methods are, as of now, an extent 

to the existing ones, and as so, they require more workforce. Some scholars believe that an increase in 

the fees of the design team and construction managers would improve quality and productivity. This 

increase should be fair and reasoned but it may help with preventing frequent problems.  

This framework aims to help the management of the contractors and overall construction and increase 

communication. To better understand the core ideas that provided the background for the creation of 

the following guide there are some main ideas that should be highlighted from the previous chapter. 

Commencing with the idea that in order for Lean Management to be applicable to the construction 

industry, first one should compare the construction industry to the manufacturing industry. In other 

words, understanding the philosophy behind Lean Production practices and adapting it to the 

construction industry. It was this comparison that allowed for the term Lean Construction. The main 

idea is to approach any construction as a chain of activities that are prone to waste and improvement 

and that generate value. This process can be improved in order to reduce variability of the final 

product. These ideas should be cemented alongside the fact that the nature of the industry makes it 

unique because of the nature of the final product. In short, Lean Construction introduced a different 
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approach to construction management that allowed for the understanding that every construction is but 

a process and that the study of this process can result in a reduced variability, reduce its cycle time and 

increase its value. This is the core idea.  

In order to allow for these changes, there has to be a clear definition of what the process is. This can 

be achieved in part by applying some of the tools described in the previous chapter like the Last 

Planner System. These tools help to understand what the process is therefore allow for the subsequent 

improvement of it. One particular aspect of these tools is that they allow for greater transparency. 

Transparency can be seen as having a well-defined process, but also, allowing for this process to be 

understood by all participants. 

An important aspect of these tools is that they allow for some information to be standardized, in a way 

that, the information retrieved is treated similarly. This is clear to see with the use of indicators or risk 

assessment tools such as FMEA. This constant treatment of data allows for the better understanding of 

what adds or subtracts value.  

To summarize, the main ideas are: 

• Approach construction as a chain of activities 

• Accurately define the process  

• Create a systematic approach that help to understand what activities add or subtract value 

regardless of the process (because in construction the process is always changing and 

dependent on the final product) 

• Apply tools that help to increase the value of the activities 

 

3.2 BEFORE CONSTRUCTION 

3.2.1 CADENCY  

The planning phase of a construction is key to allowing a smooth flow of activities. There are multiple 

ways of doing so, including the contracting of companies that provide services that help with creating 

the planning according to the deadline and the client’s and GC’s needs. This of course depends on the 

size of the GC and the amount of capital the client is willing to spend on planning fees.  

Nonetheless the main idea is to have all of the heads of the contractors and the client, as well as the 

GC, determine a deadline, the cadency of tasks and the rate of construction. There is no universal 

framework applicable to this part of the planning since every construction is unique. There are 

although suggestions, especially in the construction of housing, which is the main focus of this 

framework.  

The first suggestion is to create a clear cadency of the tasks and group them into several categories. 

The categories depend on the nature of the construction but can be divided into the following 

examples: Apartments, Corridors, Façades, Roofing, Exterior Work, etc. This helps with the 

organization since in the example of the apartments, although there can be several hundred apartments, 

the tasks are usually similar to all of them. In order for this division of tasks by category to be done 

even more correctly, there can also be a division of phases of the construction. This goes hand in hand 

with the Last Planner System. Accurately define what should be done by defining deadlines for each 

phase. Again, these phases can be divided by structural work, outside work, etc.  

Having defined the several phases of the project and the division of tasks by categories one can define 

the complexity of the description of the tasks alongside with the contractors. When deciding the list of 

tasks for one particular category, the complexity range can be quite big. For example, a single task for 
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the category “Apartment” can be simply “paintjob” or “finishing touches”. As we can see, the time 

range of these tasks are quite different. The task “paintjob” can have a length of several weeks and the 

task “finishing touches” several hours. The choice of the description of the tasks may not seem 

important to the actual construction since it doesn’t dictate the actual complexity of the task. Both the 

tasks “paintjob” and “finishing touches” are to be done in the construction site.  

Nonetheless, in order for this framework to work, the description of the task should be defined earlier. 

This description should not cover a task larger than one day. For example, when it comes to the 

painting of one apartment, the painting can be separated into several small tasks: coating, quality 

assurance, first layer of painting, second layer of painting, quality assurance, finishing touches. 

This separation of tasks is perhaps the most important part of this framework. Not only is this the most 

important, but it can also be the most difficult, since it relies on the experience of the GC and the 

contractors. As is explained above, the tasks are divided by categories such as apartments. The tasks 

are not divided by contractor. There are multiple methods and guidelines that help creating the 

cadency of the tasks, but the one that is the most widely regarded as the best is pull planning.  

Pull planning, as was explained before, creates the planning by verifying the final condition required 

to complete a phase. The rest of the tasks are then defined by the contractors and the GC, from end to 

start. The rate at which the construction should follow is also decided at this point.  

Having decided the cadency and the division of tasks, one can create a list with a clear order of tasks 

by category, each of the task with relevant information. This information can vary, being the most 

basic of which the name of the task, the contractor responsible and the number corresponding to the 

cadency. This number is essential. In the list of tasks for a certain category, every task has a number 

that represents its “place” in the order of the cadency of the tasks.  

 

Table 4 - Example of a list of tasks (Author’s creation) 

Nº Task Company 

1 A X 

2 B Y 

3 C X 

4 D Z 

5 E Z 

  

This list helps to create a clear, game-like approach to the tasks, where its understanding is made 

simple by utilizing visual aids. These aids can translate to distinct colors for each subcontractor. By 

having different colors the planning can be made clear and transparent [31].  

These colors are used throughout all of the steps, from the early overall planning to the weekly 

planning, guaranteeing continuity. This step also directly correlates to the topic of transparency.  

Every task is clearly defined during all of the phases. These colors can be used in the weekly planning. 

If the weekly planning is made so that there is a way of representing in what date and in what specific 

place of the building one can work (i.e. Apartment “X” on the date “Y”), the worker or the manager 

can place a colored card in order to make it easier for both to understand who is working and where. In 

this card, an appropriate letter or nomenclature is written to explain which task is to be done. 
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It’s important to not forget that this is an aid to the normal management of a construction site. This is 

not the only source of information, nor should it be. This is simply a simplified description of the tasks 

and it doesn’t represent their true complexity.  

Adjacent to the transparency, it’s also standardization. Standardization is a key aspect when trying to 

implement continuous improvement efforts. Later into the chapter it will be easier to understand why 

this helps in the continuous improvements’ efforts.  

3.2.2 CHART PLANNING 

Having decided on the list, the GC and the contractors can begin to create a chart. This chart follows 

the same color scheme and cadency of the list. The chart however applies to all the construction. As 

was said before, each list, for example table 4, is applicable to one category, for example an apartment. 

In the construction there are multiple apartments and since these lists were made possible to apply to 

every apartment, a chart planning can be easily made.  

The rate of construction is important in this part. If it was decided that the task A can be done in 2 

days, for each apartment, the task A can be finished in 2 x the number of apartments, in all the 

building. The subsequent tasks all have a number of days per apartment that was previously discussed. 

There are as much charts as categories made. It is not wise to mix categories, and therefore this should 

also be taken into account when choosing the categories.  

The chart can be made out of a table, were the lines represent the area of application of the task, and 

the columns represent the day. Within each category, there are several areas. When utilizing the 

example of the apartments, in the chart, every line corresponds to one apartment. Then, it is simply a 

matter of placing the tasks on the chart, on the correct day, and apartment. The following is an 

example of a chart that represents the planning of 3 apartments according to the cadency of the tasks 

on the table 4. 

 

Table 5 - Example of a chart planning 1 (Author’s creation) 

Apartments/Date 1/01 2/01 3/01 4/01 5/01 - 8/01 9/01 10/01 

1 A A B C D - D E  

2   A A B - C D D 

3     A - A B C 

 

This is an example of a chart. There is a problem that occurs here nonetheless. When one focuses on 

the task B, there is a clear problem. The contractor responsible for task B comes to the construction 

site on the day 3 and then on the day 5.  

It is not good for the contractor nor to the GC for the contractor to work every other day. This creates 

an unfair environment for the contractor and, especially in medium to small contractors, they cannot 

guarantee a viable effective. There is another way of creating this same chart.  
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Table 6 - Example of a chart planning 2  (Author’s creation) 

Apartments/Date 1/01 2/01 3/01 4/01 5/01 - 8/01 9/01 10/01 

1 A A   B - C D D 

2   A A  - B C D 

3     A - A B C 

 

This way, the problem discussed previously is mitigated. This, however, creates several other 

problems. The first and most obvious one is the later day of completion of the first two apartments. 

The other one is that on the day 10/01, the contractor responsible for the task D requires double the 

workforce than it does on the day 9/01 in order to follow the planning.   

These examples go to show the complexity of the planning. That is why this should be done with the 

contractors, the client and the GC with some experience in this matter. The making of the chart 

planning requires some experience in order to be made failproof. That is why there was an emphasis 

on the importance of the cadency creation phase. All of these steps are connected and, although they 

are helpful steps in any construction site, in order to make these methods completely representative of 

the real construction it requires experience and experimentation. 

With the chart completed, the engagement of the client and stakeholders on the progress of the 

construction is easier. They get a higher sense of the projected and the real rate of construction. It is 

easy to show what has been done as opposed to what should have been done with a chart like this one.  

This is also an obvious advantage for the contractor, that understand where they are in the cadency of 

tasks, what tasks they are dependent on, and what tasks are dependent on their own. The cadency of 

tasks doesn’t necessarily dictate that the task number 1 is a prerequisite for task number 2. There is the 

possibility for task number 1 and 2 to be done in the same day, and that should be represented on the 

chart, although it is not always recommended that multiple contractors work in the same area, 

specially that area being an apartment. Again, all of these nuances get perfected with experience and 

should be taken into account when the cadency and planning is being made.  

In conclusion, having the chart provides a sense of understanding of the progress of the construction, 

improves transparency among all the entities involved. There is although a series of issues that should 

be dealt with before the construction begins in order to ensure that the rate of construction agreed is 

met and the flow of tasks is done continuously.  

 

3.2.3 RISK ANALYSIS  

Every task has a possibility to fail, be it because of unforeseen conditions, or plain incompetence by 

the entities responsible. This depends on the difficulty of the task. This difficulty can be technical, 

logistical, etc. Also, adjacent to the possibility of failing, is the severity of the fail. The severity is 

related to the nature of the task. The failing of a task can result in the loss of money due to material 

lost, time spent in redoing the task, the blocking of the next task, etc. The amount of problems 

resulting from a delayed task are enormous.  

Therefore, there are risk management tools that aim at reducing the probability and severity of the 

failing of a task. When applied to the construction site, the most important characteristics of the 
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failures are the probability of occurrence and the severity. The proposed risk management tool is well 

known and explained in the previous chapter, named FMEA.  

By already having the lists of the tasks made, this risk analysis is even easier. The standardization of 

the construction into small tasks makes this analysis much easier for everyone involved. A simple 

table can be made with the quantification of these characteristics utilizing similar tables as the ones 

shown in the theory chapter. The result provides the GC with the tasks that require a special attention.  

Continuous improvement can also play a part here. This depends on the company, but a database with 

certain technics and special details regarding especially complex and difficult tasks or technics can be 

created. In the modern technological era, a database accessible by all, both GC and contractors, with 

technics and special information regarding certain issues can be made easily. One such example can be 

seen on the next chapter. 

 

3.3 DURING CONSTRUCTION 

This subchapter is divided into several parts. The first part of this subchapter will describe the 

practical benefits of utilizing a chart planning during construction. By having the planning all 

summarized and visually represented, the workers can understand what they are meant to do, and 

when. The main difference between the several parts of this subchapter is that the first ones requires 

the involvement of the subcontractors. The latter ones are referred to the treatment of the information 

retained from the weekly plan. The last one is going to discuss the creation of a system that allows for 

the better understanding of small details that need to be treated.  

 

3.3.1 WEEKLY PLANNING 

That is why there is a need to create a similar planning, every week or so, that actually translates what 

the reality of the construction site is. Even though the planning can be very detailed, there is almost 

always some difference from reality. As was said, this method requires an extreme understanding of 

all the tasks and subsequent planning of all of them, so it is very hard to create a planning that 

accurately depicts every single detail. That is why the weekly planning is important. 

In theory, if the planning was perfect and there were no delays whatsoever, the weekly planning would 

resemble the planning made before. Of course, not only is it not true that the planning is perfect, but it 

is also not true that there are no delays in a construction site. The overall planning should be seen as a 

guide of what a perfect, delay-free construction should be. This planning provides the GC with a 

visual goal of how the rate of construction should be. 

Knowing this, one can start the Weekly Planning. The Weekly Planning has one core objective: to 

create a visual aid of all of the work that is to be done in the week. This can be done in several ways, 

but the one described here was proven fairly successful during the case study.  

This planning should be made somewhere accessible by all. It follows the same color scheme as the 

list previously created, and the categories as well. There should be a weekly planning for each 

individual category, as there is a different list for each. This plan follows a weekly meeting with the 

GC and the contractors. The fact that the planning is weekly is only dependent on the competence of 

the GC and the contractors to plan ahead, which depends itself on the size and complexity of the 

construction. On the weekly meeting the GC and the contractors should discuss what tasks they will 

do on the present week and on the two following weeks. This is done by having a board made similar 

to the overall planning but just for 3 weeks. On the lines there are the divided sections of the category 
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– each individual apartment if we are utilizing the previous example – and on the columns the days of 

the week. Again, depending on the complexity of the construction these can be changed, instead of 

apartments one could have entire floors.  

The next step is to have the GC and the contractors define what tasks can be done for the next weeks 

and when. This information is made available to everyone by simply using a card or Post It with the 

same color as the one in the list (consult table 4), writing the number of tasks on it and placing it on 

the board. If a certain task is complex enough to require multiple days, then one can write next to the 

number a B that stands for beginning, and then place another card on the final day with an E for 

Ending.  

By having all the contractors and the GC in the same room discussing what tasks are to be done or not, 

it eliminates, or greatly reduces, the chance of having a team blocked because their workspace is 

occupied, or having a team wanting to do their task but being blocked because the previous task on 

that place was a prerequisite to theirs and it’s not completed. It also increases transparency, not only to 

the GC but also to the contractors.  

With the overall planning and the weekly planning, the GC can now easily understand what is 

supposed to be done not only on the present week but also in a near future and actively work towards 

making sure the tasks are carried out smoothly. This translates to fixing issues that arise, organizing 

the inventory, organizing the teams and the number of workers with the contractor’s chief, preparing 

the construction site to receive certain materials, etc. Although the planning is made for three weeks, 

there should a meeting every week since there is a great chance that the planning is going to change 

slightly.  

 

3.3.2 BOARD OF BLOCKED POINTS  

During every week there are multiple unforeseen events that can result in delays of the planned tasks. 

These events should be categorized. By having these events clearly identified and categorized it’s 

easier to understand what their causes are, their effects, their severity and it’s easier to find a solution. 

This is the type of method that should be systematic since it can be oversimplified and forgotten very 

easily.   

These events are the ones that can result in the delay of a task present in the weekly planning. During 

the week, the contractor explains why a certain task was not done and the reason behind it. Then the 

GC and the contractor establish, along with the other contractors responsible for the delay, a date for 

the completion of the task. What we have now is a task that has a prerequisite that is not another task 

present in the list of tasks. It is important to note that these events are not referred to other tasks, but 

instead they represent specific details or unforeseen problems that are not represented in the list of 

tasks. These problems can also be the fault of the GC (lack of material/equipment is an example).  

This method also applies to the problems that are anticipated. There are some details that are 

accounted for in the tasks, and should these details fail, the task fails also. If there is a prerequisite that 

a certain task has such as the need for specific material or equipment, this detail should also be 

accounted for in this method.  

After defining the second date of completion of the task, this task is accompanied by the information 

that it is blocked. This can be done practically by utilizing a board. In this board a number of 

information can be described: what task is being blocked, what is blocking the task, who is responsible 

for blocking the task, who is responsible for mitigating the problem, when is the due date of mitigating 

the problem and what is the solution to the problem. The proposed method is having a number on the 
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card of the weekly planning that is blocked. The board of problems has this number attached to the 

information described above. 

This method allows for specific problems to be organized. This information is not directed towards the 

workers, it is a board of information to be taken advantage of by the GC. It’s a method that helps with 

organizing and taking care of specific details that are very common in the day-to-day activities of a 

construction site.  

Table 7 - Example of Blocked Tasks Resolution Board (Author’s creation) 

Nº Problem Blocked 

Task 

Responsible 

for Block 

Responsible 

for Solution 

Solution Date for 

Completion 

Status 

1 Requires 

Scaffolding 

Task A Company X GC Remind 

Company 

About 

Missing 

Scaffolding 

05/1 Finished 

04/1 

3.3.3 BUFFER MANAGEMENT AND PPT 

An advantage of these methods is having an understanding of reality by a distance. The chief of 

investments and production director don’t want to understand every single aspect of the construction 

site, but instead wants a clear vision of what is working and what’s not working and an understanding 

of where the construction is, compared to where it is supposed to be.  

The GC can check which tasks were made every week and compare it with the overall chart planning. 

The problem with this is that the overall chart planning represents the perfect cadency and rate of 

construction.  

If there is an unforeseen problem that results in one week of closed construction site, the impression is 

that the construction is always late. Since there is a sort of standardization of the tasks, in a sense that 

there can be a quantification of tasks completed and not completed, there can be a sense of 

comparison. Not only within the same construction but also among different constructions.  

By utilizing both the PPT and Buffer Management one can accurately understand the progress and the 

productivity of the construction, even if there is an unforeseen problem that results in some days of 

delay in every task. Both of these methods provide a real sense of what is going on in the construction.  

 

3.3.3.1 BUFFER MANAGEMENT 

This method allows the GC to understand what the progress of the construction is, compared to what 

it’s supposed to be. A buffer, in the construction context, is the time that is taken into account in the 

planning and definition of the deadline, that represent the delays that are usually inevitable and 

unforeseen.  

This study can start in the end of every week. Since the tasks are accurately divided, by category and 

sub category (apartments) it is very easy for the GC to “check” which has been done. Once this 

information is understood, it can be identified on top of the overall planning like so:  
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Table 8 - Overall Planning with Progress (Author’s creation) 

Apartments/Date 1/01 2/01 3/01 4/01 5/01 - 8/01 9/01 10/01 

1 A A B C D - D E  

2   A A B - C D D 

3     A - A B C 

 

The GC can now identify that on Friday 05/01 the construction is behind 2 days. Even though the task 

A is advanced, the task C is the one that defines the buffer, since it is the one that is late. As the 

expression goes, “a chain is only as strong as its weakest link”.  With this information every week, the 

GC can create a graph that allows for the understanding of where the construction is. This graph is 

made with lines representing the days of delay and columns the number of the week. This is a simple 

example: 

Table 9 - Example of buffer management (Author’s creation) 

4          

3    X      

2 X  X       

1     X   X X 

0  X     X   

-1      X    

-2          

Delay/Week Week 1 Week 2 Week 3 Week 4 Week 5 Week 6 Week 7 Week 8 Week 9 

 

As was explained before, in the preliminary stages of the construction, where the cadency and rate of 

construction is defined, the deadline is also defined, which has a buffer considered. This buffer can be 

represented in the table on the final week. With this, it is clear to the GC if there is a need to pressure 

the contractors to work faster or not. In a certain week if there is 10 days of delay and the buffer 

defined in the preliminary stages is 7, there is a need to do something. 

In the situation explained before, where if there is a week that was delayed because of unforeseen 

problems such as weather, this indicator in the buffer management on the Friday of that week will 

have 7 days more of delay. Since this problem was not taken into account in the buffer, it is clear with 

this board that, if there is a 7 day delay every week, the construction is following its normal rate. This 

table also takes into account the advancements that result in gaining buffer days when the construction 

is ahead of its theoretical progress. 

 

3.3.3.2 PPT  

PPT stands for percentage of promised tasks. With this indicator, the GC, both the construction site 

manager and the highest hierarchy entities, can have a broader view on the rate of completion of the 
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tasks. It is a simple percentage of the tasks that were accomplished when compared to the tasks that 

were supposed to be done.  

There are multiple ways of applying this method. The first variable to think about is the time span of 

the study. The most usual time span utilized in this indicator is the week. The next variable is the 

theoretical time of completion of the tasks. One can choose to have this study comparing the 

accomplished tasks of the week compared to the theoretical completion day on the overall planning. 

This method is not very advisable since in the unfortunate event of a complete week of delay, the 

resulting PPT will just be 0%. This method is useful in construction sites where there is little chance of 

variability and the expected time of construction is not very big (i.e. storage units and simple industrial 

complexes). 

The other method, and the one that works best alongside all of the features described in this chapter, 

including the Buffer Management is the PPT when comparing to the tasks that were promised in the 

Monday meeting. This particular guide allows for the indicator to be of a simpler application since the 

tasks are standardized, that is, the list of tasks previously determined, and the board of the weekly 

planning make this application fairly simple. The method just requires the GC to simply count at the 

end of every week which tasks were done and compare it to the tasks that were planned on the 

previous Monday. There are some intricacies to this method. If the task is finished one day after its 

due date but it doesn’t influence any other task, then it can be counted as 100%. The same happens if 

the task starts later but still manages to finish in due date.  

In some cases, this PPT can be misleading and it’s the job of the manager to understand and retrieve 

only the useful information. One such example is the fact that there can be tasks that start in one week 

and end in another. This can result in some confusion on the percentage of tasks done. If the task was 

started in due date but finished later, it can result in a lower percentage for the latter week if it creates 

a delay on the subsequent tasks.  

 

3.3.4 QUALITY CONTROL AND SNAG LIST SYSTEM  

One important part of a construction site is the quality control undertaken by the manager on site. 

Even though there are the inspections made by the architect and/or the client, it is the GC’s necessity 

to regularly engage in quality control and defects control methodologies. 

Quality Control methods can be described using one key word: Systematization. On the other hand, 

the Snag List can be described with another key word: Communication. 

Quality Control is a part of the management of the construction site that ensures that the final product 

complies with the requirements set by the client. Even though, as was discussed before, in the 

construction context, these requirements are not always fully understood by the client, any company 

that wants to improve and maintain a certain standard of quality is required to engage in such methods.  

The usage of inspections by the necessary entities is already fully implemented in almost all of the 

construction sites. This subchapter only aims at creating a methodology to be implemented by the GC 

for self-inspection prior to the inspection made by the client. One useful way of improving is to have a 

maximum number of acceptable defects by area when the inspection is made by the entities. This 

inspection guarantees that the final product is filtered before it reaches the client.  

This control, however, can be done with a systematic approach. Any company with big enough 

resources can create a data-base that serves as a guideline of quality control. This data-base is filled 

with documents that show what type of characteristics should be seen is any product or element. These 
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documents are made according to the proper legislation and requirements and are flexible enough that 

they can be used in several enterprises. This type of methodology is seen as a continuous improvement 

effort since these documents can be perfected and increased in quantity over a fairly large time. That’s 

where systematization comes from. The idea that certain types of quality control can be made standard 

and therefore systematic and flexible enough for different contexts of the same element/product. There 

is no perfect framework applicable other than trial and error, to understand what can be done 

effectively. 

When it comes to the Snag List, the most important part is organization and communication. A Snag 

List is a list of all the defects on any element or product in the construction site. The most significant 

problem when confronting these defects is creating a straightforward communication system that 

allows for the responsible entities to resolve the problem. Another problem is the culpability factor. 

Although the defects on the Snag List may result from an error or omission by the responsible entity, 

they can also appear as a defect that was caused, unwillingly, by another entity. This can result in a 

reluctancy by worker to repeat his task. This is a problem that is common and there are multiple 

variables attached to it. The payment methods by the contractors to their workers is one. The contracts 

signed by the contractors is another. The best way of mitigating this problem is by having very good 

and failproof contracts. There are multiple templates of contracts that can be helpful (i.e. FIDIC 

contracts). 

After resolving the previous issue, there is a necessity to create the list. There are multiple ways of 

creating this list, and a lot of companies that provide the service/system. The main idea is to pin the 

defect in the plan, identify the type of defect with a brief description and who is the company 

responsible for solving the problem. This can be done individually by the manager by taking a picture 

and adding the information described above and then send it to the correspondent companies. There 

will be a chapter describing one such application used in the case study.  

 

3.4 AFTER CONSTRUCTION 

3.4.1 CURRENT STATE 

The after-construction phase is crucial when it comes to continuous improvement. It is widely agreed 

that a major problem within the construction industry is that there is no transfer of information learned 

from one construction site to another. The solution of problems that will most likely occur in a 

different construction is not stored and therefore the effort made for resolving one issue is repeated. 

This is in part due to the lack of a communication system that allows for the smooth transfer of 

information within the company. There is also the issue that there is a high competitiveness so natural 

to this industry. The idea of transferring the intellectual property from one company to another is 

usually frowned upon and this can also be a reason why this industry has not seen such a rise in 

productivity and technological advancements when compared to others. 

The introduction of Information Technologies in the construction site is something that is fairly new, 

when comparing to other industries. Even though the nature of the construction industry makes the 

correct application of such technologies challenging, their usage is overdue. These require enormous 

amounts of resources and their benefits are not very clear. Methods like Lean Management and their 

relationship with information technology help to slowly introduce the benefits of these technologies.  
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3.4.2 RATING OF CONTRACTORS AND GENERAL CONTRACTOR  

The implementation of Lean practices, specially the type described on this chapter, require some 

practice and knowledge obtained with experience over time. This increases the value of the contractor 

that has already some experience with these measures, and therefore it increases the chance of such 

contractor working again with the same GC. This creates a win-win situation where the GC is 

comfortable and understands the work methods of the contractor and vice-versa.  

Combining the rating with the price, which is usually the sole factor evaluated, the GC can better 

choose a contractor. This rating can be done in numerous ways, but the most important aspect is that it 

is standardized within all the construction sites of the company. If the company chooses to have a 0 to 

10 rating, this must be equal in all the construction site.  

This type of measure is mostly aimed at companies with the proper resources and a fairly restricted 

area of work, where the choice between different contractors is big enough for the study to matter, but 

not too big to a point where the choice of the same contractor is improbable. Not only is the GC’s 

opinion of the contractors important, but also the other way around. If a company wants to improve, it 

must consider the opinions of the contractors it employs. 
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4 
CASE STUDY 

 

4.1 INTRODUCTION 

In order to understand whether the methods described in the Framework chapter work, there needs to 

be a practical application of them and a subsequent return of experience. Following the creation of this 

guide, its application was made in a construction site following and internship made in the company 

Bouygues Ile-de-France Habitat Social – Ballestrero. To better understand to implications of the 

application of the guide, a description of the construction where it was applied is beneficial.  

The construction is composed of two, three-story buildings, with a common underground car parking. 

In total there are 42 individual apartments. The building is located in the city of Mennecy, France. 

Bouygues Ile-de-France Habitat Social - Ballestrero was the GC – General Contractor - and was 

responsible for the day-to-day oversight of the construction site, meaning not only organization of all 

the subcontractors, but also imposing measures of health and security.  

It is imposed on the GC to maintain an efficient communication not only from GC to subcontractor, 

but most importantly, from subcontractor to subcontractor. The GC is tasked with creating a plan and 

management system that ensures that the deadlines imposed by the client are met. Thus the nature of 

the internship. 

The mission imposed by Bouygues for the internship was the day-to-day management of the 

subcontractors and the construction site with the help of Lean Practices in some phases. The personal 

missions were to create a feasible weekly planning with the subcontractors and the workers and 

making sure the planning was respected guaranteeing a standard of quality in all phases. This resulted 

in a kind of micromanagement that required a personal attendance in most of the tasks and the 

subsequent evaluation of the same using internal measures provided by Bouygues such as forms and 

quality assurance sheets that needed to be filled and guaranteed.  

The oversight of the work done by the workers was also being managed with the aid of an IT 

application – FINALCAD – that will be discussed further in this chapter. By having to create a weekly 

planning this resulted in a need to guarantee effective which was done by having frequent 

conversation with the subcontractors.  

There were also some minor missions regarding the overall management of the construction site that 

were punctual, in the sense that were not planned or rigorously determined and translated into 

situational problem solving. These ranged from figuring out a solution when certain equipment failed, 

when there were problems regarding project misinformation and even integration issues with several 

specialties. Also, the overall management of the construction site with regards to the provisioning of 

the equipment necessary for future work, organization of the layout and inventory, and overall security 

and health measures. The health and security measures were made using internal methods provided by 
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Bouygues. One of which was the monthly random visit by a responsible entity that evaluated the 

construction site’s security and health measures by filling a point-based form. During the weekly 

planning there were always a 15-minute speech regarding security measures for the following week’s 

tasks or regarding some recurring lack of security measures by the workers (i.e. use of safety 

equipment such as safety goggles when handling certain equipment). This internship was lasted 6 

months. 

 

 

Figure 9 – Concept of the Building in Mennecy, France (Concept provided by Bouygues Construction) 

This particular construction was made under a design-build contract. This is a method of project 

delivery where the design and construction services are contracted by a single entity. This meant that 

there was an overlap of the design and construction phase, which, in theory, reduces the delivery time 

but also increases responsibility.  

This method differs from the more traditional method, Design-Bid-Build which is when the owner 

contracts an entity responsible for the design, and then several construction entities bid. These bids are 

then reviewed by the design entity if a choice is made. The advantage of the Design-Build contract 

method is that it saves time and money since the design is made by taking advantage of construction 

expertise provided by the contractor. Overall, Design-Build contracts allow for the sharing of 

information among contractors and the design team and provides a sense of unity.  

The nature of social housing makes it that the complexity of the construction is reduced. The main 

objective of social housing construction is to construct as quickly, effortlessly and cheap as possible 

while still maintaining a respectable quality. This goes hand-in-hand with Lean practices. There were 

two buildings, A and B with 42 apartments overall. Each of the buildings had 3 floors and one 

staircase that connected all of the floors.  

The ground floor of building B had two spaces reserved for commerce purposes and the 3 apartments 

on the ground floor of the other building, A, were made in order to be accessible by people with low 

mobility (this translated in certain aspects to be respected in accordance to state law such as minimum 

areas on certain compartments and bathrooms and kitchens equipped with handicap friendly devices). 

Both building shared an underground parking lot with 40 spaces, 2 of them reserved for people with 

low mobility.  

All of the apartments were design in a way that they all share the same elements and construction 

technics adjacent, meaning that there is no one apartment that differs immensely from another one in 

terms of construction technics. This meant that the same contractor was responsible for doing a similar 

job in all of the apartments. This was true even on the apartments meant for the low mobility persons 
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since the one aspect that changed was the equipment of the bathroom and the kitchen, and even that 

didn’t result in a change of construction technic.  

 

4.2. LEAN MANAGEMENT 

4.2.1 THE APPROACH 

In order to deal with the inherent problems of a construction site, some Lean Management methods 

were applied. These methods were based in part on the research made for this dissertation but also 

some internal measures that needed to be studied, hence the internship. The approach was carried out 

with a sense of continuity, in the sense that some of the measures were dependent on previous ones, 

specially the planning phase. This in turn resulted in the adaptation of the methods researched to the 

planning made before-hand.  

 

4.2.2 PLANNING 

In the preliminary stages of the planning, the GC as well as the representatives of all the main 

contractors have multiple meetings in order to understand the construction in all its complexity. In the 

first stages the GC made an analysis of the project, the construction technics and details, as well as the 

study of the time schedule imposed by the owner. Having understood the demands of the owner, the 

sequence of the tasks was discussed along with the priorities (e.g. the choice of completing all the 

tasks of the apartments of a single floor before starting with the common areas, or attack both at the 

same time).  

On the second meeting, the GC and the heads of each contractor discussed the rhythm of the 

construction, which tasks were dependent on which and the logistics behind it. On this particular Case 

Study, it was agreed that the rate at which the construction should be met is two apartments a day per 

task. After the meetings were held, a chart was created with all the contractors’ tasks clearly and 

intuitively visible and also the clear cadency of each task not only by floor, but also by apartment. The 

chart also contained a buffer.  

A buffer is the time that is seen as the maximum days allowed for the construction to be late. Although 

the schedule demanded by the owner provided a significantly bigger the GC created their own 

deadlines.To aid the reading of the planning, which can sometimes be an unnecessarily long and 

unintuitive process, they utilized a color scheme representing each contractor. 

Their approach to the representation of the cadency of the tasks was to divide the construction in 

sectors where the tasks were the same and then create a list with the cadency of the tasks, by 

contractor. The decision was to divide the construction in the following sectors: 

• Housing – “Logement” 

• Common paths – “Circulation” 

• Roofing – “Toiture” 

• Façade – “Façade” 

• Green Areas and Finishing Touches – “VRD” 
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Figure 10 - Cadency of the tasks with the name of the company responsible, the nature of the task and a brief 
description (provided by Bouygues Construction) 

The chart makes it obvious why the housing tasks were separated from the roofing ones, since this 

way there could be one singular list of tasks applied to each individual apartment, since they all share 

the same tasks. It is important to note that this specific technic of chart planning is mostly applicable 

to housing complexes because of the special nature of the construction. The same would not be so easy 

to apply in constructions where there is not a clear cadency and dependency of the tasks by the several 

contractors.  

There is some flexibility with the planning and it was proven when an unforeseen weather-induced 

delay resulted in the subsequent delay of the tasks responsible for the isolation of the top floors and 

ceiling and thus there was a need to change the order of the construction (in the first chart the 

construction was supposed to begin on the third floor, followed by the second one and so on until the 

ground floor; as its clear by the analysis of the chart in the annex A1, there was a change in priority). 

The chart ultimately allowed for the better visualization of everyone involved, both contractors and 

subcontractors, the GC, the owner and all the stakeholders.  

L LOGEMENT

N° N° Entreprise Lot Nom Tâche

L1 1 PLA Plaquiste ACP Isolation Doublage

L2 2 PLA Plaquiste ACP Isolation Cloison

L3 3 ELEC Eléctricien Euronunes Incorporation électriques

L4 4 PLB Plombier RCE Habitat Incorporation plomberie

L5 5 EG Entreprise Générale BOUYGUES Contrôle ICD

L6 6 PLA Plaquiste ACP Isolation Bandes

L7 7 PEI Peintre SPC Concept Réceptions de support

L8 8 PLA Plaquiste ACP Isolation Levée niv/ niv

L9 9 PEI Peintre SPC Concept Enduit1 + pallier

L10 10 SEC Séchage 0 Séchage

L11 11 PEI Peintre SPC Concept Enduit 2 + pallier

L12 12 PLB Plombier RCE Habitat Pose baignoire, bac, raccordement 

L13 13 ELEC Eléctricien Euronunes Appareillage primaire

L14 14 PLB Plombier RCE Habitat Mise en eau et tests

L15 15 SER Serrurier Structure Pose Garde Corps

L16 16 PEI Peintre SPC Concept Impression

L17 17 PEI Peintre SPC Concept Protections et rév ision

L18 18 PEI Peintre SPC Concept Ponçage

L19 19 PEI Peintre SPC Concept Nettoyage

L20 20 CAR Carrelage SOFRA Faïence/ Joints

L21 21 PEI Peintre SPC Concept Peinture 1

L22 22 SOL Sol souple/Faïence SZ Déco Ragréage

L23 23 MINT Habillages et portes palières

L24 24 EG Entreprise Générale BOUYGUES Réception peinture

L25 25 PEI Peintre SPC Concept Peinture 2

L26 26 PEI Peintre SPC Concept Peinture boiseries, huisseries

L27 27 PEI Peintre SPC Concept Nettoyage, déprotection

L28 28 SOL Sol souple/Faïence SZ Déco Pose sol souple

L29 29 PLB Plombier RCE Habitat Radiateurs vaisselle et raccordement

L30 30 ELEC Eléctricien Euronunes Appareillage final et tableaux élec

L31 31 PLB Plombier RCE Habitat Pose robinetterie

L32 32 MINT Menuiserie intérieure DE LIMA Plinthes, placards, cache nourrices, portes de distribution

L33 33 MEXT Menuiserie extérieure Menuiseries Protec Béquillages et réglages

L34 34 PEI Peintre SPC Concept Peinture de finition

L35 35 PEI Peintre SPC Concept Nettoyage

L36 36 EG Entreprise Générale BOUYGUES OPR

L37 37 LVR LVR TCE Levées de Réserves

L38 38 NET Nettoyeur 0 Nettoyage

L39 39 VPR OPR MO/ MOE 0 OPR MO/ MOE

L40 40 LVR LVR TCE Levées de Réserves
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Although a better planning is the first step to a better and more efficient construction, if there is not a 

well-organized system on how to take advantage of it, the changes are hardly noticeable. In this case 

there was a room specifically used to apply these measures.  

 

4.2.3 WEEKLY MEETINGS 

The goal of the room is to have every responsible to go to the room, at least once on the beginning of 

the week, and explain what tasks they are going to do that week, and which tasks were completed or 

not completed on the week before. In the pilot stages of the method it was hard to get everyone to go 

to the room and discuss with each other. This was particularly interesting to discover in an 

environment where every contractor and subcontractor either depends on the conclusion of a task or 

has someone depending on the conclusion of his task. As is known, a construction site that deals with 

a lot of contractors and subcontractors, and specially in a country like France which has embraced 

globalization, the chance of having numerous numbers of people with diverse backgrounds is very 

high, which may explain the unwillingness of some workers to meet and discuss. The method used 

aims to improve communication among subcontractors while also allowing for this communication not 

to be verbal, in a broader sense.  

 

4.2.3.1 LPS BOARDS 

In the room there were several boards that had spaces where one could place a card. The boards were 

organized with the days of the week on the columns, and the floor of the building on the lines. As 

discussed in the planning subchapter, the planning was organized by dividing the construction into 

“sectors” where the tasks had the same cadency: 

• Housing – “Logement” 

• Common paths – “Circulation” 

• Roofing – “Toiture” 

• Facade – “Façade” 

• Green Areas – “VRD” 

The boards seen below are related to the Housing and Circulation. The same principal was copied for 

the remaining “sectors”.  

In the same manner as the planning, each subcontractor was identified by a color/shape of the card. 

Following the Reverse Phase Scheduling theory, all the heads of the contractors were encouraged to 

chart their weekly schedule using their cards/Post its. Every card was accompanied by the name of the 

company, the number of the task (as seen in the list – fig. 10), a brief description of the task and the 

floor on which the task is supposed to be made.  

The brief description of the task also contained the information of whether the card represented the 

beginning or the end of the task. Therefore, each task was accompanied by 2 cards, one representing 

the day of beginning and another one representing the day of finishing the task.  

The information presented on the card may look excessive, especially since there is no need for 

different color schemes, descriptions and indication of the floor if the subcontractors respect the 

cadency of the planning and only input the number of the task on the respective place – for example 

L6. Having that much information turned out to be a good idea, especially in the beginning, since there 

was a lack of understanding and belief in the system by the contractors and subcontractors, which 

made it prone to mistakes. With the different color schemes, the identification of the number of the 
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task and the description, any error could be repaired, either during the meeting, and also after the 

meeting by the GC.  

 

 

Figure 11 - LPS Board (provided by Bouygues Construction) 

 

The meetings were held in the beginning of the week were every team of workers would place two 

cards for each task, representing the beginning and end of the task, on the respective dates. Since, in 

theory, every contractor would place their cards, there was a sense of cadency among the 

subcontractors. For example, the tasks L2 – Cloison – Partition and L6 – Bandes – Tape, were highly 

dependent on each other since the task L6 can only start if the task L2 is finished. Although they 

belonged to the same contractor (as we can see in fig. 10), they didn’t belong to the same team, since 

there were several subcontractors for each contractor and even though a sense of coordination between 

the several teams of the same contractor are expected, in reality this is not always true. This is another 

important reason why a brief description of the task on the card is important. The cadency above 

means that if the responsible for the task L2 would place his cards on Monday and Wednesday, the 

responsible for the task L6 could place his cards on Tuesday and Thursday. This could be done 

because as was said before, the rate at which the construction was agreed to be held is 2 apartments 

per day per task. This means that, once the task L2 is finished on Monday, the task L6 can begin on 

Tuesday.  

 

4.2.3.2 DATA MANAGEMENT AND INDICATORS 

The placing of the cards was done every Monday by the subcontractors. After this, the treatment of 

such information is the responsibility of the GC. The planning and the weekly plan, although helpful, 

are not enough. In order for the GC to maintain a close watch on both the tasks done, the problems 

behind the tasks not being done, the time left from the deadline and on top of this to have a continuous 

improvement mentality is not easy.  
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There are some tools that help with such problems. One of them is the use of indicators. Indicators are 

the result of the intelligent treatment of data. When one looks at other growing industries, it is clear to 

recognize that the storage and treatment of data is a growing trend.  

Although the forth industrial revolution may not seem so directly influential in the construction 

industry as it is on other industries such as the automobile, it should not be ignored. The continuous 

treatment and storage of data should be encouraged in order to have a real continuous improvement 

mentality in the industry.  

In this Case Study, the indicator used is the PPT – percentage of promised tasks. The method only 

requires the involvement of the GC on Monday and Friday. Monday, the contractors and 

subcontractors place the cards on the respective boards. During the week the GC is responsible of 

making sure all of the promised tasks are finished. Once Friday arrives, the GC’s job is to count all of 

the tasks that were done or not done on the week. The use of small circular tape makes it simpler.  

The tasks that started and/or finished in due time receive a green tape, alternatively the tasks that 

didn’t start and/or finished in due time receive a red tape. In the end of the week the GC simply has to 

count all of the tasks and check the percentage of the ones that were finished during the week. The 

PPT is therefore calculated for each week.  

An example makes it easier to understand. A task is to be started on Monday and finished on 

Wednesday. If the task starts and ends in due time, the PPT is 100%. If the task is finished on 

Thursday and it doesn’t block any task, the PPT is still 100%. If the task is delayed and is only due to 

finish on Monday, the PPT is 50%. Although it’s easier to explain using one task, this indicator is used 

weekly. So, when looking at a weekly plan, if any task is delayed to the point where it is not finished 

during the week, this task is subtracted to the finished tasks. The percentage of promised tasks is then 

calculated by dividing all of the finished tasks by all the promised tasks. In the same manner as the 

planning, there is a PPT chart for both the interior work and the exterior work. 

 

Figure 12 - PPT graphic for interior work (provided by Bouygues Construction) 



Lean Management in the Construction Site – Case Study 

 

52  

4.2.3.3 BLOCKED TASKS AND PROBLEM RESOLUTION BOARD 

In any construction site there are unforeseen problems that appear from the daily activities. Lack of 

material, lack of manpower (during this internship there was a major strike in the SNCF – Societé 

Nationale des Chamins de fer Français – responsible for the exploration of the railways), weather 

conditions, faulty equipment, change in priority of the tasks when compared to the planning and 

accidents are just a few. When one understands the task’s cadency its clear to see that a minor delay in 

one task, results in the delay of all the subsequent tasks. The subsequent tasks are themselves prone to 

some small delays as well. When all of these are summed up, the results are major. So, it’s crucial that 

each problem must be solved as quickly as possible.  

It is important to understand the nature of the payment methods by the contractors and subcontractors 

to their employees. Generally, the workers are paid by m2 or by time spent on the construction site 

depending on the nature of the task.  

It’s easy to understand why some of them are paid by m2, since if they were paid by hour, it would not 

only create a lack of urgency in the tasks, but it would also encourage the tasks to be done slower. 

Although the paying of the employees by m2 can sometimes be better than by hour, a problem is 

created with this payment method. Since it’s not easy for the contractors to keep in touch with all the 

details of the task, some small details are not promptly taken care of. 

This is easier to explain with an example. When it comes to the partitions, the workers are paid by 

square meter. This task’s nature allows it to be easy to quantify the progress of the workers. When it 

comes to details though, there is a problem. Since the workers are paid by square meter, there is an 

urgency to finish the task, which is helpful when it comes to deadlines but armful when it comes to 

quality. In the mind of the worker, the sooner the floor is done, the sooner he will receive the money 

for it. Small details are overlooked.  

If there is an issue of integration between different workers, for example an overlap of the plumbing 

with the partitions in a small area, this detail is not accounted for the reduction in the payment, and 

therefore will usually be overlooked by the worker and not dealt with. This creates an environment 

where some tasks are not 100% finished.  

Both payment measures, although being the responsibility of the contractor or subcontractor and not 

the GC, can be harmful for both. This is why a tight management of all the tasks is beneficial. In this 

particular Case Study, some of these problems were addressed simply by charging the contractor or 

subcontractor a fee for unproductivity. This comes from a need of the GC to protect itself.  

This may look like a good idea, but as was explained before, all of the tasks are connected, and 

sometimes, it is very hard to find the responsible for the delay/problem. This creates a culpability 

environment that only helps distancing the contractors and subcontractors from each other and from 

the GC.  

Having the meetings in the beginning of the week helps to address these problems, but since the 

problems are sometimes complex and numerous, there is a need to create a system to help in the 

organization. The system utilized to confront the issue of blocked points and small details resulted in 

the following table. 
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Figure 13 - Board of Blocked Points and Problems (provided by Bouygues Construction) 

 

The board includes the following features from left to right (some of the features were changed during 

the internship, thus this list): 

• Nº of the blocked point 

• Date of the blocked task 

• Word describing the problem (so it’s easier to identify similar problems such as cleaning – 

“NET” from the word Nettoyage which is cleaning in French) 

• Name of the company blocked 

• Description of the problem (e.g. material in the apartments) 

• Cause of the problem (e.g. the painter did not clean the apartments when he finished his task) 

• Name of the company responsible for the problem, and therefore the one that is going to fix it 

• When the problem needs to be dealt with   

• If the problem was addressed 

• If the problem was addressed correctly 

This board is used alongside the study of the PPT. On Fridays, the GC acknowledges which tasks are 

complete or not by utilizing the green and red tape. On the meeting of the next week, the GC asks the 

subcontractors what caused the task not to be complete. If the problem is of greater complexity, the 

GC then uses the board described above to better understand and deal with the problem. On the red 

tape the GC simply writes a number that he then writes on the board as the nº of the blocked point (see 

fig. 13). This way the GC can make a list of all the problems and their solutions and immediately take 

action to mitigate it.  
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4.2.3.4 BUFFER MANAGEMENT 

Regardless of the quality of the weekly plan, there is one clear gap in its logic. Since it’s the 

contractor’s and subcontractor’s job to place the card on the board, a question arises: Why not just be 

conservative in the choice and increase the time of a task to be started and/or finished? This is 

somehow resolved by having the first meeting of the week with the GC, where he can push the 

contractors and subcontractors to do their job. In order to safe guard these decisions, a buffer 

management system is added.  

 

 

Figure 14 - Buffer Management Graph (provided by Bouygues Construction) 

A buffer management allows for the GC to understand how many days behind schedule the 

construction is. This buffer is defined by the GC and the heads of the major contractors on the 

preliminary stages of the project. By having the overall planning and the weekly plan, the GC can 

scratch on the overall planning which tasks were made, and at the end of each week count the days of 

the latest task to be done according to the planning. This information can be transferred onto a graphic 

in the same way as the PPT.  

 

4.3. INFORMATION TECHNOLOGY - FINALCAD 

Alongside the study of the application of Lean Management methods, there was also a study of the 

application FINALCAD ©. In its core, the application is used to improve communication. There will 

be an explanation of the characteristics of this application that are useful for the theme of this 

dissertation. This application is also a fairly recent method utilized by Bouygues Ile-de-France. This 

application is the main service/product of a startup that, although has received a big share of positive 

reviews, it’s still on the beta stage and therefore there is a lot of ways in which it can be improved. 

This chapter is going to explain the domains in which this application was used in order to improve 

communication and the application of the guide described.  
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4.3.1 THE APPLICATION 

4.3.1.1 BRIEF DESCRIPTION 

The construction industry is undergoing a digital revolution. BIM is becoming a common practice in 

construction companies worldwide. Most of this use is due to Governmental Mandates such as in the 

UK, The Netherlands and in most states of USA.  

There are also some talks on imposing these Governmental Mandates on some of the countries with 

the biggest construction companies in the world such as France, Spain, Germany and Chile, not to 

mention the public-sector regulation and guidelines currently applicable in Singapore.  

There is however a general misconception on what BIM is. When BIM is mentioned, the first idea that 

comes to mind is a detailed 3D model of a building. This is also due to the misconception that BIM is 

only used in the project phase.  

This is not surprising, since most of the technology improvements on the construction industry have 

been on the commercial, budgeting and project phases. The key word in BIM is information. BIM, in a 

broader sense, is the accurate analysis and management of information [2].  

This management of information also includes the sharing of information. A great problem regarding 

the construction industry, in all its phases, is misinformation. The information not always reaches its 

final stage unadulterated, and that is when it actually reaches its destination, since there is a lot of 

information that should be shared, but it’s not.  

The application discussed in this paper uses the phrase “BIM with boots on”. This phrase accurately 

describes the goal of the application/services of this company. This application requires the final 

drawings of the construction. It defends that even thou the projects are highly detailed, they are always 

prone to changes, and these changes are not carried out efficiently.  

The changes are not always communicated to all the people in charge. This application fundamentally 

provides a platform that helps with this matter. As they say: “FINALCAD’S vision is to fill the gap 

with the aim of allowing the industry to “build differently” to ensure the continuity of the life of the 

digital model on the construction site” [2].  

There are two major objectives that FINALCAD © is promising to achieve: 

• Equip construction managers and construction workers with a digital model that can be 

understood intuitively, provides interoperability and that presents selected views of the model 

relevant to their specific work nature 

• Allow a real-time construction event log and associated data to be ‘pinned’ to the digital 

model 

The company provides many services but the one that will be discussed here is the mobile application, 

available both for android and IOS. This company provides a way of improving communication from 

GC to contractors and improves the storing of relevant information for the GC. It provides a way of 

pinpointing certain details on the plan and categorizing them, as well as adding a variety of 

information.  

This chapter aims at explaining the application and its relationship with Lean Management. The 

examples and features of the application will be explained partly connected to its usage alongside the 

Lean Management methods described in the Case Study chapter. 
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4.3.1.2 SERVICE FOR PROJECT AND PLANNING IMPLEMENTATION 

This service is highly flexible since it doesn’t necessarily require a 3D model of the construction and 

all its plans. On this specific Case Study, the models used were the Architecture, Electric and 

Plumbing. These models were simple .dwg files. 

 The company is given specifications on what types of divisions the GC wants. When combining this 

with the Lean method discussed before, these divisions are the ones chosen for the subcategories (i.e. 

apartments in the case study).  

The .dwg files are sent to the company via e-mail to a responsible, and then the GC is able to access 

them in the application. In the application a simple view of the plans divided both by category 

(plumbing, electrical, etc.) and sub category (apartments, circulations, halls, etc.) can be accessed.  

 

 

 

Figure 15 - List of Divisions (provided by FINALCAD © made by the author) 

 

 

This application allows for several entities to enter the same project and make changes, depending on 

their level of clearance. This allows the GC (both construction site manager and higher hierarchies 

within the company) and the contractors to be in constant communication. The following images 

represent the assets previously discussed and were all taken from the mobile version of the application 

FINALCAD ©.   
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Figure 16 - List of Subdivisions within Building 1 (provided by FINALCAD © made by the author) 

 

 

 

Figure 17 - Visual Representation of first floor of Building 1 (provided by FINALCAD © made by the author) 
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Figure 18 - Architectural Plan of an Apartment on Building 1 (provided by FINALCAD © made by the author) 

 

 

Figure 19 - Plumbing Plan of an Apartment on Building 1 (provided by FINALCAD © made by the author) 

 



Lean Management in the Construction Site – Case Study 

 

59 

Having all the plans in a singular device helps with reducing the “motion waste” since it eliminates the 

need to have paper plans and the need to go to the office to check said plans. 

4.3.1.3 CADENCY OF TASKS AND DETAILS  

Another information that is provided to the service is a list of all the contractors. Alongside the list of 

the contractors, is their nature (plumber, electrician, etc.). Since this application was used alongside 

the Lean Management methods and the predefined cadency, one feature of the application is the 

creation of a list of tasks, each detailed with the contractor responsible.  

This way it was possible to create a list of tasks, such as the one created before (consult figure 10). 

This list can be attached to every single division. It is important to remember that, in the Lean 

Management chapters, the division of the tasks was made by categories were the tasks could be 

grouped. 

In the list of tasks, they can be individually ticked, were it can be made clear if the task is finished, 

underway or it didn’t start yet. Alongside each individual task, for each individual division, this 

information can be attached. It then creates a percentage of completion not only of each individual 

compartment, also each building, overall construction and by contractor (it shows the percentage of 

work done by contractor in all the construction).  

Another useful, yet tiresome, information that can be added is the expected date of completion of the 

task. This is a tool that can be useful for some tasks, but since this information has to be written 

manually on the app, it is not efficient. Again, this application is fairly new, so it is prone to some 

mistakes. In the list below there is the cadency of the tasks and the contractor responsible for each task 

below. 

 

 

 

Figure 20 - Cadency of tasks of an apartment (provided by FINALCAD © made by the author) 
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The Snag List, as explained in the Framework chapter, is a list of small details and problems that need 

to be taken care of by the contractors. This application takes advantage of the fact that there is an input 

of information regarding the names and nature of the contractors to improve the quality of the list.  

By having the several plans, the manager can pinpoint on the plans where are problem exists, who is 

responsible for taking care of the problem, what is the problem, when is the problem going to be 

sorted or when is the maximum day allowed for the problem to be solved as well as attach relevant 

pictures and comments. 

These points are numbered so it’s easier to understand how many of them were made throughout the 

entire construction. These points can be added offline, so once the user enters the internet and 

synchronizes, they became available to every entity. After they are made available one can, depending 

on the level of clearance, tick off the said point once the problem is completed. The following figures 

are one example. 

 

 

 

Figure 21 - Visual Representation of the Small Details (provided by FINALCAD © made by the author) 

 

All of this information is treated automatically in the app. The result of the treatment of this 

information is a series of individual lists and statistics. These lists of problems (Snag Lists) can be 

send to the contractors, each list containing only the information relevant for each contractor.  
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Figure 22 - Information that can be added to the point (provided by FINALCAD © made by the author) 

.  

A series of statistical information is also made available such as the overall progress of the 

construction, overall progress by contractor, most frequent observations, total number of observations 

made, total number of observations not yet completed and average day of completion of an 

observation, as can be seen in the following figures.  

 

 

Figure 23 - Overall Construction Progress (provided by FINALCAD © made by the author) 
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Figure 24 - Total Progress by Contractor (provided by FINALCAD © made by the author) 

 

 

Figure 25 - Number of Uncomplete Observations, Number of Total observations and Average day for Completion 

of an Observation (provided by FINALCAD © made by the author) 
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Figure 26 - Most Frequent Observations (provided by FINALCAD © made by the author) 

 

4.3.1.4 SHEETS FOR QUALITY CONTROL 

Quality control is an issue that should be standardized as was explained in the Framework chapter. 

This standardized method of dealing with Quality Control is perfect when utilizing information 

technologies. In the case of the case study, the usage of FINALCAD © revealed to be a very useful 

and intuitive way of standardizing the quality control methods.  

The method utilized by Bouygues is having a number of different documents related to several 

elements, similar to the method explained in the Framework and Case Study chapter. These documents 

have a number of prerequisites for the said element that must be ensured. Alongside these 

characteristics, sometimes a photo is required. This method is made simpler and more intuitively by 

utilizing FINALCAD ©.  

This application allows for the creation of “forms”. These are similar to the points described before in 

a sense that they are represented and points on the different plans, but there is different information 

attached to them.  

These can be related not to contractors, but rather to phases and specifications such as safety and 

technical options. Although there are a number of possible ways these forms could be used, these were 

just used, in this particular construction site, for quality control.  
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Figure 27 – Visual Representation of the Form in the Plan (provided by FINALCAD © made by the author) 

 

 

Figure 28 - Example of a Form (provided by FINALCAD © made by the author) 
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Figure 29 - Example of a Quality Control Sheet (provided by FINALCAD © made by the author) 

4.3.2 DAILY USAGE AND BENEFITS 

As was mentioned, the lack of a structured communication system can be disastrous. Although the 

planning is important, if this information is not transmitted clearly and quickly to the contractors and 

workers, not only before construction but during, the implications can be enormous. Certain 

characteristics of this application allow for the communication to be done effortlessly and clearly.  

When applied daily, by combining all of the characteristics described before, one can have almost 

complete control of the progress of the construction, but most importantly, one can organize and 

effectively manage all the subsequent work to be done. This application provides a way of managing 

both the work that needs to be done and the work that was not done correctly and needs repairing.  

As was described in the Lean Management Case Study, every week the contractors have a clear view 

of the job they are meant to perform. In this phase, this application is used to ensure that this work is 

finished all the way. For example, on the beginning of the week, the planning made provides the 

information that the plumber needs to install all the toilets of a single floor in 3 days.  

At the end of every day, the construction site manager checks on how many of them miss and inputs 

this information on the app. In a utopic construction site, the contractor has access to the app and with 

this information he is able to organize its staff and provide the effective necessary to finish the job on 

time. Of course, this is not the reality since not every contractor is familiar with the app. Instead, the 

construction site manager prints a sheet with the information inputted on the app.  
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The application also proved to be very useful on the surveys made with the architect. In the planning 

made (check annex A1), the surveys are also considered. These surveys were made by the architect 

and the client, were they would give their opinion on the overall quality of the construction.  

They would pinpoint changes that needed to be done, both related to work that was poorly done and 

also just plain changes to the construction that were not initially planned. The construction site 

manager would, during the surveys, note every single aspect that needed to be changed on the 

application.  

The surveys itself are not new, but the way the information is treated by utilizing the app makes them 

more efficient and less prone to mistakes. The information retrieved from the surveys would then be 

sent to the respective contractors alongside the changes demanded by the architect and attached to 

these changes is a contractual obligation to do them within a certain period of time, in this case one 

month.  
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5 
RESULTS 

 

5.1. RESULTS  

The following chapter describes in what ways the application of the guide was helpful or not. This 

comes from the experience obtained from its application on the case study described in the previous 

chapter.  

 

5.1.1 THE ISSUE OF OVER-PROCESSING  AND WEEKLY PLANNING 

The main issue found when applying these methods in the Case Study was over-processing, as in, time 

and resources being spent treating information or improving certain activity that results in no added 

value to the process. This is extremely common when studying the application of new management 

methods such as Lean Management. 

In this particular Case Study, time and resources spent on the treatment of the information that resulted 

in the indicator PPT resulted in no added value, at least in short term. This was true simply because the 

weekly planning was dependent on the workers and their ability to plan in the long term, which turned 

out not to be precise.  

PPT can be helpful since it shows the percentage of the tasks done when compared to the ones 

promised. It can be a helpful way of controlling the advancement of the construction and it’s a good 

way of comparing different constructions since it standardizes progress. The main issue here is how to 

create a feasible planning each week.  

One possible solution is to treat the weekly plan as a “suggestion” by the general contractor to the 

contractors of what tasks should be done. This results in a sense of obligation in completing the tasks 

since it is clear to the contractor that his task, if not done on time, can block others. This way, the 

general contractor, with its experience and knowledge of variables such as effective (which is not 

known by the workers in the field) can create a more feasible planning of the week and therefore 

generate a PPT that actually translates the reality.  

Another important point to mention is that PPT alone is not enough for the construction site manager. 

PPT translates the percentage of tasks done but this information is not of great use for the construction 

site manager since it does not translate which tasks were delayed and why. An answer to this is 

utilizing alongside the PPT a graph that represents the reasons for not completing the tasks. This graph 

simply adds up the issue that prevented the task from being completed (lack of material, lack of 

manpower, lack of prerequisite work, to name a few). In the end the graph shows what were the most 

frequent problems. This helps the manager to identify the waste, and then act to mitigate it, both at 
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short-term and long-term since this information can be used to prevent the same mistakes from 

happening again in another construction. 

 

5.1.2 THE SHORT-TERM ISSUE OF WORKER DISBELIEF 

Although almost every document in existence regarding Lean Management applications in the 

construction site defend that if these measures are well applied, work involvement and overall 

dispositions towards advancement is improved. It may be true in long term but, based on the case 

study, these measures are generally received with some resistance from the daily workers.  

As was mentioned before in the document, any change in paradigm is always met with some 

resistance. The application of these methods, more often than not, result in the natural flow of work 

being disrupted and slightly changed. Initially the workers found that these methods would result in 

nothing more than the issue discussed above, over-processing. 

Even thou the practical changes would only involve a weekly meeting where the workers would plan 

the next few weeks with the construction site manager, there was some difficulty in achieving such 

measure. The main problem was that these issues just started to be implemented after the beginning of 

the construction and there was little to no warning and preparation.  

Therefore, in order for these measures to work, there needs to be some preparations and awareness not 

only to the head of the contractors, but most importantly to the workers. The benefits should be 

understood before the construction begins and these benefits should be made perceptible in short term. 

This is an important aspect. The benefits of these issue should be perceived in short term in order for 

the workers to believe in the measures.  

 

5.1.3 BENEFITS OF THE INCREASED TRANSPARENCY IN THE OVERALL AND WEEKLY PLANNING  

The divisions made when studying the planning turned out to be very helpful to all of the parties 

involved. Firstly, to the construction site manager. With this planning the cadency of the tasks was 

simplified, and the understanding of which tasks were supposed to be done and when was made free 

from subjectivity, since the division was made daily.  

Even though in some cases the tasks were not perfectly planned, – the total number of days regarding 

one task to be done by apartment were not always representative of the reality, in some cases, aspects 

like delivery and provisioning of materials were not considered – these didn’t drift more than 2 days 

from the planning. As was explained before, the quality of the planning depends on both the general 

contractor’s and the contractors’ experience in long term planning.  

Another small issue of the planning, which is common to all methods of planning, was the fact that it 

is very difficult for the contractor to guarantee the effective decided because of the time span between 

the making of the planning and the actual construction. When dealing with medium to small 

contractors, their management capability, although their responsibility, resulted in the lack of the 

promised effective. This problem was in a way resolved with the weekly planning that allowed for the 

construction site manager to be fully aware of the effective and help with the planning accordingly. 

Secondly, the workers. With the overall planning and the weekly planning, it was simpler to organize 

the workers and for them to organize within themselves. It quickly increased personnel turnover and 

overall belief in the system. In turn, teamwork and cooperation increased. A common issue of the 

construction site is that every worker is only concerned about his work, and usually neglects the 



Lean Management in the Construction Site – Case Study 

 

69 

other’s. This results in lack of quality and delays since the product delivered to the next worker is not 

always completed (consult 2.5.2.2 Increase Output Value Through Systematic Consideration of 

Customer Requirements). With the weekly planning and its meetings, the overall need for 

communication allowed for the contractors to understand the quality that their prerequisites required in 

order for the smooth transition of tasks.  

 

5.1.4  ORGANIZATION OF THE INFORMATION RELATED TO BLOCKED POINTS AND DETAILS 

The measures discussed in the case study related to the system for the blocked point and small details 

revealed be to somewhat useful although there were some issues. The organization of the blocked 

points and small details is a good way for making sure these problems are not forgotten and it creates 

an urgency to the contractors on the weekly meetings. However, this system can be prone to over-

processing. This mainly depends on the management style and methods of the construction site 

manager. This method is especially helpful when there is no use of any communication technology for 

that purpose since most applications allow for storage of this information quickly and intuitively.  

 

5.2 FINAL THOUGHTS  

There is great difficulty in understanding whether this particular guide achieved its objective, 

increasing productivity, when compared to traditional management measures. There was the main 

constraint that the guide was not applied from the beginning, being that when the internship started the 

construction was well underway, with the structural part finished. In order to fully benefit from this 

type of management, an effort must be made to utilize in all the time spawn of the construction, which 

was not possible. Nevertheless, there were some obvious benefits.  

This particular construction was due to be delivered, in the contractual deadline imposed by the client, 

in September 2018. The provisional reception of the construction was made on the 26th of July. Even 

though there are some small details to be taken care of, as commanded by the client, the completion of 

them is due to be completed in the two weeks following the provisional reception. 

If the construction was to be made at the perfect rate as seen on the overall planning (consult Annex 

A1), it would have been finished on the end of June. This accounts for a one-month gap from the 

perfect rate of construction to the actual rate. These facts are enough to believe that the guide worked. 

There are however more facts that help understand why the guide is helpful.  

During the construction there was an issue with one contractor. This contractor was responsible to 

insulate the roof. Even though the insulation was planned for the beginning of January, there was a 

delay of almost two months. Even though this task didn’t directly implicate delays, it did so indirectly. 

By not having the roof insulated, there were some humidity and infiltration problems that were only 

perceived months after. This was also due to the fact that some façades were made of brick, which acts 

as a sponge, releasing water when the temperatures rise. This resulted in plasterboard having to be 

changed, and infiltrations on some slabs. Such problem resulted in delays since it implied that the 

contractor responsible for the plasterboard had to do the same job multiple times, as well as the 

following contractors. In addition to this problem there was a strike of the SNCF (Societé Nationale 

des Chamins de fer Français – responsible for the exploration of the railways). This resulted in the 

reduction of the effective to less than half, two days a week, every week since March up until July.  
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Even though these facts can’t guarantee that this guide is better than traditional management methods, 

they are enough to understand that it worked. The final though is that the guide proved successful in 

helping to deliver the construction within the expected deadlines.  
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6 
CONCLUSION 

 

6.1 FINAL REMARKS 

Lean methodology has seen a major rise in most major industries and its benefits have been well 

regarded as positive., Its methods when applied correctly, reduce variability, reduces waste, and 

overall increases the value output of the construction process. The ways in which those methods are 

applied absolutely vary from industry to industry, even though the core philosophies are the same. 

Particularly in the construction industry, the philosophy behind these methods can be increasingly 

more subjective than in other major industries.  

This also results in a greater difficulty in reaching a conclusion of whether these methods truly 

guarantee a higher efficiency when compared to older management models. This uncertainty is 

elevated even more by the fact that it is very difficult to compare the results, since every case is a case 

and the sheer number of variables in existence undermine any comparison. Nevertheless, the short-

term benefits of this specific model are fairly easy to acknowledge. Since the subject of Lean 

Management can be very subjective when it comes to the results and conclusions taken, these will 

only be related to the present study and its application in the Case Study, and therefore cannot be 

generalized.  

One idea to retain and that was clear in the application of framework is that there is no universal way 

of applying Lean methods in the construction site, at least not yet, and that the value taken from them 

only depend on the construction site manager and the internal organization of the company. The 

present framework was in fact victim of multiple changes and experiments itself. The idea that the 

results will be clear after one single application is also wrong and can lead to these methods being seen 

as a trend and not useful. This is wrong since one of the main ideas behind Lean Management is 

continuous improvement.  

A problem that was well present in the application of the framework in the Case Study was the 

worker/client disbelief. In this case, the client was unaware of the benefits of Lean Practices, and all of 

the motivation in applying such methods came only from Bouygues. However, the lack of motivation 

of the workers was the main and most important issue in the short term. There was a resistance felt in 

changing management methods.  

When asked to engage in the weekly planning and sharing of information, there was a lack of 

responsibility and motivation. Since the application of this framework was comprised of only 5 

months, the benefits of such methods were not understood and explained to the workers beforehand. 

This made it more difficult to improve the framework in the first stages of the internship. There is 

therefore a need to have a team that accompanies and teaches the use of Lean Management tools 

throughout the processes. Training is absolutely essential and was lacking, not only to the workers, but 

to the different teams (construction managers, production director, etc). This complements the fact that 
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changes are gradual and require some time in order to truly be significant, and if this change is forced 

its usually met with failure. Some of the workers were “forced” to comply, which is not the aim of 

Lean Management. In conclusion, the benefits of applying Lean Management thinking to this 

particular construction site were clear but in order for the changes to be truly significant it requires 

resources and time. Engaging the workforce at an early stage is key for these methods to work and the 

continuous implementation and open mentality to changes is necessary.  

 

6.2 FUTURE WORK 

After the study of Lean Construction and after applying the framework created, it is clear that there is 

a lot of room for improvement. This framework was created with simplicity in mind. It was not 

desired nor feasible to create a very complex Framework. This framework can be seen as the 

foundation of the subsequent better and more complex frameworks that can be developed.  

The first and most impactful way to improve the framework’s performance is to engage and explain 

the objectives and the benefits of the measures that rely on the workers (i.e. weekly meetings and 

weekly planning) to the workers. If the workers are not on board with the management methods shift, 

it is impossible to benefit from the framework. One of the objectives of engaging the workers is to 

improve communication. This can also be done by introducing the notion of flattening the 

management style to the responsible entities. The objective is to improve the sharing of experience not 

only among managers, but also among the workers and subcontractors and the managers.  

One specific issue with this framework was the possibility of incurring in over-processing when 

treating the data. This happened in the practical application of this framework when working towards 

achieving the PPT graphic. From the viewpoint of the construction manager, spending resources to 

achieve the weekly PPT didn’t result in any added value, at least in the short term. In order to better 

improve the significance of the PPT indicator, it is useful to consider creating a variance analysis 

graphic alongside the PPT. The various analysis graphic provides the construction manager what 

issues created the delays and quantifies the number of times specific issues were encountered (check 

2.6.4.2). Both these indicators, alongside the buffer management should provide enough information 

to have a clear idea of what is the current situation of the construction site.  

As of the delivery of this dissertation, the framework created is being applied in several construction 

site in the Ile-de-France region. This will prove if the model is flexible enough to be applied in 

constructions of different nature and with different managing technics, since the managers are 

different. The next step in successfully applying Lean Methods is to gather all the intel and experience 

obtained from applying the model, by having a series of final meetings with the different managers 

and trying to compare the results, benefits and setbacks. If there is a consensus on the benefits of the 

simpler base framework created, then one can start to implement deferent tools, such as some of those 

explained in the Lean Construction chapter.  

Also, it is crucial to understand what the opinion of these methods by the subcontractors is. A 

company as big as Bouygues Construction has several departments responsible for the choice of 

subcontractors for different regions. By having a data-base of which subcontractors are more likely 

and keen on utilizing Lean Methods such as the model created here can improve the on-site relation 

between the manager and the workers. The workers must be fully engaged in the model in order for it 

to work, so therefore, this information is crucial. In conclusion, the model must be applied by different 

managers and these managers must share their experience in order for the model to be constantly 

improved, via data-base or some type of communication system. 
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ANNEX 

 

A1 – Overall Planning  
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