Senanayake, S.M.A.H., Seneviratne, L.D.I.P. and Ranadewa, K.A.T.O., 2023. Adaptability of lean concept
to reduce plumbing waste in high-rise building construction in Sri Lanka. In: Sandanayake, Y.G.,
Waidyasekara, K.G.A.S., Ramachandra, T. and Ranadewa, K.A.T.O. (eds). Proceedings of the 11" World
Construction ~ Symposium, 21-22 July 2023, Sri Lanka. [Online]. pp. 59-72. DOI:
https://doi.org/10.31705/WCS.2023.6. Available from: https://ciobwcs.com/papers/

ADAPTABILITY OF LEAN CONCEPT TO
REDUCE PLUMBING WASTE IN HIGH-RISE
BUILDING CONSTRUCTION IN SRI LANKA

S.M.A H. Senanayake!, L.D.I.P. Seneviratne? and K.A.T.O. Ranadewa?

ABSTRACT

The waste generation due to the plumbing work substantially influences the total waste.
Waste management is one of the most critical processes to achieve effective and
productive construction projects successfully. Lean is a philosophy that is adopted in
several sectors to mitigate waste. Thus, this paper intends to identify the adaptability of
lean concepts to reduce plumbing waste in high-rise building construction in Sri Lanka.
Data collection was done through two Delphi round interviews. The collected data were
analysed using manual content analysis. As a result, comprising a total of twenty-seven
barriers were identified under five sets of barrier groups for implementing lean concept
to reduce plumbing waste in high-rise building construction in Sri Lanka. The strategies
to successfully overcome each challenge and barrier were identified. Conducting CPD
programmes, training programmes, showing the benefits of lean implementation and
providing knowledge about lean through universities and other higher education
institutes are the most common strategies to overcome the barriers to lean application.
This study paves the path to lean professionals to align their strategy with lean practices
by understanding and identifying the major obstacles.

Keywords: Barriers; Lean implementation; Plumbing waste; Strategies.

1. INTRODUCTION

Construction is one of the most predominant sectors which contributes to the economic
growth of Sri Lanka (Perera & Gunatilake, 2020). High population growth and
urbanisation have increased the demand for high-rise residential buildings due to the
scarcity of land (Mostafavi et al., 2021). Mechanical, Electrical, and Plumbing (MEP)
work is a critical aspect of high-rise building construction as it accounts for a significant
portion of the total project cost, typically around 20-25% (Baradaran-Noveiri et al., 2022).
The plumbing system is an essential part of MEP works in building construction as it is
responsible for the distribution of potable water and removal of wastewater throughout
the building, ensuring a safe and functional water supply for the occupants while adhering
to relevant regulations and promoting water conservation (Atencio et al., 2022). Further,
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Husin (2019) highlighted that 5.3% of the total project cost is allocated for plumbing
workers, which is part of the 14.1% allocated for the whole MEP workers.

In the Sri Lankan construction industry, processing the MEP works generates a
considerable amount of construction waste. Waste generated from the plumbing work
enormously impacted the construction projects’ environment, cost, and time overrun
(Nagapan et al., 2012). Hence, it is crucial to implement effective strategies within the
construction industry to reduce waste (Bayhan et al., 2019). Lean construction is a project
delivery method that emphasises efficiency, waste reduction, and continuous
improvement (Shurrab & Hussain, 2018). Lean construction is based on lean
manufacturing principles and applies them to the construction industry (Zahraee et al.,
2021). The goal of lean construction is to optimise the use of resources and eliminate
waste, resulting in cost savings, improved productivity, and higher-quality outcomes
(Huda & Berawi, 2021). The lean approach has been gaining popularity in the
construction industry to manage waste and improve efficiency (Memon et al., 2018).
However, lean implementation in the construction industry is still challenging due to a
lack of knowledge, unfamiliar with the long-term benefits and the misconception that lean
practices are costly (Bayhan et al., 2019). Even though several studies have been done to
identify the general barriers in lean implementation in construction, there is a lack of
research relating to identifying barriers and strategies in implementing lean to reduce
plumbing waste in construction. Hence, this study aims to fill the literature gap and
industry need by identifying the adaptability of lean concept to reduce plumbing waste in
high-rise building construction in Sri Lanka with the objectives of identifying barriers to
implementing lean concept to reduce plumbing waste in high-rise building construction
in Sri Lanka and to propose suitable strategies to overcome the identified barriers..

2. LITERATURE REVIEW

2.1 LEAN IMPLEMENTATION IN PLUMBING WASTE REDUCTION

The construction industry significantly impacts the environment due to the heavy use of
natural resources and energy, the generation of large amount of waste and the emissions
of toxic pollutants into the air (Sharma et al., 2021). Construction waste refers to materials
and debris generated during the building process and cannot be used for their intended
purpose, such as those that do not meet specifications or damaged or in excess
(Papastamoulis et al., 2021). MEP works generate a considerable amount of waste in
constructing high-rise buildings (Husin, 2019). Plumbing waste can generate as materials,
labour, time or cost (Seppanen & Gorsch, 2022; Turner & Filella, 2021). Material waste
can occur as damaged materials, excessive materials, rework, defective items rejected,
and low-quality materials (Hung & Kamaludin, 2017; Kalsaas, 2010). Further, during the
process of plumbing work, time and cost are wasted due to resource idling, double
handling and additional transportation. Plumbing work in high-rise buildings is a critical
factor in the Sri Lankan construction industry since it can significantly impact the overall
cost of a project and lead to cost overruns (Ariyawansha & Francis, 2022). Further,
plumbing works have significantly impacted the project time overruns (Seppanen &
Gorsch, 2022). Hence, it is essential to identify and track plumbing waste to minimise
and manage them effectively at construction site.

Waste is unavoidable (Ali et al., 2019), and zero waste may not be entirely achievable in
the construction industry (Moreno, 2021). However, waste can be minimised by using
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different design concepts, altering the materials (Da-Cunha & De-Aguiar, 2020), and
altering construction processes (Porwal et al., 2020). Moreover, researchers such as
Ranadewa et al. (2021) and Shagour (2022) highlighted the possibility of implementing
lean to eliminate non-value-adding activities in construction. Initially, lean concepts were
practised in the automobile manufacturing industry, and gradually expanded to other
sectors, such as construction, healthcare, banking, food industry, etc., to enhance
efficiency and quality (Bajjou & Chafi, 2018; Wahab et al., 2013). The International
Group for Lean Construction (IGLC) has made a significant contribution to the
understanding of theoretical foundations of lean construction by extracting the core
concept of lean production and applying the lean concept to the management of the
construction process (Salem et al., 2005) in different countries such as United State
America (Evans et al., 2022), the United Kingdom (Bashir et al., 2010), Denmark
(Hansen, 2005), New Zealand (Likita & Jelodar, 2019), Saudi Arab (Sarhan et al., 2017),
Jordan (Al Balkhy et al., 2021) and China (Xing et al., 2021). Even though various
countries benefit from lean implementation, it is still at a developing stage in Sri Lanka
(Madanayake, 2015). The main issue with the application of lean in developing countries
is that the construction industry faces numerous challenges and barriers while
implementing the lean concept (Kanafani, 2015).

2.2 CHALLENGES AND BARRIERS TO LEAN IMPLEMENTATION

Main barriers to adapting lean in construction organisations are the organisation's
cultural, managerial and financial characteristics (Demirkesen et al., 2019; Gupta et al.,
2020). Moreover, the stakeholders’ knowledge on lean tools and practices shall also affect
lean implementation in the construction industry (Lodgaard et al., 2016). Resistance to
changes and lack of top management involvement, commitment, and attitude is regularly
highlighted as the most significant barrier in the lean implementing process (Abu et al.,
2019; Secchi & Camuffo, 2019). In addition, leadership and support from all the
managers including top management will influence the lean adaptation (Panwar et al.,
2015). Further, knowledge, skills and expertise are important factors for successful lean
implementation (Bajjou & Chafi, 2018). Within the lean community, there is lack of
understanding of the potential benefits of lean (Chaple et al., 2021). Factors such as poor
communication, lack of clear definition of individual responsibilities and lack of
resources will also negatively affect lean implementation (Sarhan et al., 2018). If the
challenges and barriers are not properly managed, it may affect the application of lean
and especially the project performance (Sarhan & Fox, 2013).

2.3 STRATEGIES TO OVERCOME BARRIERS

Paying attention to minimise the negative impact caused by barriers is important (Shang
& Pheng, 2014). The authors further stated that most human-related barriers can be
overcome through proper training and education. Moreover, conveying the benefits of
lean adoption can overcome the challenges and that would lead to the bottom-line result
(Nahm et al., 2012). Benefits such as customer satisfaction, quality improvement,
supplier relation improvement and better inventory control can be achieved through lean
implementation (Sarhan et al., 2017). Changing the culture is important for effective lean
implementation (Erthal & Marques, 2020). Moreover, proper planning and effective
communication within an organisation can change and manage the barriers caused by
lean implementation (Asnan et al., 2015; Kundu & Manohar, 2012 ).
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Although past researchers have discussed the barriers for adapting lean in different fields
of construction, there is lack of research relating to implementing lean to reduce plumbing
waste within the construction stage of high-rise buildings in Sri Lanka. An industrial gap
exists for a way to overcome those barriers to lean implementation and to gain
competitive advantage. Therefore, this research is aimed identifying barriers and
proposing strategies to overcome such barriers towards minimising plumbing waste
during the construction stage of high-rise buildings in Sri Lanka.

3. RESEARCH METHODOLOGY

The research approach should be based on the nature of the research problem, the study's
audience, and the researcher's personal experience (Creswell, 2014). A qualitative
approach is the most suitable when a subject lacks an existing theoretical concept (Madter
et al., 2012). Lean implementation is not widespread in the Sri Lankan construction
industry. Further, since this study connected with the themes of lean in plumbing waste
reduction and barriers to lean implementation, the study followed a qualitative approach
to answer the research question, "what are the barriers when implementing lean to reduce
plumbing waste during the construction stage?". Answering this question required
consensus from several subject area experts. Delphi survey is employed when consensual
opinions from a panel of experts regarding a specific area are required (Avella, 2016).
Moreover, the Delphi method facilitates an open-ended, inexpensive and more structured
data collection process either through traditional or electronic mode (Brady, 2015).
Hence, the Delphi method was used to identify the barriers to implementing lean to reduce
plumbing waste and provided a consensus through the questions being asked from
experts. For the data collection purpose, semi-structured interviews were used as it
facilitates verbal argument and making qualitative judgements (Kuusi, 1999). The data
collection was stopped at two Delphi rounds, and reaching a consensus is the basis for
the end of Delphi rounds (Habibi et al., 2014). Selecting participants is one of the most
challenging parts of data collection (Gray, 2016). The study used a purposive sampling
technique using the expert selection criteria given in Table 1 and round 1 stopped at 12
interviews when new ideas were not created and data reached saturation.

Table 1: Profile of the experts

Code Designation Experience in Accessibility Delphi  Delphi

High-rise Use of lean Round Round

building concept >3 1 2

construction years

>10 years
EO1  MEP Quantity Surveyor yes yes 4 P P
EO02  Mechanical Engineer yes yes v P P
EO03  Quantity Surveyor yes yes 4 P P
EO04  Quantity Surveyor yes yes v P P
EO5  Quantity Surveyor yes yes 4 P NP
E06  Civil Engineer yes yes 4 P P
EO7  Mechanical Engineer yes yes 4 P P
EO8  Quantity Surveyor yes yes 4 P NP
E09  Civil Engineer yes yes 4 P P
E10  Quantity Surveyor yes yes 4 P P
E11  Mechanical Engineer yes yes 4 P P
E12  Mechanical Engineer yes yes v P P
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Only ten experts from round 1 participated in round 2 due to consensus reached on the
findings. The collected data were analysed by using manual content analysis. The results
were considered robust (Sankaran et al., 2018) since data saturation was reached after
conducting two Delphi rounds, and the agreement percentage of barriers among the
respondents was over 75%, which was considered the cut-off point. Further, strategies
having an agreement of 75% were considered for round 2 as the cut-off point. Table 2
discloses the summary of questions in the Delphi rounds.

Table 2: Summary of questions used in the delphi rounds

Delphi Round 1 Delphi Round 2
R1Q1 What barriers impede lean R2Q1 Could you please match the
implementation in construction to identified strategies against each
reduce plumbing waste in high-rise barrier under the relevant category?

building construction in Sri Lanka?

R1Q2 What should be the potential
strategies to overcome the barriers to
implementing lean to reduce
plumbing waste in high-rise building
construction in Sri Lanka?

4. DATA ANALYSIS AND FINDINGS

4.1 BARRIERS TO LEAN IMPLEMENTATION TO REDUCE PLUMBING WASTE

Table 3 shows the identified barriers to lean implementation to reduce plumbing waste
during the construction stage of high-rise building construction. Twenty-seven barriers
have been identified and categorised under five main categories: cultural, knowledge,
managerial, financial, and lean tools and practices. The new barriers raised during the
Delphi survey are shown in italic letters.

Table 3: Barriers to lean implementation to reduce plumbing waste

Code Barriers
CULTURAL barrier group
CB1 Resistance to changes
CB2 Unwillingness to learn and see about lean
CB3 Fragmentation and subcontracting
CB4 Non-lean behaviour
CB5 Attitude of workmen
KNOWLEDGE barrier group
KB1 Inadequate knowledge, skill, and expertise
KB2 Insufficient understanding of the potential benefits
KB3 All kinds of waste are considered unavoidable
MANAGERIAL barrier group
MB1 Lack of top management involvement, commitment, and attitude
MB2 Delay in material delivery
MB3 Lack of clear definition of individual responsibilities
MB4 Adbhere to traditional management concepts due to time and cost pressure
MB5 Poor communication
MB6 Existing policies and regulations (Government and organisation)
MB7 Insufficient time allocated for the improvement program

Proceedings The 11" World Construction Symposium | July 2023 63



S.M.A.H. Senanayake, L.D.l.P. Seneviratne and K.A.T.O. Ranadewa

Code Barriers
MB8 Lack of customer satisfaction measurement system
MB9 Lack of resources Human
Financial
Technical
MB10 Incomplete and complicated design
MB11 Lack of individual performance measurement and motivation
MB12 Lack of standardisation
MB13 Lack of leadership skills and support
FINANCIAL barrier group
FB1 Consulting cost in lean
FB2 Market conditions
LEAN TOOLS AND PRACTICES barrier group
LB1 Failure to prioritise lean tools and practices
LB2 Isolated use of lean tools and practices
LB3 Wrong selection of lean tools
LB4 Risk associated with lean implementing

The cultural barriers were significant because lean is still a young concept, especially in
the Sri Lankan construction industry. The majority of experts agreed that 'resistance to
changes' in plumbing works arises due to plumbing contractors having deeply ingrained,
long-standing practices and habits, posing barriers to the adaption of the lean concept. In
addition, E02 explained that “lack of understanding, comfort with existing practices and
fear of job loss are major causes to resistance to the changes . Further, when considering
Sri Lankan construction industry, fragmentation of work items, especially MEP works,
including plumbing work, is another barrier to implementing lean to reduce the waste
generated from plumbing works. According to E12, “ Different trades are involved due
to the fragmentation and cause several barriers such as coordination, handing over,
duplication of works and inefficient workflows”. Moreover, EO3 mentioned that peoples
hesitate to learn new things and update their knowledge. Lack of knowledge, skill and
expertise is another barrier to lean adaptation. Lean philosophy is still not entirely
understood and has not conceived the understanding of lean and its benefits. During the
Delphi round 01, EO2 disclosed that people in the construction industry considered ‘all
kinds of waste are unavoidable' and do not take any prevention or mitigation measures.

Management involvement in lean implementation is very important. Proving that, E11
expressed that “top management involvement is mostly lacking when it comes to applying
new strategies in construction”. Most of the time top management tends to adhere to
traditional management concepts due to time and cost pressure. As a result, sometimes
employees may select the wrong or missing lean tools and practices. Existing
governmental and organisational rules and regulations may cause deficiencies in
information flow, which would slow down the lean adaptation process. Moreover, the
lack of resources and inefficiency of resource planning may cause plumbing waste
generation and impact lean adaptation. Most of the time plumbing works in high-rise
buildings are carried out by specialised subcontractors. They avoid implementing lean
due to time, cost and new technology constraints. Installation of plumbing in high-rise
buildings is a complex process because it involves intricate pipe systems, fixtures, valves
and other accessories with incomplete and complicated drawings. Hence, implementing
lean with these difficulties in plumbing installation create many barriers. The current
market conditions of Sri Lanka have adversely affected the lean adaptation to plumbing
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waste reduction in construction. Market fluctuations can have an effect on the
dependability and accessibility of plumbing supplies, leading to supply chain disruptions
like delayed deliveries or component shortages, which impede effective lean procedures,
causing project timeline delays and lower customer satisfaction. Moreover, sometimes
specialised subcontractors such as plumbing subcontractors face difficulties while
balancing the workload may cause lean implementation. Since lack of lean practitioners
in the Sri Lankan construction industry, consulting cost of lean might be high. Lean
adaptation requires effective communication mechanisms among different stakeholders,
as it is difficult to have in plumbing installation works since many stakeholders such as
architects, engineers, plumbers, contractors, etc are involved in plumbing installation
works.

Under lean tools and practices, experts suggested wrong selection of lean tools is one of
the common barriers faced by the construction industry while reducing plumbing waste.
Most organisations are struggling and unable to find the right lean tools which are suitable
to start the lean execution and for the organisation’s growth. EO5 mentioned that lack of
knowledge and training caused the wrong selection of lean tools and practices.

4.2 STRATEGIES TO OVERCOME BARRIERS TO LEAN IMPLEMENTATION TO
REDUCE PLUMBING WASTE IN HIGH-RISE BUILDING CONSTRUCTION
IN SRI LANKA

Table 4 shows the proposed strategies to overcome the identified barriers to lean
implementation to reduce plumbing waste in high-rise building construction in Sri Lanka.

Table 4: Barriers and strategies to overcome the barriers

Barriers Strategies
CULTURAL

CB1 Open the door for innovations
Let the employees know how lean is beneficial to them
Switch a few people who are conversant with the lean construction
Provide incentives for adaptation
Punishment and penalties for not adapting

CB2 Show the benefits
Conduct practical sessions on lean implementation
CB3 Application of smart technologies

o BIM implementation
Evaluate the previous experience of sub-contractors
Provide guidelines
CB4 Show the effect of existing behaviour and the benefits of lean behaviour
Create new organisational policies
e Publish guidelines
Provide rewards and incentives
CB5 Provide incentives
Changes to the organisation culture
Change the minds toward the lean

KNOWLEDGE

KB1 Participate in Continuing Professional Development (CPD) events
Conduct training programs
Improve within education systems
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Barriers

Strategies

KB2

Show the benefits of lean implementation

KB3

Provide knowledge about lean tools

Initiate recycling and reusing materials

MANAGERIAL

MB1

Change to the organisational culture

Conduct CPD sessions

MB2

Proper planning
o Proper material delivery schedules

Proper communication platform

Provide barcode and QR code systems

MB3

Draft contract documents properly

Be aware of the scope of competencies

Define the interfaces between parties properly

Provide guides through suitable supervisors

MB4

Adopt the modern procurement system

Show the benefits

MB5

Have a proper communication mechanism

Online platforms

Introduce proper meeting, conference and workshops procedure

MB6

Provide Government concession
e Tax reductions

Create new policies for the organisation

MB7

Buffer time allocation

Accurately calculate and allocate time
e get professional involvement
e Having a proper scheduling technique

Do first and run the study

Use the previous lesson learned

MB8

Have a proper mechanism to evaluate customer satisfaction in the post-
construction stage
e An apartment building should evaluate the end-user (real
consumer). Not the client

Establish KPIs

MB9

Get help from foreign countries who are experts in lean

Get some concession
e Tax reduction for material and overall construction value

Take government support
e Interest-free loans

MB10

Lean implementation

Proper designing and use of skilful designers

MB11

Provide incentives and welfare facilities

Establish benchmarking system

Establish KPlIs

Conduct awareness programmes

MB12

Maintain proper quality control system

In BOQ, mention the standards and brand name or equivalent

Establish benchmarking system
e Modular coordination

MB13

Train the leaders

Proceedings The 11" World Construction Symposium | July 2023

66



Adaptability of lean concept to reduce plumbing waste in high-rise building construction in Sri Lanka

Barriers Strategies
e Improve communication skills
e Conduct CPD session
Appoint the most suitable persons for the positions
o leaders with good behaviour, support, knowledge, experience

FINANCIAL

FB1 Assessing value provide by the lean implementation

FB2 Modify the lean concept to better suit the market conditions
Diversifying the product and service lines (to get a robust revenue
stream)

LEAN TOOLS AND PRACTICES

LB1 Show the benefits of lean tools and practices
Familiarise with valid live examples to converse the setup
Carrying out awareness programs

LB2 Provide knowledge about lean tools
Familiarise with valid live examples to converse the setup

LB3 Provide training to workers

Issue licenses

Provide trained professional

Establish benchmarks

Trail running

Involvement of lean expert for the selections

Publish guidelines and books based on lean

LB4 Move forward step by step
o first step is to implement the lean tools and assess risk. Then

provide solutions and move forward

Follow the risk management procedure

Have proper skill and expertise when implementing lean

Conducting CPD events, training programs, and improving within education systems are
the most commonly used strategies to overcome the barriers to lean implementation.
Moreover, E07 said that “incorporation of lean principles and practices can be done
through curriculum development, training programme, practical application and
collaboration with industry partners”. In addition, E09 has proposed that “learning lean
concepts through higher education is important for employees to familiarise themselves
with the lean”. Moreover, since lean concepts are not familiar to the Sri Lankan
construction industry, it is important to let the employees know how lean is beneficial.
Fragmented and subcontracting nature of the plumbing works, it is essential to implement
new smart technologies such as BIM to overcome the barriers. Further, organisational
culture could be changed towards lean and should increase the involvement of top
management.

4.3 DISCUSSION

According to the findings of the study, resistance to change is one of the most critical
barriers in adapting to the lean concept in the construction industry. Proving this, many
authors consider this as an important barrier (Huaman-Orosco & Erazo-Rondinel, 2021;
Prasad et al., 2022). The respondents highlighted that unwillingness to learn lean is a
significant barrier as it requires effective communication, education and focus on the
benefits of the lean methodologies. Researchers disclosed that lack of awareness, fear of
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job security and complacency and comfort zone are the major reasons for the
unwillingness to learn about lean (Abu et al., 2021; Gomez et al., 2020). The majority of
plumbing works are carried out by specialised subcontractors. Hence, the fragmentation
and subcontracting nature of the construction industry is another significant barrier to
lean adaptation. Maraqga et al (2021) discussed that the fragmentation and subcontracting
of plumbing work may lead to lack coordination and control and a barrier to information
and communication. In order to adapt the organisation culture towards lean, a systematic
and comprehensive approach is required. Hence, leadership commitment, education and
training, and fostering a continuous improvement mindset are required (O'Connor &
Cormican, 2022). The plumbers should be encouraged to experiment new concepts such
as lean and technologies and should provide room for trying out innovation. Promoting a
culture of innovation helps plumbers actively seek out and implement lean concepts
(Garcia & Murguia, 2021).

5. CONCLUSIONS

Previous studies have discussed the barriers to implementing lean in the construction
industry in different contexts. This study assessed the barriers to implementing lean to
reduce plumbing waste and strategies to overcome the barriers, which have not been
discussed so far especially for high-rise building construction in Sri Lanka. Twenty-nine
barriers were identified which affect the adaptability of lean concept to reduce plumbing
waste in high-rise building construction in Sri Lanka. Then, strategies to overcome each
barrier were identified. The experts highlighted the importance of initial experiments on
the suggested strategies to check the practicality of implementing such novel concepts
regarding cost, quality and time concerns and make necessary adjustments before
implementation. The study contributed to the body of knowledge in two ways: the barriers
to lean implementation to reduce plumbing waste in high-rise building construction in Sri
Lanka and the strategies to overcome the barriers were subsequently explored. The study
helped the construction industry pave the path to reducing plumbing waste and enhancing
collaboration with subcontractors to reduce plumbing waste. Further, study findings will
help to enhance the efficiency and quality of construction work. The lean concept is novel
to the Sri Lankan construction industry. This study focuses on using the lean concept in
the Sri Lankan construction industry, specifically for high-rise building projects. This is
one of the first studies focusing on using lean for plumbing waste reduction in high-rise
building projects in Sri Lanka. The findings can be further validated through case studies,
which will be the next research phase. The study is expected to be useful as a benchmark
for future research studies.

6. REFERENCES

Abu, F., Gholami, H., Saman, M. Z. M., Zakuan, N., & Streimikiene, D. (2019). The implementation of
lean manufacturing in the furniture industry: A review and analysis on the motives, barriers,
challenges, and the applications. Journal of Cleaner Production (234), 660-680.
https://doi.org/10.1016/j.jclepro.2019.06.279

Abu, F., Gholami, H., Saman, M. Z. M, Zakuan, N., Streimikiene, D., & Kyriakopoulos, G. L. (2021). An
SEM approach for the barrier analysis in lean implementation in manufacturing industries.
Sustainability, 13(4), 1978. https://doi.org/10.3390/5u13041978

Al Balkhy, W., Sweis, R., & Lafhaj, Z. (2021). Barriers to adopting lean construction in the construction
industry—The case of Jordan. Buildings, 11(6), 222. https://doi.org/10.3390/buildings11060222

Ali, T. H., Akhund, M. A., Memon, N. A., Memon, A. H., Imad , H. U., & Khahro, S. H. (2019). Application
of artifical intelligence in construction waste management: A conceptual frame-work for effective waste

Proceedings The 11" World Construction Symposium | July 2023 68



Adaptability of lean concept to reduce plumbing waste in high-rise building construction in Sri Lanka

management system. In 8th International Conference on Industrial Technology and Management, (pp.
50-55). Cambridge. doi: 10.1109/ICITM.2019.8710680.

Ariyawansha, C., & Francis, M. (2022). Cost overrun factors in pre-contract and post-contract stages: a
critical analysis. In 10th World Construction Symposium, (pp. 262-274). Chartered Institute of Builders.
https://doi.org/10.31705/WCS.2022.22.

Asnan, R., Nordin, N., & Othman, S. N. (2015). Managing change on lean implementation in service sector.
Procedia - Social and Behavioral Sciences, 211, 313-319. https://doi.org/10.1016/j.sbspro.2015.11.040

Atencio, E., Araya, P., Oyarce, F., Herrera, R. F., Rivera, F. M.-L., & Lozano-Galant, F. (2022). Towards
the integration and automation of the design process for domestic drinking-water and sewerage systems
with BIM. Applied Sciences. 12(18), 9063. https://doi.org/10.3390/app12189063

Avella, J. R. (2016). Delphi Panels: Research design, procedures, advantages, and challenges. International
Journal of Doctoral Studies, 11, 305-321. Retrieved from
http://www.informingscience.org/Publications/3561

Bajjou, M. S.,; & Chafi, A. (2018). Lean construction implementation in the Moroccan construction
industry.  Journal  of  Engineering, Design and  Technology, 16(4). 533-556.
http://dx.doi.org/10.1108/JEDT-02-2018-0031

Baradaran-Noveiri, P., Liu, H., Han, S., & Zaheeruddin, M. (2022). Parametric-based design optimization
of air distribution system in panelized construction. Journal of Building Engineering, 51(1), 104254.
https://doi.org/10.1016/j.jobe.2022.104254

Bashir, A. M., Suresh, S., Proverbs, D. G., & Gameson, R. (2010). Barriers towards the sustainable
implementation of lean construction in the United Kindom construction organisations. In ARCOM
Doctoral Workshop. (pp. 1-8). Association of Researchers in Construction Management. Retrieved
from https://www.arcom.ac.uk/-docs/workshops/2010-Wolverhampton.pdf#page=4

Bayhan, H. G., Demirkesen, S., & Jayamanne, E. (2019). Enablers and barriers of lean implementation in
construction projects. IOP Conference Series: Materials Science and Engineering. 471, 022002. doi:
10.1088/1757-899X/471/2/022002

Brady, S. R. (2015). Utilizing and adapting the delphi method for use in qualitative research. International
Journal of Qualitative Methods. 14(5). https://doi.org/10.1177/1609406915621381

Chaple, A. P., Narkhede, B. E., Akarte, M. M., & Raut, R. (2021). Modelling the lean barriers for successful
lean implementation: TISM approach. International Journal of Lean Six Sigma. 12(1). 98-119.
https://doi.org/10.1108/1JLSS-10-2016-0063

Creswell, J. W. (2014). A concise introduction to mixed methods research. (2" Ed.). SAGE publications.
Retrieved from https://us.sagepub.com/en-us/nam/a-concise-introduction-to-mixed-methods-
research/book266037

Da-Cunha, S. R. L. D., & De-Aguiar, J. L. B. (2020). Phase change materials and energy efficiency of
buildings: A  review of knowledge. Journal of Energy Storage, 27, 101083.
https://doi.org/10.1016/j.est.2019.101083

Demirkesen, S., Wachter, N., Oprach, S., & Haghsheno, S. (2019). Identifying barriers in lean
implementation in the construction industry. In 27th Annual Conference of the International Group for
Lean Construction (IGLC), (pp. 157-168). IGLC. doi.org/10.24928/2019/0151

Erthal , A., & Marques, L. (2020). Organisational culture in lean construction: Managing paradoxes and
dilemmas. Production Planning and Control, 33(11). 1078-1096.
https://doi.org/10.1080/09537287.2020.1843728

Evans, M., Farrell, P., Elbeltagi, E., & Dion, H. (2022). Competency framework to integrate lean
construction and integrated project delivery on construction megaprojects: Towards a future of work
global initiatives in multinational engineering organisations. Benchmarking: An International Journal,
1913-1956. https://doi.org/10.1108/B1J-02-2021-0066

Garcia, A., & Murguia, D. (2021). A scenario-based model for the study of collaboration in construction.
In 29th Annual Conference of the International Group for Lean Construction (IGLC29), (pp. 552—
561). IGLC. https://doi.org/10.24928/2021/0216

Gomez, S., Ballard, G., Arroyo, P., Hackler, C., Spencley, R., & Tommelein, I. D. (2020). Lean,
psychological safety, and behavior-based quality: A focus on people and value delivery. In 28th Annual
Conference of the International Group for Lean Construction (IGLC28), (pp. 1103-5968). Berkeley.
https://doi.org/10.24928/2020/0056

Gray, C. J. (2016). The Delphi Technique: Lessons learned from a first time researcher. Issues in
Information Systems, 17(6). 91-97. https://doi.org/10.48009/4 iis_2016_91-97

Proceedings The 11" World Construction Symposium | July 2023 69



S.M.A.H. Senanayake, L.D.l.P. Seneviratne and K.A.T.O. Ranadewa

Gupta, S., Ahmadi, M. A., & Kumar, L. (2020). Identification of the barriers of lean construction
implementation in construction projects- A review. International Journal of Innovative Research in
Computer Science & Technology. 8(3). 182-187. https://doi.org/10.21276/ijircst.2020.8.3.27

Habibi, A., Sarafrazi, A., & lzadyar, S. (2014). Delphi technique theoretical framework in qualitative
research. The International Journal Of Engineering And Science, 3(4). 8-13. Retrieved from
https://www.researchgate.net/publication/272177606_Delphi_Technique_Theoretical_Framework_in

_Qualitative
Hansen, M. B. (2005). Partnering, Lean Construction and BygLOK integrated in construction projects: A
case study of a construction project in Denmark . Chalmers. Retrieved from

https://hdl.handle.net/20.500.12380/18128

Huaman-Orosco, C., & Erazo-Rondinel, A. A. (2021). An exploratory study of the main barriers to lean
construction implementation in Peru. In 29th Annual Conference of the International Group for Lean
Construction (IGLC29), (pp. 474-483). IGLC. https://doi.org/10.24928/2021/0173

Huda, G., & Berawi, M. A. (2021). Quickly understanding of lean construction to improve project cost
performance: A literature review. In ITB Graduate School Conference, (pp. 61-75). ITB Graduate
School. Retrieved from https://gcs.ith.ac.id/proceeding-igsc/index.php/igsc/article/view/8

Hung, F. C., & Kamaludin, N. S. (2017). Professionals' views on material wastage level and causes of
construction waste generation in Malaysia. Malaysian Construction Research Journal, 21(1). 33-54.
Retrieved from
https://www.researchgate.net/publication/316682486_PROFESSIONALS' VIEWS_ON_MATERIAL
_WASTAGE_LEVEL_AND_CAUSES_OF CONSTRUCTION_WASTE_GENERATION_IN_MA
LAYSIA

Husin, A. E. (2019). Waste reduction at mechanical electrical plumbing (MEP) works based on lean
construction in high rise building. International Journal of Scientific Research Engineering &
Technology, 8(1), 30-41. http://dx.doi.org/10.13140/RG.2.2.32810.06088

Kalsaas, B. T. (2010). Work-time waste in construction. In 18th Annual Conference of the International
Group for Lean Construction. (pp. 507-517). IGLC. Retrieved from https://iglc.net/Papers/Details/723

Kanafani, J. A. (2015). Barriers to the implementation of lean thinking in the construction industry: The
case of UAE. University of Leichester.

Kundu, G., & Manohar, B. M. (2012). Critical success factors for implementing lean practices in IT support
services. International Journal for Quality research, 6(4). 301-312. Retrieved from
http://mww.ijgr.net/journal/v6-n4/1.pdf

Kuusi, O. (1999). Expertise in the future use of generic technologies . Government Institute of Economic
Research. Retrieved from https://core.ac.uk/download/pdf/153491932.pdf

Likita, A. J., & Jelodar, M. B. (2019). An overview challenges of BIM and lean construction
implementation in New Zealand construction industry. In The Australasian Universities Building
Education Association (AUBEA). (pp. 714-723). Retrieved from
https://www.researchgate.net/publication/337137113_An_Overview_Challenges_of_BIM_and_Lean_
Construction_Implementation_in_New_Zealand_Construction_Industry

Lodgaard, E., Ingvaldsen, J. A., Gamme, |., & Aschehoug, S. (2016). Barriers to lean implementation:
Perceptions of top managers, middle managers and workers. Procedia CIRP, 57, 595-600.
https://doi.org/10.1016/j.procir.2016.11.103

Madanayake, U. H. (2015). Application of lean construction principles and practices to enhance the
construction performance and flow. In Y. G. Sandanayake, N. G. Fernando, & G. I. Karunasena (Ed.),
The 4th World Construction Symposium 2015, (pp. 109-126). Chartered Institute of Building. Retrieved
from http://dl.lib.uom.lk/handle/123/17164

Madter, N., Bower, D. A., & Aritua, B. (2012). Projects and personalities: A framework for individualising
project management career development in the construction industry. International Journal of Project
Management, 30(3), 273-281. https://doi.org/10.1016/j.ijproman.2011.09.001

Maraga, M. J., Sacks, R., & Spatari, S. (2021). Quantitative assessment of the impacts of BIM and lean on
process and operations flow in construction projects. Engineering, construction and architectural
management, 28(8), 2176-2198. https://doi.org/10.1108/ECAM-12-2020-1068

Memon, A. H., Akhund, M. A., Laghari, A. N., Imad, H. U., & Bhangwar, S. N. (2018). Adoptability of
lean construction techniques in Pakistan’s construction industry. Civil Engineering Journal. 4(10).
Retrieved from https://civilejournal.org/index.php/cej/article/view/986

Moreno, M. (2021). The zero waste concept in the California commercial construction industry: A case
study. California Polytechnic State University. Retrieved from
https://digitalcommons.calpoly.edu/cmsp/530

Proceedings The 11" World Construction Symposium | July 2023 70



Adaptability of lean concept to reduce plumbing waste in high-rise building construction in Sri Lanka

Mostafavi, F., Tahsildoost, M., & Zomorodian, Z. (2021). Energy efficiency and carbon emission in high-
rise  buildings: A review (2005-2020). Building and Environment. 206, 108329.
https://doi.org/10.1016/j.buildenv.2021.108329

Nagapan, S., Rahman, I. A., & Asmi, A. (2012). Factors contributing to physical and non-physical waste
generation in construction industry. International Journal of Advances in Applied Sciences, 1(1), 1-10.
http://doi.org/10.11591/ijaas.v1.il.pp1-10

Nahm, A. Y., Lauver, K. J., Keyes, J. P. (2012). The role of workers’ trust and perceived benefits in lean
implementation success. International Journal of Business Excellence, 5(5). 463-484.
https://doi.org/10.1504/1JBEX.2012.048798

O'Connor, D., & Cormican, K. (2022). Leading from the middle: How team leaders implement lean success
factors. International Journal of Lean Six Sigma, 13(2), 253-275. https://doi.org/10.1108/1JLSS-11-
2020-0194

Panwar, A., Jain, R., & Rathore, A. P. S. (2015). Lean implementation in Indian process industries: Some
empirical evidence. Journal of Manufacturing Technology Management, 26(1), 131-160.
https://doi.org/10.1108/JMTM-05-2013-0049

Papastamoulis, V., London, K., Feng, Y., Zhang, P., Crocker, R., & Patias, P. (2021). Conceptualising the
circular economy potential of construction and demolition waste: An integrative literature review.
Recycling, 6(3), 61-81. https://doi.org/10.3390/recycling6030061

Perera, C. S. R., & Gunatilake, S. (2020). Value chain management in Sri Lankan construction industry:
Contractor’s perspective. International Journal of Construction Management. 22(16). 3137-3147.
https://doi.org/10.1080/15623599.2020.1843110

Porwal, A., Parsamehr, M., Azostopal, D., Ruparathna, R., & Hewage, K. (2020). The integration of
building information modelling (BIM) and system dynamic modelling to minimize construction waste
generation from change orders. International Journal of Construction Management, 23(1), 156-166.
https://doi.org/10.1080/15623599.2020.1854930

Prasad, S., Rao, A. N., & Lanka, K. (2022). Analysing the Barriers for Implementation of Lean-led
Sustainable Manufacturing and Potential of Blockchain Technology to Overcome these Barriers: A
Conceptual Framework. International Journal of Mathematical, Engineering and Management
Sciences, 7(6), 791-819. https://doi.org/10.33889/IIMEMS.2022.7.6.051

Ranadewa, K. A. T. O., Sandanayake, Y. G. S., & Siriwardena, M. (2021). Enabling lean through human
capacity building: An investigation of small and medium contractors. Built Environment Project and
Asset Management, 594-610. Retrieved from http://researchonline.ljmu.ac.uk/id/eprint/15013/

Salem, O., Solomon, J., Genaidy, A., & Luegring, M. (2005). Site implementation and assessment of lean
construction  techniques. Lean  Construction Journal, 2(2). 1-21. Retrieved from
https://www.researchgate.net/publication/228676008

Sankaran, S., lllingworth, B. V., Dick, B., Shaw, K. (2018). Potential use of delphi to conduct mixed-
methods research: A study of a research project on leadership. ACSPRI Social Science Methodology
Conference. 1-13. http://hdl.handle.net/10453/131023

Sarhan, J. G., Xia, B., Fawzia, S., & Karim, A. (2017). Lean construction implementation in the Saudi
Arabian  construction industry. Construction economics and building, 17(1). 46-69.
http://dx.doi.org/10.5130/AJCEB.v17i1.5098

Sarhan, J., Xia, B., Fawzia, S., Karim, A., & Olanipekun, A. (2018). Barriers to implementing lean
construction practices in the Kingdom of Saudi Arabia (KSA) construction industry. Construction
Innovation. 18(2). 246-272. https://doi.org/10.1108/C1-04-2017-0033

Sarhan, S., & Fox, A. (2013). Barriers to implementing lean construction in the UK construction industry.
The Built & Human Environment Review, 6, 1-17. Retrieved from
https://www.researchgate.net/publication/263658667_Barriers_to_Implementing_Lean_Construction_
in_the_UK_Construction_Industry

Secchi, R., & Camuffo, A. (2019). Lean implementation failures: The role of organizational ambidexterity.
International Journal of Production Economics, 210, 145-154.
https://doi.org/10.1016/j.ijpe.2019.01.007

Seppénen, O., & Gorsch, C. (2022). Decreasing waste in mechanical, electrical and plumbing work. In 30th
Annual Conference of the International Group for Lean Construction (IGLC) (pp. 84-94). IGLC.
https://doi.org/10.24928/2022/0111

Shang, G., & Pheng, L. S. (2014). Barriers to lean implementation in the construction industry in China.
Journal of Technology Management in China, 9(2), 155-173. https://doi.org/10.1108/JTMC-12-2013-
0043

Proceedings The 11" World Construction Symposium | July 2023 71



S.M.A.H. Senanayake, L.D.l.P. Seneviratne and K.A.T.O. Ranadewa

Shaqour, E. N. (2022). The impact of adopting lean construction in Egypt: Level of knowledge, application,
and benefits. Ain Shams Engineering Journal, 13(2). 101551.
https://doi.org/10.1016/j.asej.2021.07.005

Sharma, H. B., Vanapalli, K. R., Samal, B., Cheela, V. R., Dubey, B. K., & Bhattacharya, J. (2021). Circular
economy approach in solid waste management system to achieve UN-SDGs: Solutions for post-COVID
recovery. Science of the Total Environment, 800, 149605.
https://doi.org/10.1016/j.scitotenv.2021.149605

Shurrab, J., & Hussain, M. (2018). An empirical study of the impact of lean on the performance of the
construction industry in UAE. Journal of Engineering, Design and Technology. 16(5). 694-710.
https://doi.org/10.1108/JEDT-09-2017-0095

Turner, A., & Filella, M. (2021). Polyvinyl chloride in consumer and environmental plastics, with a
particular focus on metal-based additives. Environmental Science: Processes & Impacts, 23(9), 1376-
1384. Retrieved from
https://pubs.rsc.org/en/content/articlelanding/2021/em/d1em00213a#:~:text=Metals%20in%20PVC%
20are%20believed, microplastics%20when%20ingested%20by%20wildlife.

Wahab, A. N. A., Mukhtar, M., & Sulaiman, R. (2013). A conceptual model of lean manufacturing
dimensions. Procedia Technology, 11, 1292-1298. https://doi.org/10.1016/j.protcy.2013.12.327

Xing, W., Hao, J. L., Qian, L., Tam, V. W., & Sikora, K. S. (2021). Implementing lean construction
techniques and management methods in Chinese projects: A case study in Suzhou, China. Journal of
Cleaner Production, 286, 124944, https://doi.org/10.1016/j.jclepro.2020.124944

Zahraee, S. M., Esrafilian, R., Kardan, R., Shiwakoti, N., & Stasinopoulos , P. (2021). Lean construction
analysis of concrete pouring process using value stream mapping and arena based simulation model.
Materials Today: Proceedings, 42(2). 1279-1286. https://doi.org/10.1016/j.matpr.2020.12.955

Proceedings The 11" World Construction Symposium | July 2023 72



