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Message from the Multi-conference Chairs

We are pleased to have had the opportunity to host the 2022 construction multi-conference held
at the University of Alberta, one of Canada's leading public universities, known for world-class
research and innovative discoveries.

The 2022 multi-conference event comprises the 30" annual conference of the International
Group for Lean Construction (IGLC), the Modular and Offsite Construction (MOC) Summit, and
the Construction Innovation Centre (CIC) Forum.

When compared to current conventional construction methods, lean construction and
industrialized construction offer a number of advantages, including increased productivity,
reduced costs and construction time, higher quality products, healthier environments for workers
and occupants, and decreased environmental footprint (CO, emissions).

As construction methods and technologies evolve, stakeholders need to be informed and
engaged at every phase of the construction project in order to effect a fundamental change in
construction culture. To address this need, the 2022 IGLC30 / MOC Summit / CIC Forum multi-
conference provided a venue for academics, practitioners, and industry stakeholders to share
their knowledge and expertise regarding the opportunities and challenges associated with
implementing innovative construction methods and technologies. Through participation in
interactive sessions and workshops, delegates challenged current policies and practices, and
discussed how to improve efficiency and productivity.
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Foreword

The 30th annual conference of the International Group for Lean Construction brought together academic
and industry professionals to discuss pressing topics in lean construction research and practice. It was a
milestone event not only because it was the first in-person event after two consecutive online conferences
due to the COVID-19 pandemic, but also because it brought elevated the level of collaboration by bringing
together three conferences under one roof to produce a dynamic multi-conference event. IGLC30 was held
in conjunction with two other conferences: the 2022 MOC Summit, a globally recognized conference
creating an active platform for idea exchange between leaders, scholars, and practitioners in modular and
offsite construction; and the 2022 CIC Forum, an annual event launched in 1997 to establish a venue for
circulating ideas, practices, and solutions among researchers, students, industry partners and members of
the Alberta construction industry.

Moreover, this was the first time that IGLC adopted the hybrid conference format so that participants
could attend in-person or remotely due to the ever-evolving nature of the COVID-19 pandemic. A total of
116 full papers were received, and following a double-blind review, 104 papers were accepted for
publication and 12 were rejected. The accepted papers represent 17 countries including (in alphabetical
order): Australia, Brazil, Canada, Chile, Colombia, Denmark, Finland, France, Germany, India, Iran, Ireland,
Israel, Italy, Lebanon, Mexico, Norway, Peru, Qatar, Sweden, UK, and USA. Table 1 shows the number of
published papers from each country.

Table 1: Papers accepted to IGLC30 by country of first author’s institution

Countries Papers published Countries Papers published
USA 21 Australia 3
Canada 13 Lebanon 2
Brazil 12 Colombia 1
Finland 12 France 1
India 8 Iran 1
Norway 8 Ireland 1
Chile 6 Israel 1
Germany 6 Italy 1
UK 6 Mexico 1
Denmark 4 Qatar 1
Peru 4 Sweden 1

The high quality of the submissions led us to choose nine plenary papers worthy of presentation to the
entire IGLC audience. The plenary papers are listed in Table 2. Additionally, the eleven themes were
chosen to reflect the most pressing issues of interest to researchers in the field, and two full pages were
permitted for reference lists in order to allow for a systematic literature review. The breakdown of papers
received for each theme is shown in Table 3.

Table 4 includes the names of all the volunteers and staff at the University of Alberta who worked
tirelessly to organize and produce the multi-conference event.

The technical co-chairs would like to acknowledge the efforts of all those who committed their time to
review the papers. The reviewers, listed in Table 5, were diligent in their efforts to ensure that the papers
accepted for this conference were of a high standard. We would also like to thank the authors for
addressing the reviewers’ comments and improving the quality of their submissions.
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Table 2: Selected plenary papers of IGLC30

Plenary paper title

Authors

Gregory Howell Plenary Session:
Uncovering and visualizing work process
interruptions through quantitative workflow analysis

Christopher Gérsch, Alaa Al Barazi,
Hisham Abou Ibrahim, Olli Seppénen

Rethinking project delivery to focus on value and
innovation in the public sector

Patricia Tillmann, Stuart Eckblad,
Fred Whitney, Niall Koefoed

Sensemaking of guiding principles in construction
projects

John Skaar

The need for a human-centric approach in C4.0
technologies

Karim Noueihed, Farook Hamzeh

The development of simulations and pull planning for lean
construction learning and implementation

Cynthia C.Y. Tsao, Gregory A. Howell

Is construction industry still performing worse than other
industries?

Jan Alarik Elfving, Olli Seppédnen

Location-based work sampling

Cristina Toca Pérez, Stephanie Salling, Sgren
Wandahl

Developing a multi-project collaboration based IPD framework
for small and medium enterprises in the construction industry

Raviteja Vaitla, Vrinda Arjun Gaikwad,
Abhinav Reddy Singireddy,
Jong Han Yoon

Putting the collaborative style of a successful
football team in a lean construction context

Tobias Onshuus Malvik

Table 3: Papers submitted by theme

Theme Number of papers [Theme Number of papers
Production Planning and Control 24 Lean Theory 8
People, Culture, and Change 12 Learning and Teaching Lean 8
&rgﬁ:gél?‘g\ﬁlopment and Design 11 Safety, Quality, and Green-Lean 7
) ) . Supply Chain Management and Off- 7
Enabling Lean with Information 9 Site Construction
Technology Production System Design
Lean and BIM 9 Contract and Cost Management 4
Table 4: Volunteers and staff
Abbey Dale Abellanosa Diana Salhab Kristin Berg Ramin Aliasgari

Ali Golabchi
Amanda Peters
Anas Badreddine
Anas Iltani

Asif Mansoor
Beda Barkokebas Jonathan Tomalty
Brenda Penner Karim Noueihed
Danial Gholinezhad Dazmiri  Karl Keyrouz

Elyar Pourrahimian
Enric Barkokebas
Fatima Alsakka
Ghulam Muhammad Ali

Lynn Shehab

Malak El Hattab
Mohamad Darwish
Nazanin Najafizadeh
Hisham Soliman Mahmoud Negar Mansouri Asl
Omar Abdel-Jaber
Omar Azakir

Pablo Martinez Rodriguez  Vahid Abbasianfar

Rana Ead

Regina Dias Ferreira Barkokebas
Rose Parvaneh

Salam Khalife

Samaneh Momenifar

Serhii Naumets

Sida Wang
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Table 5: Reviewers

Name Affiliation Name Affiliation
Mohammed Adel The University of Auckland Ricardo Codinhoto The University of Bath
Muhamad Abduh Institut Teknologi Bandung Manoela Conte UFRGS

Mohamed Abou El Fish

KEO International

Dayana Bastos Costa

Federal University of Bahia

Hisham Abou Ibrahim

Aalto University

Ype Cuperus

Delft University of
Technology

Julia Sofia Acosta Rojas

Pontificia Universidad Catdlica
de Chile

Patrick Dallasega

Free University of Bozen-
Bolzano

Venkata Santosh Kumar

Indian Institute of

Kamyab Aghajamali UNB_OCRC Delhi Technology Bombay

Sa'id Ahmed Kingston University London  [Sevilay Demirkesen Cakir Gebze Technical University
Toni Henrik Ahonen YIT Suomi Oy Ganesh Devkar CEPT University

Opeoluwa Akinradewo University of Johannesburg Regina Dias Barkokebas University of Alberta
Wassim Al Balkhy Centrale Lille Janosch Manuel Dlouhy BMW Group

Alaa Al Barazi Aalto Doanh Do UC Berkeley

Luis Fernando Alarcon Sgrgmga Universidad Catolica David R. Drake Washington State University
Ghulam Muhammad Ali University of Alberta Frode Drevland NTNU

Ghulam Ali University of Alberta Jan Alarik Elfving Skanska

Alexandre Almeida Del Savio Universidad de Lima

Mahmoud Elsayed

University of Alberta

Fatima Alsakka

University of Alberta

Fidelis Abumere Emuze

Central University of
Technology, Free State

Thais Alves

San Diego State University

Andrews Alexander Erazo-
Rondinel

Universidad Continental

Tatiana Gondim Amaral

Universidade Federal de Goias

Bernardo Martim Beck Da
Silva Etges

Climb Consulting Group

Patricia Andre Tillmann

Superior air handling

Chao Fan

University of Alberta

Caroline Silva Araujo

Federal University of Bahia

Laura Florez Perez

University College London

Yasaman Arefazar

Texas A&M University

Salazar Santos Fonseca

Coanfi, S.L.

Paz Arroyo

DPR Construction

Daniel Forgues

ETS Montreal

Elnaz Asadian

Pennsylvania State University
(PSU)

Carlos T. Formoso

UFRGS - Federal University
of Rio Grande do Sul
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University of Alberta
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Taboada

Pontifical Catholic
University of Peru
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University of Alberta

Nelly Paola Garcia-Lopez
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Universiti Tun Hussein Onn
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. . Federal University of Rio :
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Science & Technology
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Aalto University
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. National University of . . .
David K H Chua Singapore Prasad KV VIT University, Chennai
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IGLC 30 included the following four value-added and popular events:

(1) insightful keynote speeches, the first by Dr. Glenn Ballard (UC Berkeley) titled “The Last Planner
System and the Waste of Making-Do: A Research Proposal”, and the second by Dr. Patricia
Tzortzopoulos (University of Huddersfield) titled “Reflections on Industry 5.0 to foster Lean Design and
Digitalisation”,

(2) five sessions of Lean simulation games led by Dr. Iris Tommelein (UC Berkeley), Dr. Zofia Rybkowksi
(Texas A&M University), Dr. Cynthia Tsao (Navilean), Dr. Thais Alves (San Diego State University), and
Alan Mossman;

(3) the Greg Howell best paper session, which was awarded to “Uncovering and visualizing work process
interruptions through quantitative workflow analysis” by Christopher Gorsch, Alaa Al Barazi, Hisham
Abou Ibrahim, and Olli Seppéanen (all affiliated with Aalto University) ; and

(4) the panel on “Perspectives on Generative Design for Construction” hosted by the Construction
Innovation Center (University of Alberta).

Thank you to the multi-conference volunteers, organizing committee, reviewers, authors, track chairs, and
conference participants for contributing to this dynamic event.

May these proceedings be of value to practitioners and researchers for years to come.

Sincerely,
Farook Hamzeh and Thais Alves

Your 2022 IGLC proceedings editors and technical co-chairs

Dr. Farook Hamzeh
IGLC30 Technical Co-chair
Associate Professor, Department of Civil & Environmental Engineering, University of Alberta

Dr. Hamzeh is a Lean Construction expert. His theoretical and applied research in the US, Canada, and the MENA region aim at
improving the design and construction of projects. Dr. Farook Hamzeh is an Associate Professor in Civil and Environmental
Engineering at the University of Alberta. He was full time faculty at Colorado State University and at the American University of

Beirut. Dr. Hamzeh is an active member of the International Group of Lean Construction (IGLC) and has published heavily on Lean

Construction and related topics. Dr. Hamzeh has worked for more than seven years in the construction industry on several mega
projects: the $1.7 Billion Cathedral Hill Hospital in San Francisco, the 333 m high Rose Rotana Hotel in Dubai, Losail motor-bike
racetrack in Qatar, Olympic Tower in Qatar, Al-Amal Oncology Hospital in Qatar, Serail 1374 Building in downtown Beirut, and
Sibline Cement factory 2nd production line in Lebanon.

Dr. Thais Alves
IGLC30 Technical Co-chair
Associate Professor, Department of Civil, Construction and Environmental Engineering, San Diego State University

Dr. Thais Alves is currently the AGC - Paul S. Roel Chair in Construction Engineering and Management at the J.R. Filanc
Construction Engineering and Management Program at San Diego State University (SDSU). Prior to SDSU, Dr. Alves was a faculty
member at the Federal University of Ceara, Brazil. She specializes in construction management and project-based production

systems, including the use of lean production/construction concepts, principles, and tools to improve the performance of
production systems and how people organize, collaborate, and learn from planning activities. Dr. Alves has published extensively

in the International Group for Lean Construction (IGLC) since 2000, and has been part of the core group of the Lean Construction

Institute San Diego Community of Practice since 2010.
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CURRICULUM DELIVERY IN CIVIL
ENGINEERING USING MONTE CARLO
SIMULATION

Osama Mohsen?, Serhii Naumets?, and Farook Hamzeh?®

ABSTRACT

Lean education can refer to teaching Lean principles or applying Lean thinking to
improve educational content delivery. Applying Lean in education can enhance
supportive services such as admissions and program selections. In this paper, we
developed a simulation study to examine course offerings in the third and fourth years of
civil engineering at the University of Alberta, given an anticipated number of students
registered in different subdisciplines. This study uses Monte Carlo simulation to model
student enrolment in the curriculum aiming to reduce curriculum planning time and
incorporate the end users’ (i.e., the students) preferences into the course offerings by
evaluating various what-if scenarios. The study investigates the effect of course selection
flexibility on curriculum delivery and estimates the seating capacity to accommodate all
enrolled students. In one scenario, all variables were simulated using random numbers
and predefined statistical distributions. In a second scenario, we introduced restrictions
where one subdiscipline offers limited courses, and graduate course offerings are
restricted. In a third scenario, an additional restriction was added by raising the GPA
eligibility threshold for graduate courses. The results show that simulation is an effective
tool to test and incorporate Lean ideas into curriculum planning and management.

KEYWORDS

Continuous Improvement, Curriculum Development, Engineering Education, Learning,
Simulation.

INTRODUCTION

The core of today's Lean thinking and methodology is based on the success of the Toyota
Production System (TPS) (Ohno 1988), which founded the worldwide spread of Lean
principles, not only in the manufacturing sector but also in other industries and service
environments. Many researchers have investigated the Lean applications in the
construction industry (Lauri Koskela 1992; Ballard and Howell 2003; Alarcén et al. 2008;
Jorgensen and Emmitt 2009). Also, Lean tools and techniques were utilized in various
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service fields such as healthcare (Ker et al. 2014), hospitality (Abdelhadi 2016), and
finance (Wang and Chen 2010).

The application of Lean principles in higher education institutions (HEIs) provides
numerous benefits at operational, administrative, and strategic levels. The inclusion of
Lean thinking and principles in education is two folds: 1) as curriculum contents and 2)
as a method of improving educational delivery (Alves et al. 2017). Specifically, the
quality of engineering education affects, to a large extent, the quality of future engineers;
hence, HEIs are required to identify and search for the skills and competencies that a
modern engineer must retain. Lean higher education (LHE) refers to the adoption of Lean
philosophy and thinking in higher education, both at academic activity levels (e.g., course
design, improving degree programs, managing assignments) and administrative activity
levels (e.g., admission process, hiring, purchasing) (Vukadinovic et al. 2016).

The fundamental nature of Lean philosophy is to eliminate all types of waste,
shortfalls, and non-value-adding activities. Lean practices and principles have the
potential to significantly improve the curriculum planning process. To the best of our
knowledge, there are rarely any studies that attempt to incorporate Lean thinking into the
curriculum planning processes via the use of Monte Carlo simulation. This paper intends
to use simulation modeling to examine the effect of applying different sets of rules that
restrict undergraduate student enrollment in the civil engineering program courses at the
University of Alberta. We propose that a curriculum simulation modeling can be used
and lead to a lean planning process by reducing the time required to forecast seat
requirements for each subdiscipline. Also, it allows curriculum planners to better prepare
for unforeseen changes in course offerings and curriculum guidelines. This approach will
also improve the student experience by allowing planners to match the course offerings
with the students' preferences and forecasted enrollment. The implemented method in this
study supports the Lean principles of 1) “Create a continuous process flow to bring
problems to the surface,” and 2) “Make decisions slowly by consensus, thoroughly
considering all options,” as described by Liker (Liker 2021). Without using the proposed
model, curriculum and program planners have to spend a significant amount of time
trying to satisfy many contradicting constraints regarding student enrolment and course
offerings. In addition, using our proposed model, the decisions made by the planners are
based on objective measures and forecasts and are less prone to subjectivity.

The paper starts with a brief literature review about Lean application in higher
education. Then, the study methodology is presented, followed by results and a discussion
section. Concluding remarks are then presented, including suggestions for future work.

LITERATURE REVIEW

The literature on Lean application in higher education institutions is still evolving
compared to the wealth of information on lean in the manufacturing industry (Thomas et
al. 2015). In this section, we provide a brief overview of the literature on Lean application
in higher education as well as curriculum development.

LEAN FOR EDUCATION

Lean is gaining attention in the educational sector as valuable organizational philosophy
and administrative toolkit. Lean initiatives have been developed and implemented to
promote sustainable universities by identifying the best Lean practice at the institutional
level (Comm and Mathaisel 2003). Also, Emiliani (2004) described the application of
Lean principles and practices to improve the consistency of business courses taken by
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part-time students who are working professionals. In a subsequent paper, the author used
the Kaizen process for ten courses in a part-time executive management degree and
concluded that Kaizen could be an effective way to improve business courses and values
for students (Emiliani 2005). In applying Lean principles and techniques at HEIs, Balzer
et al. (2015) discussed the respective successes, challenges, and potentials for improving
institutional readiness, enhancing leadership awareness and support, and facilitating an
institution-wide transition to LHE.

Other authors tried to combine different techniques with Lean to achieve a more
efficient curriculum delivery. For example, Thomas et al. (2017) proposed a framework
that attempts to create a more balanced and integrated approach between Lean and Six
Sigma that can accomplish enhanced efficacy of curriculum and program development in
a higher education environment. On the other hand, Tsao et al. (2013) discussed distinct
perspectives on teaching Lean Construction (LC) in a university setting. They illustrated
how LC could be taught effectively by combining a broad range of tasks that integrate
theory with action. These tasks may include readings, lectures, discussions, exercises,
field trips, and guest speakers. Also, Pusca and Northwood (2016) demonstrated how
Lean principles can be applied to improve the quality of an engineering design course in
terms of course content, delivery, and assessment. They considered engineering design
education a process, and the instructors can apply value stream mapping, root cause
analysis, and Kaizen to improve the quality of teaching and learning.

More recently, and intending to eliminate waste in the business school curriculum,
Kazancoglu and Ozkan-Ozen (2019) defined eight wastes of lean philosophy in higher
education institutions. They investigated the causal relationship to create an importance-
order using a multicriteria decision-making method. Lean thinking and practices can also
be applied for other educational purposes. In one study, the authors proposed a “hands-
on team simulation exercises” method to teach LC. The technique is used to accommodate
different learning styles and engage students throughout the learning process by
replicating various real-life processes, projects, and systems to enhance teaching,
analyzing, and understanding (Hamzeh et al. 2017). In another study, the authors
examined the use of "Lean Simulation” as an effective way to learn lean principles and
understand the impact on process optimization. The authors developed a simulation
model on a digital platform that supports user interactions to educate participants about
lean principles, including the Last Planner ® system (Cisterna et al. 2021). Also, Hao and
Florez-Perez (2021) conducted empirical research to identify the effect of the physical
classroom environment on the motivational attributes of students in HEI. Based on the
Lean thinking methodology, the authors provided design recommendations that support
absenteeism reduction, enthusiasm boost, and improving the “person-environment
relationship” to fulfill the students' needs.

CURRICULUM DEVELOPMENT

With the increasing competition for student recruitment and retention, credit transfer
flexibility, and quality assurance strategies at HEI, continuous curriculum development
has become a necessity in today's global higher education. A curriculum has been defined
by Hubball and Gold (2007) as "a coherent program of study (such as a four-year B.Sc.)
that is responsive to the needs and circumstances of the pedagogical context and is
carefully designed to develop students' knowledge, abilities, and skills through multiple
integrated and progressively challenging course learning experiences.” Due to many
social, economic, organizational, and individual factors, as well as the various phases of
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development and the number of people involved at several institutional levels,
undergraduate curriculum development is a multifaceted and complex process (Wiles and
Bondi 2015).

Wolf (2007) presented a model used to systematically assess the department's
undergraduate curriculum at the University of Guelph. The model is based on a data-
driven approach that engages faculty members and teaching supportive services using
curriculum assessment to foster a continuous improvement process in curriculum
development. The process consists of three phases: 1) curriculum visioning, 2) curriculum
development, and 3) alignment, coordination, and development. Hines and Lethbridge
(2008) argued that the academic environment is more challenging to change than many
other conventional environments and have presented the steps necessary for developing
an effective Lean enterprise in such an environment. The authors proposed the Lean
iceberg model in which the technology, tools, and techniques that affect the processes are
just a visible part of the iceberg. Litzinger et al. (2011) proposed that curriculum-level
instructional processes should be used to design and implement changes to improve the
alignment of developing expertise and engineering education. They asserted that the
engineering education curriculum should embrace a set of learning skills that grant
students deep conceptual knowledge, technical and professional fluency, and engagement
in real-world engineering projects where the students adapt to address novel and complex
problems.

One of the recent studies used Monte Carlo simulation to assess curriculum efficiency
and propose improvements to increase graduation rates by identifying bottlenecks in a
degree plan (e.g., course prerequisites). The study is designed to predict the time it takes
each student to complete a degree by enrolling a large number of virtual students and
simulating their progress in a degree plan (Torres et al. 2021).

It is observed that curriculum development is an essential process in the success of
engineering programs, and it has been an active area of research in the past few years.
More recently, Lean thinking and philosophy have seen increasing interest as it applies
to higher education. However, using Monte Carlo simulation to examine the different
processes that can improve the engineering program curriculum and produce a "leaner"
degree plan is a promising approach that has not been investigated well in the literature.
This study is conducted to fill this gap and to promote using simulation with Lean
Thinking to support curriculum development in HEI.

RESEARCH METHOD

This study examines different cases of student progression through the civil engineering
degree plan by enforcing various restrictions on what courses the student is allowed to
take during the sixth, seventh and eighth semesters. Different scenarios are examined
using a Monte Carlo simulation developed in MS Excel. Program administrators can
utilize this tool to select the most feasible set of rules in terms of optimizing the overall
seat utilization for all course sections while at the same time providing flexibility for
students to select the courses and specializations that are of interest to them. The
methodology that guided the activities in this study is outlined in Figure 1.

Every year, the number of students enrolling in and graduating from each term of civil
engineering faculty can not be predicted with certainty. The authors acknowledge that
enrolment unpredictability can be said about any faculty in a given university. However,
this paper focuses only on the civil engineering faculty at the University of Alberta. The
factors that contribute to the unpredictability of students' flow through curriculum
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include, but are not limited to, failure to score passing marks, cooperative students who
alternate semesters between working and studying, students taking breaks or switching to
part-time programs, and of course, the choices students make between different classes
and specialties.

Determine the number of
“Specialties” with the department

v Examine the results and select
Collect data about historical the most feasible scenario
course enrolments
E— R R |
Simulation Model (model is deployed for each scenario) Ves |
Select number of
simulation runs
# simulation
Forecast three-point estimate of No runs
anticipated student enrollment complete?
(max, most likely, min) f
A Term Six (year 3) B Term Seven & Eight (year 4)
Forecast Determine Forecast student Determine the
“Specialty” student the distribution for number of seats per
distribution (must number of “Electives” (must course level 4XX,
select one of 6 ™ seats per > take one | 5XX (undergrad),
specialties, and course Specialty course, and 5XX (grad);
must take 1 out of level and must take 1 Select rate of students
4 core courses) 33X elective course) with GPA above 3.0

_______________________________________________________________________________________________________________________

Figure 1: Research methodology

The traditional way of dealing with these uncertainties is to rely on historical data and
base the estimate on the average attendance. However, this is a new curriculum, and
historical data do not hold much weight in this case. There is no doubt that the
conventional method works to some extent; nevertheless, after applying Lean Thinking
to the problem, the authors quickly realized that a more sophisticated approach is required
to deal with enrolment uncertainties. To quote a great statistician, "Plans based on average
assumptions will be wrong on average™ (Savage 2009).

MONTE CARLO SIMULATION MODEL

Monte Carlo simulation is a great tool that can be used to optimize deterministic problems
based on "known unknowns." From the students' standpoint, their choices are determined
based on circumstances, causes, and their will. On the other hand, all these deterministic
factors are unknown from the curriculum planner's standpoint. Hence, students' choices
can be considered stochastic (random) in nature. In the Monte Carlo method (Metropolis
and Ulam 1949), random numbers are used to simulate "known unknowns." These
numbers are generated in the range between zero and one and then transformed into
variables based on predefined distributions or custom-made distributions supported by
empirical data. In statistical layman terms, the random number represents cumulative
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density function (CDF) which is then inversely transformed into probability density
function (PDF, area under the curve). Every iteration of random numbers constitutes a
possible scenario in which all other dependable elements of the model are calculated (e.qg.,
number of students per semester, number of courses per semester).

In our study, we used the Monte Carlo method to simulate the flow of students through
the curriculum of the civil engineering department for terms six, seven, and eight. These
terms were not chosen arbitrarily by the researchers but were aligned with the ongoing
engineering department reorganization, which had an emphasis on the third and fours
academic years. This is because the courses offered in the first two years are common for
all students. The students have no flexibility to select elective courses until they reach the
third year. Nevertheless, the developed Monte Carlo model can be customized to
accommodate any number of semesters or for all semesters together, simulating the whole
degree length.

RESULTS AND DISCUSSION

In the developed model, hypothetical students choose their specialty in the second
semester of the third year (i.e., term six). They can select one of the following civil
engineering subdisciplines: Structural, Environmental, Geotechnical, Water Resources,
Construction, or Transportation. In addition, they need to choose three more courses in
term six as electives from which one course can be from their specialty (two specialty
courses maximum in one term; a maximum of four specialty courses in three terms
combined). In the following terms (i.e., terms seven and eight), students are required to
select two core courses each term (specialty or elective) with the constraint of having two
identical electives maximum over the three terms.

Table 1: Model inputs, their respective values, and distributions

Inputs Min Most likely = Max = Probability density function
Anticipated number of students 125 150 160 Beta-Pert
GPA above 3.0/4.0 - 30% - Constant
Students’ distribution across specialties:

Structural 24% 26% 28% Normal
Geotechnical 17% 19% 21% Normal
Water 17% 19% 21% Normal
Environmental 17% 19% 21% Normal
Construction 8% 10% 12% Normal
Transportation 5% 7% 9% Normal

In Figure 1, the process is illustrated by the two boxes A and B, which depict the
sequence of inputs that need to be forecasted or extracted from historical databases to run
the model. Refer to Figure 2 for a visualization of two examples of a student progressing
through the civil engineering curriculum. All the inputs presented in this paper are aligned
with the ongoing restructuring of the undergraduate curriculum and course offerings. The
inputs are shown in Table 1. The probability density functions for each input are selected
based on the granularity of available data. The anticipated number of students' input
required more flexibility in minimum and maximum extremities adjustment (possibility
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of asymmetry). GPA input was modeled as constant since it is a hard threshold required
by the department. The PDF for students’ distribution inputs (for each specialty) is
selected as normal due to the absence of precise historical data. Experienced curriculum
planners predict these inputs as “most likely plus-minus percentage” (symmetrical).

B

Civil Engineering Specialties 4>‘ Term Six Core Courses |—>|Term Seven Core + Complementary Courses— | Term Eight Core + Complementary Courses

Structural 1. Water specialty 1. Water specialty undegrad level

1. Water specialty undegrad level

Geotechnical 2. Structural elective 2. Construction elective grad level 2. Geotechnical elective undegrad level

Water 3. Transportation elective 3. Capstone 1 3. Capstone 2

Environmental
Construction

Transportation

>

4. Environmental elective 4. Safety and risk management

4. Engineering management

5. Interdisciplinary elective

5. Engineering law

Civil Engineering Specialties

Structural

Geotechnical

Water

Environmental

Construction

Term Six Core Courses

erm Seven Core + Complementary Courses|
1. Structural specialty 1. Structural specialty undegrad level

2. Structural specialty 2. Geotechnical elective grad level

>

Term Eight Core + Complementary Courses
1. Structural speciality grad level

2. Geotechnical elective undegrad level

3. Construction elective 3. Capstone 1

3. Capstone 2

4. Construction elective 4. Safety and risk management

4. Engineering management

5. Interdisciplinary elective

5. Engineering law

Transportation

Figure 2: Example of students’ flow through Monte Carlo simulation in two iterations

In Figure 2, we describe a flow of two hypothetical students through the simulated
curriculum in two iterations (runs)—for example, student 34 in iteration one and student
151 in iteration two. Every student in the model undergoes a similar flow. As it can be
observed, in the first run, a student chooses the "Water" specialty in term six and selects
three more courses from structural, transportation, and environmental engineering
specializations. After finishing term six, their GPA is generated as 3.1; hence they are
eligible for graduate-level core courses (maximum of one graduate-level core course per
semester). In term seven, the same student picks one specialty course from the
undergraduate level and one elective graduate-level course from the construction
specialization. The other three complementary courses (in grey) are the same for all the
students in the civil engineering program. After finishing term seven, the student's GPA
is generated as 2.9, which is lower than 3.0—a threshold for graduate-level courses. In
this case, both their core courses must be undergraduate level in term eight. In the second
run, we show another student whose flow through the curriculum is somewhat similar
except for being less versatile in selecting courses from different specializations.
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To demonstrate the capabilities of the Monte Carlo simulation model, we consider
three different what-if scenarios. In the first scenario, the curriculum is simulated using
the distributions shown in Table 1, with the output being the number of course seats
needed for each program specialty. Further, we assume a seat cap for each specialty with
the constraint of a maximum of 100 seats. The seat cap constraint of 100 seats is assumed
based on the largest auditorium capacity and desirable student-teacher ratio. Lastly, we
find several courses (or sections) needed for each specialty and a planned seat utilization
ratio for the whole term. The simulation results constitute the 80" percentile of 1000
Monte Carlo simulation runs, which can be found in Table 2. The 80" percentile is chosen
to accommodate most of the possible student choices.

In the second scenario, we assume, “"what if the Environmental department is too busy
and refuses to offer any courses for the civil engineering department?" In addition, we
put a hard constraint on graduate course availability. In the second scenario, they are only
offered in the winter (seventh) term.

In the third scenario, in addition to the constraints used in the two previous scenarios,
we assume that the Transportation department decides to offer courses only in winter
terms. Furthermore, the percentage of students eligible for graduate courses is increased
to 40%. It is worth mentioning that graduate courses are out of the scope of this paper and
are not showcased in Table 2. According to the newly developed curriculum, the students
who qualify for the grad level are simply added to the existing graduate courses.

The three scenarios are chosen not hypothetically but as real-world circumstances of
curriculum planning that took place during the Civil Engineering program reorganization
at the University of Alberta.

In Table 2, "Seats” refers to the required number of course seats to accommodate all
the student choices simulated by the model (model’s output). “Cap” refers to the
established course seat limit, which is set based on maximizing seat utilization ratio and
the maximum seat limit of 100. “Ut. r.” stands for utilization ratio and indicates the
percentage of filled seats based on simulation results. “Courses” refers to the number of
courses that each specialty must offer to accommodate all the student choices.

From observing the results in Table 2, we can see that in Scenario 1, the simulated
number of seats is somewhat proportional to the initial student distribution in Table 1.
This is the case due to students virtually having no restrictions on their choices. After
introducing a what-if case and a hard constraint in Scenario 2, we observe that the seat
allocation has considerably altered. Because graduate courses are not offered in term eight
anymore, the seat requirement for undergraduate courses is increased. In addition, due to
the absence of Environmental offerings, the number of seats for each specialty is also
increased in each term. At last, in the third scenario, the seat requirements are further
altered due to additional what-if cases and a modified GPA threshold.
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Table 2: Simulated results (in bold), calculated number of courses, and seat utilization
ratios for the three scenarios

Scenario 1: All specialties offer courses according to the distribution from Table 1

Term six (fall) Term seven (winter) Term eight (fall)

Seats Cap Courses Seats Cap Courses Seats Cap Courses

Structural 147 75 2 76 80 1 76 75 1
Geotechnical 118 60 2 56 60 1 56 60 1
Water 118 60 2 55 60 1 56 60 1
Environmental 118 60 2 56 60 1 56 60 1
Construction 68 70 1 30 35 1 29 30 1
Transportation 49 50 1 21 25 1 21 25 1

ut.r.  98% 210 ut.r. 91% 26 ut.r.  94% 26

Scenario 2: Scenario 1 + Environmental does not offer courses + Graduate courses are only
offered in the winter term

Term six (fall) Term seven (winter) Term eight (fall)

Seats Cap Courses Seats Cap Courses Seats Cap Courses

Structural 175 90 2 93 100 1 108 60 2
Geotechnical 146 75 2 68 70 1 80 85 1
Water 146 75 2 68 70 1 80 85 1
Environmental - - - - - - - - -
Construction 87 90 1 36 40 1 43 45 1
Transportation 63 65 1 26 30 1 31 35 1

utr. 97% 28 ut.r. 93% z5 ut.r. 92% 26

Scenario 3: Scenario 2 + Transportation offers courses only in winter terms as electives +
Percentage of students with GPA above 3.0 increases to 40%

Term six (fall) Term seven (winter) Term eight (fall)

Seats Cap Courses Seats Cap Courses Seats Cap Courses

Structural 191 95 2 92 95 1 118 60 2
Geotechnical 163 85 2 70 75 1 88 95 1
Water 163 85 2 68 75 1 88 95 1
Environmental - - - - - - - - -
Construction 98 100 1 37 40 1 47 50 1
Transportation - - - 13 15 1 - - -

ut.r. | 98% 7 ut.r. 92% 25 Ut.r. 93% 25

The results described in this paper were presented to various stakeholders (i.e., those
at the highest level of the faculty at the University of Alberta). The findings were highly
appreciated, and a note was made that such simulations should be used across all
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engineering programs. The added value that our modeling approach brings to the table is
to serve two customers, namely the curriculum planners and the students. The curriculum
planner team emphasized that using this model will considerably reduce curriculum
preparation time for future semesters and significantly improve the existing planning
methodology. Moreover, students gain the freedom of choosing their specialty and
elective courses with minimal limitations. Students are often promised by their
departments a variety of course choices that quickly become invalid due to numerous
course overlapping.

CONCLUSIONS

In this paper, we presented a Monte Carlo simulation model in an attempt to introduce
Lean thinking to the higher educational institution. To our knowledge, there have not been
any undertakings in merging the Monte Carlo simulation, curriculum planning, and Lean
principles. We suppose that the current approach to the curriculum planning practices can
be significantly improved using Lean philosophy by developing a tool to examine
continuous improvement efforts in less time as well as incorporating the end users’ (i.e.,
students) preferences into the planning process.

The authors want to emphasize that the main contribution to the body of Lean
knowledge is not in the results of the model but in the approach to curriculum planning.
The findings of this study suggest that a minimal amount of data or even knowledge of
experienced curriculum planners in combination with the showcased Monte Carlo model
can reduce the time in organizing course offerings and increase the quality and accuracy
of a curriculum plan. The introduction of what-if scenarios further demonstrated the
flexibility of the model and its capabilities to provide meaningful results outside of its
original settings. Curriculum administration practitioners can use this modeling approach
for a variety of department specializations.

From our perspective, educational institutions are yet at the entry point to Lean
thinking and Lean practices. The current or similar Lean modeling approaches to
curriculum planning can be used by any educational institution regardless of geographical
location, department structure, or accreditation level.

It is important to note that while the Monte Carlo curriculum simulation model is very
powerful, it may render itself useless without accurate inputs. In the current study, the
authors used data created by experienced curriculum planners, and it is theoretical in
nature. At this stage, the curriculum of the University of Alberta is being reorganized, and
real-world data does not exist yet. In the future, more work is required to test real datasets
and improve the model’s assumptions, distributions, and constraints. For future work, the
authors consider (1) adding Lean, collaborative courses with much smaller seat caps that
will add another layer of complexity to the existing model; (2) limiting the number of
project-intensive courses that prevent the curriculum from being lean by adding extra
inter-course constraints.
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TAKT PLANNING EFFECTIVENESS INTO
ONE BILLION DOLLARS PROJECTS
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ABSTRACT

Takt Planning (TP) is a prominent Lean tool that is gaining wide applicability on
construction projects; it helps assess project progress status from the beginning of a
project until the end. TP techniques pinpoint the weaknesses in a project’s scope of work
and assist in identifying appropriate ways to integrate resources into any given project.
The approach has been thoroughly studied in building projects but not on infrastructure
ones, and little empirical results have been reported. Hence, this paper presents results
from a case study of applying TP in mega infrastructure projects in Qatar. The paper
showcases issues faced by teams during the execution of work, their TP approach to
remedy the situation, their approach for integrating TP into the existing system, and the
corresponding outcomes. Results show that adoption of TP helped the construction team
to properly control, organize, and place resources into projects to achieve desired goals.
This study is an accurate example of how TP technique can resolve project problems and
provide a clear ‘X-ray’ to scan large projects.

KEYWORDS

Takt Planning, Infrastructure Projects, Lean tools.

INTRODUCTION

TP aims at creating flow; flow is a basic Lean management principle that allows efficient
execution of construction processes (Binninger et al., 2019). Takt is a German word that
means beat; Takt time is the time unit required to produce a product in a way to match
demand rate of the product (Frandson et al., 2014). The concept originated in Lean
manufacturing to achieve the goal of meeting customer demand (Seppénen, 2013). Put
simply, in construction Takt means creating a balance between work activities’ rates to
ensure they advance at similar beats around similar time units to prevent waste.
Implementing TP into processes results in prevention of overproduction, reduction in lead
times, stability of work processes, reduction in inventory and waiting times, continuity of
flow, and increase in production capacity (Haghsheno et al., 2016). Consequently, Takt
time planning offers the opportunity of exposing problems, helping thereby teams to
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identify breakdowns in other processes such as identifying and removing constraints
(Linnik et al., 2013).

In theory, implementing TP steps sounds manageable, but the real challenge is how
to apply them successfully to a specific project which has unique characteristics. It has
been observed that previous TP studies focused on building projects, and empirical results
of implementing TP have been little reported (Heinonen & Seppéanen, 2016). However,
applying TP to infrastructure projects is more challenging because such projects are
different in terms of risk and crew distribution. Unlike building projects that have mainly
static work locations, infrastructure projects’ work locations are dynamic, and these
projects face continuous and unforeseen risks. Implementing TP into these projects
requires a smooth approach to avoid disrupting the existing system. Therefore, this study
presents empirical results from case studies of implementing TP in infrastructure projects.
It also presents a systematic approach to integrate TP into a company’s system in a way
to create a harmonized holistic system of different Lean tools. The novel contribution of
this study lies in applying TP to infrastructure projects, considering TP as a problem-
solving tool, and presenting an approach for integrating TP with other Lean tools such as
the Last Planner System (LPS). The case studies illustrate the problems faced by teams
on infrastructure projects, their TP approach to remedy the situation, their approach to
integrate TP into the existing company system, and corresponding results. The next
sections describe previous state-of-art, present the case studies, carry on discussion, and
present conclusions and future recommendations.

LITERATURE REVIEW

TP gained wide applicability in construction over the past years. For instance, Yassine et
al. (2014) presented a method to align production rates and accordingly calculate Takt
time. Their results proved that Takt time enhances construction workflow. Heinonen and
Seppanen (2016) presented empirical results from applying TP on a cruise ship cabin
refurbishment case study. A 380% increase in productivity, 99% decrease in Work In
Progress (WIP), 99% decrease in quality defect, and 73% decrease in project lead time
were reported as a result of implementing Takt time method. Binninger et al. (2017)
described the development of a simulation game to support teaching participants about
abstract Lean concepts and TP. The game proved efficiency when teaching employees in
companies about Takt. Another study is the one done by Lehtovaara et al. (2019) who
conducted 14 interviews and collected site data in order to assess suitability of applying
TP for residential projects. Their results revealed that TP indeed shortened project
duration however they listed some barriers and enablers in planning and control phases
that might be embraced as basis for continuous improvement. Haugen et al. (2020)
contributed to identifying general challenges anticipated during execution of TP, and
highlighting Takt performance indicators which expose these challenges. Results from a
preliminary study conducted showed that 16 general challenges for execution stages were
linked to 4 Takt components and 5 adjustment mechanisms. The performance indicators
that were used are manhours and staffing, overtime, additional choices, returns, perfect
handovers, and PPC. Singh et al. (2020) developed an interactive tool for visual
management that is based on work density to support TP. The tool showcases potential
value of having readily available work density data to support what-if type of analysis in
assessing if desired Takt time can be met given certain production rates, zoning, and other
considerations. Another study done by Slosharek et al. (2021) went further into
integrating TP with sustainability of construction processes. They established a
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conceptual framework that helps assessing the environmental aspect of construction
processes through an interdisciplinary approach using Life Cycle Assessment (LCA) and
TP. It is stated that this method forms a starting point into a holistic approach for assessing
sustainability of construction processes.

RESEARCH METHOD

Dlouhy et al. (2018) described construction work content through distinguishing three
detail levels namely macro, norm, and micro-level. As the name signifies, macro-level
entails minimized detail depth, and it is used for decision and communication basis. The
norm-level entails coordinating construction processes with an average detail degree. As
for micro-level, it is the lowest, most detailed level that represents actual progress of
construction processes, and where work packages are itemized (Dlouhy et al., 2018).
Since the knowledge acquired at micro-level transfers automatically to norm-level,
impacting future planning, and norm-level responds to findings at micro-level through
harmonizing workloads (Dlouhy et al., 2018), this paper poses the question of whether
TP should be implemented simultaneously on both micro and macro-levels. And if so,
what would be the correct steps for proper TP implementation and integration with
existing systems. The study adopts a case study research method that is analogues to the
one by Hartmann et al. (2008) to aggregate results from a case study in answering the
posed question. The unit of analysis is the detail level of construction work content. The
adopted method differs from traditional multiple case design method proposed by Yin
(2003) in that it advocates summarizing findings from different cases, offering a broad
overview of actual state of TP implementation, instead of replicating multiple cases’
findings. A TP approach that is based on previous studies is amended and adopted
throughout the study. Research is carried out with applying TP at micro-level (stage one),
applying TP at macro-level (stage two), aggregating results, deducing conclusions, and
presenting a proper way of integrating TP with existing systems.

CASE STUDY

BACKGROUND

This study intends to show how TP method is tested by application, and its positive impact
on the delivery of multiple large-scale infrastructure projects. The company handles
multiple large infrastructure projects simultaneously. Generally, when work commences
on multiple projects, the project team only applies common Lean tools and concepts such
as LPS system, four weeks look ahead, and PPC. However, couple of months into
execution, some projects faced a slow flow of activities, and the construction teams
couldn’t successfully implement appropriate rhythms for major project activities. The
teams found that some activities were absorbing their full efforts and substantial project
resources, constituting a noticeable bottleneck.

In the projects undertaken to test this study’s hypotheses, the team started executing
infrastructure projects by applying traditional planning tools such as master scheduling,
then adding Lean tools and technique like LPS, collaborative meetings, 5S techniques,
and measuring PPC. The results were not satisfactory, and the Lean team, as well as the
construction team, found that a significant part of the process was missing because they
didn’t get the desired flow of activities. Moreover, LPS couldn’t help to control and
accomplish contractor’s and consultant’s goals because after applying the above
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techniques for months, many problems surfaced such as absence of resources, and
inability of teams to meet their goals. Applying Lean tools to the project was perceived
as more of an information-gathering exercise than a contributing factor to the project
outcome.

Addressing the situation required a solution from Lean perspective, that would align
the activities’ thythm or ‘beat’ by implementing TP time and techniques. At that time, the
project team was looking for a serious solution or additional tools to help in finding a
proper solution. Project team could not simply eliminate Master Planning, LPS, and PPC
and just implement TP as an absolute solution in order to resolve the problems due to
many contractual factors.

TP APPROACH

The TP method employed in this study is based on the one by Frandson et al. (2013). The
method consists of five applicable phases or steps for TP, whose implementation on a
project requires iteration. The steps are 1) collecting information, 2) defining work
zones/areas and time requirements, 3) identifying and understanding trade sequence and
trade durations, 4) balancing plan and workflow, and 5) establishing and finalizing the
production plan and schedule. On the other hand, later studies by Dlouhy et al. (2018)
considered TP a separate entity and tool that is applicable to projects. They adopted a
three-level tiered flexible system and noted that the knowledge gained at the micro-level
will automatically transfer to the norm-level and will influence planning in the future.

To expand this research and knowledge, it is argued that TP must be considered and
applied as part of the whole system, from the beginning of projects and maintained until
completion. Having mentioned in the previous sub-section all such issues facing the
projects, and failure of segregated techniques, the best solution for the company was to
integrate TP as an advanced technique into the current planning systems and control
process, instead of dealing with it as a separate entity. This was done in two stages,
leading to progressive resolution of all major problems. Many issues were captured at
stage one which required the team to mobilize resources and adopt techniques in order to
prevent the rock encountered from affecting the flow. To do so, a continuous flow was
sought, allowing further issues to be captured and resolved in advance. Practically, prior
to starting implementation of TP properly, the project team has to fully understand the
specific nature of the project, including all major project activities. The second step in the
process focuses on creating an appropriate and measurable rhythm for activities, through
identifying Takt time. TP was integrated into the system in two stages. Table 1 presents
sequential steps which the teams took in order to implement and integrate TP into the
existing process.

Table 1: Sequence of Steps to implement TP

Step Phase Stage
1 Master Plan
2 LPS System for a three months period Case Study
3 TP analysis for activities (defining wagon) for Stage One
4 PPC
5 TP for entire project
6 Update LPS System for the three months period fcgasStngetu'l('jv)\//o
7 Update TP for entire project
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Implementing the above method requires that TP including LPS, must be
implemented in a continuous cycle as depicted in Figure 1 in order to ensure smooth flow
and sequencing of activities, proper rhythm, and proper project control. TP appears to be
a systemic set of steps in theory; however, during implementation, teams find that
continuous TP needs to be maintained for success, which is not always an easy task. The
use of TP is like getting an X-ray of the project's entire zones; it identifies the problems
on the whole project. Therefore, it must be applied continuously to prevent errors during
project execution. The following sub-sections detail stage one case study followed by
stage two case study.

Step 1
Master Plan

v Updating Last Planner System

Step 2 ‘ ‘
Last Planner System HEDE

Takt Planner (Whole)

S

Updating Takt Planner

Takt Planner (Activities)

N

Step 4
PPC

Figure 1: Integration of TP into the Existing Process

CASE STUDY RESULTS

STAGE ONE - APPLYING TP AT MICRO-LEVEL

Stage one was undertaken as a pilot project to investigate possible efficiency gains at the
micro-level, from site excavation works. This micro assessment was undertaken to ensure
efficiency improvements were possible and then obtain buy-in to implement TP project-
wide, on a macro-scale. According to Binninger et al. (2016), levelling of activities in
construction processes is done by defining Takt units and then matching the required
workload to the available workforce. If some activities take longer than others, their
durations can be optimized according to the selected Takt time. The Lean team started
applying this method to a local road project in Qatar with a total cost of 800 million dollar.
Figures 2(a) and 2(b) show that there is a bottleneck and unbalance in activities’ rates.

The first step carried out by the Lean team includes analysing and balancing activities;
by doing so, they were able to determine takt time, identify bottlenecks that occurred
within the existing process, and then resolve them. Takt rhythm includes deployment of
resources in a proper way to avoid waiting and to eliminate waste. As Figure 3 shows,
excavation activity length now matches takt time. The activity time has been manipulated,
so the work performed aligns with the work gang size.
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Figure 2: Current Project Status (a) Total Performance Factor Chart, (b) Trade Sequence
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Figure 3: Harmonizing the Work - Improving

Moreover, activities are merged and optimized as shown in Figure 4(a). Levelling is
performed where activities durations are optimized as work gangs are deployed to a
resource plan aligned with the activity’s Takt time as displayed in Figure 4(b). Also,
different work packages were combined to create efficiencies as to how time was
allocated to work gangs. Planning Results were adopted and implemented gradually; the
construction team started rectifying their way of managing the project, considering fast

activities.

Hence, it is shown that applying TP techniques helped to improve outputs, create
harmony between activities, and balance them together. Table 2 summarizes the three
different states of the project.

1000 10.07

Taki Time =10 Days

(a)

Trade Sequance

EXCAVATION
BEDDING /PIPE
laying /
SOUROUNDING
BACKFIILING
MANHOLES

Total Performance
Factor Daily
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4

(b)

Figure 4: Harmonizing the work (a) Combining Activities, (b) Levelling Activities
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Table 2: Summary Comparison of Different Project States

Current Status Improving Status Combining and Leveling
Status
Unbalanced activities Matching excavation activity Merging activities
No proper sequence of length to Takt time Combining different work
activities Altering working group sizes packages to make up a
No proper deployment of to match Takt time single time slot, such as the
resources surrounding gang

As can be seen from the site pictures in Figure 5, the construction team used TP to resolve
bottleneck issues, as well as to balance overall activities in a different way.

STAGE TWO - APPLYING TP AT MACRO-LEVEL

After successfully implementing the first stage analysis in the project, the Lean team
wanted to utilize the preliminary TP results from case study stage one to the next level
and apply them to the whole project's zones in a more accurate and practical manner. The
Lean Team began by analysing the project status, identifying the bottlenecks and major
challenges to progressing the works expeditiously and in a consistent manner. Five major
challenges were identified and resolved as part of this stage. Figure 6 depicts how TP was
applied fully in the entire project’s zones. This provided an X-ray view of the project
which enabled the analysis of the project status, at the resource level, providing
information relating to timing, activities gaps, and waste. Five major bottlenecks were
identified as a result of applying stage two analysis. These are 1) gaps between activities,
2) critical activities to be considered for further analysis, 3) congestion of the schedule,
4) resources distribution, and 5) milestone alert. After running TP stage two for a couple
of months, we observed that smoothness of activities appears visually in the plan and
better resources deployment which became visually apparent in the plan at the macro-
level as shown in Figures 7(a) and 7(b).

DISCUSSION

This study showcases how TP was implemented in two stages at two different levels.
Stage one began with a method for calculating Takt time, which led to a preliminary
theoretical Takt Plan depicted in Figure 8. By utilizing this method, the team avoided
delays and mitigated project risks, leading to more accurate work execution, and avoiding
delays. Additionally, it helped the project team understand the nature of the project and

Production Planning and Control 19



Takt Planning Effectiveness into One Billion Dollars Projects

deploy appropriate resources. Generally, TP is seen in many projects as a complex and
very rigid process where trades are optimized individually (Dlouhy et al., 2018). However,
proper, and gradual TP implementation can be less rigid, and this is reflected in the study’
results such as achieving milestones more smoothly, having more accurate deliverables,
and attaining easier project control. Moreover, applying Takt Planning to mega
infrastructure works at a macro-level is risky, yet necessary to improve the efficiency rate
of the project delivery (Binninger et al., 2016). Nonetheless, this case study demonstrates
that TP helped teams to pinpoint micro-level issues that delayed an infrastructure project,
and it explains how random distribution of resources led to an unsound investment for the
company owner, as well as shortages of material and other resources. After analysing TP,
managers understood exactly the problem and took appropriate steps to implement a
proper solution; case study number one analysis was applicable at the micro-level.
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Figure 7: TP Positive Impact at Macro-level

As a technique, TP analysis in stage one helped stakeholders capture major activities'

bottlenecks. During the process, the size of main activities and the boundaries of Takt
time wagons were measured. The outputs from TP’s first step analysis led the
construction team to change the project execution plan, following a TP rhythm; it was an
important shift in the construction team’s thinking. It also had a direct positive impact on
project site activities. Lehtovaara et al. (2019) stated that planning TP wagons in more
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detail is regarded as an enabler for continuous improvement, along with a narrower
collaboration among project participants. This confirms that micro-level TP
implementation is essential for greater gains.

Upon receiving results of stage one study, the Lean team realized they needed to do
more at a macro-level to control the entire project; consequently, they proceeded to put
the outcome of stage one study into practice on a greater scale for the entire project to

TAKT : PRODUCTION SCHEDULE
FINALIZATION

Work
Categories

300M 300LM 300LM 300LM

7Days | 7Days | 7Days | 7Days | 7Days | 7Days | 7Days | 70ays | 7Days

R224 sw EX1 X1 802 | 8m2 P P3 SR4 sra |
7222 sw 1 ex1 | sz | s;2 | 3 P3| s | sra
R226 W EX1 X1 BD2 802 P3 PL3 SR SRe_ |
R231 W 1 | e | 802 | 802 | PGB P3| sma | sha |
R234 W B1 | ex1 | 802 | 802 | P3 P3| sea | sre |
R224 S Bxi 802 P SR4 BLS

R222 Fs B | so2 | P3 SRa
7226 Fs 61 | so2 | p3 SRe_| 8IS
231 FS a1 | so2 | P3 SR4_| 815
R34 FS EX1 802 P3 SR 8IS
R224 TSE ext | Bo2 | p3 [ sk
R222 TSE ix1 | Bo2 | P3| Sma
R226 TSE Ext | B2 | p3 | sma
R231 TSE ext | 802 | P3| sm
) TSE ex1 | Bo2 | P3| sma

== (e [= ]

EXACVAVATORS DEPLOYED)

ROAD 224,222,226,231,234 (20

HFHH

300M _ [300LM  300LM |300LM _ |300LM  J300LM  |300LM  |300LM

Figure 8: Preliminary Theoretical TP

make sure all zones are controlled effectively. Stage two required the project team to
dwell deep into the project detail at the macro-level. All project zones had to be
considered and re-planned. The outcome of stage two helped to identify the location of
key problems, as well as provide a visual X-ray of the project. This process helped the
team to improve the plan for the whole project in a reliable way, smoothing activities, and
solving critical activities and problem areas. The X-ray visual aid enabled the team to
plan and then deploy resources in an effective and economical way that reduced waste.

The outcome of stage two case study was considered an extension of stage one. Both
had improved the focus of the project team, enabling problems to be identified, allocated,
and treated, which then improved the project throughout and output by avoiding
disruption to work processes at the macro-level. TP makes it easier to detect errors and
steer continuous production proactively. Although spotting and correcting daily errors is
stressful, it prevents cascading delays which improves overall flow (Vatne & Drevland,
2016). Thus, gradual implementation of TP from micro to macro levels can improve
overall flow. The pictures depicted in Figures 9(a) through 9(c) display teams applying
TP on three different infrastructure projects; whose total cost was more than one billion
dollars. The collected feedback from the team was that TP techniques added edges to
them and helped them to accomplish and to plan future activities collaboratively and
adequately. After applying TP and testing its capability, the teams agreed that is beneficial
if it is integrated as part of the full project management and control process, and not as a
separate entity. Also, it was shown that TP can be used successfully as a problem-solving
tool on micro and macro-levels during project implementation. Although the production
flow measurement technique from LPS method seems to be the most favourable for TP
projects (Haugen et al., 2020), Lean tools including LPS couldn’t deliver a full solution
for the team and the project; adding TP helped noticeably in resolving many problems.
Thus, integrating TP with other Lean tools is a must for successful realization of projects.
Although TP was used in projects as a result of an emergency need, without knowing
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what the outcome would be and after tracking the results for a couple of months, it was
revealed that TP helped to understand project critical issues in a better way. The team
applied TP taking into consideration all stakeholder values and needs.

(@) Project 1 (c) Project 3
Figure 9 Deploying TP (a) Project 1, (b) Project 2, Project (3)
CONCLUSIONS

This study has outlined how TP has been applied to improve project tempo, setting
the rhythm for major activities, both at micro and macro-levels. It has also highlighted
the importance of adopting TP as an essential Lean tool that can be used to regain control
of projects in crisis, where work waits on workers, workers are forced to wait on work,
and waste impedes progress. TP was implemented in two stages, first at the micro-level
and then at the macro-level. Stage one work balanced the outflow, work-worker allocation
and distribution, and harmonized the pace of work. At stage two, TP was applied at the
macro-level, streamlining the project delivery process. Implementing TP delivered an
important missing part of the process, by identifying problems at both micro and macro-
levels; it also helped project team to zoom into activities by creating a smooth flow of
activities from beginning until completion; making it a tool that ensures project success.

The study shows that integrating TP into projects helps to identify the appropriate
Lean plan for new and ongoing projects; the team called it an X-ray of the entire project.
Applying TP clarifies the project scope of work in a precise way. The study considered
that adoption of TP in addition to existing Lean tools such as LPS is essential, which
differs from other studies that consider TP as a separate entity. Therefore, TP must be
flexible, and a proper relationship between LPS and TP must exist and be adequately
maintained to ensure effectiveness and smooth project control. The study shows in
practical examples how TP can be selected as an essential tool in analysing project
difficulties, such as gaps between activities, critical scope of work, milestones,
deployment of resources, and time management at both micro and macro-level.

The article shows that TP is an essential addition to the existing process and can’t be
considered a sole solution. Applying TP helps teams to clearly identify difference
between the outputs they get from Master Planning, LPS, and TP. Master Planning gives
a broad picture of project, whereas LPS scales that image in more specific details, and TP
proves its success in accomplishing both benefits in more detail. Future studies should
address digitizing TP, making it more reliable and user-friendly. Also, future research can
tackle Takt production’s long-term effects over several projects, in addition to a more
detailed comparison of various methods and implementations of Takt.
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NINE INNOVATION BARRIERS IN
AUSTRALIAN CONSTRUCTION
CONTRACTING

Matt Stevens?

ABSTRACT

The Australian construction industry ranks below average in intellectual property and
software creation value compared to other sectors. The innovation performance of the
built environment contractors is well chronicled. Importantly, these organisations have
the most time and cost risk of all stakeholders. Therefore, improvements should have
significant benefits to them and their customers. However, their innovation efforts face
significant economic, regulatory and market barriers that are stubborn. This paper asserts
that these sector characteristics slow the creation of novel products, services, and
information technology more than most major industries. Overcoming these invention
barriers should enable faster innovation and more significant improvement.

This paper outlines the nine most significant innovation barriers researched by the
author in Australian construction contracting and suggests potential solutions. Addressing
the seminal reasons for the lack of invention should decrease the impact of these obstacles
leading to a better system and culture of innovation, thereby producing better industry
performance. The relationship between construction organisation characteristics and
industry innovation is relatively unexplored.

KEYWORDS

Construction invention, constructor innovation, breakthroughs, system barriers, novel
products

INTRODUCTION.

Construction contracting businesses deliver most of the value while accepting risks such
as cost, schedule and safety responsibility for their projects. However, mitigating this with
innovation is difficult since the industry suffers from significant underlying economic,
regulatory and market barriers. One indication of construction's anaemic invention
activity is the value of intellectual property products, including software. In 2020, it was
assessed at AUD 1,028,000,000, which was % of manufacturing's output and ranked 13th
out of 18 major market sectors (ABS 2021). Although, invention adoption provides better
value for money for improved services or products and can help construction firms gain
a competitive advantage (Kamal et al. 2016). This paper suggests that these sector
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characteristics seem to slow the creation of new products, services, and technology more
than many industries.

We theorise that the unique combination of factors present in the construction industry
is a significant barrier to improving safety, quality, cost and schedule. Innovation can
improve these four outcomes, creating a sustainable and resilient built environment for
businesses. Kamal et al. (2016) found no evidence of more innovation in larger firms.
The largest companies have the most resources and incentives to develop breakthroughs
but have been unable to in the modern era. Due to these observations, significant and
stubborn reasons seem to exist; the researcher searched for them from experience in the
literature review. This research outlines the nine substantial barriers in the researcher's
experience and asserts potential solutions to overcome them. Querying SCOPUS, the
Australian Bureau of Statistics, and other databases with key search words reflecting the
nine factors yielded research findings.

LITERATURE REVIEW

According to Lim et al. (2010), innovation assists construction firms in lowering their
costs, meeting deadlines and deepening their positive brand. Hillebrandt (1984) noted that
many individual factors present in construction are not unique; however, the combination
of factors is not found in other sectors. Critically, the relationship between industry
characteristics and company innovation orientation is relatively unexplored. (Kamal et al.
2016)

The Built Environment is a crucial component to improving the quality of life (QOL)
(Gregory 2009). With improved QOL comes higher levels of prosperity and increased
chances of sustainability adoption (UN Habitat 2012). Innovating more of the material,
processes and equipment used in construction will improve outcomes

Pheng and Teo (2004) observed resistance to change by construction organisations.
They cite three factors: 1) organisational instability, 2) product diversity, and 3)
misperceptions about the cost. First, predictability of construction company revenue is
difficult due to the industries' highly competitive nature and sensitivity to the Australian
economy. Additionally, the range of projects that a firm may pursue and build is
unpredictable and determined by invidual customer procurement processes.

Research literature supports the assertion that there are multiple barriers to
innovation in the Australian construction industry. Contractors in the Australia Pacific
region were surveyed in 2022, cited "cost, effort and changes needed” 51% and "no clear
demand from clients of stakeholders™ 43% (RICS) As a result of these perceptions and
impediments, this sector ranks below many others in intellectual property and software
creation. Recent research by Leviakangas et al. (2017) shows that the Australian
Construction Industry's investment in ICT is the bottom third of the nine major industries
studied but is ranked third in multifactor productivity.

This literature review attempts to specify nine substantial barriers.

AUSTRALIAN CONSTRUCTION INNOVATION BARRIERS

1. Low percentage of net profit before tax

The construction industry invests in research and development much less than other parts
of the economy. This sector invests less than 0.5% of sales in research and development
(R&D), while the Australian national average is approximately 4% (Hassell et al., 2009).
Large construction firms' net profit before tax is less than 10%, , e.g. Simonds, Lendlease,
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and Global Construction, whereas technology companies range between 20-30%. Refer
to Table 1.

Table 1. Australian Publicly Held Firms by Selected Industry & Net Profit Before Tax Percentage
Source: Australian Stock Exchange—2021

Construction Technology Medical
Global Construction OFX Ansell
8.1% 21.0% 35.1%
Lendlease Technology One Sonic Healthcare
6.4% 21.2% 11.2%
Simonds Group Telstra Zenitas
0.5% 13.7% 13.6%

However, our industry's financial ability to invest in R&D can be viewed in other
ways. If turnover is analysed per employee basis, construction's ratio is less than
manufacturing: AUD 190,814 versus 487,000. On a per firm view, AUD 533,008 as
compared to 4,698,014 (ABS 2021)

2. Lumpy asset problem

The investment needed to enable research and development of a product or service is a
"lumpy asset™. This is a financial term defining a type of investment expenditure that must
be paid with a liquid asset. A firm cannot lease or pay for using a lumpy asset
incrementally (Alvarez & Lippi 2013). Therefore, an innovation's value or utility cannot
be realised unless purchased entirely in application. A recent study indicated that a
significant investment in time and resources was required to introduce innovative systems
and products (London and Pablo 2017).

£

/ —=New Revenue
"

c Vv

==New Cost of

Lumpy Assets
i’
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7

Additional Work

Figure 1. The stepped nature or "lumpy asset™ dynamic of innovation
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From Table 1, it is assumed that the net profit before tax is approximately 4%. This
means that 25 times the cost in revenue recoups the additional expense of innovation.
Therefore, as shown in Figure 1, an AUD 100,000 investment must be recouped by AUD
in 2,500,000 turnover.

3. Low market share for industry leaders

The largest construction companies in Australia do not dominate the market. For example,
CIMIC's market share of 2.0%, whereas BBPHA 1 Pty Ltd has approximately 1.0%, and
Lendlease is less than 1.0% (IBISWorld 2022). Furthermore, market dominance has never
occurred for any one firm. However, in other industries, for example, Google controls a
majority of internet search activity, and Telstra has earned a plurality market share of cell
phone services in Australia.

4. Extreme and nimble competition

Construction continues to be the industry with the largest number of businesses in
Australia in FYE 2021 and accounts for approximately 16% or 410,839 of all businesses.
Additionally, new entrants, which appear to be more aggressive in pricing and promises
to customers, numbered most (6.1%) of the nine major industries (ABS 2021).

Construction is sometimes referred to as a "cottage™ industry; 98.5% of construction
firms employ less than 20 people, and only 0.1% of firms have workforces of 200 or more
(ABS 2022). These small competitors are far more flexible in meeting customer needs
and addressing their wants.

5. The "intersectionality™ problem of construction

Classifying construction businesses as homogenous is problematic. Each business'
operation is significantly affected by its characteristics. A simple categorising may
include: a) trade focus, b) project type, c) region(s) operating in, d) client types, €) contract
type(s) working under, f) publicly or privately owned, g) amount and type of technology
used, h) number of employees, i) accounting basis and j) management culture. Since there
are multiple choices for each of these nine areas, it is clear that over 3.6 million (10
factorial) combinations are possible. However, there are 410,839 built environment firms
in Australia (ABS 2021); therefore, few organisations are similar (see Table 2).

Table 2. Sample differences of construction firms

Characteristic Number Factor
Trade 10 General, Civil, Marine, Facgade, Electrical,
Plumbing HVAC, Structural, Roofing,
Flooring
Home Office 6 NSW, QLD, VIC, NT, WA, SA
Location
Market Location 3 Rural, Urban or Suburban
Focus
Client Types 3 International, National or Local
Contract Types 6 Lump-Sum, Alliance, PPP, D-C, Time &
Materials or Cost Plus
Company 2 Private or Public
Ownership
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Technology 3 Robust, Average or Weak Adoption
Adoption
Employee Number 3 Small (1-19), Medium (20-100) or large
(100+)
Accounting Basis 2 Accrual or Cash
Management 4 Owner-Operator, Family, Team, or
Culture Bureaucratic

Most innovations cannot be economically feasible for the inventor if they appeal to
only a few customers i.e. if there are few buyers of a construction-specific innovation-its
high cost and time investment cannot be formally justified. Projects are also dissimilar,
making possible targets less in number (see Table 3)

Table 3. Sample differences in construction projects

Characteristic Number Number and Type General Factors
Use Type 7 Residential. Commercial, Industrial,
Institutional, Civil, Marine, and
Infrastructure.
Location 3 Urban, Suburban, and Rural
Funding 3 Public, Public or PPP
Client Type 3 Government (Federal, State. And

Local), Corporate (Local or
International), or Individual.

Construction Process 4 New Construction, Remodeling,
Rehabilitation, or Replacement

6. The industry is precarious

The construction industry has a high failure rate when compared to other sectors. Recent
data from the ABS (2021) reported 14.0% of the companies that started 2021 exited by
the end of the year. The Australian Tax Office (ATO) latest filings report that 78% of
Business Owning Households hold some form of debt. Additionally, 54% of Australian
companies declared a loss and thus paid no taxes. This appears to point to a financially
meagre environment with little means to pay for innovation. It seems to justify an aversion
to speculative investment, which characterises research and development. Further
demonstrating risk, a bankruptcy study sponsored by Australia's Construction Forestry
Maritime Mining Energy Union (CFMEU 2014) concluded that the construction industry
outscored all other industries for each deficiency category above $500,000.

IBISWorld (2022) identified Key Success Factors (KSF) for a construction business
that indicates nimbleness is critical. The top 3 most significant include 1. Ability to
expand and curtail operations rapidly in line with market demand. 2. Operators must be
able to quickly alter labour force numbers to match short-term cycles in market demand.
3. The ability to hire experienced, productive workers, especially during periods of low
labour availability, is crucial to success.
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7. The construction industry has problematic employment dynamics

The Australian Bureau of Statistics (ABS 2021) documents that 37% of worker services
are secured by contract, whereas the next highest — administrative and support services -
is slightly over 20%. This seems to indicate that there is little incentive to make employees
more productive since they are on contract for a fixed hourly rate, lumpsum outcome or
a fee per piece, and thus, there is less need to create or adopt innovation to make them
more productive. Similarly, independent contractors have little incentive to invest in
large-scale and risky innovation since these arrangements represent employment, not a
business opportunity.

The Australian government labour statistics show that between 1991 and 2019,
involuntary employment separation (Lost Last Job) ranged from 76% to 274% of the total
employment population (ABS 2022). This means that the knowledge of a specific
innovation may travel with a departing employee, thus disincentivising the creation of a
unique task methodology and training to facilitate mastery.

8. A service such as construction is difficult to patent

Nagy (2013) notes the difficulty of patenting services and protecting the inventor's
intellectual property rights. It is partially due to its intangible nature. In Australia, patents
are strong protection for unique tangible products for a legally prescribed 20-year period.
However, this can be a protracted and challenging process that is a high risk to the creator
of patents. Research by London and Siva (2013) indicates the challenges for those in the
construction industry to create and protect their patents. The Australian system affords
few rights to the creator of patents and little protection with the onus solely with the
creator. Coupled with this, it is not easy to patent a process, construction or otherwise,
and protect it from duplication by competitors. In preserving a method as intellectual
property, it is difficult to prove where the employee's expertise and experience (current
or former) stops and the organisational, institutional knowledge rights start.

9. The Government is not keeping pace nor encouraging construction innovation
Western nations have robust laws governing construction activity and limiting risk to the
construction service buyer and end-user. This risk governance is core to the role of
industry regulators and appears to lag the rapid pace of invention (Soeteman-Hernandez
et al. 2019). Few proactive processes conditionally approve early phase creation of
innovative ideas or development. Rose and Manley (2014) noted that regulatory agencies
in Australia lack clear procedures for assessing new products. Suprun and Stewart (2015)
found repeated "Regulations, public policy, and supporting mechanisms" barriers in many
countries.

DISCUSSION

Expecting organic innovation in the construction industry has been minimally effective
over decades. The barriers listed appear to be too great for contractors to tackle alone.
Eight of the nine barriers cited cannot be significantly changed. They are a product of the
industry's dynamics. . However, government inspired innovation support can be grown.
Seeking ways to overcome these barriers may include partnerships with universities,
government, and associations, using activities such as hackathons and business incubators.

Longterm, creating an industry culture of innovation could be a strong leverage point
for increasing value for all stakeholders. Isaacson (2014) suggests three main parties are
crucial to involve: Peer Inventors, Market and Government. Unequal attention of one over
the others is suboptimal. Critically, Australian Universities are an extension of the
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government and should be equally engaged as part of the solution.. In Australia, the
government has created programs for businesses and inventors, regardless of industry, to
assist in accelerating the development and market deal-making process. The construction
sector has sponsored innovation incubators and hackathons

Generally speaking, there is a strong commonality between macro-level motives and
benefits for industry and university actors (Ankrah 2013). Private companies appear to
want to engage and collaborate with the best researchers (Abramo et al. 2009).
Universities have created innovation hubs. These have grown the size of peer inventor
groups. They should be included as part of a transformative plan. Suprun and Stewart
(2015) found that most contract relationships between industry and universities were
strong and enduring. Universities are well-positioned since they perform the "triangle of
knowledge" for novel creation composed of research, education, and innovation (Abramo
et al. 2009). Universities are performing these functions better than other stakeholders as
a group.

Industries can benefit from partnering with allied ones. This is known as a sister
industry strategy. Examples include motor vehicles, the petroleum industry, or computer
software and hardware manufacturers. It should help the construction industry if it utilises
the same approach. Manufacturing is a viable candidate due to modular construction and
prefabrication's value. Construction's custom non-mass production nature could improve
this partner sector's fortunes.

People innovate via multiple approaches such as "learning by doing”. Charles and Ray
Eames were furniture design legends in the 1940s that took the "learning-by-doing”
mentality to new heights and mastered collaboration throughout their careers. Another
approach is "combined thinking of the creative arts and hard sciences™. George W. Carver
at the turn of the 20th century balanced his interests and talents in science and art. Carver's
observation, experimentation, replication, and communication skills enabled novel
combinations resulting in his inventions.

Innovation is a team endeavour. The lone inventor who carries the product from idea
to market has a poor probability of succeeding. Importantly, investors do not bet on this
model. Instead, team members should have “learned on someone else's nickel”. The raw
graduate is worth more after they have industry experience, i.e., their idealism is tempered
by failure and confidence boosted by success. They understand the complexities and
uneven pace of the innovation cycle. Importantly, if the young inventor has learned the
foundations first and then advanced their thinking, they can bring the transcendent ideas
to the present, creating more value and thus quicker adoption by the market.

According to Isaacson (2014) Each inventor group should possess three skills to create
their product or service vision and bring it to reality:

1) Excellent ideation energy
2) Robust product or service development skills
3) Strong business savvy, including deal-making

This list suggests that more than one person must be involved. Rare is the person who
can master all three. Investors know that a product's chances of success are what they are
wagering on and a team of people with profound skills in the needed areas improves
probabilities. The quality of the team perfecting the invention helps determine the amount
of funding and its disbursement schedule. Another investor decision-making criteria the
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innovation in fitting an uninhabited market. This means more value is perceived earlier
in a product's lifecycle.

Some may assert that implementing information and communication technology (ICT)
will significantly improve efficiency. However, recent research by Leviakangas et al.
(2017) shows that the Australian Construction Industry's investment in ICT is in the
bottom third of the nine major industries studied but is ranked third in value-added.

This inverse result of construction’s significant value increase versus a low technology
expense from a return on investment perspective seems to be supported by some of the
other factors mentioned in this paper. Most construction contractors do not see evidence
of a productivity increase from more ICT investment. So, productivity improvement
seems to be a product of other focuses such as more intelligent project management,
organisational leadership, process improvements and entrepreneurial thinking.

Contractors are not alone in investing modestly in ICT. The Toyota Production
System'’s (TPS) thinking is the same. The company believes in purchasing, implementing
and training proven software as stated in its principle 8, "Use only reliable, thoroughly
tested technology that serves your people and processes”. The reference to proven implies
the previous version. They assert it is a hallmark of an efficient organisation. Lean does
not teach leading-edge or next-generation software utilisation. Other experts, such as
Collins and Hansen (2011), assert from their research that the highest performing publicly
held corporations are careful about technology investment. They found that top-quartile
firms in several industries utilise one or more software version(s) older than the current
one. This appears to keep negative impacts manageable such as training expense,
unknown software problems and small, unknowing user groups.

There are other disincentives for construction innovation. For the investor, the service
nature and its openly viewable construction conditions challenge the protection of
intellectual property. Contrastingly, manufacturers may close off factory sections for
inspection or view. Additionally, today's innovation may be less valuable tomorrow. For
instance, information technology has shown increasingly rapid change; Moore's law
shows evidence of that. Therefore, another robust industry-centric software may be
eclipsed quickly. These are not only applicable to programming but to the companies that
create them. This is a risk. These organisations' status changes over time through
decision-making, ownership transition or management succession. The construction
organisation experiences a change in customer support, costs or software functionality
which can ripple to projects and organisational performance.

Our observation is that construction companies seem to prefer late adoption for four
reasons 1) employee mastery of software over time will improve its value, 2) it will
become less expensive to purchase, and 3) a novel breakthrough may become available
while the contractor is in the adoption or implementation stage. 4) Information technology
company product or support negatively changes long-term. Contracts' conservative and
risk-averse thinking may dictate that competitors accept the risk first, then suffer early
adoption mistakes.

An industry-led research agenda should recognise and prioritise application over
theoretical research. Given the limited amount of funds, prioritisation seems logical. This
will produce more implementations of other industries' innovations. Companies in
different sectors such as military, aerospace, computing, and engineering have budgets
for robust and long-term R&D. Construction appears to benefit significantly from
developing industry applications such as drones, information technology and materials.
However, Leicht et al. (2014) analysed construction research activity as distinct from
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development and application activities. They found these latter expenses are three to four
times the research expenses depending on the year measured.

RECOMMENDATIONS

Encourage more industry-led research partnerships

Due to low margins and high-risk factors, it must be realised that a more innovative
environment needs to be created for construction to improve more quickly. This can start
with formal partnerships between industry practitioners and university researchers. Public
resources and industry knowledge should be synergised. As part of this, it is imperative
to have contractor-directed research partially or fully funded by the industry. When
categorised separately, funds for development are invested more than pure research in the
AEC industry. Innovation centres can be a hub for spawning the practical from the
theoretical.

As an example, some universities have actively developed funding for industry-
directed research in Australia. Advisory Groups leading the sector should assist in govern
the apportionment of expenditures toward relevant research. Construction Contractors
should be able to focus their financial advancements on one of several research areas in
this scheme. The atmosphere of construction invention should intensify.

Reform the patent process

Encouragement for the construction industry toward higher patent activity should be
a priority for Australia. This increases the culture of innovation. Besides the obvious boost
to safety, quality, and efficiency, patents can be an income stream for innovators and give
the industry and its members incentive to improve rapidly. In addition, a patent's 20-year
protection facilitates financial rewards for those who can create solutions to industry
problems.

Additionally, the patent process is a healthy exercise in determining unique inventions.
A patent is given only if the creation is a breakthrough or significantly improves an
existing patent value. However, a patent focus might be criticised as selfish and
potentially harmful to society. Some want to emphasise an open source focus on
intellectual property. They see it as a better ethic. However, it will not incentivise the
innovators to invest their time, energy and capital.

Construction’s private and public leaders should focus more on innovation

All stakeholders appear to benefit from early review processes and monetary incentives
for innovations. The role of government is critical. For example, the government could
create and engage in a primary approval process that will provide a general critique of an
inventor's submission. Also, to address and encourage invention, governmental agencies
could use more performance-based specifications to permit innovators to design and
produce new products to deliver design intent and desired outputs.

More government, university and industry-sponsored hackathons and incubators
focused on the construction industry would increase the current pace of ideation and
product development. Deal-making should follow.

As a further improvement, review the language in areas such as contracts,
procurement documents, and specifications to encourage more performance-based
criteria and capture of advances in processes after projects are completed.
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CONCLUSIONS

These nine barriers appear to slow Australian construction's innovation (intellectual
property and software) pace, and thus, it ranks below average compared to other sectors.
The obstacles outlined in this paper make the overall lack of innovation understandable.
However, taking the strategic view and acting in a targeted fashion can only help industry
leaders facilitate future innovation and improvement in constructing shelter,
infrastructure and processing facilities.

The industry's practitioners are sensitive to many things including risk and low return
on investment.. There are many constraints this paper points to, and so adapting other
industries’ proven innovations may be a better strategy than greenfield invention.
Regardless, once any solution is confirmed as valuable, it must be tailored, marketed and
implemented. Overall, the cost for the contractor and the opportunity for the innovator
appear to be adverse.

A new outlook is needed by industry, government, universities, inventors, and
construction firms with these barriers in mind. Contractors are incentivised to strive for
safer, higher quality, and cost predictable projects. Innovative solutions help create this
end goal and minimise the risks undertaken. However, construction organisations need
other groups' engagement to help overcome the barriers outlined. Each project
stakeholder and interested third party can assist. An enthused and supported construction
industry can create an innovation culture that benefits everyone.
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ROLE OF LEAN AND VDC IN REDUCING
PHYSICAL AND OPERATIONAL WASTE AND
ENVIRONMENTAL IMPACT

Musab Jamal Maraqa?, Rafael Sacks?, and Sabrina Spatari®

ABSTRACT

Lean construction focuses on eliminating process and operational wastes. The reduction
of waste improves environmental performance by reducing GHG emissions. This
research quantified the impacts of lean construction and VDC in reducing physical and
operational wastes related to partition walls. The researchers observed worker activities
at construction sites and compared them with observations from past projects. The
activities were classified into value-adding and non-value-adding activities. The
researchers observed the construction of different block types (gypsum, autoclaved
aerated concrete, and concrete blocks) to estimate the operational wastes related to the
construction method. The results showed that lean and VDC improved the value-adding
activities using gypsum block to 68.4% compared to 25.8% in a traditionally managed
project using concrete block, an improvement of 167%. Moreover, the embodied GHG
emissions in the lean-VDC project per partition area are 12 kg CO2e m2 compared to 58.4
kg CO2e m2 in the traditionally managed project. The reduction in GHG emissions is due
to reducing waste in the lean-VDC project and using more sustainable materials.

KEYWORDS
Lean construction, sustainability, waste, Life Cycle Assessment (LCA), Virtual Design
and Construction (VDC).

INTRODUCTION

The construction industry is one of the most polluting industries in the world (Choi et al.
2019; EPA 2009; Horvath 2004; Li et al. 2019; UK-GBC 2018; IEA 2019). According to
the International Energy Agency (IEA), the buildings and construction industry consumes
around 36% of the global energy and releases more than 39% of the global greenhouse
gas emissions (GHGs) (IEA, 2019). Those impacts primarily occur during building
operation. In the United Kingdom, the construction industry uses more than 400 million
tons of material per year, the majority of which imposes major burdens on the
environment and large costs for waste management. For example, 60 million tons goes
directly to landfill simply due to over-ordering, miss-ordering or poor handling, and
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breakages (UK-GBC 2018). Moreover, the U.S. construction industry accounts for 160
million tons, or 26%, of non-industrial waste generation each year (EPA 2009). It also
contributes to 23% of air pollutant emissions, 50% of GHGs, 40% of drinking water
pollution, and 50% of landfilled waste (Willmott Dixon Group 2010). Therefore, there is
a need to improve the construction industry by implementing new construction paradigms
like lean construction and BIM to reduce different types of wastes, which in turn can
avoid unnecessary energy consumption and GHGs.

Lean construction focuses on eliminating waste, which represents any exhaustion of
time, money, equipment, and energy that does not bring value to the customer (Womack
and Jones 2003). Researchers from all over the world studied waste in construction,
identifying and attempting to measure this waste and trying to find methods and ways to
eliminate it (Lee et al. 1999; Formoso et al. 1999; Koskela et al. 2013; Golzarpoor and
Gonzélez 2013; Sajedeh et al. 2016; Maraga et al. 2021). Elimination of these wastes
plays an important role in providing the customer with the product in an efficient way, by
reducing cycle time, time to market, and cost for the whole supply chain. Taiichi Ohno
identified seven types of process wastes: transportation, inventory, motion, waiting, over-
production, over-processing, and defects (Ohno, 1988).

Virtual design and Construction (VDC) is a practice that uses Building Information
Modelling (BIM) for modelling construction products and their related construction
processes (Kunz and Fischer 2012). VDC is used to assist multi-disciplinary project teams.
It offers an incorporated method to plan production in construction, removing design
clashes in the virtual world before they manifest in the real world.

Traditional management focuses on the transformational part of the industry and
ignores the process and its associated operations (Koskela 2000). It views waste as the
physical waste associated with the product. So, it misses the ability to quantify the process
wastes and eliminate them. Lean thinking guides mapping the process and dividing the
process’ activities into value-adding and non-value-adding activities, which helps to
improve the process by reducing the non-value-adding activities or eliminating them.

Life cycle assessment (LCA) is a practical tool and framework that can guide the
sustainable design of products, processes, and activities. As a framework, it enables the
systematic evaluation of environmental impacts associated with products, processes and
activities (ISO 14040/44 2006). For decades, LCA has been used to understand the
environmental impacts of products and engineered systems within the economy,
including early-stage building materials, civil engineering infrastructure and buildings
(Miller et al. 2019; Nguyen et al. 2018; Kendall et al. 2008; Junnila et al. 2006). Moreover,
researchers have proposed methods to integrate LCA with BIM tools (Stadel et al. 2011).

During the last decade, many researchers have studied the relationship between lean
construction, BIM, and sustainability to find the synergies between them. Koskela et al.
(2010) suggested that synergy between BIM, lean, and sustainability is a considerable
opportunity to achieve step-changes to address construction problems like delays, cost
overruns, shortcomings of quality, and poor safety. However, this requires visionary and
decisive action as well as persistence. Sacks et al. (2010) developed a BIM-Lean matrix,
finding 56 interactions between the two and showing, through a survey of experimental
and practical literature, 48 out of 56 intersections from documented evidence. The BIM-
lean matrix can be used as a framework to understand practical issues faced by companies
implementing lean and/or BIM.

Saggin et al. (2015) studied the relation between green costs and lean savings in a
residential tower in Fortaleza, Brazil. Lean savings showed a reduction in material waste.
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Results showed that the waste index in this project reduced to 10.93 cm/m? (height
unit/area unit) compared with 13.53cm/m? in a traditional project without lean
implementation, a reduction of 19.24% in construction waste. Carneiro et al. (2012)
developed a matrix between lean principles and LEED interventions. They argued that
LEED, as a rating system, does not allow the flexibility valued by lean construction, and
it suggested the use of often expensive sustainability interventions without concern for
process improvement and time and cost reduction. They noted that while LEED and lean
construction contribute to the three pillars of sustainability (economic, environmental and
social) since both share the waste elimination concept, the two methods differ in their
application. Where LEED focuses on sustainability at conception, design, and
construction phases, lean construction alternatively focuses on flow and conversion
processes, aiming to improve production processes by removing all non-value adding
activities. Another difference between lean and LEED is that the former focuses on
reducing time and initial cost without specific concern for the environment.

This paper presents an extension of an experiment the researchers started in 2019
(Maraga et al. 2020). It aims to measure multiple types of partition walls wastes by
studying several blocks construction methods with several management approaches. The
partitions studied in this work are gypsum block, autoclaved aerated concrete block
(AAC), and concrete block. The blocks were studied with different management
approaches; lean, lean and VDC, and traditional management. The overall objective is to
present the effects of lean construction and VDC in reducing material and operational
wastes and to present the role of the product in generating operational waste, which does
not exist in other types of products. Also, (LCA) models were built for different types of
partitions to evaluate the embodied GHG emissions in the different types.

This paper consists of four main sections. Section 1 describes the problem synopsis
and the research objective. Section 2 describes the research method and the case study.
Section 3 details the findings and results. Finally, section 4 concludes the paper,
synthesizing the major research findings.

RESEARCH METHOD

A case study research method was selected for this research. Data were collected from
three construction companies (A, B, and C) to study the physical and operational wastes
related to construction of masonry partitions. Company A began implementing lean
construction and BIM in 2012 by implementing Last Planner ® System (LPS) and BIM
in the design phase, and since then they have made significant improvements in
implementing BIM in the big room, virtual design and construction (VDC), 5S principles,
centralized mixing, and supply of bulk materials. Companies B and C have worked
conventionally without any implementations of BIM or lean construction practices.

This paper extends work described by Maraga et al. (2020) and applies the same work
study-analysis performed by Sacks et al. (2018) in company A’s construction projects
before the company implemented BIM and lean practices. The same observations and
measurements were collected after the company implemented VDC and 5S practices.
Recently, a new construction project built conventionally by company C with different
block construction methods was studied to visualize the operational waste.

Life cycle assessment (LCA) following ISO (14040/44, 2006) was used to calculate
the reduction in GHGs along the material supply chains of projects A3, B1, and C1.
Researchers monitored the workers' activities every five minutes and classified the
activities into value-adding and non-value-adding activities. The researchers monitored
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450 worker-hours in three different projects (A3, B1, C1) under construction. The value-
adding activities included: building, gluing, and leveling. The non-value-adding activities
included: marking out, moving blocks, shuttering, cutting, moving between floors, steel
fixing, cleaning, scaffolding, waiting, reworking, implementing design changes, and
others.

A critical analysis was conducted for the raw collected data from the different
construction sites. All the activities were classified into different categories, summing the
time for each activity, and dividing it by the total time to identify its percentage. The aim
was to test the impacts of different construction production systems in reducing wastes
and improving environmental performance.

The following section of this manuscript describes the data collection activities for
block works. The last section describes an inventory of GHGs designed to calculate the
embodied GHGs of the blocks and the plaster layer, from cradle to installation.

LIFE CYCLE ASSESSMENT (LCA) OF THE PARTITION WALL

Life cycle assessment (LCA) following ISO (14040/44, 2006) was used to calculate the
embodied GHGs for 1 m? of the finished partition wall in projects A, B, and C. To
compare GHGs for different types of partition walls, LCA models were built using GaBi
for the different types (Figure 1). The models include the block type with the related
plaster types. The building materials used were autoclaved aerated concrete block (AAC),
concrete block, gypsum block, gypsum plaster, and cement plaster. The embodied GHGs
in these products were calculated based on values stored in the GaBi database (Sphera
GaBi 9, 2020; Spatari et al. 2001) using the 100-year global warming potential (GWP)
based on AR4 of IPCC 2007 (Forster et al. 2007) and measured in carbon dioxide
equivalents (COze). The system boundary for the projects studied evaluated the embodied
GHGs in the block manufacturing and plaster materials.

| Model 1 ( Model 2 | | Model 3 |
Concrete Block COBTUT:E AAC Block AAC Block GV:OSUkm
(- oL rs Bloc
Partition }_' partition Gypsum Block 1 _ tition
Cement Plaster wall Gypsum Plaster wall wall

Figure 1: LCA models for different types of partitions using GaBi

CASE STUDY DESCRIPTION

A research team started an experiment for monitoring the block workers' activities in one
of the construction sites related to company A in 2007 (Al). The results were interesting
and motivated company A to start thinking about waste. Only 31.9% of the workers'
activities were value-adding activities, while the rest were non-value-adding activities.
The activities are cutting 24.1%, marking out 7.3%, scaffolding 2%, transporting blocks
4.4%, moving between floors 0.4%, design changes 7%, filling grooves 2.6%, and
waiting and rework (Sacks et al. 2018).

Company A realized the importance of improving its process. They started to apply
value stream mapping (VSM) for the masonry works (A2). They delivered the blocks
before placing the concrete slab and avoided stacking two pallets on top of each other.
They found that traditional block delivery is very wasteful (Sacks et al. 2018).
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From a lean point of view, all these activities except building, gluing, and levelling
are waste because they do not add any value to the final product. Avoidance of these
activities is a necessity and can be reduced by mapping the process and eliminating these
wasted activities. If the blocks are calculated precisely and delivered to the exact locations
at the right time without stacking the pallets on top of each other, the workers will spend
less time and effort in these waste activities. Also, material waste will be reduced, because
stacking two pallets on top of each other increase the pressure on the bottom pallet and
damage the blocks.

Block workers' activities were monitored in one of company A’s projects in 2019 (A3)
(Maraga et al. 2020). Company A decided to implement VDC, LPS, and 5S (sort, set in
order, sustain, standardize and shine), which is a systematic method for organizing the
work environment and keeping the construction site clean and organized. A VDC model
was built using Autodesk Revit. The VDC model produced a highly detailed model to
optimize the number of block rows and reduce block cutting. Also, it improved the
coordination between the different subcontractors and reduced the changes and rework.
Three types of blocks were used in this project: autoclaved aerated concrete (AAC) blocks,
water resisting gypsum block, and regular gypsum block. Company A decided to use
gypsum blocks in their construction projects for many reasons. The blocks are relatively
large (50 cm x 67 cm x 10 cm), lightweight, and smooth; thus, they do not need a finishing
layer of plaster before being painted. From a construction method perspective, the
gypsum block is considered a highly productive solution. VDC models helped in
extracting the exact block quantities for each apartment and delivering them to the right
location at the right time. Also, the VDC model helped in producing highly detailed
partitions layout drawings for the workers. The site superintendent removed all the
constraints by preparing the water and electrical connections and distributing the block
drawings according to their apartments by hanging them on the wall. Removing the
constraints helped the workers get the information from the beginning of the work instead
of waiting.

A second project in which company A applied mainly the last planner system without
VDC was studied (Maraga et al. 2020). The reason for selecting this project is to test the
marginal impact of different lean and BIM interventions. A third project was studied in
2019 belonging to company B (Maraga et. 2020) (B1), which worked traditionally
without any lean or BIM interventions. The company used AAC block. The blocks were
delivered randomly to the different apartments, and block pallets were stacked on top of
one another.

Finally, a fourth project was studied in 2021. The project was built by company C
using concrete blocks (C1). Company C works traditionally without any BIM or lean
implementations. Also, it did not either implement any technological construction method.
Today, most construction companies do not use concrete blocks for many reasons. The
blocks are relatively small (40 cm X 20 cm X 10 cm), heavy, and rough. Also, the concrete
block construction method requires building concrete framing columns and beams. These
beams and columns consume a considerable amount of cement and fine and coarse
aggregate. Moreover, they need wood for shuttering, rebars for beams and columns, and
more effort from workers.

In the fourth project (C1), all the block pallets, fine aggregates, cement, steel, and
wood were delivered to the workspace on a temporary balcony after pouring the concrete
and removing the shoring from the slabs. The general contractor prepared the balcony for
delivery logistics, delivered all the materials, and the block subcontractor moved the
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materials inside the floor (Figure 2). Delivering the material in this way resulted in
additional material relocation steps that wasted the workers’ time. Numerous amounts of
waste were observed. The workplace was not clean, organized, or even safe. Many of the
works constraints were not ready such as drawings, water, and electrical connections.
Lack of design visualization resulted in changing some partition wall locations after the
workers finished them. Also, the different work packages were not planned well. This

1))

| Rk

-

Figure 2: Delivering materials for project C1 using an open balcony

FINDINGS AND RESULTS

The four projects studied were analyzed for different categories: worker activities,
material waste, and the embodied GHGs in the materials. Results indicate that lean and
VDC interventions have a significant impact in reducing material and operational wastes.
Value-adding activities have the highest value for the VDC-lean project with 68.4%,
while non-value-adding activities have the highest value for the traditionally managed
projects (B1& C1). Figure 3 shows the different projects studied. Project C1 was studied
recently for concrete block, projects Al, A2, A3, and B1 studied previously (Maraga et
al. 2020). The value-adding activities in project B1 were 35.8% and in project C1 the
results were worse.

In project C1 (traditional 2021), value-adding activities were only 25.8%, and the rest
were non-value-adding activities. Non-value-adding activities are related to two aspects:
the construction method, and the management approach. In concrete blocks (Project C1),
some operational wastes do not exist as they do for the other blocks' types. These
operational wastes include shuttering, mixing, drilling, and insulation. Waiting and
rework and moving pallets activities were a significant cause of the block works
operational waste of approximately 25% of workers’ time. Also, the lack of design
visualization due to designing the project traditionally resulted in rework. For example,
after the workers finished a wall with an area of 25 m? between two inner sides of two
columns, the client decided to rebuild the wall on the outer side of the columns to increase
the room area (Figure 4). This required spending around 20 working hours demolishing
the wall. Moreover, the concrete block requires activities that do not exist in the gypsum
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block or the AAC block. These activities are shuttering 9.2%, mixing 10.6%, steel fixing
4.9%, drilling 1%, placing concrete 6.3%, and insulation 0.3%. These activities form
about one-third of the workers' time. Table 1 summarizes the value-adding and the non-
value activities in the different projects studied.

34.5% 35.8% 25.8% ‘
63.6% 68.4%

Project A1 Project B1 Project C1 Project A2 Project A3
2007 (Traditional) 2019 (Traditional) 2021 (Traditional) 2014 (Lean) 2019 (Lean & VDC)

Figure 3: Results for five projects showing proportions of value-adding (green) and
non-value-adding (red) activities for masonry construction operations. Charts for
company A and B projects were reported previously (Maraga et al. 2020)

Table 1: Summary of the results of activities observed in five work studies. Values are
the percent proportion of the total working time spent on each activity

Worker activity Project Project Project Project Project
Al 2007 A2 2014 A3 2019 B1 2019 C1 2021
(Traditional) (Lean) (Lean & VDC) (Traditional) (Traditional)
Building, gluing and levelling 34.5 63.6 68.4 35.8 25.8
Cutting 24.1 7.8 1.3 12.6 4.3
Moving pallets 4.4 1.3 4.8 19.0 7.8
Move between storeys 0.4 1.3 1.9 3.7 -
Cleaning 9.9 5.2 4.9 5.7 2.3
Marking out 7.3 11.7 35 5.6 1.4
Scaffold 2.0 0.0 0.3 1.2 2.8
Waiting and rework 10.5 3.9 6.1 6.6 151
Design changes and others 7.0 5.2 8.8 10.0 8.2
Shuttering - - - - 9.2
Mixing - - - - 10.6
Steel Fixing - - - - 4.9
Drilling - - - - 1.0
Placing concrete - - - - 6.3
Insulation - - - - 0.3
Total 100.0 100.0 100.0 100.0 100.0
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Figure 4: Lack of visualization for client review led to rework for a complete block wall

LIFE CYCLE ASSESSMENT AND GREENHOUSE GAS EMISSIONS FOR DIFFERENT
TYPES OF PARTITIONS WITH DIFFERENT MANAGEMENT APPROACHES.

This section evaluates the GHGs for three types of partition walls. The partition walls
studied consists of the block and the plaster layer. Concrete block with cement plaster
was used in the traditionally managed project (C1). Also, AAC block with gypsum plaster
was used in the traditionally managed project (B1), while gypsum and AAC blocks were
used in the lean-VDC project (A3).

The functional unit studied in this research is 1 m? of a ready partition wall. The
concrete block partition wall consists of the concrete block and a cement plaster layer.
The AAC partition wall consists of the AAC block and gypsum plaster layer, while the
gypsum block partition wall consists only of the Gypsum block without any plaster type.
The concrete block partition wall has the highest value for the embodied GHGs because
it depends mainly on cement. The embodied GHGs per m? equal 56.8 kg CO2e m™.
However, the gypsum block partition wall does not have any plaster, and the gypsum
material is environmentally friendly. The embodied GHG per 1 m? have the lowest value
with 9 kg CO2¢ m™. This analysis showed that the gypsum block is the best alternative
among the other three block alternatives. Table 2 presents the embodied GHGs in
different types of block and plaster layers.

Table 2: presents the embodied GHGs in different types of block and plaster layers
Partition wall Block Embodied GHG Plaster Embodied GHG Total Embodied

(kg CO2e m-?) (kg CO2e m-?) GHG (kg CO2e m-?)
Concrete block 12.7 441 56.8
AAC block 17.4 3.2 20.6
Gypsum block 9.0 - 9.0

From an environmental point of view, lean construction and VDC had a dominant
influence on reducing waste and GHGs. Table 3 presents the embodied GHGs for the
different construction projects studied with the different management approaches. In the
traditional management project (B1), the waste percentage is 22%, and in the project (C1),
the waste percentage is 12%. However, these wastes were reduced significantly to only
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6% in the lean-VDC project. In terms of embodied GHGs per partition, area built, in the
lean-VDC project the embodied GHGs is 12 kg CO2e m2, while in the traditional
management projects (B1 and C1) are 25.6 kg CO2e m?, and 58.4 kg CO2¢e m.

The results show that the embodied GHGs in the traditional management projects (B1
& C1) are greater than those from the lean-VDC project (A3). Some of the GHGs related
to the material used in the partition walls, while others related to the management
approach. Although the concrete block and the AAC block have higher embodied GHGs
used in the traditional project, the lean-VDC project still has the lowest embodied GHGs
since it generated the minimum waste.

Table 3: GWP and material waste for two traditional projects and lean-VDC project

Inventoried Data and Performance Traditional Traditional Lean and VDC management
Metrics management management
B1 C1 A3
AAC Concrete AAC  Gypsum Total
Block block block block
Delivered quantities (m?3) 2,225 597 344 1,886 2230
Block volume built (m3) 1,762 532 334 1,759 2,093
Waste volume (m?3) 463 65 10 127 220
Delivered blocks (ton) 890 597 138 1,603 1741
Blocks built (ton) 705 532 134 1,495 1,629
Block waste generated (ton) 185 65 4 108 112
No. of pallets 1,646 497 251 2357
No. of truckloads 55 42 9 86
Distances travelled (km) 5,500 4,200 900 8,600
Transportation of unused blocks to site (km) 1,000 360 0 500
Transportation of waste from site (km) 500 180 0 250
Block embodied GWP (t COze) 387.2 75.8 59.9 168.8 228.7
Plaster embodied (t COze) 56.5 247.4 10.7 0 10.7
Block transport to site (t COze) 6 4 0.9 10.7 11.6
Embodied GWP in transport to landfill (t COze) 0.6 0.2 0.00 0.4 0.4
Total embodied (t COze) 450.3 327.4 71.5 179.9 251.4
Total embodied GWP in waste (t COze) 82.4 8.9 1.7 12.6 14.3
GWP per partition area built (kg COze m-2) 25.6 58.4 214 10.2 12
GWP in block waste percentage (%) 22 12 2 8 6
CONCLUSIONS

Previous research has highlighted the benefits of lean construction in reducing different
types of wastes. However, most of this research focused on measuring the environmental
impact of reducing physical wastes. In this research, we proposed a case study research
method to evaluate both the process and operational wastes. We showed that selecting the
product plays a significant role in reducing environmental impacts, not only due to the
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embodied GHGs in the product but also because it can reduce the operational waste which
has embodied GHGs.

The projects evaluated in this study revealed that lean principles and VDC play a
significant role in reducing different types of wastes: physical wastes and operational
wastes. In the lean-VDC project (A3), the value-adding activities increased to 68.4%,
compared to the traditional projects B1 and C1 with 35.8% and 25.8%. Also, this study
showed that the construction method itself introduces some operational wastes. The AAC
and concrete blocks are both used in traditionally managed projects, but the operational
wastes are much higher in the concrete block compared to the AAC block. Concrete block
has shuttering, steel fixing, mixing, drilling, and concrete placing, which do not exist in
the other block types.

From an environmental point of view, lean and VDC reduced the embodied GHGs
significantly compared to the traditional projects. The embodied GHGs reduced in the
lean-VDC project (A3) for two reasons; the first, use of an environmentally friendly
product and second, reduction of the amount of waste in the blocks. The waste in the lean-
VDC project (A3) was reduced to only 6% compared to 22% and 12% in the traditional
projects (B1 & C1). The embodied GHGs in the lean-VDC project (A3) is 12 kg CO:z e
m-2compared to 25.6 kg CO2 e m2and 58.4 kg CO2 e m2in the traditionally managed
projects (B1& C1).

We conclude that lean and VDC management approaches are dominant in reducing
different wastes types (physical and operational waste). The results showed that
implementing lean and VDC with environmentally preferable products achieves optimum
benefits. The proportion of value-adding activities increased, the block waste decreased,
and the total embodied GHGs per partition area decreased.
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EFFECTS OF DAILY MANAGEMENT ON
DESIGN RELIABILITY

Eelon Lappalainen?, Petri Uusitalo?, Hisham Abou-lbrahims?, Olli Seppéanen?, Aku
Hanninen® and Kristian Soderstrome.

ABSTRACT

Building Design Management (DM) is challenging due to the fragmentation of project
partners, the iterative nature of design and the tradition of informal management of
designers. Therefore, many contractors do not trust the promises of designers and protect
the construction schedule with schedule buffers that increase project lead times. To act
upon this situation, several researchers have suggested using the Last Planner™ System
(LPS) as a method for DM. Using two case studies, we present how the use of the LPS
method as a tool for Daily Management (DAM) increases the reliability of the design and
how, correspondingly, not using it can affect design reliability. So far, very little attention
has been paid to the role of DAM in DM, and this short article seeks to provide new
insights into this research gap for both researchers in the field and DM professionals.
These early and exploratory results, despite the limited number of cases, can be utilised
in further research as well as in practical project management, especially when the
reduction of schedule buffers between construction and design is targeted.

KEYWORDS

Lean construction, lean design management, last planner, PPC

INTRODUCTION

Lean is a production philosophy that focuses on customer needs, production flow and
continuous learning (Huntzinger, 2002). In the construction industry, the lean philosophy
has been applied for decades, and due to the special features of the construction industry
in relation to factory production, the construction industry has developed its own
applications of lean production and lean design. One lean method is the Last Planner
System (LPS), which is used for production control and Design Management (DM) after
its development (Fosse & Ballard, 2016). The LPS is based on continuous pull planning
sessions, measuring the promises made by the parties to each other, and continuous
learning (Ballard et al., 2007). Several studies have shown that in construction production,
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where the LPS method is introduced, relatively high Planned Percentage Completed (PPC)
values are generally achieved (Kim & Jang, 2005; Bortolazza & Formoso, 2006; Khanh
& Kim, 2013; Hicham et al., 2016).

DM in construction is a complex process, and its failure can shatter the entire project.
Challenges in DM are a multidimensional phenomenon involving project management
challenges, communication challenges, guidance challenges, competence challenges and
technological challenges (Coates et al., 2004; Addor & Santos, 2014; Alaloul et al., 2016;
Pikas et al., 2013; Mehrbod et al., 2019). In addition, the field of construction is known
to develop slowly (Koskela et al., 1997; Chen et al., 2017). Despite the widespread use
of traditional project management methods in the construction industry, these methods
have been found to be ill suited for DM (Gray & Hughes, 2001). One alternative to
traditional methods in construction design is lean design management (LDM) (Koskela
etal., 1997; Tilley, 2005; Uusitalo et al., 2019).

LDM comprises many methods and tools (Uusitalo et al., 2017). LPS has been used
in DM for visualizing the design workflow, optimizing the sequence of design work and
phases, increasing the transparency of the design process, tracking the amount of work in
progress, and controlling the design process (Koskela et al., 1997; Fosse & Ballard, 2016).
Several companies have also seen the importance of daily (“huddle’’) meetings in the use
of LPS, and DAM is considered to facilitate continuous improvement as an integral part
of a lean philosophy (Salem et al., 2006). Behind DAM is the plan-do-check-act cycle
(PDCA), also called the "Deming’s cycle™ by its developer (Koskela et al. 2019). In these
short meetings, called “huddles,” team members quickly report on the previous day’s
situation regarding their own work and whether there is a problem preventing the work
from being promoted (Schwaber, 1995). This part of the LPS method is analogous to the
Scrum methodology developed in the software industry.

Scrum is so-called agile method that iteratively and incrementally develops a product
with the goal of maximizing customer value return, and these methods have been
developed since the 1950s as a reaction to the traditional bureaucracy of engineering
methods and the ever-changing business environment (Abbas et al. 2008). What
distinguishes agile methods from lean methods is that agile methods respond to the
complexity of a change of continuity in an unpredictable environment, while lean
methods are a collection of functional techniques that focus on productive resource use
(Sanchez & Nagi. 2001). However, while scrum is developed for software product
development projects, it can also be applied to complex projects and design (Streule et al.
2016). The scrum framework consists of roles, artifacts, and events (Schwaber &
Sutherland. 2013). Many previous studies (Koskela & Howell, 2002; Owen & Koskela,
2006; Owen et al., 2006) have provided concepts for adapting agile methods from
software development to the design phase of construction projects, and some engineering
companies in the Nordics have implemented these methods as part of their processes
(Fereland & Halvorsen, 2018; Uusitalo et al. 2017).

Although many researchers have recognised the benefits of LPS in DM, most design-
related studies have focused on LPS sessions and described their benefits (Daniel et al.,
2015). Thus, the role of daily management (DAM) in DM has not been adequately studied,
and this study therefore focuses on showing how using DAM as part of DM improves
design reliability. This exploratory paper focuses on highlighting the impact of the DAM
on design reliability and seeks to highlight the importance of further research on this
connection.
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The purpose of the DAM is to bring the team together and provide the team with a
common platform in which team members visit the day-to-day work, report on obstacles
they have encountered and progress in their own work (Lianying & Xi, 2016). Typically,
a DAM meeting, also called a “huddle,” is held daily (Salem et al., 2006). DAM also has
other effects. For example, Salem et al. (2005) highlighted the effective outcomes of a
detailed review of acute issues in construction site daily huddles. According to Seed
(2014), the DAM meeting can prevent the construction industry’s inherent tendency to
suspend work when problems arise and to look for a new direction at the next meeting.
He also emphasised that the daily huddle meeting agenda should be focused on the tasks
among the parties, i.e., what is the progress of the tasks, what is currently ongoing and
whether there are any restraints to proceedings (Seed, 2014). Reducing the postponement
of design work by DAM may also allow the shortening of buffers. This highlights new
possibilities for the design of more efficient production that aims at small batch sizes and
buffers, as proposed by Lehtovaara et al. (2021). One of these possibilities is the
importance of reducing batch size and WIP to ensure the reliability of the design work
(Ballard et al., 2002; Uusitalo et al., 2019; Lappalainen et al., 2021).

Also, as part of the DAM, LPS sessions include root cause analysis, in which tasks
that were not completed, despite planning, are examined in more detail (Ballard, 2000).
These analyses aim to systematically categorise the root causes of work interruption and
eliminate them so that similar future tasks will not be prevented for the same reasons
(Fauchier & Alves, 2013). Ballard (2000) led the construction industry towards root cause
analysis and emphasised its importance in lean construction. The classifications presented
by Ballard et al. (2007) can be used to systematically document the root causes identified
and to determine their frequency. Resources can then permanently eliminate the most
significant and common root causes of delayed tasks. The classification of root causes in
this study is fourfold: (1) a lack of instructions or guidelines, (2) a lack of conditions for
starting the work, (3) a lack of resources and (4) problems in process. Ballard (2003) also
identified the importance of the DAM; however, its importance has sometimes been
overlooked (Dave et al., 2015).

Despite some efforts (Streule etal., 2016; Zender & de Soto, 2020; Poudel et al., 2020),
the research in the construction industry to date has not paid enough attention to the role
of DAM in DM. This paper attempts to show that focusing on DAM in DM may offer
more rigorous and reliable control of the design process than traditional methods. As the
problem of poor reliability and predictability in DM is universal and common in the
industry, our research also serves as an awakener for both researchers and practitioners.
Thus, our study makes a relevant contribution to the construction industry.

METHODS

The research problem required an exploratory approach, and the case study method was
chosen as the research strategy (Algozzine & Hancock, 2017). The case study method
also made it possible to assess the differences and similarities between cases (Yin, 1981).
In the case study, the validity of the study is achieved primarily by using multiple sources
instead of single source data (Algozzine & Hancock, 2017). In this study, we used two
primary data sources: PPC measurements and root cause analyses. Second, to ensure the
reliability of the study and reduce prejudice, the data collection and analysis methods of
the study are presented in a transparent and detailed manner; therefore, this research is
replicable (Gibbert & Ruigrok, 2010). Third, research and data collection have been done
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by multiple authors (Gibbert & Ruigrok, 2010). Researcher bias and the bias of a small
sample were also identified and considered in the conclusive part of this paper.

The data were obtained from two Finnish case studies, and an exploratory design was
used to determine the effects of DAM on PPC values. Case study A was chosen because
it used DAM for underground pipe DM in a greenfield industrial project. Case study B,
which did not use DAM, was a hotel renovation project. In both case studies, the detailed
design phase and construction work were ongoing. The active research work lasted 9
months. The authors used only two case studies for comparison, mainly due to the limited
length of this paper. The data collected from the literature and other projects monitored
by the authors also corresponded to the PPC level of case study B selected for this study,
and thus the comparison between these two cases is a sufficient sample for this purpose.
Data were first collected from digital sources provided by the design teams and then
edited and categorised by the researchers. In case A, the data was stored in a table in the
Microsoft Teams workspace, from where it was transferred to Excel by the researchers.
In Excel, the data was organized so that descriptive statistics could be calculated and PPC
charts could be generated. In case B, the data were obtained from a project bank from
which it was downloaded for use by researchers. The data in the project bank were in
Excel and pdf formats, and the researchers transferred the data to a separate Excel file
and descriptive statistics and PPC diagrams corresponding to case A were prepared.

CASE STUDIES

Case A was an ongoing industrial plant site with a gross area of approximately 200,000
m2. The corresponding design organisation consisted of a client representative who
supervised the design (sub-area project manager) and a design project manager who
worked for the design team and designers. The design project manager independently led
the daily meetings after the initial phase. The sub-area project manager represented the
owner at these meetings and made the necessary decisions regarding the design work.
The agenda for the daily meetings was simple: what the designers were doing and whether
there were constraints to be removed. The maximum size of the design team during the
study was nine people. The designers and team leader actively participated in the daily
meetings, except for isolated occasional absences. One of the researchers facilitated the
LPS method, but soon after the principles of the LPS method became apparent to the
designers, the design team and the client’s representative continued independently, and
the researcher assumed the role of observer. The LPS method started with a joint LPS
session, in which a phase schedule was prepared with the help of the master plan and
preliminary task planning was done.

In the first session, the design team was introduced to the following LDM principles:
(1) do only unhindered work, (2) remove all constraints before starting the task, and (3)
publish drawings frequently and in small batches. Since the master plan had been assigned
to the project before and without the use of LPS, the design team began scheduling in the
first phase of the planning session. The first workshop lasted one working day, which was
divided into two parts, and the phase plan was conducted in small groups. Because of the
Covid-19 pandemic, the session was held remotely using teleconference software and an
electronic whiteboard application. It was agreed that daily planning routines would
include only the necessary planning tasks for the next five working days, and the size of
the tasks was limited by scoring (maximum half-day job = 3 points, approximately one
day job = 8 points, a couple of days job = 13 points, and a maximum of one week job =
34 points). The scoring method was borrowed from a similar method used by the
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facilitator in the IT field to steer the team’s efforts towards evaluating the scope and
complexity of the task and away from estimating the exact number of hours (Mahnic,
2015). At the beginning of the design, the tasks were mainly designed for one person, but
exceptions to this principle were made during the work, and there were often other
designers under one task who participated in the task. The amount of work in progress
(WIP) was limited to 50 points at the beginning of the design, aiming for the design team
to focus only on the agreed-upon tasks for a week and complete them during the week.
The WIP limit also reduces the batch size of a task to a maximum of 50 points
(approximately one week of work). The background to setting this limit is the intention
to be familiar with lean and agile philosophies, where the amount of WIP is intentionally
limited (Sutherland & Schwaber, 2013). Design work had started with limited resources
in case A four months earlier without WIP restrictions and in the traditional way, although
as construction approached, the parties decided to implement LPS as well as DAM.

Every fifth daily meeting on Fridays was 15 minutes longer than other daily meetings,
and it was dedicated for planning the next week’s tasks. Only constraint-free work was
allowed to be placed on the next week’s to-do list. In this regard, the designers followed
LPS make-ready planning and weekly planning procedures. Learning took place in
weekly meetings on Fridays, which always began by checking the implementation of the
weekly work plan and PPC metrics. Tasks that were not completed despite make-ready
planning were then reviewed through root cause analysis, and constraints were classified
and removed during or shortly after the meeting. If the removal of the constraint took
place, as was the case for a few tasks, no new tasks related to this constraint were taken
under work until the constraint was removed. The duration of the weekly meetings was
about 30 minutes, and the duration of the daily meetings was initially 30 minutes,
although it was shortened to 15 minutes, as the group learned how to use the method. In
addition to the DAM, the design team held normal design meetings with the client and
other designers, with a focus on coordination issues with different design industries. The
constraint log and to-do list were compiled on the digital cloud platform to which all
parties had access. One of the authors observed 19 weekly meetings and 31 DAM
meetings for 5.5 months. However, not all daily meetings were observed by the author,
and at that time, the team met daily without the author’s presence.

Case B was an ongoing hotel renovation site with a gross area of approximately
40,000 m2. The design of case study B was led by a construction management consultant,
and LPS sessions were held with the design team on a weekly basis. In this case study,
all design disciplines were represented. With a few exceptions, the design team regularly
attended weekly sessions and planning meetings. The design work was planned according
to the LPS method through the master schedule for phase scheduling, look-ahead
planning, and weekly planning (Veran-Leigh & Brioso, 2021). The team used Excel
spreadsheets at the beginning of the project, but as the project progressed, it switched to
using a digital cloud-based whiteboard application to replace the traditional LPS board
based on post-it notes. Also, during this project, the Covid-19 pandemic affected the work
of the design team, and the sessions were held as remote sessions, except for the initial
phase of the project. The exact number of designers was unavailable to the researchers,
but there were dozens of them in the design organisations. The duration of the weekly
meeting was about an hour, and one of the researchers observed 12 LPS sessions and
went through the data of the LPS sessions for two years. The batch size was not limited
in this case study, although the principle was that the tasks should be sized to be
completed between the weekly sessions. Constraint logs were not used by the design team;
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however, these constraints of design work were discussed in the weekly sessions with the
aim of resolving them either in the session or shortly thereafter. In addition to the LPS
sessions, the design team held separate design meetings, as the case study A team did,
where they focused on technical design coordination issues rather than task management.

DATA ANALYSIS

The data consisted of weekly PPC measurement results as well as recorded root causes
that prevented the completion of the planned design task. Both PPC results and root
causes were compiled into tables using Excel. The root causes were classified in case
study A into the following categories commonly used in the LPS method: (1) a lack of
design instructions or guidelines, (2) a lack of conditions for starting work, (3) a lack of
resources and (4) problems in process. The first root cause was, for example, situations
in which changes were made to the design criteria while the design was already underway
and ignorance of the design requirements and/or design guidelines. The second root cause
was tasks in which the initial data or subscriber’s decisions were missing or the previous
work phase was in progress and prevented the work from being performed. The third root
cause was related to tasks that could not be completed due to a lack of manpower or
technical problems with the design software. The fourth root cause included tasks that
were not completed due to miscalculation of time allotted for work, correction of errors
and deficiencies in design coordination.

RESULTS

PPC

In case study A, PPC increased shortly after the start of daily meetings, with a mean of
91.8%. The amount of weekly estimated work was limited to 50 points, and the mean was
62.6 points. Figure 1 shows the evolution of PPC for case A over 19 weeks and weekly
workload point estimates.
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Figure 1. Case A — PPC and planned weekly work.
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In case study A, weekly work was measured as points that reflected the estimated extent
of work in approximate hours or days worked. However, it was not possible to determine
from the data the actual work that had been done. In case study B, the PPC was clearly
lower than in case A, with a mean of 58.8%. The amount of weekly estimated work was
not limited, and the average number of weekly tasks was 29.9. Figure 2 shows the
development of the PPC of case B over 42 weeks and the weekly tasks.
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Figure 2. Case B — PPC and planned weekly work.

In case study B, weekly work was measured only as the number of tasks, so the estimated
or actual workload could not be determined from the available data. The results also show
that in both cases, there were no major improvements in PPC values, and the level of
reliability was relatively constant in both. In case A, it is higher, and in case B it is lower.

RooT CAUSE ANALYSIS

In case study A, which lasted only 19 weeks and involved only the underground pipeline
design team, the number of root causes was naturally lower than in case study B, which
had a follow-up period of 42 weeks and involved all design disciplines of the project.
Table 1 summarises the data from both case studies for the root causes of the design
assignments that were not completed as planned during the week.

Table 1. Root Cause Analysis Results

Root Cause Case A Case B
1 0 30
2 5 90
3 0 60
4 3 63
5 0 866

Root cause 1 = Lack of design instructions or guidelines
Root cause 2 = Lack of conditions for starting work
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Root cause 3 = Lack of resources

Root cause 4 = Problems in process

Root cause 5 = Unknown cause
As can be seen from the table, in both case studies, root cause category 2, a lack of
conditions for starting work, was the most significant factor hindering completion of the
design tasks. Similarly, in both cases, deficiencies were found in the process that
prevented the completion of the tasks. However, in case study A, no root causes 1 and 3
were found at all, while in case study B, these were identified, especially root cause 3, as
problems in the process and as a common restriction to completing the tasks. In contrast,
as a specific finding in case B, the number of unidentified root causes was remarkably
high at 866 cases. It is evident that the coverage and purposive implementation of root
cause analyses have suffered, especially in case B, due to the large number of
discrepancies. Root cause analyses are laborious to implement, and if the number of
anomalies starts to increase, as in case study B, the design resources will not be sufficient
for detailed analyses. In case A, the daily processing of root cause analyses did not lead
to a corresponding labour cost, which was naturally also affected by the smaller number
of deviations.

SUMMARY

The results clearly show the differences between the cases, the most significant of which
is the PPC value. In case study A, where DAM was used, PPC was at a higher level than
in case study B, where DAM was not used. With the standard deviation of the PPC
number being the same in both, the level of reliability in case s