
Corresponding author:  Payam, Zekavat 
Tel: +610 2 9685 4625 Mob: +61 4 6962 9068 Email: p.zekavat@westernsydney.edu.au 

 

BIM APPLICATIONS TO LEVERAGING LEAN PRINCIPLES IN 
MODERN CONSTRUCTION 

 
Sandi, Gozali1, Payam, Zekavat1, Sungkon, Moon2, Liyaning, Tang1, Sherif, Mostafa3 

 
 

1School of Computing Engineering and Mathematics, Western Sydney University, Sydney, Australia 
2School of Engineering, Swinburne University of Technology, Melbourne, Australia 

3School of Engineering and Built Environment, Griffith University, Gold Coast, Australia 

 

Abstract 

This research aims to examine and model the synergy between Building Information Modelling 
(BIM) and lean principles in terms of attributes of modern construction methods. We present the 
pairing and reconciliation process as a system capable of optimising project total value and to 
minimize wasteful cost including financial, time, effort and materials. Multiple sources including 
scholarly publications, government guidelines and best practices were relied on to identify 
components of lean paradigms and features of BIM. A semantic matching was then conducted to 
formulate the interaction between BIM and lean. The developed model was then validated using 
cases borrowed from literature. The validation process comprised of testing applicability of the 
proposed model to the scenarios explained in selected publications. It was demonstrated that joint 
use of BIM and lean had the potential to overcome challenges mentioned in validation cases. As 
the result, BIM applications can leverage nine lean construction principles namely cycle time 
reduction, pull approach adoption, process visualisation for management, focus on project 
delivery, value for client, performance-based method selection, design efficiency, cooperative 
relationship, and eliminating waste. Millstone verifications through the course of formulating the 
synergy between BIM and lean were also conducted by referring to relevant government reports, 
documents and different forms of expert input. Our formulation depicted the mechanism through 
which the two novel processes of lean and BIM contribute to each other’s efficiency. 
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Introduction  

Nowadays, Building Information Modelling (BIM) is a trending technology in construction industry, as 
it can be used at planning, design, offsite manufacturing, and to monitor construction progress. 
Providing the virtual twin of the physical asset, BIM equips project team to identify more of potential 
issues in terms of design, construction and operation of the project. Enhanced understanding of the 
whole building lifecycle through integration of geographic information, geometry, properties and 
quantities of the building elements, cost estimation, project schedule, and material inventories, is also 
attributed to BIM (Bazjanac 2006). Accordingly, BIM is understood as a process rather than just an 
application. It means that BIM makes significant changes in the workflow as well as project delivery 
process (Hardin 2009). BIM as a process is consistent with the emerging concept of integrated project 
delivery as it provides a platform to integrate people, methods, and business structures and practices into 
a collaborative system in order to optimise the efficiency and reduce the waste of the entire project 
lifecycle (Glick and Guggemos 2009). The notion of waste reminds us of potential links to lean 
principles. Lean construction has the main goal of minimising waste (using less of everything) while 
satisfying customers’ needs. 
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lean construction provides systems to minimise waste in human effort, materials and time by generating 
maximum value of cost efficiency (Howell 1999; Pinch 2005). These systems work by investigating the 
causes of waste, then using techniques and tools to remove those causes, and promoting the prevention 
of waste rather than solving the problem as the result of the effects of loss (Lapinski et al. 2006; Womack 
and Jones 2003). Five fundamental lean principals include: a) Client defines value of construction, b) 
the delivery value influences the value streams, c) the removal of waste influences the flows within work 
processes, d) the delivery of materials are not allowed until these materials are needed, e) pursuant of 
perfection via improvement of systems and processes is essential to be constantly revisited. 

BIM seems suitable to be paired with lean principles, as both of them provide the systems that maximise 
construction quality by effectively minimising project cost and waste, and relaxing project’s schedule. 
The main objectives of this research is to investigate and to define the relationship between BIM and 
lean principles related to construction industry and to show how both of them can be paired as a system 
to maximise the project value.  

Overview of Covered Technology and Technique  

BIM 

Azhar (2011) examined BIM capability for purposes such as cost estimation, production of construction 
shop drawings, visualisation, design compliance review, construction sequencing, facilities 
management, collision detection, and forensic analysis. Eastman et al. (2008) emphasise improved 
information flow as the pathway through which BIM contribute to the betterment of project management 
processes. Controlling environmental data and whole-life costs is another key attribute of BIM 
(Construction Innovation 2007). In the same vein, Pikas et al. (2011) highlight building of the digital 
twin of the project and the value created by the constructability analysis. Kunz and Gilligan (2007) 
analysed BIM for its positive impact on project risk and suggested that adoption of BIM reduces project 
uncertainty and result in better risk distribution among all parties. Khemlani et al. (2009) add that sharing 
pain and gain among all parties can be arranged contractually. It is then reasonable to conclude that BIM 
offers the capacity to overcome significant problems faced by today’s construction industries (Arayici 
et al. 2012).  

Lean 

Aziz and Hafez (2013) suggested that lean construction mainly aim at reducing waste of time, effort, 
and materials in order to produce the maximum feasible amount of value. Lean principles in construction 
target increased performance for the client at the project level (Tommelein & Ballard 1999). This 
contrasts the prevalent view that client values have been catered for in design and the project 
management effort must be dedicated to completion of project activities stemming from the design. The 
traditional focus on activities to assure reliable supply and meeting of milestones results in overlook of 
value-creation manifested in waste production (Houvilla et al. 1997). Lean attempts to preserve the 
excess capacity in the crew in order to manage their speed as needed. This diverts the attention from 
supply to work-front activities on site. It is important to note that lean doesn’t overlook supply chain but 
operates to enhance cooperative relationships with the supply chain (Eriksson 2010). Not surprisingly, 
May (2005) proposes the following three models to pave the way for widespread adoption of lean: Model 
1: focusing on eliminating waste, Model 2: focusing on partnering, and Model 3: focusing on structuring 
the project around lean thinking. 

Interaction between BIM applications and lean principles 

Sacks et al. (2009) provided examples to explain how BIM contributes to a ‘pull flow’ mechanism in 
order to reduce variability (one of lean principles) in construction stage. Therefore, in terms of lean 
construction principles, BIM enables visualisation of the construction processes and specifications. 
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Rischmoller et al. (2006) concluded that the Computer Advanced Visualization Tools contribute to 
waste reduction, flow improvisation, and better costumer value (based on a case study for over a four-
year period). Those are the indications of synergy between BIM and lean construction principles. Gillian 
and Kunz (2007) stated that the use of Virtual Design and Construction can be considered to assist 
directly to the performance of lean construction principles. They demonstrated a lean project that utilised 
3D models to save nearly $6 million. Koskela et al. (2002) test compatibility of BIM and lean from the 
perspective of empowering teams. Lean construction demands rapid feedback and facilitate team 
commitment. By using BIM, those demands can be addressed through complete and accurate 
information sharing of building lifecycle. Dave et al. (2013) mentioned that there are substantial 
synergies between lean construction and BIM. 

Methodology 

This study focuses on determining the relationship between BIM and lean principles in modern 
construction. Series of construction projects described in scholarly papers were explored to extract 
different elements of BIM and lean that are indirectly revealed in each report. A framework is then 
compiled to describe the relationship between the two. The framework is tested by referring to selected, 
official governmental records for its generality, objectivity and validity. 

Cases and Results 

The following nine case were used to extract attributes listed in Table 1. The produced list is then 
examined against BIM capabilities and lean principles to model possibility of co-existence and co-
utilisation of BIM and lean for achieving/rectifying the outcomes/shortcomings identified within the 
context of different cases. The results of this analysis are presented in Figure 1.  

• Case 1: A collection of nine major civil projects to study collaboration between client and 
contractor in United Kingdom construction industry (Bresnen and Marshall 2000). 

• Case 2: Summary of an effort to implement Case-Based Reasoning (CBR) in construction 
management (Yau and Yang 1998) 

• Case 3: A study on the causes of project delay and cost overruns in groundwater construction 
projects in Ghana (Frimpong et al. 2003) 

• Case 4: An analysis of the operation of a large construction company to understand collaborative 
knowledge management (Dave and Koskela 2009) 

• Case 5: Examination of a specific contract template in Hong Kong for its impact on effective 
partnership in railway projects (Bayliss et al. 2003) 

• Case 6: Comparison of effectiveness of construction waste recycling between two building 
complexes (Mcdonald and Smithers 1998) 

• Case 7: An overview of large construction projects in Vietnam (Long et al. 2003) 
• Case 8: A reflection on organisational structure of six different construction projects for their 

appropriateness for dissemination of knowledge produced through the delivery of projects 
(Styhre et al. 2004) 

• Case 9: An analysis of the issue of delay in construction projects in developing countries 
(AlSehaimi et al. 2013) 
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Table 1: Summary of selected projects and their attributes used for matching BIM and lean 

Case 
No. Focus of the case Extracted outcomes of the project 

1 Client-contractor 
relationship 

Increased schedule efficiency 
Improved buildability of the design 
Enhanced responsiveness to the user requirements 
Improve familiarity with technical specifications and work environment 
Integrated teamwork 
Reduced cost 
Higher schedule efficiency 
Better chance of repeated business 
Long-standing relationship among core teams 

2 
Learning from experiences 
and re-implementation of 
them 

Experience-oriented approach towards problems 
Improved cost and time estimation 
More comprehensive design review 
More effective selection of construction methods 
Enhanced risk analysis 
Improved administration of tendering process 

3 Inefficiency  

Management of inter-organisational relationships inducing contractors and 
suppliers 
Technical performance 
Construction material’s price fluctuations  

4 Collaborative knowledge 
management Use of advanced communication technologies  

5 Effective partnership 

Improved cost and time efficiency 
Higher certainty around the project 
Better communication 
Awareness towards potential problems 

6 Construction waste 
recycling 

Reduced physical waste production 
Cost saving 

7 Project efficiency in 
developing countries 

Incompetency of project stakeholders 
Use of inappropriate tools and techniques 
Socially fragmented project environment 

8 Intra-organisational 
learning 

Facilitated exchange of information and experiences among heterogeneous 
groups 
Relying on learning by doing, communities practices, and personal 
contacts 

9 Project delay 

Ineffective control and planning 
Poor site management 
Manpower productivity and shortage of skills 
Poor coordination and communication 
Malfunctioning of Material procurement and supply chain 
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Figure 1: Impact path for co-utilisation of  BIM and lean 

Validation of Proposed Synergy Framework  

This final stage of the research was undertaken to validate the identified synergy pathways between BIM 
and lean as depicted in Figure 1. Official governmental reports and expert opinions were referred to test 
the existence of links envisaged between BIM features and lean principles. For example, the cut-out 
from a guide on DfMA (Design for Manufacturing and Assembly) presented in Figure 2, readily 
supports the synergy pathway between access to project information — in this case, work scope for 
different parts of the project — and relaxation of construction timeframe through better work planning. 
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Figure 2: Official guide on DfMA supporting a selected link between BIM and lean 

Summary 

BIM applications have been applied in many projects all over the world, and it is getting more popular 
as most projects are looking for more creative ways of deploying BIM. This study was an attempt to 
demonstrate that BIM adoption is likely to automatically reinforces lean principles. We produced a list 
of factors capable of differentiating high and poor performing projects by reviewing reports about 
various projects published in scholarly papers. Then an in-depth analysis was carried out to use those 
factors as mediators matching multiple BIM attributes to lean construction principles. It was shown that 
BIM adoption leverages nine lean construction principles including cycle time reduction, pull approach 
adoption, process visualisation for management, focus on project delivery, value for client, 
performance-based method selection, design efficiency, cooperative relationship, and eliminating waste. 
The model outlining the synergy between BIM and lean was validated by referring to official reports 
and expert opinion stated in various formats. Validation procedure for one of the many pathways was 
provided in this manuscript to demonstrate the possibility of validating the proposed model. The initial 
outcome of the validation was promising but a more extensive work on validation of the entire model is 
still ongoing.          
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