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ABSTRACT 

LEAN TOOLS TO MINIMIZE DELAYS IN HIGH-RISE BUILDING 

CONSTRUCTION PROJECTS IN SRI LANKA 

The high-rise building construction with traditional approaches have been creating 

several issues to the Sri Lankan construction industry. Out of the many problems the 

projects faced, delays can be considered as the most vulnerable issues among high-rise 

building projects. Though lean can be considered as one of the most important tools to 

be used to minimise delays, there is lack of research on this area. Therefore, this 

research proposes the lean tools to minimis delays in high-rise building construction 

projects in Sri Lanka, which is one of the most discussed issues in Sri Lankan 

construction sector. The research follows the qualitative approach with collaboration 

of industry experts to gather relevant information. Three case studies were employed 

in the study and withing the cases, expert interviews, document review and 

observations were used. Accordingly, 11 interviews were conducted with high-rise 

building experts to obtain the overview and suggestions to implement lean tools in Sri 

Lankan high-rise building construction and data was analysed using code-based 

content analysis.  

The study revealed delays in the sub-contractor work, inadequate definition of 

substantial completion, failing to deliver the site to the contractor by the client for 

initiating site work, changes in the orders and changes from the initial plan, poor site 

management and supervision by the contractor, underestimation of the construction 

time frame, difficulties in financing the project by the contractor, unqualified 

workforce, effects of sub-surface conditions and delays in revising and approving 

design documentation by the clients as the main causes for the delay in high-rise 

building construction projects in Sri Lanka. The research further revealed 5 Whys 

Analysis, Kanban System, Gemba Walks, and A3 Problem Solving. VSM, a tool that 

visually maps out the entire construction process and supports identifying to eliminate 

delays in high-rise building construction projects. Moreover, the research outcome 

recommends that lean culture adoption, collaboration among stakeholders, integration 

of digitalization in construction processes and systematical implementation of lean 

tools helps to identify and minimize delay in building construction projects. 

Furthermore, the research gives the outline for the future researchers and construction 

professionals to further study on the lean tools and its impact on the Sri Lankan 

construction industry. 

Keywords: Construction industry; High-rise buildings; Lean tools; Sri Lanka 

 

 



iii 

 

ACKNOWLEDGEMENT 

I extend my sincere gratitude to the numerous individuals whose guidance and support 

were instrumental in the success of this dissertation. 

Foremost, I am sincerely thankful to Dr. Tharusha Ranadewa, my supervisor, for her 

invaluable guidance and motivation. Without her direction, this dissertation would not 

have reached its fruition. I also wish to acknowledge the supportive environment 

provided by the Department of Building Economics at the University of Moratuwa, 

including the department head and all the faculty and staff. 

Furthermore, I am grateful to all the respondents, including project managers and 

industrial professionals, for their participation in the questionnaire survey and expert 

interviews, sharing their time, knowledge, and experiences. Lastly, I express my 

heartfelt appreciation to my family and friends whose unwavering support and 

assistance were integral to the completion of this dissertation. 

 

 

 

 

 

 

 



iv 

 

TABLE OF CONTENT 

DECLARATION .......................................................................................................... i 

ABSTRACT ................................................................................................................. ii 

ACKNOWLEDGEMENT .......................................................................................... iii 

TABLE OF CONTENT .............................................................................................. iv 

LIST OF TABLES ...................................................................................................... ix 

LIST OF FIGURES ..................................................................................................... x 

CHAPTER ONE .......................................................................................................... 1 

1.0 INTRODUCTION ......................................................................................... 1 

1.1 Background ................................................................................................ 1 

1.2 Problem Statement ..................................................................................... 5 

1.3 Aim and Objectives ................................................................................... 6 

1.3.1 Aim ..................................................................................................... 6 

1.3.2 Objectives ........................................................................................... 6 

1.4 Research Methodology .............................................................................. 6 

1.5 Scope and Limitations ............................................................................... 7 

1.6 Chapter Breakdown ................................................................................... 7 

1.7 Chapter summary ....................................................................................... 8 

CHAPTER TWO ......................................................................................................... 9 

2.0 LITERATURE REVIEW .............................................................................. 9 

2.1 Chapter introduction .................................................................................. 9 

2.2 The nature of construction work ................................................................ 9 

2.3 High-rise building construction ............................................................... 11 

2.4 Delays in the construction work .............................................................. 12 

2.5 Causes for construction project delays .................................................... 13 

2.6 Defining the lean concept ........................................................................ 15 

2.6.1 Evolution of the lean concept ........................................................... 15 



v 

 

2.6.2 Lean models and the practical application of the concept ................ 18 

2.6.3 Lean tools ......................................................................................... 21 

2.6.4 The future of lean ............................................................................. 30 

2.7 Lean technology within the construction industry ................................... 31 

2.7.1 Evolution of lean construction ......................................................... 31 

2.7.2 Application of lean construction practices in Sri Lanka .................. 32 

2.8 Lean construction and delays in work completion .................................. 32 

2.9 Lean Benefits and Lean Barriers ............................................................. 33 

2.9.1 Lean Benefits .................................................................................... 33 

2.9.2 Lean Barriers .................................................................................... 34 

2.10 Conceptual framework ......................................................................... 36 

2.11 Chapter Summary................................................................................. 36 

CHAPTER THREE .................................................................................................... 38 

3.0 METHODOLOGY ...................................................................................... 38 

3.1 Introduction to the Chapter ...................................................................... 38 

3.2 Research Philosophy ................................................................................ 38 

3.2.1 Positivist Research Paradigm ........................................................... 38 

3.2.2 Interpretive Research Paradigm ....................................................... 38 

3.2.3 Pragmatic Research Paradigm .......................................................... 39 

3.2.4 Selection of Research Paradigm ....................................................... 39 

3.3 Research Approach .................................................................................. 39 

3.3.1 Quantitative Approach ..................................................................... 39 

3.3.2 Qualitative Approach ....................................................................... 39 

3.3.3 Mixed Approach ............................................................................... 39 

3.3.4 Selection of Research Approach ...................................................... 40 

3.4 Research Process...................................................................................... 41 



vi 

 

3.5 Research Strategy .................................................................................... 42 

3.5.1 Selection of Research Strategy ......................................................... 43 

3.5.2 Case Study Boundary and Unit of Analysis ..................................... 44 

3.6 Sampling Method ..................................................................................... 45 

3.6.1 Selection of Sampling Method ......................................................... 45 

3.7 Data Collection Method ........................................................................... 45 

3.7.1 Expert Interviews ............................................................................. 47 

3.7.2 Document Review ............................................................................ 47 

3.7.3 Observation ...................................................................................... 48 

3.7.4 Profile of the Experts ........................................................................ 48 

3.8 Data Analysis Method ............................................................................. 49 

3.9 Chapter Summary .................................................................................... 50 

CHAPTER FOUR ...................................................................................................... 51 

4.0 RESEARCH FINDINGS AND DISCUSSION .......................................... 51 

4.1 Chapter introduction ................................................................................ 51 

4.2 Details of the Cases.................................................................................. 51 

4.3 Expert Interviews ..................................................................................... 52 

4.3.1 Details of interview respondents ...................................................... 52 

4.4 Analysis of the Findings .......................................................................... 53 

4.5 Impact of Delays in High-Rise Building Construction ............................ 53 

4.5.1 Types of Delays ................................................................................ 53 

4.5.2 Real-World Impact of Delays ........................................................... 54 

4.5.3 Impact on Different Phases of Construction .................................... 54 

4.5.4 Consequences and Negative Effects of Delays ................................ 55 

4.5.5 Industry Standards and Guidelines ................................................... 56 

4.6 Causes for Delays in High-Rise Building Construction .......................... 56 



vii 

 

4.6.1 Delays in the Sub-contractor Work .................................................. 57 

4.6.2 Inadequate Definition of Substantial Completion ............................ 57 

4.6.3 Failing to Deliver the Site to the Contractor for Initiating Site Work

 57 

4.6.4 Changes in Orders and Changes from the Initial Plan ..................... 58 

4.6.5 Poor Site Management and Supervision by the Contractor ............. 58 

4.6.6 Underestimation of the Construction Time Frame ........................... 58 

4.6.7 Difficulties in Financing the Project by the Contractor.................... 59 

4.6.8 Unqualified Workforce ..................................................................... 59 

4.6.9 Effects of Sub-surface Conditions (e.g., Soil, Water Table Level) .. 60 

4.6.10 Delays in Revising and Approving Design Documentation by the 

Clients 60 

4.6.11 Summary of findings .................................................................... 61 

4.7 Recommendations For Minimizing Delays Using Lean Tools ............... 62 

4.7.1 Lean construction ............................................................................. 62 

4.7.2 Leen tools for addressing delays ...................................................... 65 

4.8 Summary of discussion ............................................................................ 69 

CHAPTER FIVE ........................................................................................................ 71 

5.0 CONCLUSION AND RECOMMENDATIONS ........................................ 71 

5.1 Chapter introduction ................................................................................ 71 

5.2 Conclusions of the Research .................................................................... 71 

5.2.1 Objective 1 -To review the lean techniques for the construction 

industry 71 

5.2.2 Objective 2- To investigate the impact of delays in high-rise building 

construction projects ...................................................................................... 72 

5.2.3 Objective 3 To analyze the causes of delays in high-rise building 

construction in Sri Lanka ............................................................................... 73 



viii 

 

5.2.4 Objective 4 To propose lean tools to minimize delays in high-rise 

building construction in Sri Lanka ................................................................. 74 

5.3 Recommendations .................................................................................... 75 

5.3.1 Recommendations for practitioners .................................................. 75 

5.4 Contribution to the knowledge ................................................................ 75 

5.5 Further Research areas ............................................................................. 76 

REFERENCES ........................................................................................................... 77 

APPENDICES ........................................................................................................... 87 

 



ix 

 

LIST OF TABLES 

Table 2.1: Causes for construction project delays (Shahsavand et al, 2018) ............. 13 

Table 2.2: Five lean principles (Womack & Jones, 1997) ......................................... 19 

Table 2.3: Some lean tools and descriptions (Author developed) ............................. 22 

Table 3.1:  Types of Research Strategies ................................................................... 42 

Table 4.1: Summary of responders ............................................................................ 52 

Table 4.2: Summary of findings ................................................................................ 61 

Table 4.3: Overview of Lean Construction ................................................................ 62 

 

 

 



x 

 

LIST OF FIGURES 

Figure 2.1: Comparison of time and cost over-runs in the construction sector 

worldwide (World Economic Forum, 2016) .............................................................. 12 

Figure 2.2: The evolution of the lean concept and associated theory and practice (Dave, 

2020) .......................................................................................................................... 16 

Figure 2.3: Lean Iceberg Model (Hines, 2008) .......................................................... 19 

Figure 2.4: Toyota lean management model (Toyota, 2023) ..................................... 21 

Figure 2.5: Opinion on the association between industry 4.0 and lean management 

(Statista, 2023) ........................................................................................................... 31 

Figure 2.8: Conceptual framework based upon the literature analysis ...................... 36 

Figure 3.1: Research Process ..................................................................................... 41 

Figure 4.1: Tools to address the causes for delays identified .................................... 68 

 

 


